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Executive Summary 
Climate change is one of the most crucial environmental, social, and economic issues the world 

is facing today. Some impacts such as increasing heat stress, more intense floods, prolonged 

droughts, and rising sea levels have now become inevitable. Climatic extremes are becoming 

more frequent; wet periods are becoming wetter and dry periods are becoming dryer. People are 

able to describe the impacts faced by climate change but not the meaning of „climate change‟.  

The impacts are most severe for the poor countries. It is high time to plan and implement 

adaptive measures to minimize the adverse impacts due to climate change, and it is important to 

explore innovative ideas and practices in building resilience for sustainable development and 

livelihood, particularly in rural areas of developing countries which are highly vulnerable to 

climate change.  Climate innovation and technologies involve basic science and engineering as 

well as information dissemination, capacity building, and community organizing. In this context 

an International Conference on Climate Change Innovation and resilience for Sustainable 

Livelihood was held in Kathmandu, Nepal from 12-14 January 2015. 

The objective of the conference was to provide a forum for researchers, students, scientists and 

policy planners to exchange ideas, communicate and discuss research findings and new advances 

in climate change innovations. The three-day conference focused on innovative approaches from 

the physical and social sciences to support economic development in mountain and lowland 

South Asia, which faces serious climate hazards along with food security, water, and soil 

management and environmental challenges of justice. 

Himalaya is one of the data poor regions in the world, and there are two major factors 

contributing to data gaps: lacking measurements/observations and not having a common 

platform to share the scattered data that are being collected/used by various agencies. There is a 

missing link between data producers and users. Planners and policy makers need past data as 

well as future scenarios and expert interpretation of what the numbers imply, therefore, it is very 

essential to establish a common data sharing platform for planning climate resilient development 

strategies.   

Even if the currently still increasing greenhouse gas emissions end today, the atmosphere will 

continue warming for decades to come. Therefore, conference presenters stressed that we need to 

go for pluralistic approaches of climate resilience for mitigating impacts on people and 

ecosystems. Planetary and ecosystem services need to be explored and used properly. Not only 

science generates innovation, but also there are local innovations those need to be explored, 

scaled up and replicated. It is very essential to adopt a climate-smart approach of site-specific co-

production of knowledge and co-creation of innovations merging scientists' facts and already 

proven local indigenous knowledge which are already proven in field for sustainable livelihood. 

There is a huge lack of institutional ability to disseminate information in local and central levels. 

It is essential to translate scientific facts to the users' language, which is a major challenge. 



Scalability, diffusion, adoption and capacity building should all be considered in research and 

development efforts. 

  



Preamble  
There is now a large body of evidence that human activities are one of the major contributors to 

climate change. The global warming is now overwhelmingly beyond dispute and several long-

term changes in the world‟s climate are currently witnessed in many parts of the world. In the 

Fourth Assessment Report of Intergovernmental Panel on Climate Change (IPCC), experts 

estimated that between 1970 and 2004, global greenhouse gas emissions due to human activities 

rose by 70 percent. Changing weather patterns, sea level rise, melting of glaciers, severe weather 

events, health problems, shortage of energy and damage to city infrastructure and the ecosystem 

are only some of the effects of climate change. 

Climate change poses a serious challenge to social and economic development. Some impacts 

such as increasing heat stress, more intense floods, droughts, and rising sea levels have now 

become inevitable concerns. Developing countries are particularly vulnerable because their 

economies are generally more dependent on climate-sensitive natural resources, and are less able 

to cope with the impacts of climate change. It is high time to plan and implement adaptive 

measures to minimize the adverse impacts of climate change In the meantime, it is important to 

explore innovative ideas and practices on building resilience and climate change adaptation for 

sustainable development and livelihood, particularly for rural sectors of developing countries 

which are under high vulnerability to climate change.   

Climate innovation and technologies involve basic science and engineering as well as 

information dissemination, capacity building, and community organizing. To advance knowledge 

on climate change innovation for building resilience and promoting sustainable livelihood, an 

international conference was held in Kathmandu, Nepal on 12-14 January 2015. The conference 

was a joint effort of The Small Earth Nepal (SEN), City University of New York (CUNY) and 

Colorado State University (CSU), Department of Hydrology and Meteorology (DHM), Nepal 

Academy of Science and Technology (NAST), Nepal Agriculture Research Council (NARC) and 

Agriculture and Forestry University (AFU), Nepal. Several organizations had supported the 

conference technically and financially, including USAID/ Livestock Innovation Lab, 

USAID/Hariyo Ban program, International Centre for Integrated Mountain Development 

(ICIMOD), Asia Pacific Network for Global Change Research (APN), and The World Academy 

of Science (TWAS). 

  



Objectives 

The objective of the conference was to provide a forum for researchers, students, scientists to 

exchange ideas, to communicate and discuss research findings and new advances in climate 

change innovations. 

The three-day conference focused on innovative approaches from the physical and social 

sciences to support economic development in mountain and lowland South Asia, which faces 

serious climate hazards along with food security, water, and soil management and environmental 

challenges of justice. The conference brought together eminent scientists, researchers, policy 

makers and development workers in nonprofit and for-profit enterprises to discuss promising 

new approaches for integrating science, policy, and action.  

Themes of the Conference 

The research abstracts were called from multidisciplinary areas under the following four major 

themes:  

• Climate Change: Climate Science and Modeling, Impacts and Adaptation Assessment, 

Hazard Prediction and Preparedness 

• Water Resource Management: Hydrologic Modeling, Snow and Glacier, Governance, 

Efficiency and Sustainability 

• Agriculture and Livestock: Crop Modeling, Soil and Water Management for Resilience, 

Food Security, Forestry, Ecology and Biodiversity 

• Gender and Livelihood: Health, Environmental Justice, Development for Marginalized 

Groups, Infrastructure for Poverty Alleviation 

  



Summary of Panel Discussions 

The panel discussion moderated by Soni M. Pradhanang included panelists. Nir Krakauer, A.L 

(Tom Hammet) and Bronwyn Llewellyn, revolved around the topic: “Incentives to Deliver 

Climate Smart Natural Resource Management: Identifying Missing Links”. It focused on co-

creation of solutions to climate change where people from all levels (farmers, 

scientists/researchers, policymakers, etc.) are involved and speak the same "language" in order to 

come up with viable solutions, developing communication strategy in order to create and deliver 

products at the community level. 

Issues like how can the data gaps be addressed, how can the scientific work be translated to local 

people without creating too much of scientific jargon, dissemination of knowledge from 

scientific level to the grass root level were addressed in the session. It is seen that at the grass 

root level people are often confused between “weather” and “climate”, thus ending up mixing up 

the two and thinking in terms of shorter period rather than longer time frame (i.e. next few 

seasons rather than next 50 years). To address these issues the session emphasized on the need to 

work with the local partners who can understand both sides (scientific and local) and translate 

the scientific data into local lexicon. Similarly, the necessity of adopting needs for scalability, 

building local capacity for adaptation and mitigation in order to mainstream these practices, 

making the information more accessible, understandable, timely, and relevant to the situation at 

hand were the focal discussion areas of the session one panel discussion. 

The next panel discussion, moderated by Dr. Madan Lall Shrestha, and Dr. Ajay Jha with 

panelists Judy Oglethorpe, Dr. Rishi Ram Sharma, Prof. Prakash C. Tiwari, Dr. Tek Bahadur 

Gurung, John Stamn, was based on identifying the future directions to meet the climate 

challenges. To successfully meet the climate challenges five major components were identified 

1) Collaboration / Partnerships 2) Scalable 3) Working across Disciplines 4) Capacity Building 

and 5) Monitoring and Revising. The role of local institutions is vital for collaboration and 

partnerships. NGO and other local institutions (e.g. Neighborhood organizations) are more 

connected to the people, bridge the gap between the people and the policy makers and enhance 

the bottom up approach through communities. Neighborhood organizations can build the 

capacity of the community by empowering communities: to understand and reduce the risks they 

face, to be prepared, and to act as first responders to hazard events. Similarly, there is a need for 

understanding, documenting and utilizing traditional knowledge of how people perceive and 

respond to change.  

All research projects should consider how their solutions can be scaled up for practical use and 

be transformed from one region to another. For the same, the need to work at multiple level, 

mobilizing private sector, mainstreaming programs into government organizations, networking, 

transforming ideas and success stories from one country/region to another and to influence the 

national policy,  were identified.  



There is a need to adapt climate change with other programs and work across sectors and 

regions. Regional collaboration for energy transfer, food security, information sharing is 

important. Similarly, capacity building beyond sharing information is vital. Translation of 

scientific research data into local lexicon has become pressingly important. Finally, since the 

climate change is a long term phenomenon and goal posts are not stationary constant monitoring 

and adapting is important. For the same data availability, easy access to the data, translating the 

data so that it can be used and understood by the stakeholders, collaborative data platform is 

necessary.  
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Abstract 

The Himalayan catchment that nourishes the large inhabitants in the downstream area has been recognized with 

significant changes in the hydrological system with the increased warming. Assessment of snowmelt hydrology 

using snow models is imperative in the region with inaccessible terrain lacking ground based observations. 

Therefore the study uses a degree day based Snowmelt Runoff Model (WinSRM) in Sunkoshi basin to estimate 

the runoff at present and in projected climatic settings. The model utilizes remotely sensed daily snow cover 

data, temperature and precipitation as a key variable along with seven crucial parameters. In this study, a period 

of 2000-2008 was set as a baseline period where the year 2001 was used for calibration. A daily bias corrected 

climate data of ECHAM05 and HadCM3 was used for the period of 2030-2060 to evaluate the changes in flow 

in future condition. The simulated results indicates an efficient use of the SRM model in the ungauged 

catchments with Nash Sutcliffe efficiency of a 0.81and a volume difference of 4.74% for calibration year. With 

the rise in temperature and precipitation in the basin during the projection period, the analysis shows that the 

river flow is likely to increase with subsequent decade. Increase in magnitude and frequency of extreme events 

is expected with more during end of the decade. Seasonally, increase in pre-monsoon flows is anticipated at the 

expense of increased snow melting along with shift in the hydrograph.  

Keywords: Degree day, runoff, snow cover, extreme events, hydrograph             

1. Introduction 

Numerous research indicates the widespread impact of climate change in the fragile mountains of Nepal with 

the evidences of increase in snow line, increased permafrost thawing rate, rapid retreat of glaciers (Fujita et al., 

2000), formation of new glacier lakes and expansion of existing ones (Mool et al., 2001), changes in solid to 

liquid precipitation ratio, thereby destabilizing the mass balance of the glaciers. These cryosphere contents are 

realized to provide important intra and inter-annual water storage facilities. Changes in these repositories could 

cause distress in social, economic and environmental condition of the country thereby triggering the stability of 

the system. All these phenomena influenced by climate change have its ultimate response altering the runoff. 

Melting from snow and glaciers and its transformation into runoff is important aspect of snow hydrology. 

Hydrological model allows us to understand the catchment characteristics and is also necessary for prediction of 

the hydrological response of basin over large spatial scales and for simulation of basins future responses 

(Pellicciotti et al, 2012). Temperature index approaches offer an opportunity to explore the snow melt dynamics 

in snow fed catchments where they are of great economic potential. Development of plan, policies and strategies 

related to cryosphere management is prerequisite in the Himalayan region. But inadequate hydro-meteorological 

and glacio-hydrological stations in the Himalayan regions limits our understanding on the hydrological 

processes due to snow and glacier melt, thus disregarding its significance in our planning activities. Thus, using 

the conceptual hydrological model, the present study explores the impact of climate change on snow melt to the 

total flow considering IPCC A1B scenario using PRECIS ECHAM05 and HaDCMC3 datasets for the period of 

2030 to 2060. 
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2. Materials and Methods 

2.1. Study Area 

Sunkoshi River is one of the tributaries of Saptakoshi River that extends from 28°31ʹ1.2ʺ-27°31ʹ30ʺ to 

85°26ʹ27.6ʺ-86°19ʹ19.2ʺ. The basin covers an area of approximately 

5187 km
2
 that ranges from an altitude of 545-7938 m.a.s.l.  It’s a trans-

boundary river where 55% of the study area lies in Nepal. It’s a leaf 

shaped basin with an average areal length of 140Km. The gauging 

station at Pachuwarghat of the river is contributed by Bhotekoshi and 

Indrawati river in the upstream. The basin consists of 29 glacial lakes 

(ICIMOD, 2011) of which 9 lakes has been identified as potentially 

dangerous lakes in terms of GLOF risk in the Chinese part of the basin 

(Mool et al. 2005). The river that runs through the basin is also called 

Poiqu in Tibet. The basin consists of a total of 9 meteorological stations 

of which the basin consists of two climatological stations viz. 

(Panchkhal – 865m and Dhulikhel – 1552 m). 

2.2. Datasets 

a. Hydro-meteorological data 

The daily records of temperature, precipitation and discharge data was acquired from DHM. These 

meteorological stations range from an altitude of 710 m (Dolalghat) to 2480 m (Tarkeghyang). The basin was 

divided into 11 elevation bands to which a base temperature was lapsed with a global lapse rate of 0.65°C/km 

with the hypsometric elevation of each band. To understand the impact of climate change in the basin, a global 

data set of PRECIS ECHAM05 and HadCM3 was used. Daily precipitation and mean temperature data for the 

period of 2031-2060 were chosen as predictor variables. 

b. Topographical data 

The topographical data was derived from Advanced Space Thermal Emission and Reflection Radiometer 

(ASTER) DEM of 30×30m spatial resolution. This DEM was used for delineating the basin as well as 

reclassifying the elevation bands by approximately 1000m at elevation below 3000m and by 500m by elevation 

above it.  

c. Remotely sensed snow cover data 

Snow cover data as the major input of the model, the data was derived from MODIS satellite data. The data was 

acquired from ICIMOD in 2012 and was extracted from the year 2000 to 2011. Snow cover data above 3000m 

was only used in this study. 

2.3. Snow melt runoff modeling 

SRM is widely used model all over the globe especially in China. The model best suits the mountain terrain 

where the meteorological stations are limited. The model was developed by Martinec in 1975 and is a 

conceptual, deterministic, degree day based hydrological model that simulates and forecasts daily runoff 

resulting from snowmelt and rainfall. The model has been upgraded with ability to even evaluate impacts of 

climate change on seasonal snow cover and runoff. SRM simulates daily stream flow on the basis of following 

equation 

     ∑[     (      )        )  (         ⁄ ) (      )            Equ. 1 

Where Q (m
3
/s) is discharge at day n+1,     and     is the runoff coefficient due to snow and rain for each zone 

(n), a is degree day factor (cm/°C/day), (      ) is the degree days (°C), S is the fractional snow cover, P is 

Figure 1: Sunkoshi basin 
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precipitation (cm) per day, A is the basin area (km
2
) and k is the recession coefficient. The SRM parameters like 

runoff coefficient and recession coefficient were estimated during calibration of the model while the other 

parameters were extracted from the past studies. The time series of discharge at Pachuwarghat station for the 

year 2001 was used for calibration. The relationship between the observed and simulated discharge is evaluated 

using Nash Sutcliffe Efficiency (NSE), Water Balance Coefficient (RE), Pearson correlation coefficient (r) and 

through visual inspection of hydrograph. 

3. Results and Discussions 

3.1 Hydro-meteorological diagnostics 

The Sunkoshi basin is covered with 13.29 % (692.31km2) of snow. Analysis of annual snow cover area (SCA) 

for the period of 2000 to 2010 indicates an increasing trend at a rate of 1.21km
2
 per year. Such rate of increase 

is observed in all seasons except in the pre-monsoon season (-18.22 km
2
/year). Seasonally, maximum SCA was 

found in the pre-monsoon season (18.35%) and in the winter (17.27%) season while the least was found in the 

monsoon season (7.3%). The long term average annual trend (1971-2009) of discharge data shows a decreasing 

trend at a rate of -2.5m
3
/s per year. The rate of discharge in each decade indicates decrease with much decrease 

at the end of fourth decade (2001-2010) i.e. -26.10% from 1971-1980. Trend analysis of temperature and 

precipitation data based on Theisen average for climate data ECHAM05 and HadCM3 also projects an 

increasing trend at 0.0011°C/year; 0.0497°C/year and 28.96mm/year; 19.64mm/year for respective data sets.  

3.2 Runoff simulation and snowmelt contribution to stream flow in the base year 

The stream flow for the year 2001 was selected for calibration where parameters were adjusted following hit 

and trial procedure. A considerable relation between computed and observed runoff was obtained with a NSE of 

0.884, RE of 0.93 and r of 0.95. While for the base period 2000-2008, NSE, RE and r was obtained as 0.81, 0.95 

and 0.91 respectively. Though the simulation results in overall show fair relationship, the model is not able to 

capture sharp runoff events precisely. With an average of 13% of SCA in the basin, the melt from the snow in 

the baseline period of 2000-2008 is 6.41% to the total flow. 

Seasonally, snow melting is most pronounced during the 

monsoon season where temperature is at its peak but the 

contribution from snowmelt to the total flow in the basin is 

found during the winter (21.17%) and the post-monsoon 

season (19.52%). Snowmelt contribution in the projected 

period when compared with the base period showed 

progressive increase in melting in each decade for both 

climate models (Figure 2) with two prominent peaks of melt 

period. This melt was found to be much enhanced at the end 

of the decade which is highly attributed to increase warming over the region.  

3.3 Implication on Runoff  

Daily temperature and precipitation data was used in 

calibrated SRM model where one climate scenario 

(A1B) with two climate models was used. Analysis of 

peak flow in projected period compared to baseline 

flow of 1195.8m
3
/s indicates increase in frequency 

and magnitude of such flows (Table 1). These peak 

Table 1: Statistics for projected discharge 

Decade 
ECHAM05 HadCM3 

Qmax N Qmax N 

2031-2060 2384.53 41 2171.76 31 

2031-2040 2000.17 11 1759.63 7 

2041-2050 2384.53 17 1736.07 9 

2051-2060 2023.42 13 2171.76 15 
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flows (Qmax) tend to vary in both data sets where both magnitude and frequency of such flows is much higher in 

ECHAM05 dataset. Increase in such extreme events was found to be highly correlated to extreme rainfall events 

in two data sets used. Since many stations are located at lower elevations, precipitation data is generally 

considered as a major source of uncertainty ((Li et al., 2014) thus leading to uncertain changes in flow. 

Flow generated for projection period generally indicates a rising 

trend at a rate of 1.49m
3
/s and 1.32m

3
/s per year (Figure 3) for 

ECHAM05 and HadCM3 respectively which is mostly due to 

the combined effect of increased precipitation and temperature 

enhancing contribution from snowmelt. Flow in initial decade 

was found to decrease gradually with much greater decrease in 

HadCM3 dataset but then it would increase abruptly after 2040s. 

This sudden increase was found to be consistent in both dataset. 

Seasonally, the rate of increase is observed to be greater during pre-

monsoon season in 

ECHAM05 dataset while 

it is during post-monsoon 

season in HadCm3 

dataset (Table 2).  A 

decade wise hydrograph 

analysis projects a month 

earlier shift in peak flows 

of August to July. These shifts are distinct in ECHAM05 data sets after 40s while such flows would resume 

back to its usual state after 50s in HadCM3 data set. Though some level of uncertainty within the climate model 

exist, analysis based on these data showed consistent warming trend, increase in future rainfall pattern and also 

with subsequent changes in river flow with impact on snow and ice reserves which might increase river flow in 

short term but reduce flow in longer period of time. 
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Table 2: Percentage change in annual average flow based on base year (2000-2008) 

Season 
2031-2040 2041-2050 2051-2060 

ECHAM HadCM3 ECHAM HadCM3 ECHAM HadCM3 

Average -9.83 -10.25 1.38 2.44 7.33 5.49 

Winter -0.92 -3.10 3.56 10.40 5.41 8.10 

Pre-monsoon 2.85 -4.75 19.41 5.60 34.18 8.85 

Monsoon -12.99 -12.04 -0.78 -4.41 4.54 3.18 

Post-monsoon -1.78 -6.21 4.27 42.06 12.50 17.58 
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Abstract 

Coastal urban regions across the world are highly vulnerable to climate change, and projections suggest that 

extreme weather events can intensify. On populous urban area, its implications on lifelines – of which 

transportation is vital – are manifold. Precipitation is a key climate variable that affects transportation, 

deteriorating its level-of-service. Urban road networks in precipitation prone zones, already operate at 

decremented roadway capacities. While routine operations remain unhindered due to precipitation-induced 

capacity deterioration, they do increase the system’s total travel time. This unattributed menace of the 

present, thus poses a challenge for the future. The conventional transportation planning methods consider 

demand-increment, but neglect probable climate change impacts on capacities. This paper addresses this 

gap, introducing a methodology that analyses the risk involved in urban road networks due to climate 

change. We implement the methodology to assess the risk on Mumbai’s over-utilized road network which is 

prone to high intensity rainfall.  

Keywords: Climate change impacts, urban road network, capacity degradation, risk analysis. 

1 Introduction 

Transportation is one of the key service sectors which connect various facets of human life. The incidental 

growth traffic due to increased population and changes in life styles almost congested our urban 

transportation networks across the world. This becomes exacerbated especially in the coastal areas, where 

most of our urban centers are located, not only due to spatial constraints but also due to the prevalent 

impacts of climate change. Precipitation is one of the key climate variables which affect the traffic in various 

ways by creating blockades during snowfall, flooding, washing away of roads etc. which results in capacity 

reduction and finally affecting the travel time. Though the effects of urban transportation on climate change 

are widely studied, studies vice versa are scarce. Moreover, there is a lack of clear cut methodologies to 

assess the impacts of climate change on transportation networks. The present work assesses the impacts of 

changes in the rainfall intensity pattern in a coastal urban transportation network using a novel method. In 

this paper we introduce a methodology to quantify the risk associated with climate change on urban road 

networks.  

Thus, urban road networks become an immediate payer of climate change. Though the effects of urban 

transportation on climate change are widely studied, studies vice versa are scarce. We quantify the 

consequence of the change in rainfall-intensity probabilities using the measure of system level travel time, 

and plot the risk matrix. The centroidal shift in the risk matrix is presented as a tool to quantify the increment 

in risk due to climate change. 

2 Methodology 

Varying rainfall intensities affect road way capacities in different magnitudes. This decrease in capacity 

increases the travel time on road networks. Increase in travel time is an immediate after effect of rainfall. 

The methodology thus employs rainfall-intensity to capacity-deterioration relationships to identify the 

consequence of rainfall. The methodology has four parts: (a) Relating rainfall intensity to magnitude of 

capacity deterioration, (b) finding out how regular commuters choose routes, given that they observe and 
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learn the patterns of capacity deterioration, (c) determining the change in travel time, caused by the change 

in probabilities of rainfall intensities, and (d) quantifying risk. A schematic of the methodology is presented 

in Figure 1. 

2.1 Mapping Capacity Degradation to Rainfall Intensity 

Rainfall is one of the premiere factors that affect the capacity of roadways. On roadways, capacity—

maximum number of vehicles serviceable per unit time—is dependent on many factors. Space available or 

number of lanes, speed drivers can hold, driver behavior are some examples of these factors. Rainfall 

influences these factors and thus decrements the capacity. While modelling impacts of climate change on 

transportation networks, rainfall thus becomes the primary parameter that has to be assessed. Rainfall also is 

the most important parameter that gets influenced by climate change. Hence we focus our methodology on 

this parameter. It may be noted that the methodology presented on this paper can be extended to include 

other parameters like urban plain flooding, snowfall, global warming etc. 

 

Figure 1 – Schematic of the methodology 

To map capacity degradation to rainfall intensity, one may employ empirical models which after repeated 

observations can relate the two parameters. In fact, analytical and theoretical models can be cumbersome as  

too many parameters are involved. On the other hand, for empirical models, one can develop them by aptly 

employing rightly collected data. We must say that we do not present here a model that relates rainfall 

intensity to capacity degradation, but we do suggest empirical models suitable and employ one such model 

in our case study. It may require data collection exercise in the order of years to arrive at such an empirical 

model. 

2.2 Traffic Routing Under Capacity Degradation 

There are different philosophies of traffic routing that transportation planners and engineers depend on, to 

determine the traffic volume on different urban roads. Determining traffic volume is vital as it is the traffic 

volume that defines the travel time. The most popular routing philosophy among them—the user 

equilibrium—considers that daily commuters would learn the best routes, try to avoid congestion by 

switching to alternate routes and after considerable number of days would finally equilibrate in a manner 

that travel times on all route options will be same. This philosophy traditionally assumes that the capacity on 

road ways prevail as designed and will not degrade.  

However, in the present study, we address different scenarios in which the capacities of roadways do not 

remain as designed, rather they are subject to degradations due to rainfall. Thus in this methodology, we use 

an extended version of user equilibrium to capture the effect of recurring capacity degradation. This version 

6 



 

is called the probabilistic user equilibrium. It is assumed that users would learn the variability in capacities 

(in fact it is the variability in the travel times that the user is more sensitive to), and would equilibrate such 

that the expected travel time is equal on all available routes (Lo & Tung, 2003). To compute the traffic 

volume on each road of the urban transportation network based on the philosophy of probabilistic user 

equilibrium, we employ a convex combination algorithm. The convex combination algorithm was originally 

suggested (Frank & Wolfe, 1956)for solving quadratic programming problems with linear constraints. 

Pseudo-code: 

Step 0:   
    ( ). Obtain *  

 + by assigning traffic onto the shortest path. Set      

Step 1: Set  (  
 )   (  (  

   ))     
Step 2: Assign traffic onto shortest (expected-time) path considering *  

 + to obtain secondary flows {  
 +. 

Step 3: Solve         ∑ ∫   
  
   (  

    
 )

  ( )   using line-search algorithm, and find α.  

Step 4: Set   
   (  

      
   )  . 

Step 5: If the convergence criteria is met stop the solution otherwise set       and go to step 1. 

In the pseudo-code given above, a represents a specific road (which is called link or arc);    is the traffic 

volume on the road a;   (  ) is the travel time function that depends on the traffic volume on the road. The 

most commonly used travel time function is by Bureau of Public Roads, and is commonly known as the BPR 

function (Bureau of public roads, 1964).   (  (  )) is the expected travel time on a road, which is in fact the 

probability weighted sum of different travel times possible due to rainfall induced capacity degradations. 

The convergence criteria can be traffic volume on each road, the difference in travel time or parameter α. 

2.3 Change in Travel Time due to Climate Change 

Climate change induces change in the pattern of rainfall intensity. This means that the probability 

distribution functions of rainfall intensity would change as an after effect of climate change. Incremented 

probability levels associated with higher intensity rainfalls can be observed in many parts of the world as a 

result of climate change. Subsequently, urban roads will more frequently tend to operate at lower capacities. 

Thus the travel time will increase. In the methodology, we account for the total system travel time. It is the 

travel time experienced by all vehicles on all routes of the transportation network. The total system travel 

time would be lower when all roads operate at full capacity than in a state when they operate at degraded 

capacities which in our case are the rainy months.  

Also as explained in the previous section, the volume of traffic on specific roads will depend upon the 

pattern of capacity degradation which in turn is dependent on the frequency of rainfall intensity. Hence as 

the probability distribution of rainfall intensity changes over the years as an after effect of climate change, 

the traffic volume also changes. It must be noted that when we speak of the traffic volume change, we do not 

mean the change that is resultant of demand increment. Rather, we freeze the demand at a temporally 

stationary point and consider only the climate parameter to be varying. Hence the change in traffic volume is 

an outcome of traffic rerouting due to the varying pattern of rainfall intensity. 

2.4 Quantifying Risk 

Risk associated with an event is quantified as the probability of an event, times the consequence of the event 

(Berdica, 2002). If both the probability of a capacity degradation state and its consequence are available, 

then the risk involved can be quantified. We adopt the increment in total system travel time due to the 

rainfall induced capacity degradation as the consequence. We thus quantify risk and plot it on to a risk 

matrix.  
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3 Case Study 

3.1 Study Area 

For exemplifying the methodology, we use the real transportation network near Fort area, Mumbai, India. 

The network is shown in Figure 2. The Fort area, in the central business district of Mumbai (southern part of 

city), experience almost heavy traffic flow on all the roads, during peak working day hours. There are 17 

road nodes and 56 road links. The traffic data was collected in the evening peak hours (between 5:00 p.m. to 

7:00 p.m.) of the week’s middle working days (Tuesday, Wednesday and Thursday) by Sharma and Mathew 

(Sharma & Mathew, 2007). The demand data is given in Table 1. Table 2 shows sample input data for the 

real network. 

 

Figure 2 - Study area: the Fort area of the southernmost tip of Mumbai city, India. 

3.2 Rainfall Data 

The present study utilizes the meteorological station data maintained by Mumbai Municipal Corporation at 

Santa Cruz, Mumbai. The hourly rainfall data form 1970-2009 of monsoon months of June – September 

were used to derive the probability of occurrence of various rainfall intensities. It is observed that the 

probability of receiving lower intensity is reducing and higher intensity is increasing from historic to present. 

The increase in the probability of extreme rainfall intensities is a clear indication of changes in the rainfall 

intensity pattern in the area. 

3.3 Results 

To map rainfall intensity to capacity degradation, empirical models developed by Chung et al. (2006) are 

used. The results, namely the increment in system travel times and the shift observed on the risk matrix are 

given in Table 1 and Figure 3. 

Table 1- Total system travel time at different rainfall intensities 

Data 

Total System Travel Time (vehicle-hours) 

No 

rainfall 
1mmph 2mmph 3mmph 4mmph 5mmph 

5-10 

mmph 

10-20 

mmph 
>20mmph 

Historic 1838 1983 2025 2011 2023 2066 2098 2146 2189 

Present 1842 1988 2030 2016 2028 2071 2104 2151 2195 
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Figure 3 - Risk Matrix 

Note the flattening-up of the curve, indicating a decrement in risk associated with lower and higher 

intensities, while an increment in risk associated with medium intensities. 

4 Conclusions 

The precipitation scenarios – with and without climate change – are discretized based on intensity and 

probability. The system’s total travel time for these scenarios is determined, and its deviation from a base-

case is interpreted as the consequence of precipitation-induced capacity deterioration. A risk matrix is 

constructed and the centroidal shift in it is presented as a tool which indicates climate change impact on 

urban road network. The methodology can be effectively used to assess an urban network’s vulnerability, 

preparedness, and adaptation strategies to the impacts of climate change. 

The scope of this work is limited to presenting a methodology to quantify risk associated with capacity 

degradation due to natural events, in the context of climate change. We hope that such quantification would 

encourage transportation planners to account for the losses that are expectable due to climate change. 
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Abstract 

Water plays a key role in the growth and development of human society. It is also an essential input to 

agriculture and other production systems for food, fibre and energy. Water is available from precipitation, 

moisture stored in soils (green water), and from withdrawals from watercourses, wetlands, lakes and aquifers 

(blue water). Water availability is also key to the energy sector, such as hydropower, water mills and 

development sector, such as industries. The growing population and development demand more water. Climate 

change will have a major impact on water resources in terms of quantity, quality and its timing. Simply, water 

productivity is the ratio of the net production of crop, forestry, fishery, livestock, and mixed agricultural systems 

to the amount of water required to produce those items. Nepal is rich in water resources but it is a food-deficit 

country. Many river basins of Nepal are productive but due to lack of better water and land management the 

livelihood of the people are still very poor, particularly in rural areas. This paper presents and discusses the 

results of the study on water productivity in Indrawati Basin of central Nepal. 

 

Key Words:  Water Productivity, water resources, climate change 

1 Introduction 

Productivity, in general terms, is a ratio between a unit of output and a unit of input. Water productivity broadly 

denotes the outputs (goods and services) derived from a unit volume of water. Simple definition of water 

productivity is the ratio of the net production of crop, forestry, fishery, livestock, and mixed agricultural systems 

to the amount of water required to produce those items over a period of time. In broadest sense it reflects the 

objectives of producing more food, income, livelihoods, and ecological benefits at less social and environmental 

cost per unit of water used, where water use means either water delivered or depleted by a use. According to 

Molden (1997) water productivity is the physical mass of production or the economic value of production 

measured against gross inflows, net inflows, depleted water, process depleted water or available water. The 

concept of water productivity (WP) is offered by Kijne et al. (2003) as a robust measure of the ability of 

agricultural systems to convert water into food. While it was used primarily to evaluate the function of irrigation 

systems – as „crop per drop‟ – it seems useful to extend the concept to include other types of livelihood support, 

such as mixed cropping, pasture, fisheries or forests. 

 

Water productivity is poor in Nepal. Even though the country is rich in water resources, it is a food-deficit 

country. Many river basins of Nepal are dynamic and productive but due to lack of better water and land 

management the livelihood of people are still very poor particularly in rural areas. In recent years, although 

growth of agricultural production has been increasing in the country, it has not kept pace with future needs. 

While new agricultural technologies have helped increase food production, there still was room for further 

growth.  In addition to this, adverse effect of climate change on agriculture is one of the greatest threats for 

Nepal as the national economy is dominated by agriculture. All the food from crop and livestock production, 

inland fisheries, aquaculture and forest products requires water. This water comes from precipitation, moisture 
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stored in soils (green water) or from withdrawals in watercourses, wetlands, lakes and aquifers (blue water). 

Further, water availability is also key to the energy sector for hydropower, water mills etc. and also for 

development such as industry. The rising human population and development such as industrialization keeps 

water demand high, and forces the country to produce more food or conserve more water. The water stress for 

high crop productivity may force people to either make excessive water withdrawals or deforest areas to 

increase crop yields. Finally this may indirectly impact the ecosystem of the whole basin by increasing water 

pollution, landslides, river sedimentation etc.  The paper is focused on the study of water productivity in the 

Indrawati Basin.  

2 Materials and Methods 

2.1 Study Area 

The Indrawati Basin covers an area of 1240 km
2
 with a population of about 2.44 thousand (projected for 2011), 

with an overall population density of 214 persons per km
2
. It is located in the Central Region of Nepal, between 

latitudes 27
0
 37‟ 11” to 28

0
 10‟ 12" North and longitudes 85

o
 45‟ 21” to 85

o
 26‟ 36” East. At the top of the basin 

streams originate from snow-covered and glaciated mountains, flowing approximately 59 km downstream 

through different Village Development Committees (VDCs), and finally flowing into the Sunkoshi River at 

Dolalghat VDC. The major tributaries of the basin are Melamchi khola, Larke khola, Yangri khola, Jhyangri 

khola, Chaa khola, Handi khola and Mahadev khola. The landscape in the basin mostly covers rugged 

mountains, with occasional plateaus where farming is done. The map of the study area, Indrawati basin is given 

as Figure 1. 

 

 
 

Figure 1: Location of study area, Indrawati Basin with its VDCs 

 

Economic activity in the basin is largely limited to subsistence-based and commercial agriculture, with some 

sand and gravel mining, small water mills, tourism and hydropower development. Therefore, the food security is 

a major concern. The prospects for significant expansion of crop cultivation or irrigation are limited. Therefore, 

to meet the rising food demand that will occur as a result of increasing population in the basin need to ensure 

sustainable land and water productivity improvements over the coming decades.  
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2.2 Physiographic Characteristics, Land use and population 

The physiography of the basin is very rugged. The elevation ranges from more than 5000 m to less than 1000 m. 

The majority of land in the basin is below 3000 m. Land use in the basin is generally characterized by small-

scale, subsistence-based agriculture and commercial agriculture for urban markets. 32.8% land is occupied by 

agriculture. The detail of land use pattern given by Karki (2005) is shown in Table 1.  

 
Table 1: Land use of Indrawati Basin (Karki 2005) 

Land Use Area (km
2
) Area (%) 

Forest Land 543.3 43.8 

Agricultural Land 407.3 32.8 

Ice and Snow Covered 148.1 11.9 

Irrigable Area 70.7 5.7 

Irrigated Land 50.8 4.1 

 

2.3 Data Collection 

2.3.1 Field data collection: A questionnaire was developed to understand the actual water use and water 

productivity of the households in the basin. Random sampling was adopted for the selection of households. 

Stakeholder meetings were also conducted in the field to collect the primary data.  

 

2.3.2 Secondary Data Collection: Secondary data collected were water productivity related literature from 

books and the internet; and demographic and other statistics from Central Bureau of Statistics (CBS) 

publications. In addition published and unpublished data from the District Agriculture Office was collected.  

Hydro-meteorological data was collected from publications and electronic data from Department of Hydrology 

and Meteorology (DHM).  

2.4 Water productivity calculation  

2.4.1 Agriculture Water Productivity 

 

As agriculture water productivity analysis combines physical accounting of water with yield or economic output 

to give an indication of how much value is obtained from the use of water. For the basin area, physical water 

productivity (Kg/m
3
) was calculated using the formula,  

 

WP= Output/Q     (1) 

 

Where, WP is the water productivity (Kg/m
3
), Output is the crop yield (Tons), and Q is water supplied or 

consumed (m
3
) or total land production x effective rainfall. Since inflow and outflow data is available for the 

basin, the water use for the agriculture production was estimated from water balance and since the basin 

contains snow and ice in the upper part, the software CROPWAT was used to obtain the correction factor. The 

water productivity was calculated as 

 

Water productivity (WP) of VDC=Total annual land production in VDC/effective rainfall 

Effective rainfall=Total annual rainfall of VDC x (1-runoff Coefficient) 
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2.4.2 Livestock Water Productivity 

 

This was calculated with reference to field and socioeconomic data. The basic expression of the calculation is 

 

WP= Total milk produced /q   (2) 

WP= Total meat produced /q   (3) 

WP= Total egg produced /q   (4) 

 

Where, q is water consumed by livestock  

 

2.4.3 Energy Productivity 

 

Energy productivity was calculated directly as energy production and water discharge in m
3
/s 

 

WPe= energy produced /q1   (5) 

 

Where, q1 is water discharge 

3 Results and Discussion  

 

The water productivity of the Indrawati basin was found to be 1.4 Kg/m
3 

which is higher than the national 

average 0.8 Kg/m
3
 but still considered very low. VDC level water productivity in the Indrawati basin ranged 

from a minimum of 0.3 Kg/m
3
 in Thakani VDC to a maximum of 5.6 Kg/m

3
 in Anaikot VDC. The annual 

rainfall in Indrawati basin varies from about 1100 mm in the lower part to over 2500 mm in the upper part. The 

study showed that the total water use in the basin is 391 mm. This showed that the water productivity in the 

basin is very low and there is good potential for more efficient use of water and related natural resources for the 

better livelihoods of the local people and sustainable development, given the available water resources in the 

basin. At the same time, people are experiencing more erratic and lower rainfall in the basin. As a result, local 

people are being forced to walk further downhill to collect water as many upstream sources have dried out. 

Measures are urgently needed to tackle the drying of the water sources. The situation may be further aggravated 

in future: RegCM3 output for A2 climate change scenario (mid-century period 2039-2069) shows a 2
o
C rise in 

mean temperature and 5-10 % decrease in annual rainfall over the study area. Adaptation measures such as 

water harvesting are urgent; degraded forest and water sources need to be conserved and restored; and farmers 

can conserve soil water and rainwater to increase their productivity. These adaptation practices will reduce the 

risk of water source drying out and may revive the sources that have already dried out. Further, such practices 

will reduce soil erosion as well. Climate change is occurring at the same time as major socio-economic changes 

in the basin and indeed the country. The work force in the basin area is declining due to out-migration for 

employment elsewhere, and this is a major challenge when trying to increase agricultural productivity. Low 

water consuming agro-technology should be promoted to produce more cash crops; this will encourage people 

to stay instead of migrating out. Such technologies include conservation ponds and micro irrigation to meet farm 

and household demand. Lift irrigation systems may have good potential in the basin. There are good 

opportunities for vegetable farming including agro products with market linkages given the basin‟s proximity to 

the capital city Kathmandu; this could significantly improve the livelihood of local communities. Efforts by the 

local people alone are not enough to increase their productivity. The government and other relevant agencies 

should be aware and support them to take actions to increase productivity in the Indrawati basin as well as more 

widely in the country. Capacity of the local communities should be enhanced on sustainable practices for the 

management of water and related natural resources.  
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Abstract 

As the practice of community based adaptation to climate change in countries like Nepal is 

growing, the literature has pointed out the need for research to test the effectiveness of CBA 

in reaching the most vulnerable households and its wider applicability. This paper reviews 

the Community Adaptation Plan (CAP) piloted and implemented in Nepal. The study 

involved interviews and interaction with a wide range of relevant stakeholders to map their 

perceptions on the effectiveness of CAP. The findings show that the CAP process and 

implementation did recognize the role of local communities in climate change adaptation and 

ensured their leadership in the planning process. However, due to issues with the local 

structure and governance of community-based organizations, the benefits of climate change 

adaptation support were enjoyed mostly by elites and powerful individuals. The paper 

suggests that inclusive and right based approaches are needed to ensure the planning and 

governance of local institutions are more accountable and responsive to vulnerable 

households.   

Key words: Climate Change; Climate Change Adaptation; Community Adaptation Plan 

(CAP); Nepal  

 

1. Introduction  

Climate change is becoming a major policy and development agenda of Nepal. The 

Government of Nepal has started to show its commitment in climate change by becoming 

parties to the framework convention on climate change in 1994. Since then, Climate change 

agenda started to roll in Nepal’s policy and programme spectrum. Ministry of Science, 

Technology and Environment is the focal ministry to coordinate climate change in Nepal. 

Since the ratification of Kyoto protocol, government of Nepal has established both the policy 

framework as well as institutional mechanism to coordinate climate change programme in 

Nepal.  The government has formulated Climate Change Policy in 2011, National Adaptation 

Programme of Action (NAPA) in 2010 and framework on Local Adaptation Plan of Action 

(LAPA) in 2011.  

Apart from policies and strategies, the government of Nepal and a number of international 

development agencies have initiated joint projects to provide support to the government of 

Nepal to operationalise climate change adaptation in policy and planning. Within climate 

change adaptation, the community based adaptation initiative was started in Livelihoods and 

Forestry Programme (LFP) districts in early 2009 in order to mobilize community institutions 

to respond to the adverse impact of climate change. It was the first innovative initiative to 

directly mobilize vulnerable households to map their adaptation needs. The recent progress 

indicates that more than 3000 Community Adaptation Plan (CAP) is prepared, with support 

from various donor agencies and projects
1
 and in stage of implementation. 

                                                             
1 Multi-Stakeholder Forestry programme (MSFP), Nepal Climate Change Support Programme (NCCSP), 
and Hariyo Baan Programme of USAID, WWF and CARE have scaled up CAP process in Nepal.  
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As countries like Nepal prepare to implement adaptation initiatives on a larger scale, there is 

an urgent need to sort out the implementation mechanisms at the local and national levels. 

The early lessons and evidence on the effectiveness of CAP initiatives and other practices 

currently being piloted and implemented in Nepal, are of relevance for sustaining climate 

change adaptation in the country and in other LDCs. The major objective of this paper is to 

generate early lessons in terms of experiences and issues related to local and communities 

based adaptation planning.  

2. Methodology  

The study assessed the effectiveness of Community Adaptation Plans in Dhugegadi and 

Bangesaal VDCs of Pyuthan, districts of Nepal. The learning of Nepal is important because 

Nepal has taken initiatives that aim to link the top down and bottom up planning process.  

Huq and Reid (2014) also argue that the government of Nepal has initiated the best practical 

example of mainstreaming climate change adaptation into broader planning processes. 

Two VDCs in Pyuthan district, namely Bangesaal VDC and Dhugegadi VDCs, were 

purposively selected for this research, for several reasons. One is that the LFP invested more 

resources and time for climate change adaptation activities in selected VDCs compared to 

others; Secondly, the selected VDCs demonstrate more clearly the lessons of the impact of 

mainstreaming compared to others where the interventions were just starting. And finally, 

these two VDCs lend themselves to comparative analysis because they are adjoining and 

share similar socio-economic and climatic conditions. Hence analysing the adaptation 

initiatives in the two VDCs contributes to the greater understanding of the effectiveness of 

these initiatives.   Having multiple case studies to analyse the effectiveness of mainstreaming 

initiatives in Nepal is important to compare and contrast the similarities and difference 

between the degrees of impact of the interventions. According to Yin (2003), the multiple 

case study design is useful to capture the context and issues and helps in systematic analysis 

of the case.  

The research involved mixed methods for collecting data, including semi-structured 

interviews, focus group discussions and district-level workshops with multiple stakeholders. 

The use of mixed methods was preferred in order to triangulate the information collected and 

validate the findings. A total of 128 households were interviewed for the study. The study 

also involved a total of 6 focus group discussions with communities in the study area. 

  

3. Findings  

3.1. Contribution of CAP in reducing household level risk and vulnerability  

This section examines the perception of the interviewed household on the effectiveness of 

adaptation interventions of CAP in reducing the climate change risk and vulnerability at the 

local level.  

It was known from the discussion and field observation that majority of the investment was 

done in water resource management mostly the establishment of drinking water facilities in 

the selected villages. The household survey also shows a positive contribution of the CAP 

interventions towards reducing risk from climate change. Around 57.8% of respondents in 

both the VDCs perceived that the impact of adaptation interventions in reducing household 

risk was medium to significant. It means more than half of the interviewed respondents 

16 



 
 

perceived that adaptation interventions were effective to address household level climate risk 

and hazards. The respondents argued that the issue of access to drinking water was addressed 

partly in some villages by adaptation interventions.  

The findings showed that risk reduction investment was made mostly in infrastructure related 

activities. In Dhungegadi alone, among the funding support, 60.5% was in construction and 

maintenance of drinking water sources, pipeline and reserve tank
2
.  Whereas in Bangesaal 

VDC, more than 67% of the budget was invested in drinking water facilities and maintenance 

of irrigation channels
3
  (Figure 1). In interview, majority of the respondents said that the 

implemented adaptation activities have potential to reduce the risk of communities.  

In contrary, 42.2% of respondents believe that the adaptation interventions were in adequate 

to reduce the risk and vulnerability of households. The focus group discussion also revealed 

that due to lack of financial resources, only less than 10% of the designed priority adaptation 

activities were implemented.  Although agriculture was identified as one of the major 

impacted sector, the investment was less in the sector. The review of adaptation plans also 

showed that less than 5% of the financial resources were allocated in both the VDCs to 

address the risk related to agriculture.  The information also shows that there were minimum 

activities implemented in both the VDCs (Figure 1) to deal with other issues of flooding, 

drought and landslide (VFCC-Dhugegadi 2009; VFCC-Bangesaal 2010).  

 

Figure 1. The financial investment trend on the climate change activities found in studied 

VDCs 

 

Mostly the decision makers viewed the adaptation activities from technology and impact 

reduction perspective, which assumes the use of infrastructure, related technologies to 

address impact such as drought or landslide. This is the reason why the needs of poor and 

vulnerable households were ignored. For example in Bangesaal VDC one of the community 

forestry user committee, irrespective of the urgent need, identified in local adaptation plans, 

invest on food production, decided to invest in fire control. 

Other constraint of integrating climate change in development is that there will be issues of 

hijacking and fragmentation of adaptation budget by development activities. The majority of 

the household, interviewed in this research, also argued that adaptation budget was not wisely 

used because there were overlaps in development and adaptation budget and focus both 

                                                             
2 Out of 876690 NPR, a total of 531190 NPR was invested in drinking water  
3
 Out of 1360956, a total of 9131822 NPR was invested in drinking water and irrigation  

67% 
3% 

20% 

7% 

3% Drinking Water and

irrigation

Fire equipment

Income generation

activities for poor
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investing in same. It was also observed, from the field observation, that most of the climate 

change adaptation budget was spent on development oriented risk reduction activities such as 

infrastructure development compared to household identified needs such as capacity building 

and small scale agriculture practices. The household survey indicate that majority of the 

households were in favor of soft adaptation measures, as described in chapter two, that build 

their resilience. The soft adaptation measures included activities that focus more on 

community mobilization and activities such as awareness and capacity.  

The risk reduction activity, which is only focused to infrastructures, does not necessarily 

benefit the poor and vulnerable households (Ayers and Dodman, 2010). The findings in this 

paper showed that the investment made in water resource management only benefited few 

households because it had limited household and geographical coverage. Due to issues with 

the local structure and governance of community-based organizations, it was found that the 

benefits of climate change adaptation support were enjoyed mostly by elites and powerful 

individuals. Another constraint of risk and impact based adaptation approach is that it is 

highly resource demanding and need more financial resources to implement.  In reality the 

limitation of funding on climate change at the national and local level may create problem in 

terms of prioritizing investment.  

 

3.2. Contribution of CAP in building  local adaptive capacity and institutional 

strengthening  

In this section, the result and discussion includes analysis of how CAP contributed to 

building adaptive capacity of households and strengthening the local institutions in the study 

sites.  

The findings show that majority of the respondents (68.8%) in both the VDCs felt that 

adaptation interventions were successful in building capacity of communities. According to 

the respondents, the capacity building activities were related to training on specific income 

generation activities, office management, and other climate change related topics. It was also 

found that the training and orientation activities were organized by the project in order to 

transfer skills and knowledge to selected members of the community-based organizations 

specifically on climate change assessment and adaptation planning.  

The effectiveness of community-driven interventions at the local level is highly conditioned 

by local capacity, in particular the capacity for collective action (Mansuri and Rao 2012, 

p.39). The information of the CAP shows that out of total investment, 8-10% of the resources 

were invested in climate change related capacity building activities, for example, out of the 

total resources invested only 10% were related to capacity building in case of Bangesaal 

VDC. It was also found, from the group discussion, that some of the capacity building 

activities For example sharing climate change information were helpful for the local 

government and communities to gain insight into climate change scenarios at national and 

international level.  

The findings show that local institutions were targeted mostly in terms of capacity building 

activities not the individual vulnerable households. The Village Development Committees 

(VDCs), Village Forest Coordination Committee (VFCC), community based organizations 

and local NGOs were involved in capacity building events. The most preferred group was 

community forest user group. There were altogether 9 and 11 community forestry user 
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groups in Dhungegadi and Bangesaal VDCs respectively.  There were also agriculture 

cooperatives, farmers group, mothers group and saving and credit group in the VDCs.   

 

The use of existing community institutions looks relevant in the implementation of adaptation 

interventions at the local level. Among the group working in the study VDCs, it was found 

that the community forestry user group was larger in terms of household affiliation and 

geographical coverage. It was also found that majority of the investment were made through 

community forestry. The smaller group had fewer roles in CAP process. Majority of the 

household also argued that CAP was biased towards smaller group like agriculture group and 

mothers group. This implies that powerful institutions have more access to resources and 

benefits compared to weak institutions.  

In addition, there were also some limitations of institutional strengthening activities promoted 

by CAP. The analysis shows that 24.6% of the respondents felt that the intervention was less 

effective in building institutional capacity to deliver adaptation interventions. Among the 

respondents’ categories, the number of dissatisfaction was higher among general members 

compared to the respondents who were holding executive position in the management 

committee of community-based organizations.  

The findings further show that the benefits of CAP were distributed unevenly and not specific 

to poor and vulnerable households. The participants during discussion stated that most of the 

allocations made in name of poor and vulnerable were distributed to well off households. The 

evidence show that out of the total groups’ investment in all the 2 studies VDCs, less than 

30% of the resources were allocated for poor and vulnerable households. More than 70% of 

the participants of focus group discussions revealed that the disparity in decision-making 

occurred due to monopoly of the executive members of community forestry groups. Studies 

elsewhere in Nepal have also indicated that in terms of economic gains, the poorest and most 

marginalized members of communities receive the fewest benefits with some notable 

exceptions (Kanel and Kadel, 2004). 

There are governance issues of local institutions like community forestry and in this case 

mostly related to power sharing, decision-making and accountability. According to the 

majority of the key informant interviewee, institutional strengthening and particularly 

capacity building appeared to be an important element to make local institutions more 

accountable and responsive. The findings argue that although the existing approaches of 

community-based development are means to reach to communities, it is not the most 

appropriate institutional mechanism to empower the poor and vulnerable groups. It is because 

the existence of socio cultural dynamics in the rural context in Nepal is biased against poor 

and vulnerable households. The findings of Ireland (2012) shows that vulnerable 

communities stand to lose much more if adaptation is treated as business-as-usual in the 

development realm. Mansur and Rao (2004) also argue that unless management regimes are 

specifically designed to include poor people, community-based natural resource management 

may end up as little more than donor-supported control by elites (p.179).  

This means inclusive targeting will continue to be difficult under the current institutional 

mechanism and structure. The findings pointed out the need for local institutions to realize 

the importance of engaging households directly in the programme. Agrawal (2010) also 

argued that external interventions in the form of new information and technology and 

improved access, and inflows of finances support for local leadership would be critical to 

strengthen local institutional capacities. 
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4. Conclusion  

This paper analyzed the initial effectiveness of community based adaptation planning in 

Nepal and found that although CAP is most effective to target the vulnerable household and 

communities, there are key constraints of the approach to intervention and capacity building. 

This paper argues that risk and impact based adaptation approach and interventions alone do 

not address the root cause of vulnerability because it benefits general public and not the 

specific poor and vulnerable households. It is thus necessary to specifically target the poor 

and vulnerable household not just include them in the process.  

The paper further argue that existing institutional mechanism at the local level, which is 

dominated by elite and few powerful individuals, is a barrier to building adaptive capacity of 

poor and vulnerable households. The exclusion nature of institutional governance at the local 

level excludes the poor and vulnerable household from participating in activities related to 

capacity building. In addition, the bigger and powerful group like community forestry in the 

analyzed case received more benefit compared to other smaller interest groups. The findings 

imply that there is a need to decentralize and devolve capacity building activities to household 

level and the specific interest groups so that the real poor and vulnerable households benefit 

from the adaptation interventions .  
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Abstract 

The long-term variation of rice production in Bangladesh was examined for the period from 

1947 to 2010, and the effect of rainfall and recent severe floods was discussed. Although rice 

production is highly dependent on summer monsoon rainfall in India and other Asian 

monsoon countries, the relationship is poorly identified in Bangladesh. On the other hand, a 

clear relationship has been observed between severe floods and rice production. In general, 

there are three cropping seasons of rice in Bangladesh, namely Aus in the early rainy season, 

Aman in the late rainy season, and Boro in the dry season. The cultivated area of Aman was 

almost constant throughout the study period, with some sharp drops in recent severe flood 

years. That of Aus slightly increased before the mid-1970s, and then began to decrease 

subsequently, decreasing more rapidly after the late 1980s until 2006. The yield of Aman 

tended to rise sharply in years following severe floods. That of Boro gradually increased after 

the mid-1960s, in particular after years of severe flooding. The yields of all varieties, 

especially Boro, consistently increased starting in the mid-1960s, due to the introduction of 

high-yielding varieties. Because yields also tended to increase after severe flooding, the total 

rice production rose sharply after years of severe floods. In particular, after the 1998 record 

breaking severe flood, the production of Boro exceeded that of Aman for the first time in the 

Bangladesh rice cultivation history, and the difference in production between these two 

varieties has since increased. As such, rice production in Bangladesh has almost consistently 

increased in time, even with severe flood damage during rainy seasons. 

Keywords: rice cultivation, rice production, flood, rainfall, Bangladesh 

 

1. Introduction 

Bangladesh is a major rice-producing country, the fourth
 
leading producer in the world since 

its independence until 2012 (FAO 2012). Rice cultivation is mainly conducted in the Asian 

monsoon region, and its production is largely influenced by monsoon. Parthasarathy et al. 

(1992) showed that food grain production in India is positively correlated with the summer 

monsoon rainfall. Krishna Kumar et al. (2004) confirmed this correlation with major crops 

including rice in India. A similar relationship was pointed out between rice yield and May–

October rainfall in India and Thailand by Gadgil and Rupa Kumar (2006). On the other hand, 

Gadgil and Rupa Kumar (2006) also reported that there is no discernable relationship 

between the year-to-year changes in rice yield and seasonal rainfall during monsoon seasons 

across Bangladesh, which is very different from that of India. In Bangladesh, rice is grown in 

the low-lying delta land. Severe floods often occur in these regions, causing extensive 

property damage. Some studies have focused on flood damage to rice production (e.g. Paul 

and Rasid 1993). However, Asada et al. (2005), Matsumoto and Asada (2011), and Asada 

(2012) showed that rice production in Bangladesh was higher after years of recent severe 
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flood than that of previous years, suggesting that severe floods may increase long-term rice 

production there. In addition, Asada and Matsumoto (2009) and Asada (2012) reported 

regionally variable effects of monsoon rainfall in the Ganges-Brahmaputra Basin. This paper 

aims to update the trend in rice production in Bangladesh from 1947 to 2010.  

2. Rice cropping patterns in Bangladesh 

In general, there are three cropping seasons of rice in Bangladesh: Aus, Aman, and Boro. The 

growing period of each rice corresponds soundly with climatic season. The dry season 

prevails from mid-October through February and less than 5% of annual rainfall occurs 

during this season. The hot pre-monsoon season lasts from March to May, which accounts for 

15–20% of the annual rainfall. The rainy season starts in early June and ends in mid-October 

and 75–80% of the annual rainfall occurs during this season. Aus is normally planted in April 

and harvested in July or August, before annual floods reach the peak stage. After that, Aman 

is planted in August, to correspond with the drop in floodwater, and is usually harvested in 

November or December. These are the two rainy season rice crops. On the other hand, Boro 

is the dry season rice crop. It is normally planted in December and harvested in April or May. 

High-yielding varieties (HYV) of each strain were developed for breed improvement and 

were introduced in the late 1960s after the Green Revolution (Islam and Taniguchi 2000). 

The yields of HYVs are much higher than those of the local varieties.  

 

3. Datasets 

The agricultural data used in this study were taken from Hamid (1991) for the period from 

1947 to 1967 and from the Yearbook of Agricultural Statistics of Bangladesh published in the 

Bangladesh Bureau of Statistics for the period from 1968 to 2010. These data contain 

information about rice production (in metric tons) and cultivated area (in hectares) of Aus, 

Aman, and Boro. For each variety, the data are split into the local and HYV strains. It should 

be noted that the annual rice production data are based on the seeding period of each variety. 

For instance, the production of Boro in 2000 is that seeded and grown from November 2000 

to April 2001. The annual rice production in 2000 indicates the sum total of the production of 

Aus and Aman harvested in 2000 and that of Boro harvested in 2001. The irrigated area data 

were obtained from the same yearbook. These data are available for each of the three 

varieties from 1969 to 2008. As for the seasonal rainfall data, we utilized the total rainfall in 

the monsoon season (June to September) across Bangladesh from 1980 to 2010, averaged by 

seven major stations operated by the Bangladesh Meteorological Department (BMD: 

available at http://www.bmd.gov.bd/Monsoon_rain/Bgd_mon_rain. html). Data on flood-

affected areas during the monsoon season (FFWC 2004), represented as the percentage of the 

total country, were taken from the Bangladesh Water Development Board (BWDB). These 

data are available from 1954 to 2010, excluding the years 1957–1959, 1979, 1981, and 1997. 

These lacking years basically correspond to years with less flooding and the influence on rice 

cultivation was small. 

 

4. Results 

4.1   Relationship between the year-to-year changes in Aman rice yield and rainfall 

First, we investigated the relationship between the year-to-year changes in Aman rice yield 

and monsoon rainfall in the whole of Bangladesh from 1980 to 2010. The year-to-year 

changes were analyzed because simple yields have tended to increase mainly due to the 

increased use of HYV strains (Gadgil and Rupa Kumar 2006). When we see the relationship 
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between Aman rice yield and Bangladesh monsoon rainfall by BMD for the period 1980–

2010, there were no apparent relationships between these two variables (not shown), which is 

in agreement with the results in Gadgil and Rupa Kumar (2006) . 

 

4.2   Inter-annual variation in rice production, cultivated area and yield 

Figure 1 shows the changes in total rice production and changes in the production of each rice 

crop. The total production increased consistently throughout the study period and is now 

more than four times greater than it was 60 years ago. Among the three crops, Boro increased 

the most, especially after the 1980s. As Asada et al. (2005) pointed out, total annual 

production increased most after the floods of 1988 and 1998. A similar trend can be found in 

the most recent severe flood of 2007, during and after which Boro production increased 

rapidly. The production of Boro first exceeded that of Aman in 1998, the most severe year of 

flooding in the last century, and it continued to increase subsequently. At present, Boro is the 

primary rice crop produced in Bangladesh. This is a unique characteristic among the rice-

cultivating monsoon countries, where the major rice-growing period is normally during the 

summer monsoon season (Gadgil and Rupa Kumar 2006). After 2007, its production was 

approximately 1.5 times as high as that of Aman and this tendency will not change in the near 

future. The production of Aus continued to decrease after the mid-1980s. Aus accounted for 

nearly 30% of the total rice production in 1970, but just 6% in 2010, while Boro accounted 

for 20% in 1970 and 55% in 2010. It seems that the decrease in Aus production stopped after 

2004. Aman production also decreased during recent severe floods in 2004 and 2007. 

Although in the following years its production returned to the previous levels, Aman 

production did not increase much after 1999, but it begins to increase after 2007.  

 

Figure 1 - The inter-annual variation in rice production and flood-affected areas from 1947 to 2010. 

 

The variation in production is expressed by changes in both the cultivated area and the yield. 

Therefore, the inter-annual changes in cultivated area of each rice crop and total cultivated 

area, as well as those in yield are examined. The cultivated area of Boro rapidly increased in 

1988, 1998, and 2007 and then slightly increased after the severe floods in these years. The 

cultivated area of Boro reached approximately 85% of that of Aman in 2010. Of course, the 

continuous increase in Boro cultivation was due to the constant expansion of irrigation. In 

sharp contrast, the cultivated area of Aus has continually decreased since the mid-1980s. 
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However, it appears to have hit bottom in 2006 and has gradually started to rebound. Aman 

cultivation tended to decrease during years of severe flood but then to recover to the 

previous-year level in the year following floods.  

As for the changes in yield for each rice variety, before the introduction of the HYV strains 

prior to the mid-1960s, the yields of all three varieties were about the same (1 to 1.5 tons per 

hectare), although that of Aus was the lowest among the varieties. After the mid-1960s, the 

yield of Boro rapidly increased to 2–2.5 tons per hectare. After 1980, it almost constantly 

increased to reach nearly 4 tons per hectare level in 2010. While those of Aman and Aus 

remained about constant until the severe floods in 1988 and 1998, respectively. In the years 

following the 1988, 1998 and 2007 floods, the yield of Aman rose significantly.  

5. Conclusions 

This study updated the information on the long-term variation of rice production in 

Bangladesh and the relationship between rice cultivation and the hydrological environment of 

Bangladesh provided by Asada et al. (2005) and Matsumoto and Asada (2011).  During the 

recent severe flood years of 1988, 1998, 2004 and 2007, rainy season Aman production 

greatly decreased both in terms of cultivated area and yield, whereas dry season Boro 

production drastically increased in cultivated area at the same time. This expansion in Boro 

cultivation may be attributed to the utilization of the residual surface water of the floods and 

to the quick response of local farmers reported by Ando et al. (1990). Bangladesh agriculture 

has been continuously evolving even with severe flood damage during rainy seasons. The 

large increase in dry season rice production may help minimize the deleterious effects of 

flood on the total rice production of Bangladesh, which can be regarded as a useful counter 

major for the flood prone country. 
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Abstract: 

Data scarcity, diverse topography and climate have always been a challenge in understanding 

basin hydrology in the Himalayan catchments. There is a dire need of robust hydrologic 

models that can capture spatial and temporal variability existing within the mountainous 

terrain. This paper analyzes the impact of changing climate on hydrology of Tamor River 

basin in the eastern part of Nepal, using outputs from PRECIS-ECHAM5 and PRECIS-

HADCM3 simulations. Power law transform for precipitation and elevation-zone based mean 

and standard deviation adjustment for temperature were used to correct the bias within the 

RCM outputs. Bias corrected climate data were then integrated within a calibrated watershed 

model SWAT (Soil and Water Assessment Tool). ECHAM5-driven hydrological simulations 

suggest an increasing trend in annual flows with the increase more pronounced in 2060s 

whereas the HADCM3 simulations indicate decreasing trends. The results suggest more 

rainfall driven hydrological responses during future. With increasing temperatures, increasing 

snowmelt in historical conditions is likely to continue during the future as well. Increase in 

extreme flows and subsequent decrease in dependable flows suggest increase in frequency of 

isolated extreme flows followed by prolonged dry spells. This can be related to increasing 

intra- as well as inter-annual climatic variations. Amidst the uncertainties, these climatic 

projections provide a plausible insight into future as the flows are expected to increase though 

at different magnitude under different climate models. These results can hold crucial 

relevance in various water management decisions, from addressing water availability to 

mitigating water induced hazards and hence to build more climate resilient communities. 

  
 

Key words:Hydrology, RCM, climatic variation, flow, uncertainties 
 

1. Introduction 

With more than 6000 rivers flowing from the High Himalayas to the hills and plains,majority 

of the river in Nepal are snow-fed in nature and generate significant amount of flows all year 

round. Hydrology of these rivers is largely dependent on the climatic conditions of the region, 

which in turn is a part of global climate. All currently available global climate models agree 

on an increase in global mean temperature over the twenty-first century (IPCC, 2007). With 

increasing temperatures, the snowfed catchments in the Himalayas will be highly affected as 

the increasing air temperatures will cause more precipitation to fall as rain instead of snow 

and cause the snowmelt season to start earlier in the year (Barnett et al. 2005). With climate 

change underway, contribution of the snow melt in runoff for snow-fed rivers has been 

observed to be in an increasing trend. Numbers of flood events are increasing as well as the 

effect of single flood is also increasing to more days. Increasing precipitation trend is 

observed in the Koshi Basin whereas the all-Nepal trend shows a decreasing trend at the rate 

of 9.8mm/decade (WECS, 2011).Accurate simulation of the hydrologic processes in 

mountains is highly imperative for overall water resources management as well as for local 

and regional economies (Fontaine et al., 2002).Due to difficult access and harsh conditions of 

mountainous regions, data gaps are frequent and therefore, there is a greater need of modeling 

procedures that can bridge these gaps (Normand et al.,2010). Bias corrected Regional 

Climate Models (RCMs) used with hydrologic models can provide more accurate estimates 

of climatic parameters for any climate change impact assessment studies (Terrink et al., 

2010).  
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Previous hydrological studies in the Tamor 

basin(Normand et al., 2010,Panday, 2010) have 

shown that a robust hydrological model with a 

snow-melt sub-routine is required to accurately 

assess the hydrology of a mountainous basin.The 

major objective of this study was to employ RCM 

derived precipitation and temperature projections 

into a semi-distributed hydrologic model Soil and 

Water Assessment Tool (SWAT) to assess the 

impact of climate change on the hydrology of the 

TamorRiver Basin in Nepal. 

 

 

 

 

2. Materials and Methods 

2.1. Study Area 

Tamor River Basin delineates the easternmost part of Nepal sharing borders with India and 

China. The basin covers an area of about 5842 km
2
 at Mulghat. Tamor river which is one of 

the major tributaries of the SaptaKoshi River flows between the peaks such as Kanchanjunga 

(8586m) and the Everest (8848m) on gorges reaching depth of 2000 m. The elevation ranges 

from as low as 234 meters at the outlet to 8387m in the High Himalayas. The annual average 

precipitation in the basin is about 1800 mm with more than 70% total precipitation occurring 

within the monsoon season (June - September). Figure 1 shows the location and the Digital 

Elevation model (DEM) of the basin.        
        

2.2. Model Used:  

The Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998) is a river basin scale, 

semi-distributed, process based and continuous time hydrologic model operating on a daily 

time step. The model is capable of simulating a high level of spatial detail by allowing the 

watershed to be divided into a large number of sub-watersheds. The SWAT model is 

equipped with a snowmelt estimation procedure which uses the simple temperature index 

approach. To account for the orographic effects on precipitation, temperature and solar 

radiation, SWAT allows up to ten elevation bands to be defined for each subbasin (Neistch et 

al. 2001). Snow-pack accumulation, sublimation and snow melt are computed within each 

elevation band and are aggregated for the entire subbasin by a weighted average.  

 

2.3. Data Used:  

The following spatial and temporal data were used in the study: 

a.Digital Elevation Model (DEM): The 30m resolution ASTER GDEM 2.0
1

was 

downloaded and clipped for the study area. 

b.Land Cover and Soil Data:Landuse map obtained from the Department of Survey was 

used for the study. Similarly, Food and Agriculture Organization's (FAO) soil map of the 

world was downloaded and clipped for the basin. 

c. Hydro-meteorological Data:Gauged Precipitation data from eight stations viz. Dhankuta, 

Lungthung, Pachthar, and Dovan  for the years 1976 - 2008 was obtained from the 

Department of Hydrology and Meteorology (DHM). Similarly, temperature data from 

three different stations within the basin, Dhankuta, Taplejung and Phidim were used. Daily 

relative humidity, wind speed and solar radiation for Dhankuta were used.For calibration 

                                                           
1
 ASTER GDEM 2.0 is a property of METI and NASA. 

Figure 1Digital Elevation Model (DEM) of Tamor 
River Basin 
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and validation of the SWAT model, gauged discharge data from 1977-2006 was 

considered at the basin outlet Mulghat. 

 

d. Regional Climate Model Data:ECHAM5 and HADCM3 projections downscaled using 

PRECIS RCM (ADPC et al., 2012) for precipitation and temperature were used in the 

SWAT model to assess the changes in hydrological fluxes under climate change. The data 

obtained from the DHM were represented the SRES-A1B scenario. The projections were 

available for a baseline period of 1970-2000 and a projected period of 2030 - 2060. 

To account for the snow melt, entire basin was divided into 10 elevation bands and each of 

them were assigned with the fraction of areas of each subbasin falling within that band. A 

temperature lapse rate of -5ºC /km was used to account for the variation of temperature with 

topography.  

 

2.4. Model Calibration 

SWAT model for Tamor was calibrated at Mulghat for the years 1981-1990. The simulated 

values show good correlation with the observed ones, with both Nash-Sutcliffe efficiency 

(NSE) and correlation coefficient (R
2
) of 0.85. Likewise, the model was later validated for 

2001 - 2006. NSE and R
2
 values were observed to be 0.83 and 0.94 respectively. 

 
Table 1: Comparison of Flow 
Characteristics 

 

 

 

 

 

 

 

 

 

2.5. Bias Correction of RCM Data: 

Power Transform method for precipitation and the mean and standard deviation adjustment 

for temperature were used for bias correction, in order to capture the day-to-day climatic 

variability, following their impressive performance in the Meuse river basin (Leander and 

Buishand, 2007) and the Rhine river basin (Terink et al., 2010).The power transformation 

method adjusts both the meanand variance of the future climatic projections with those of the 

hindcastobserved values.The mean and standard deviation adjustment approach shifts and 

scales mean and variance of the climate data to match with the observed data series.For 

detailed methodology, refer (NDRI, 2014). 

 

3. Results and Discussions 

3.1. Historical Flow Characteristics 

Analysis of historical flows (1982 - 2006) at Mulghat shows an annual average flow of 376 

m
3
/s. The annual values indicate an increasing trend of 10.3m

3
/s per annum. Long term 

monthly average show August with the peak flows and February experiencing the lowest. 

Similarly, the lowest flow during the baseline historical period was 12.6 m
3
/s whereas the 

maximum flow was5120 m
3
/s. The maximum instantaneous flow recorded was 6760 m

3
/s 

corresponding to a return period of about 50 years.The minimum recorded instantaneous flow 

was 11 m
3
/s. The extreme variation in the instantaneous values show a very significant inter- 

as well as intra-annual variability in flow distribution. For the consistency in comparison, 

Statistics 

Observed   

(1982 - 2006) 

ECHAM5 

 (2036 - 2060) 

HADCM3  

(2035 - 2059) 

Average 380 326 294 

Std. Dev. 424 512 403 

Trend 10.3 4.95 -11.4 

Max Daily 5120 19510 5467 

Min Daily 12.6 19.97 19.85 

All values are in m
3
/s. 
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comparison of PRECIS- ECHAM5 and PRECIS-HADCM3 simulated flows are done for a 

period of 25 years from 2036-2060. 

3.2. Changes in Flow Characteristics 

The analysis of annual trends show 

increasing trend of 4.95m
3
/s for 

PRECIS-ECHAM5 simulated flows 

whereas an overall decreasing trend  of 

11.4 m
3
/s for the PRECIS-HADCM3 

values has been observed  during the 

projection period. The average annual 

values have also decreased for both the 

projected simulations. ECHAM5 results show a maximum daily flow value of 19510 m
3
/s 

which exceeds the historical maximum by almost four folds. The comparison statistics are 

shown in Table 1. 

 

3.3. Changes in Monthly Flows 

Long term monthly flow comparison indicates increasing flows during May and June, 

suggesting possible early shift of peak flows in the future. Similarly, increasing flows during 

the winter months (December, January and February) suggest increasing precipitation in the 

winter in the form of rain in the future, indicating increased temperature. 

 

3.4. Changes in Water Balance  

Figures 2 and 3 show change in water balance under the changing climate. The graphs clearly 

indicate increased precipitation during the non-monsoon months and increase in actual 

evapo-transpiration in the winter months. Snowmelt is also increasing during the hotter 

months with subsequent increase in the water yield values.    

  

3.5. Changes in Flow Duration 

The hydrological model results were again analyzed to assess the changes in the magnitudes 

of flows of different probabilities of exceedence. Figure 4shows the annual flow duration 

curve comparing historical data against two projected runs with climate change from 2035 to 

2060. The figure shows increases in high flows for the ECHAM projections, which suggests 

an increase in daily mean flows and subsequent increase in daily mean flows and subsequent 

flood risk. However, the HADCM3 projections indicate only small changes in high flows. 

Similarly, decrease in dependable flows suggesting less water available during the lean 

seasons for both projections can be observed. 

 

3.6. Discussion     

This paper attempts to address the need of robust hydrologic models capturing spatial and 

temporal variability existing within a mountainous terrain and the impact of climate change. 

The PRECIS-ECHAM5 and PRECIS-HADCM3 simulations suggest decreased annual 
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Figure 2: Percentage Change in water balance (Right: ECHAM5 and left: HADCM3 
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average flows in the future, whereas the ECHAM5 simulation predicts higher frequency and 

magnitude of isolated floods. Both projections show decrease in dependable flows. Increased 

evapo-transpiration and precipitation in the winter suggest increasing temperatures which will 

affect the snowmelt process, as more precipitation is likely to occur as rain. This can be 

related to increasing intra- as well as inter-annual climatic variations. The conclusions made 

by the paper are the likely scenarios of changes in mountain hydrology under climate change. 

Given the uncertainties involved, it is certain that the changing climate will impact 

hydrology, though in different magnitude and will tend to increase the inter- as well as intra-

annual variability in water availability. However, these findings provide a plausible insight 

into what the future hydrological conditions would be like. Future works from the research 

team will involve reducing the uncertainties of predictions to a minimum incorporating 

ensemble predictions from the more recent IPCC AR5 scenarios.  
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Abstract 

Soil water potential () controls the dynamics of water in soils and can therefore affect 

greenhouse gases fluxes. We examined the relationship between soil moisture (θ) at five water 

potentials ( = 0, -0.05, -0.1, -0.33 and -15 bar) and carbon dioxide (CO2), nitrous oxide (N2O) 

and methane (CH4) fluxes. The study was conducted in 2011 in a silt loam soil at Freeman farm 

of Lincoln University. Soil samples were collected at four depths: 0-10, 10-20, 20-40 and 40-60 

cm and their bulk densities were measured. Samples were later saturated then brought into a 

pressure plate for measurements of. Soil air samples for greenhouse gases fluxes analyses were 

collected using static and vented chambers of 30 cm height and 20 cm diameter. Determination 

of CO2, CH4 and N2O concentrations from soil air samples were done using a Shimadzu 

Greenhouse Gas Chromatograph. Results showed that in 2011, there were significant 

correlations between greenhouse gases and θ at = 0 and = -0.05 in the 0-10 cm of soil. θ at 

=0 positively correlated with CO2 (p< 0.05, r= 0.49) and N2O (p< 0.05, r= 0.64) and negatively 

correlated with CH4 (p< 0.05, r= -0.43). Finally, greenhouse gases fluxes were more correlated 

with θ held at  close to zero. This study stresses the need to monitor soil water potential when 

monitoring greenhouse gases fluxes. 

 

Key words: Soil water potential, soil moisture, greenhouse gases fluxes, corn, soybean      

               

1. Introduction 

Agriculture is a significant source of carbon dioxide (CO2), nitrous oxide (N2O) and methane 

(CH4) and the contribution of agricultural land to the emissions of these gases depends on many 

processes (Duxbury, 1994; Satterthwaite, 2008). Soil and plant management practices are among 

the practices that can influence the emissions of greenhouse gases (Gregorich et al. 2005). In 

fact, the production and emissions of CO2, CH4 and N2O are all affected by soil temperature and 

moisture which in turn are influenced by soil and crop management practices (Kuzyakov, 2006, 

Firestone & Davidson, 1989; Laughlin & Stevens, 2002, Davidson & Janssens, 2006, Conrad, 

1989). The water status in soils is characterized by the amount of water present, known as soil 

water content (SWC, θ) and its energy state, called as soil water potential (SWP, Ψ). Several 

authors have found significant correlation between soil water and greenhouse gases emissions 

(Linn & Doran, 1984; Davidson et al., 1998). Other authors have suggested that greenhouse 

gases emissions are greater at certain levels of water in the soil and decline as water content 

declines (Orchard & Cook, 1983; Linn & Doran, 1984). Unfortunately, there are only few studies 

relating soil water content and its energy state (water potential) to greenhouse gases emissions 

(Gun-Yeob et al., 2014; Davidson et al., 1998). The objective of this study was therefore to 

assess the relationship between soil moisture (θ) held at five water potentials ( = 0, -0.05, -0.1, 

-0.33 and -15 bar) and carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4) fluxes. 

32 

mailto:dinesh.panday239@my.lincolnu.edu


 

2. Materials and Methods 

2.1 Experimental field  

The experiment was conducted in 2011 at the Freeman farm of the Lincoln University of 

Missouri. The coordinates of the experimental site were 38°58'116''N, 92°10'53''W. The soil of 

experimental site was a silt loam with an average slope of 2%. The average annual precipitation 

for the previous 20 years was 1037 mm and the average two years temperatures during the 

growing season of May, June, July, August, and September were 19.2, 24.5, 29, 25.4, 19 and 

13.7° C, respectively. The experiment field was made of 48 plots with 12.19 m width by 21.34 m 

length for each. The experimental design was a 3 factors factorial design arranged in randomized 

complete block with 3 replicates. The 3 factors were (i) Tillage at 2 levels (No-Tillage vs 

Conventional Tillage), (ii) Cover crop at 2 levels (Rye vs No-Rye) and (iii) Cropping sequence 

or rotation at four levels (Continuous Corn, Continuous Soybean, Corn-Soybean and Soybean-

Corn rotations). All the plots were received 26.31: 67.25: 89.67 kg/ha NPK and nitrogen in the 

form of urea at the level of 201.75 kg/ha additional to the all corn plots.  

 

2.2 Soil air sampling and CO2, CH4 and N2O measurements 

Soil samples were collected at four depths: 0-10, 10-20, 20-40 and 40-60 cm and their fresh 

weights recorded. After drying (105
o
C for 72 h), their bulk densities and other soil properties 

were calculated. Soil samples were later saturated then brought into a pressure plate for 

measurement of   (described below). Soil air samples for gas analysis were collected using 48 

individual PVC static and vented chambers of 30 cm height and 20 cm diameter in each plot. 

Concentrations of CO2, N2O and CH4 from soil air samples were measured with a Shimadzu GC-

2014 gas chromatograph.  

 

2.3 Soil moisture curve measurement  

Soil samples were placed onto a ceramic porous plate and wetted on the plates to achieve good 

contact between the soil and plate. Plates were soaked in distilled water overnight before being 

loaded with soil samples. The pressure chambers were then closed and a specified pressure was 

applied by an air compressor. The sample started losing water that moved through the porous 

plate and was collected outside the pressure chamber. After the water ceased to drain, the 

samples were collected since the samples were considered in equilibrium at the specified 

pressure (the water potential). The soil sample was then removed from the plate, weighted and 

placed into an oven, for gravimetric determination of soil water content. Repeated measurements 

at increasing pressures were performed to obtain several measurements of water content as 

function of the applied pressure (water potential). Data was analyzed using Statistix 9.0 software. 

 

3. Result and Discussion  

3.1 Summary statistics for soil moisture at different matric potentials 

Table 1 shows the soil moisture variables computed using five different matric potentials (m = 

0, -0.05, -0.1, -0.33 and -15 bar), the value ranges from zero when the soil is saturated to 

increasingly negative values as the soil becomes drier (Cassel & Klute, 1986). Considerable 

differences were found in the mean soil moisture contents across the potential at 0 and -0.05 bar 

where moisture level was 33 and 21 percent respectively. 
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Table 1: Descriptive statistics for soil moisture at five different levels soil water potential in 2011 

Statistics m  m  m  m  m 

Mean 0.33 0.21 0.13 0.12 0.09 

SD 0.07 0.04 0.01 0.01 0.02 

C.V. 21.86 21.61 9.25 8.61 18.47 

Minimum 0.18 0.11 0.10 0.09 0.06 

Median 0.34 0.21 0.13 0.12 0.09 

Maximum 0.45 0.31 0.16 0.14 0.12 

Skew -0.33 -0.12 -0.09 0.39 0.07 

Kurtosis -1.09 0.71 -0.39 0.30 -1.40 

 

3.2 Summary statistics for measured soil GHG fluxes  

Table 2 shows emission of CO2 from experimental plots ranged from 318.05 (No tillage, Cover 

crop and Corn-soybean rotation) to 764.78 mg m
−2

 h
−1

 (Conventional tillage, Cover crop and 

Continuous soybean) during the study period. N2O emission ranged from -108.49 (No tillage, No 

cover crop and Continuous corn) to 285.81 μg m
−2

 h
−1

 (Conventional tillage, Cover crop and 

Continuous soybean). CH4 emission ranged from −315.26 (No tillage, Cover crop and Corn-

soybean rotation) to 751.47 μg m
−2

 h
−1

 (No tillage, Cover crop and Continuous corn). The 

emission data from individual plots show both uptake and emission of CH4 during different 

sampling periods. However, the average emission was very low 16.82 μg m
−2

 h
−1

 and CH4 sink 

were higher in continuous soybean plots.  
 

Table 2: Descriptive statistics for CO2, N2O and CH4 emissions in 2011 

Statistics CO2 N2O CH4 

Mean 477.83 21.02 16.82 

SD 125.67 100.87 292.21 

C.V. 26.30 479.85 1737.10 

Minimum 318.05 -108.49 -315.27 

Median 462.37 -15.65 -110.04 

Maximum 764.78 285.82 751.47 

Skew 0.94 1.04 1.07 

Kurtosis 0.03 0.45 0.20 

 

3.3 Relation between soil moisture and GHG fluxes 

Result showed that when soil matric potential (m) was close to 0 bar i.e., saturated conditions at 

0-10 cm depth, soil moisture was positively correlated with CO2 and N2O fluxes with correlation 

coefficients ranging from 0-49 to 0.64, but, negatively correlation with CH4 (-0.43) fluxes at 

p<0.05. Similarly, we found that there was significant correlation between soil moisture at m= -

0.05 bar and CO2 fluxes (p< 0.05, r= 0.47). Fig. 1 shows the positive linear regression between 

m= 0 bar and N2O fluxes.  
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Figure 1: Linear Regression showing relation between m = 0 and N2O emissions 

 

The figure suggests that when soil is higher, it accelerates soil microbial activity and root 

respiratory activity (Edward, 1991) resulting in more CO2 emissions. Similarly, the greater the 

soil moisture, the greater will be the N2O emission, because both the nitrification and 

denitrification processes are influenced by moisture (Davidson & Swank 1986). CH4 is formed in 

soils by the microbial breakdown of organic compounds in strictly anaerobic conditions, at a 

very low redox potential (Ponnamperuma, 1972). However, there is also some evidence that 

nitrifiers can also oxidize CH4 (Sylvia, 2005) and hence NH4
+
 competes at the enzyme’s active 

site, inhibiting CH4 emissions.  

 

4. Conclusion 

The study indicates that when soil water was held at matric potentials close to zero, there were 

higher CO2 and N2O emissions and higher CH4 uptake in 0–10 cm soil depth. Since soil moisture 

availability is controlled by the matric potential at which this water is held, this study stresses the 

need to monitor soil water potential when monitoring greenhouse gases fluxes. 
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Abstract: 

Obtaining climate data for a required study area from climate model database is a tedious 

process. Geospatial modeling tools can help to extract the climate data required for the study area 

from climate model databases. In the present study a modeling tool is created using ArcGIS 

model builder, for retrieving the climate grid points falling inside a bounding box of specified 

geographical extent. A Graphical User Interface (GUI) is created using R language which takes 

the bounding box geographical coordinates along with climate data file in NetCDF format as 

input and produce the relevant grid points in the form of a text document. This R code is added 

as a plug-in tool to ArcGIS environment using Python scripting language. The R script is made 

to run and the obtained grid points are projected on the DEM or shape file of the region. The 

developed model tool can also help to prepare the climate data input files for Soil and Water 

Assessment Tool (SWAT). Model tool has been verified for different climate model data. 

Keywords:  ArcGIS Model builder, Climate Model database, Grid points retrieval, R language, 

Python. 
 

 

1. Introduction 

In global and regional climate models, the values of climate parameters such as temperature, 

precipitation, humidity, etc. are available for approximately 50,000 to 150,000 grid points over 

the earth at each time step for the duration of the simulation (usually 30 years). Such data is 

unmanageably large and obtaining representative meteorological data for watershed-scale 

hydrological modeling can be difficult and time consuming process (Daniel et al., 2013). Many 

statistical methods are used for this purpose but there is no direct tool available for obtaining 

climate grid points for a particular watershed or geographical area. In the present study, a 

geospatial tool is developed by integrated use of R program with ArcGIS for obtaining data from 

climate models. 

R is both a programming language and a software environment that sustains a wide variety of 

computational techniques (Soetaert and Meysman, 2012). R is open source and highly 

extensible. Users can improve the base code of R and can also write extensions, or packages, that 

add functionality to the base implementation. The package „ncdf‟ provides a high-level R 

interface to Unidata's netCDF data files, which are portable across platforms and include 

metadata information in addition to the data sets. Using this package netCDF files can be opened 

and data sets read in easily (David, 2005). Andrade and Riberio (2005) described a process for 

coupling R and the GIS library TerraLib. They used the package aRT for the exchange of 

information between R and GIS. Ropkins and Carslaw (2012) developed an R package called 

“openair” for analysis of air pollution measurement data, and Soetaert and Meysman (2012) 

developed a set of R packages for modeling reactive transport of water quality constituents in 

37 

mailto:kvreddy229@gmail.com


rivers. Jeffery and Stephanie (2014) integrated Hydrological information system with R to form 

an integrated hydrologic data discovery, management, visualization, and analysis environment. 

Gebbert and Pebesma (2014) used R along with GRASS to create a spatiotemporal GIS.  

From the above research studies, it is observed that R can be integrated with GIS to perform 

analysis, modeling and visualization of climate and hydrological data. It is also observed that 

some of the R packages are highly efficient in handling climate data which is in netCDF format.    

 

2. Methodology 

 

Initially the R code of reading climate data in netCDF files and obtaining latitudes and 

longitudes of grid points is written. Ncdf and chron packages are used for writing the R code. 

The interface between R and ArcGIS is based on Python version 2.7, a powerful multi-platform 

Open Source programming language increasingly adopted by ESRI products. A code to create 

tool box in ArcToolbox is written in python for taking inputs such as start and end latitudes and 

longitudes, netCDF file from which data has to be retrieved. Figure 1 shows the tool box for 

taking inputs for data retrieval. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The input tool box creates a text file which is the input for output tool box. The output toolbox is 

associated with R script which uses netCDF to retrieve the latitudes and longitudes of grid points 

falling inside the given range. The retrieved latitudes and longitudes are stored in a text file 

format is shown in figure 2. 

 

Figure 1: Input Tool Box 
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Figure 2: Output file of climate grid points 

 

The third component in the toolbox is a model (Figure 3), which is created in ArcGIS model 

builder. It consists of a series of tools which are used for the conversion of lat/long text file to 

grid points shape file. Select layer by location tool in the model takes the boundary of the region 

for which grids points are to be obtained and the lat/long shape file as input. It selects the grid 

points falling into the respective region boundary and creates a new grid point shape file. After 

the new shape file is created, it is given as input for Extract Values to Points tool along with 

digital elevation model of the region. Digital elevation model is used for obtaining the elevation 

vales at the respective grid points. Finally, elevation grid points shape file is obtained as output, 

whose attribute table can be exported as dbase file. 

 

Figure 3: Model for obtaining grid points 

 

In some cases the nearby grid points outside the boundary are influential, in such cases the user 

can specify a buffer distance in the Select Layer by Location tool for obtaining some of the grid 

points falling outside the region boundary but within the specified buffer distance. 

 

3. Results and Discussion 

 

The modeling tool is used for Wardha Basin, Maharastra, India and the grid points are obtained 

as shown in figure 4. Initially the points are obtained without specifying a buffer distance and 

later on a distance of 0.5
o 

is given and the grid points are obtaining as shown in figure 4(b). 
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Figure 5 shows the grid points obtained for Warangal District, Telangana, India using the 

modeling tool. 

 

 
(a) (b) 

Figure 4: (a) Grid points for Wardha basin within the boundary (b) Grid points for Wardha basin with 0.5o buffer 

distance 

 
Figure 5: Grid points for Warangal District with a buffer of 0.5o  

 

 

4. Summary and Conclusions 

The modeling tool is used for obtaining grid points of various models like CCSM4, GFDL, 

Access, etc. and a manual check is performed to verify the correctness of the tool. It was 
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observed that the grid points obtaining using modeling tool are matching with the grid points 

obtained by manual method. The modeling tool can be used to obtain climate grid points for 

watersheds as well as geographical units such as urban areas. In the present study, climate grid 

points are retrieved for Wardha Basin and Warangal district using the developed tool. Further, 

the model tool can also help to prepare the climate data input files for Soil and Water 

Assessment Tool (SWAT).  
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Abstract 

The livestock sector, integral part of mixed farming system of Nepal, is facing adverse impact of climate 

variability and extremities. A study was carried out to study the perception and impact of climate change on 

livestock in Gandaki river basin. A total of 551 samples from Dhading, Syangja and Kapilbastu districts 

were studied through household survey using purposive random sampling with structured questionnaires. 

Descriptive statistics; percentage, frequency and standard deviation were used to analyze the data. The 

results revealed that less than half (39%) livestock holders found to be heard about climate change. More 

specially, 83% of them could define the climate change more correctly. Radio and television were observed 

as the major sources (79%) of information to have climatic knowledge. The result further suggested that 

drought, extreme rain, hailstorm and floods were major events with increased frequency of occurrence in 

last five years.   Majority of respondent experienced sensitivity of changing precipitation and temperature to 

livestock production. We found that problem of managing animal feed and pasture (49%), outbreak of 

internal, animal disorder and external parasites (38%), were the major impacts on livestock of change in 

precipitation while heat stress and low productivity of livestock were noticeable impacts of change in 

temperature. Similarly, two third farmers observed negative effects of changing climatic pattern in human 

derived from livestock human interaction. Awareness campaign on climate change is recommended among 

livestock holders for climate information there by allowing them to increase their resilience and adaptive 

capacity. 

Keywords: Climate change, Impact, Resilience, Livestock 

1 Introduction 
 

Livestock is an integral part of the mixed farming system and socio-economical life in the country, and 

contributes nearly 26 percent to the total Agricultural Gross Domestic Product (MOAD, 2012). Livestock 

systems vary along the elevation gradient, from buffalo dominated in the low elevations of the Terai to 

Chauri and Yaks in the Mountain region. While not definite, it would seem that livestock in Nepal is at par 

with livestock systems in other developing countries and is changing rapidly in response to many external 

and internal drivers including climate change which is seen as a negative impact (Thornton et al., 2007).  

Climate change is already being felt and its effects are expected to continue and to increase and rural 

communities are increasingly vulnerable to climate induced hazards (Gurung and Bhandari, 2008). Due to 

the fragile ecosystem, which is very sensitive to even slight changes in natural climate, weaker geological 

situation and complex topography, Nepal is in fourth vulnerable position with regard to climate change 

(Maplecroft, 2011). The Intergovernmental Panel on Climate Change (IPCC, 2007) suggests that within the 

agricultural sector livestock are among the most climate sensitive economic areas. Studies on livestock and 

climate change revealed that climate change adversely affects the animal health and livestock production. 

The effects of climate change on the health of livestock and poultry are reported by many studies (Harvell 

et al., 2002; Baylis and Githeko, 2006). The limited herbaceous production, heat stress from higher 

temperature, and limited water intake due to the decrease in rainfall could cause reduced milk yields in 

animals and an increased incidence of some diseases. In some areas, climate change may also cause new 

transmission models; these effects will be felt mostly by developing countries because of lack of resources, 

knowledge, veterinarian extension services and research technology development (FAO, 2008).  Heat stress 

on animals reduces the rate of animal feed intake and causes poor performance growth (Rowlinson, 2008). 

An increase in extreme climate events, such as droughts and floods, is anticipated more constraint to 

profitable livestock production (Christensen et al., 2007). Gandaki River Basin, where the research was 

conducted, is particularly vulnerable because it lies in the Himalayas’ rain shadow and relies on river flows 

from mountain snow and ice cover for water supplies (Manandhar et al., 2012). However, appropriate 

mechanisms for coping and adapting to adverse effects in the livestock sector are weak or lacking. With this 

back drop this research focused to analyze the perception to climate change, its effects on livestock 

production to make the necessary policy recommendations. 
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2    Materials and Methods 

This section includes the methods used for the study, location of study and tools used for the result analysis. 

2.1 Study Area 

The Gandaki River Basin (GRB), Nepal spreads from 27.21'45'' to 28
0
36'36'' degree north longitude to 

83
0
08'00''- 84

0
53'00'' degree east latitude and elevation ranging from about 144 Masl to 8167 Masl (DDC, 

2002). It covers the areas in the Mountain zone (Mustang, Manang, Gorakha, Rasuwa Districts), Hill zone 

(Myagdi, Kaski, Tanahun, Lamjung, Syangja, Parbat, Dhading, Nuwakot, Makawanpur, Baglung, Gulmi, 

Palpa), and the valley Terai zone (Nawalparasi, Chitwan, Kapilvastu). The average temperature of this area 

ranges from -9 
o
C in Mustang to 42.5

o
C in Chitwan. Average annual rainfall is 26.58 mms in mustang to 

2500 mm in Chitwan. This research based on three Districts namely; Dhading, Syangja and Kapilbastu 

(Figure 1). These Districts were selected purposively as livelihood of the most of the people has been 

hinged on the agriculture and livestock sector (DADO, 2012; DLSO, 2011a; DLSO, 2011b).  

 

Figure 1 –Map of Nepal showing study Districts: Dhading , Syangja and Kapilbastu 

 A total of 551 randomly sampled household were considered for the survey from these districts. Sampling 

distribution is shown in the Table 1.  

 Table 1. Sampling distribution by districts 

District  Sample size 

Dhading 193 

Syangja 178 

Kapilbastu 180 

Total 551 

The primary data was collected through household survey using pretested structured questionnaire via face 

to face interview on January 2014. 

2.2   Data management and analysis  

The data were analyzed using descriptive; T statistics, Chi2 test, F statistics was applied to test the 

significance of these variables Data management and analysis was done by using computer software 

package, which are Statistical Package for Social Science (SPSS 16 version) and Microsoft Excel. 

Prioritization of major climatic hazards was rated using preference ranking scaling technique consisting 

four point scales. The points consists of   strongly agree, somewhat agree, agree, least agree and disagree 

using score of 1.00, 0.75, 0.50, 0.25 and 0 respectively using following formula, 
 

Iprob=∑ 
N

fS ii   
 

Where, Iprob = Index value for intensity of problem,  ∑   = Summation,  Si = Scale value of ith intensity 

fi = Frequency of ith response, N = Total number of respondents 

3 Results and Discussions 

3.1 Climate Change in GRB: Past  

Higher anomalies in both temperature and precipitation were observed on the dominant area in recent 

decades (1980s, 1990s and 2000s) compared to the long term average (1971-2009) (Figure 2&3). The result 

revealed that increasing trend in percentage of warm days and nights whereas the cool nights and cool days 

were found to be decreasing. In addition, very wet days and extremely wet days are increasing. We 

observed positive trend of consecutive dry days (CDD) (Figure 4 & 5). 
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Figure 2- Precipitation anomaly (%) of each decade  

compare to long term average of 1971-2009 

Figure 3-Temperature anomaly (oc) of each decade  

compare to long term average of 1971-2009 
 

 
 

Figure 4-Trend of very wet days  Figure 5- Trend of consecutive dry days (CDD)  

3.2 Knowledge on climate change  

It was found that less than half of sampled responded had knowledge on climate change as they had heard 

about the change on climatic parameters directly or indirectly. Livestock farmers from Kapilbastu (44%) 

were relatively more aware in climatic issue than Dhanding (33%) and Syangja (43%), this might be due to 

easy access to source of information and road. More specially, 83% of them could define the climate 

change more correctly (Figure7). 

 

Figure 6- Percentage of livestock keepers having heard about climate change 

 

Figure 7- Clarity on Knowledge about climate change  

Result showed that mass media communication through radio and television were most prominent sources 

of information and communication regarding to have knowledge on climate change (Table 2). It was ranked 

first all three districts. Farmers perceived TV and radio as an effective source of information as they could 
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get more information staying at home. According to them, these were both entertaining and informative 

with the visualization effect from TV. A perusal of Table revealed that government agencies were least 

effective source of communication to the farmers. They said that it was only the extension agent, as a 

Governmental agency who could listen their problems and could take initiatives to solve their problems. 

Teachers were the somewhat credible source of information.  
 

Table 2. Source of information used by livestock keepers in the GRB 

 Source of Communication  Dhading Syangja Kapilbastu  Total 

Radio/TV 55 (87.30) 64 (83.12) 50 (67.57) 169 (78.97) 

Teacher 5 (7.94) 7 (9.09) 14 (18.92) 26 (12.15) 

Newspaper 3 (4.76) 4 (5.19) 2 (2.70) 9 (4.21) 

Staff of NGO 0 (0.00) 2 (2.60) 4 (5.41) 6 (2.80) 

Government office 0 (0.00) 0 (0.00) 3 (4.05) 3 (1.40) 
Figure in the parenthesis indicates percentage                                                                           Source: Field Survey, 2014 
 

3.3   Major climatic hazards or extremities  
The result further suggested that extreme hot and drought, extreme cold, landslide and hailstorm and floods 

were major events with increased frequency of occurrence in last five years which were identified by the 

group discussion and based on literature. The value obtained from the preference ranking scale show that 

extreme hot and drought were the major extreme events in Kapilbastu (0.896).  Similarly, landslide was 

major hazards in the warm temperate (0.629) and cool temperate (0.613) respectively (Table 3).  
 

Table 3. Perception of respondents towards climatic hazards and events  

Climatic hazards 
Districts  

Kapilbastu Syangja Dhading  

Floods 0.33 III 0.479 II 0.325 II 

Landslide   0.000  0.508 I 0.529 I 

Extreme hot and drought  0.896 I 0.021 V 0.04 IV 

Extreme cold    0.388 II 0.450 III 0.300 III 

Extreme rain  0.233 IV 0.151 IV 0.010 V 
Source: Field Survey, 2014 

3.4   Climate change impact on livestock production and performance 
 We found that problem of managing animal feed and pasture (49%), outbreak of internal, animal disorder 

and external parasites (38%), were the major impacts on livestock of change in precipitation while heat 

stress and low productivity of livestock were noticeable impacts of change in temperature.Managing feed 

and pasture was the major in both Dhading (61.14%) and Syagja (50.00), while outbreak of animal disease, 

disorder (49.78%) and incidence of animal external parasite (44.12%) was found as the major problem in 

Kapilbastu (Table 4).   

Table 4. Climate change impact on livestock production due to change in precipitation 

Problem  Kapilbastu Syangja Dhading Total 

Managing feed and pasture  63 (35.00) 89 (50.00) 118 (61.14) 270 (49.00) 

Outbreak of animal disease  90 (49.78) 60 (33.98) 59 (30.56) 209 (37.93) 

Incidence of external parasite 79 (44.12) 68 (38.32) 50 (25.95) 198 (35.93) 

Water scarcity 39 (21.67) 62 (34.83) 66 (30.49) 186 (30.49) 
Figure in the parenthesis indicates percentage                                                            Source: Field Survey, 2014 

Changing climatic situation might directly or indirectly affect the animal performance. Reduction in milk 

production and shortened lactation period (23%) was found as the major climatic induced problem in the 

GRB followed by infertility. Furthermore, infertility (31%) and reduction in feed intake (29%) were 

observed as the major effects of climate change in Kapilbastu due to heat stress and increased temperature.  

About 20% respondents opined that climate change had an effect on livestock feed intake. Likewise 13% 

respondents observed the declined in the meat production and 7% observed the declined in the egg 

production (Table 5). 

Table 7. Effect of climate change on livestock performance  

Major effects  Dhading  Syagja  Kapilbastu Total  

Reduction in milk 47 (24.35) 43 (24.16) 35 (19.44) 125 (22.69) 

Infertility 25 (12.95) 34 (19.10) 56 (31.11) 115 (20.87) 

Reduction in feed intake 25 (12.95) 30 (16.85) 53 (29.44) 108 (19.60) 

Decline in meat production 32 (16.58) 17 (9.55) 21(11.67) 70 (12.70) 

Decline in egg production 9 (4.66) 6 (3.37) 23 (12.78) 38 (6.90) 
Figures in the parentheses indicate percentage                                                       Source: Field Survey, 2014 
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4 Conclusion 

Climate change is one of the challenges to environment-human security and poses threat to the livelihood of 

people who rely more in the agriculture and livestock sector since these sectors are more susceptible to the 

climate induced disasters and calamities. Survey results confirmed that perception of climate change by the 

farmers in the study sites was in line with findings of other researchers around the world.  Farmers were 

able to recognize that temperature had increased and precipitation had been dwindled. Landslide, floods, 

extreme hot, and glacial retreat in the high hill were major hazards and extremities. Major climate induced 

impact on livestock production were incidence of diseases and external parasites in animal, loss of forages 

and fodders, heat stress, water scarcity, infertility, decline in the milk yield and lactation period. The public 

extension service needs to train and employ qualified local smallholder farmers to fill the extension gap. 

Information is a very critical variable in farming operations and thus, cannot be overlooked but lacking in 

the survey sites. Awareness campaign on climate change is recommended among livestock holders for 

climate change informationMoreover, the research results in this study would serve the livestock research 

and development related authorities for formulate the action plan for adaptation of climate change in 

livestock sector in the rural areas. 
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Abstract 

Pakistan is highly vulnerable to weather-related disasters. The country has increasingly been suffering from 

recurring cycles of intense droughts followed by enormous floods for the last few years. Punjab was 

severely damaged especially cities of Jhang, D.G. Khan, Rajanpur and Muzaffargarh during the flood of 

2010. This devastating flood was unusually intense and much bigger in scope than the 2005 earthquake. 

Land cover change detection is very important to study the effects of any natural phenomenon or disaster on 

ecological system. Satellite Remote Sensing is an evolving technology with a potential to estimate and 

monitor the effects of any catastrophe. Flooding and flood induced land cover and land use change can be 

detected using satellite imageries. This research focuses on the flood impact assessment of Jhang district of 

Punjab province using multi-temporal satellite images for year 2009 (May and August) and 2010 (July, 

August, September and December).After pre-processing, maximum likelihood algorithm was used for 

supervised classification of satellite imageries. Comparison of pre and post flood images shows that there 

was significant decrease in built up area during flooding instances i.e. from 44% to 13%, built up area again 

increased in post-flooding months due to receding of water and rehabilitation activities. Maximum water 

flow was observed in August due to flooding. Vegetation is at its peak in August and September in both 

years while in May 2009 and December 2010, vegetation is less and bare soil has increased.  

Keywords: Satellite Remote Sensing, Flood Impact Assessment, Land Use, Land Cover, Supervised 

Classification 

1 Introduction 

Pakistan is an agricultural country situated in arid and semi-arid region. About 70% of its population relies 

on agriculture.  Agriculture is purely linked with the water availability because 90% of Pakistan’s 

agricultural production is dependent upon irrigation.  Its vast farm lands are sustained by the Indus Basin 

Irrigation System (IBIS). Chenab River is one of the largest rivers of the Indus basin. The river basin 

measures 67515 km
2
. The source of Chenab is at 77°- 30° E and 32°-50° N and lays in Lahul and Spite 

district in Himachal Pradesh India. Chenab enters Pakistan just upstream of rim station Marala (32 °- 40/NS 

and 76 °-29/E). Annual average flow of river Chenab is 12.38 MAF. The peak discharge months are July 

and August (Asian Development Bank, 2002).  The river Jhelum also merges in Chenab at Trimmu 

Headworks in Jhang District and cumulatively they pose serious flood risk to the downstream regions 

(PDMA, 2012). 

Pakistan has increasingly been suffering from recurring cycles of intense droughts followed by enormous 

floods in the last few years. Flooding in rivers is mainly caused due to heavy rainfall in monsoon which is 

sometimes aggravated by snowmelt. The flow rate exceeds the river channel capacity. Most devastating 

floods in the history of Pakistan were in 1950, 1956, 1973, 1976, 1988, 1992 and 2010 (Annual Flood 

Report, 2010). Punjab and Sindh provinces suffer weather related floods while Northern areas, provinces of 

Baluchistan and KPK experience Glacial Lake Outbursts and hill torrents due to landslides and avalanches. 

In 2010 floods, Punjab was severely damaged especially districts Jhang, D.G. Khan, Rajanpur and 

Muzaffargarh. Pakistan has suffered a cumulative financial loss of 30 billion US$ during the past 60 years. 

2010 floods alone resulted into a cumulative financial loss of 10 billion US $, life loss of about 2,000 

people, 17553 villages were reportedly damaged and a total area of 160, 000 km
2
 was effected (Annual 

Flood Report, 2010). Floods also change the land cover, it is a general term used to describe what is present 

or what covers the earth surface.  Satellite Remote Sensing is an evolving technology with a potential to 

estimate and monitor the effects of any catastrophe. Remote sensing can be integrated with GIS technology 

to classify and map both land use and land cover.  Main objective of our study was to determine the flood 

induced land cover change of Jhang district using remotely sensed data. 
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2 Materials and Methods 

The study area opted for the research is Jhang district (31.30677 N, 72.32814 E.) of the Punjab province 

of Pakistan. Jhang District covers 8,809 km² and is situated where two rivers i.e. Jhelum and Chenab join 

together. Jhelum is situated on the left bank of both rivers. Landsat Thematic Mapper (TM) images for year 

2009 (May and August) and 2010 (July, August, September and December) were used for the study. 

Landsat TM images consist of seven spectral bands with a spatial resolution of 30 meters for Bands 1 to 5 

and 7. Spatial resolution for Band 6 (thermal infrared) is 120 meters but is re-sampled to 30 meters. The 

software used in this study included RSI’s ENVI, ERDAS Imagine 9.2 and ESRI’s Arc MAP 10.1. All the 

imageries were calibrated and changed from digital number (DN) values to reflectance using ENVI's 

Radiometric Calibration tool. This helps in classification to understand the objects by checking their 

spectral profile and reflectance in various bands. The satellite imageries were stacked, mosaicked, and 

subset for acquiring the area of interest for further processing. Supervised classification is much more 

accurate for mapping classes, but depends heavily on the cognition and skills of the image specialist (Wen 

et al., 2011; Lillesand et al., 2004; Alphan et al., 2009; Dewan and Yamaguchi, 2009). Supervised 

classification technique was applied to pre and post flood Landsat TM images of the area.  Five classes 

were made for analysis i.e. water, vegetation, built-up area, soil and clouds. Classification was preceded by 

statistical processing in which every pixel was compared with the various signatures by checking its 

spectral profile and assigned to the class whose signature came closest. The maximum likelihood algorithm 

was used for the supervised classification in which the pixels are assigned to the class of highest 

probability.  Some images of 2010 ( August and September) had cloud cover which cause difficulty in 

classification as areas under cloud cover and cloud shadow reflect differently thus difficult to identify. 

Results were shown in the form of graphs and maps. Three instances were compared to estimate the change 

in Land use and land cover change of district Jhang along Jhelum and Chenab River i.e., Pre-flood, 

Flooding Instance and Post-flood. 

3 Results and Discussions 

3.1 Pre-Flood Instance 

The classified images of May 2009, Aug 2009 and July 2010 were of pre-flood time, these images were 

compared to observe the trend of change in land use and land cover before flood. Fig 1, 2, and 3 

respectively show the land use and land cover of non-flooding instances of 2009 and 2010. Graph 1 is 

showing pre-flood comparison. The change detection statistics shows that there was no significant change 

in built up that is why built up is represented as 0 because no change was observed in built up area in 

flooding instance while vegetation, water and soil were changed about 39.02%, 30.10% and 21.28% 

respectively. 

 

 

   Graph 1 – Pre-flood comparison 

 

April and May are land preparation and sowing season for Kharif crops that is the reason most of the area is 

classified as soil/open land. The monsoon rains starts showering in month of June that helps cultivation for 

Kharif cropping season. Therefore it was concluded from the graph that soil in May 2009 that covered 

about 26.1% of the Jhang were further covered by vegetation class. Vegetation covered up to 26.1% in May 

2009 of the area and it is justifiable as this is the time for harvesting Sugarcane. Vegetation increased up to 
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40.9% and 40.3% in August 2009 and July 2010 as in these months other crops like rice, maize etc. are 

started to be cultivated. Here it was also observed that Built up area observed no significant change while 

water increased to 2.5% and 3.9% in August 2009 and July 2010 due to monsoon rains. 

3.2 Flooding Instance 

Flood struck Jhang in August 2010 and receded slowly. The maps of August, September, and December for 

the year 2010 show the flooded district graph 2 is showing the comparison of flooded months. 

3.3 Post-Flood Instance 

Graph 3 shows post-flooding instance. It clearly depicts that flooded water has almost completely receded 

and again the land preparation period for new cultivation has been started. Comparison of pre and post 

flood images shows that there was significant decrease in built up area during flooded instances i.e. from 

44% to 13%. Built up area has again increased in post-flood month probably due to receding of water and 

rehabilitation activities. Water content was maximum in August due to flooding while it slowly receded 

back in post flood month. 

 

Graph 2 – Comparison of flooded months 

 

Graph 3 – Post-flood statistics 

Vegetation is at its peak in August and September of both years as August and September are cropping 

season, in this chlorophyll content is found largely in crops, which was identified in NIR bands while in 

May 2009 and December 2010, vegetation is less and bare soil has increased. Post Flood instant clearly 

depicts that flooded water has almost completely receded and again the land preparation period for new 

cultivation has been started. 
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Abstract 

The assessment of hydrologic response to climate change is crucial in overall watershed 

management and future planning of water resources in Higher Himalayan Region of Nepal. 

This study is designed to evaluate the impact of climate change on hydrological regime and 

its consequences in the future energy production in Dudh Koshi Basin, Nepal. Soil and Water 

Assessment Tool (SWAT) is adopted as a base hydrological model to predict the current and 

future flow in the study area which is calibrated and validated with satisfactory model 

performance of R
2
>0.7 and PBIAS <10%. The future climate is predicted using HADGEM3-

RA (RCM) until 2100 under RCP 4.5 and 8.5 scenarios for three different future periods of 

2030s (2011-2040), 2060s (2041-2070) and 2090s (2071-2100). Due to the systematic biases 

present in RCM data, it cannot be used directly in hydrological impact studies, thus quantile-

mapping method has applied to correct it. The temperature of the basin is expected to 

increase up to 3.5C and 4.5 C under RCP 4.5 and 8.5 scenario respectively by 2090s with 

respect to the baseline period from 1975-2005. Similarly, the variation in precipitation is also 

observed and expected to increase up to 18 percent by 2090s. Due to the increase in 

temperature and variation in precipitation, the flow at the outlet of basin is also predicted to 

increase up to 23 percent. This leads to the variation in the energy production of the basin, 

which is predicted to increase up to 23 percent.  

 

Keyword: SWAT, RCM, Quantile Mapping, RCPs 

 

1. Introduction 

Infrangible tie between population and energy is well known to all and is the main reason of 

today’s global energy demand. To fulfill this demand different types of sources like thermal, 

nuclear, solar and hydropower are being used. Hydropower, the power derived from the water 

which is clean, renewable and reliable energy source (Kusre et.al., 2010). Some of the 

advantages of hydropower over other renewable sources have made it one of the best 

alternatives for the production of electrical energy. The cost of the fuel needed to generate the 

power is miniscule as it uses naturally available, renewable source i.e. water. The amount of 

greenhouse gas emission is significantly less in case of hydropower. (Kusre et al.,2010). 

Among other various renewable energy sources as wind and solar, hydropower is considered 

to be mature and cost competitive renewable energy source. The countries of south and 

central Asia, Latin America, Turkey and Russia are exploring new Hydropower potentials 

(Akpınar et.al., 2011). The total amount of untapped hydropower capacity in the developing 

countries is more than 1900GW which is nearly 4 times the current installed capacity of 315 

GW in North America and Europe (World Bank, 2009). Climate change is being a major 

issue and there have been a lot of evidences of the climate change (IPCC, 2007). On 

consideration of different greenhouse gas emission scenarios, the global mean atmospheric 

temperature is estimated to rise by1.2 to 4 C by the end of 21
st 

century (IPCC, 2007). Due to 
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the increase in atmospheric temperature, hydrologic cycle will vary and accordingly river 

runoff. Glaciers are melting rapidly in the higher Himalaya, Rocky mountains and Andes 

which will affect the hydrograph of the river (Blackshear et al.,2011). It is very important to 

assess the consequences of climate change on hydrological regime at basin scale to 

understand the potential change in water resources (Babel et al., 2013). Several studies Asian 

region have concluded that the climate change will have a negative impact on the water 

resources (Xu et al., 2013, Babel et.al. 2013). As hydropower production is a function of 

discharge and elevation, with the alteration of climate, discharge will either increase or 

decrease which eventually affects in the power production from the plant. There is an 

increasing demand of the electricity in Nepal and its neighboring countries. Various national 

and international agencies are showing large interest towards hydropower development in 

Nepal. The possibilities of world’s largest hydropower projects can be seen in Nepal due to 

its topography and perennial nature of rivers. The variation in altitude of the country cross 

section along NS direction ranges from 8850 m (Mt Everest) in north to 64 m in south within 

the range of 150 km (Chaulagain, 2006). The recent study has suggested the total ROR HP 

potential of the country as 53386 MW (Jha, 2010).  Despite of this huge potential, current 

hydropower generating capacity of the country is 650 MW which is less than 1 % of the 

national energy consumption  (Sovacool et.al., 2011). So, there is urgent need to exploit the 

untapped energy in various river basin in Nepal. This study emphasized on the methodology 

for finding out the potential location for run of the river (ROR) and reservoir type 

hydropower plant and assessed the impact of the future climate changes on the hydropower 

production. 

 

1.1 Study Area 

This study was carried out in the Dudh Koshi basin of Nepal. This basin is located in the 

north eastern part of Nepal. It extends from 2709’03” N to 2806’24” N and 8626’02”E to 

862’52” E covering 3718.32 sq. km of land in total. Mt. Everest, world’s highest peak is also 

located in this basin. Dudh Koshi River is one of the major tributary of Sapta Koshi river 

which confluence to Sun Koshi river downstream. The elevation ranges from 8848 m (Mt 

Everest) to 436 m. About 30 percent of the area is located above 5000m and nearly 40 

percent is located below 3000m.The mean elevation of the basin is 3340m and average slope 

of the basin is 26 degrees. This basin is one of the largest glaciated basins in Nepal.  It has 

more than 19% area under snow cover. There are 278 glaciers out of which 40 glaciers are 

valley glaciers (Bajracharya, 2008) with a total area of 517 Km
2

.    
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Figure 1 Study Area – Dudh Koshi River Basin 

 

2 Results and Discussions 

This study was initiated with the GIS analysis for finding the potential location for ROR and 

reservoir type hydropower plant. The potential ROR sites were identified based on the 

physical criteria of distance, head and the drainage area. As construction of the reservoir will 

also have social and environmental impact, thus the  potential location of reservoir type 

hydropower plant were identified based on physical, social and environmental criteria. The 

reservoir sites were ranked using multi criteria analysis and the best potential locations with 

suitable dam heights were identified. From the analysis, 100 ROR sites and 3 reservoir 

potential sites were identified.  For this overall analysis, GIS based tool written in python was 

developed to simplify the process of analysis.   

Soil and Water Assessment (SWAT) was used as a base hydrological model for this study. It 

was setup using soil, land use and other necessary meteorological data. All the potential 

locations obtained from the GIS analysis were input into the model as the outlet. The model 

was setup with 1121 HRU. The calibration result shown in Figure 2 is evaluated both 

graphically and statistically. It can be seen graphically that the simulated flow is matching 

with observed flow in almost all the years. Similarly, the statistical model performance values 

of R
2
 = 0.75, NS=0.73,PBIAS=2.89 and slope=0.87 showed the good performance of the 

model on the daily calibration result from 1981 to 1990.  

±
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Figure 2: Daily flow calibration of the study area (1981-1990) 

 

The model validation was done for a period of 6 years from 1991 to 1997 as shown in Figure 

3. The model performance values of R
2
 = 0.77, NS =0.70, PBIAS= -6.27 and slope=0.99 for 

the validation period. These all statistics shows the satisfactory performance of the model. 

During validation, simulated volume was found to be overestimated as PBIAS value is 

negative. 

 
Figure 3: Daily flow validation of the study area (1991-1997) 

The calibrated and validated SWAT model was simulated from 1976 to 2005 to obtain the 

daily discharge series at all the location of potential hydropower sites. Flow duration curves 

were prepared for all these locations. The design discharge for hydropower plant was based 

on various percent time of flow exceedance. From the analysis, the current basin power 

potential was found to be 2730 MW and potential energy production from the basin was 

found to be 9702 GWh.  

The future climate in the study area is predicted using RCM; HadGEM3-RA which is 

produced from the CORDEX East Asia initiative. HadGEM3-RA is based on the global 

atmospheric HadGEM3-AO with a horizontal resolution of 0.44 degrees (approx. 50 km). For 

the future climate simulation, two different boundary conditions from the Representative 

Concentration Pathways (RCP) 4.5 and 8.5 scenarios were used.  

It is observed that the simulated RCM temperature and precipitation shows the systematic 

biases. The RCM simulation is under estimated for maximum and minimum temperature. For 

the precipitation, it is observed that HadGEM3 over predicts in dry season and under predicts 

in wet season. The empirical quantile mapping method was adopted for the bias correction of 

both temperature and precipitation. The performance of the bias correction was tested using 

statistical measures on monthly temperature and precipitation which showed the satisfactory 
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result.  The bias corrected temperature showed increase in temperature up to 1 C by the end 

of 2030s, 2.5 C by the end of 2060s and 4.3 C by the end of century. Similarly, increase in 

precipitation up to 7 percent by 2030s, 14 percent by 2060s and 19 percent by the end of 

century was observed.  

SWAT model was again simulated using the bias corrected climate for 2030s (2011-2040), 

2060s (2041-2070) and 2090s (2071-2100) under both RCP 4.5 and 8.5. The base period for 

this study was considered from 1976-2005. It was assumed that the wind, solar radiation and 

the relative humidity remains same as base period. From the simulation result it is observed 

that the average basin yield increase up to 15 percent during 2030’s and 2060s. Similarly, the 

average basin yield increases up to 23 % during 2090s. This increase in yield is due to 

increase in both temperature and precipitation. Due to increase in temperature, snow fall 

amount decreases significantly; shifting the permanent snowline to the higher altitudes. The 

altered flow duration curve at all the potential hydropower location were prepared for both 

RCP scenarios. It is observed that the relative increase of dry season energy is higher than 

wet season energy. The relative change in basin annual energy production in future under 

RCPs scenarios is presented in Table 1. 

Table 1 Relative change in basin annual energy production (GWh) relative to base period for future under RCP 

4.5 and RCP 8.5 

 (unit in GWh) 
2030s 2060s 2090s 

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5 

Dry Season Energy 2566 2867 2316 2683 1854 2035 

Wet Season Energy -447 194 -935 -300 -1722 -1450 

Total Energy 2119 3061 1380 2383 132 585 
 

As an impact of climate change, this study has demonstrated the increase in future 

hydropower energy production in this study area. This kind of study might be useful for the 

overall future planning of the basin and attracting the new investment for the development of 

new hydropower project in future. 
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Abstract 

Climate change is having major impacts on water resources, affecting the quantity, quality and 

timing of water flows in many places. These changes are likely to increase as climate change 

advances. Taking a holistic river basin approach to climate adaptation can bring many 

advantages when building resilience in natural and human systems and addressing conflicts that 

will increasingly arise as climate change advances. This paper reviews the advantages and 

challenges of such an approach, drawing on results of a vulnerability assessment and adaptation 

planning for the Gandaki river basin in Nepal using WWF‟s „Flowing Forward‟ methodology for 

assessing vulnerability of different human and environmental systems. The paper reviews how 

the river basin approach frames key adaptation issues and challenges, such as maintaining, 

provisioning, and regulating ecosystem services; reconciling upstream and downstream needs for 

water and ecosystem services by various sectors; and maintaining ecological connectivity in 

order to promote adaptation of freshwater and terrestrial systems and species. Results can be 

applied in adaptation planning at various levels, including for local communities. The paper also 

reviews interactions between climate change and development, including changes in land use, 

hydropower development and water extraction, and examines the value of environmental flow 

analysis to understand likely combined impacts. Finally, it outlines the importance of multi-

sectoral and multi-scale adaptation approaches in river basins, including the need for appropriate 

institutional structures and policy frameworks. 

Key words:  river basin, climate change, ecosystem services, hydropower 

 

Introduction 

Changes in climate have caused impacts on natural and human systems around the world in 

recent decades (IPCC 2014): changing precipitation or melting snow and ice are altering 

hydrological systems and affecting quality and quantity of water resources; glaciers continue to 

shrink, affecting runoff and water resources downstream; species range shifts, changing 

migration patterns, and population changes are manifesting across the world; and crop yields are 

changing, resulting in more decreases than increases. Impacts from climate-related extremes and 

associated hazards, such as heat waves, droughts, floods, cyclones and wildfires, reveal 

significant vulnerability and exposure for both human systems and ecosystems. Climate-related 

hazards exacerbate other stressors for ecosystems and for livelihoods, especially among people 

living in poverty.  
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As climate change advances, its impacts will multiply and become more extreme, with greater 

impacts on water, agriculture, forestry, energy, transport, settlements, conservation, and health 

sectors. This paper outlines the value of using river basins as a unit of intervention for building 

resilience to climate change and climate variability, and promoting adaptation. It draws on the 

example of the Gandaki river basin in Nepal (Map 1), where the Hariyo Ban Program
1
 used 

„Flowing Forward‟ methodology to assess vulnerability of different human and environmental 

systems (Bartlett and Freeman, in press). Designed for large drivers of change at the landscape 

scale in a data-poor environment, this methodology assesses vulnerability of natural and man-

made landscape features through a synthesis of existing background information, peer-reviewed 

and gray climate science literature, and a participatory stakeholder assessment workshop that 

includes scenario planning for an uncertain future. The Gandaki assessment was enhanced by 

information from local level vulnerability assessments and adaptation planning in selected parts 

of the basin.   

 

The core principles behind integrated river basin management (IRBM) and integrated water 

resources management (IWRM) at the heart of the Flowing Forward approach are not new; 

IWRM is a process which promotes the coordinated development and management of water, 

land and related resources, in order to maximize the resultant economic and social welfare in an 

equitable manner without compromising the sustainability of vital ecosystems (Global Water 

Partnership 2000). In the face of climate change they have increased urgency and importance as 

a sound approach for integrated climate adaptation.  

 

Advantages of taking a holistic river basin approach in the face of climate change 

Maintaining ecosystem services for people and nature: As people become more exposed to 

climate change hazards, ecosystem services can play important roles to buffer their effects: for 

example, forests can reduce the risk of local flash floods and landslides in the face of more 

intense localized rainfall and help to maintain dry season water supplies as monsoon patterns 

become increasingly unpredictable. Functioning floodplains can absorb floodwater and reduce 

the risk of floods downstream, while also providing critical nutrients for flood dependent 

vegetation and agriculture (e.g. Secretariat of the Convention on Biological Diversity 2009; Le 

Quesne 2010). Ecosystems can also act as a safety net for communities when agriculture fails by 

providing wild foods and other resources. Hence, restoring or maintaining these ecosystem 

services can play a major role in adaptation in the face of future uncertainty (e.g. Andrade et al. 

2011). This needs to be done holistically and in conjunction with other land uses such as 

agriculture and industry that often rely on but can also affect the integrity of these services.  

Therefore, working at site level is often not enough; interventions may need to be at spatial 

scales at which ecosystem services operate. For example, bio-engineering to stabilize landslides 

and river banks downstream may not be effective when land use problems such as increased 

runoff from upstream deforestation are not tackled. On the other hand, adaptation activities by 

upstream stakeholders may risk maladaptation if individual communities, countries and sectors 

take adaptation measures unilaterally without considering possible consequences for ecosystems 

                                                           
1
 Hariyo Ban Program is five year project funded by USAID that aims to reduce adverse impacts of climate change 

and threats to biodiversity in Nepal. It is implemented by a consortium of WWF, CARE, the Federation of 

Community Forests User Groups Nepal and the National Trust for Nature Conservation 
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and other users beyond their immediate jurisdiction: for example, building a dam to boost a 

town‟s dwindling water supply can cause wetlands and irrigation canals to dry up downstream.  

Hence, building climate resilience often needs to take place at multiple levels and rely on 

communication, coordination and decision-making among stakeholders. In the Gandaki basin, 

the Hariyo Ban Program has facilitated dialogue between upstream and downstream 

communities in small catchments and plans to expand this work to include larger catchments and 

sub-basins and a wider range of stakeholders. River basins represent an ideal scale that accounts 

for ecosystem services since the ecological links and dynamics that human activities affect or 

rely on are usually contained within the catchment boundaries. As a result, they can be integrated 

into a river basin plan where trade-offs can be analyzed by upstream and downstream 

stakeholders, and decisions made on the basis of holistic understanding. Large basins such as the 

Gandaki contain many nested scales including sites, small catchments, and larger sub-basins, 

such as the Seti and Marsyangdi. 

Natural systems are also coming under increasing stress from climate change, and it is important 

to understand their vulnerabilities and integrate resilience building and adaptation measures for 

species and ecosystems into climate adaptation planning, to maintain ecosystem services and for 

biodiversity conservation. Reducing non-climate stresses such as overharvesting of forest 

resources or overgrazing can play a major role in increasing ecosystem resilience (e.g. Hansen et 

al. 2003), though other climate change-focused interventions will also be needed. For this, 

information is required on the specific factors that affect system resilience and overall 

vulnerability. In the Gandaki river basin the natural systems that were found to be most 

vulnerable included sub-tropical broadleaf forest and semi-desert coniferous forest; the Seti and 

Rapti sub-basins; spring sources in the Churia and floodplains; and migratory birds and gharial (a 

crocodile species). Vulnerable man-made systems were rainfed agriculture (pakho) in the mid-

hills; agriculture on leveled, irrigated land (tar) in the mid-hills and Siwaliks; and rural 

settlements and local roads (Table 1) (Bartlett and Freeman, in press).  Hariyo Ban Program and 

partners have been able to start implementing several of the recommendations from the 

assessment (Table 2): for example, through a major focus on restoring the Seti sub-basin; and 

promoting climate-smart agricultural practices, alternative energy, and „climate-smart‟ 

community forest management. 

Table 1: Most vulnerable ecological and man-made systems in the CHAL landscape 

 

Focus Area Highest Vulnerability Systems and Species Region 

Forests Subtropical Broadleaf Siwalik/Churia Range 

  Semi-desert Coniferous Trans-Himalayan Region 

Freshwater Spring Sources Siwalik/Churia Range 

  Floodplains Basin-wide 

Species Migratory Birds Basin-wide 

  Gharial Siwalik/Churia Range 

Agriculture Pakho Mid-hills 

  Irrigated Tar  Mid-hills/Siwalik 

Rivers Seti Basin-wide 

  Rapti Basin-wide 

Infrastructure  Rural Settlements Basin-wide 

  Local Roads Basin-wide 

 (Bartlett and Freeman in press) 
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Table 2: Proposed Adaptation Interventions 

Focus Area Proposed Interventions 

Forests 

Promote alternative energy sources and improved cook stove programs to reduce fuel wood demand and 

deforestation/degradation 

Promotion of  “climate-smart” community based forest management, focusing on fire prevention and control, 

afforestation in denuded areas 

Freshwater Enhanced monitoring for freshwater systems, focusing on glacial extent and snow line, and snow-water equivalent in 

higher altitudes; and water quality in lower lying areas of the Mid-hills and Siwaliks 

Sub-catchments Install early warning systems in floodplain communities that regularly experience flooding, alongside climate change 

sensitization and disaster preparedness programs 

Species Identify and conserve important winter/nesting areas for altitudinal migrant birds, based on projected habitat changes 

according to climate scenarios 

Work with upstream watershed communities to reduce fertilizer and pesticide use and develop soil management 

practices to reduce runoff and siltation.  

Agriculture Increase funding for agriculture extension services, including for climate-smart farming techniques and overall 

climate change awareness 

Improved access to seasonal climate information for farmers, including suggested planting dates and weather 

forecasts 

Infrastructure  Mandate climate vulnerability assessments for all proposed large infrastructure developments, including national 

roads and hydropower dams 

Eliminate unplanned road construction through incentives for “green roads” construction alternatives that have 

proper drainage and gradation.  

(Bartlett and Freeman in press) 

Maintaining connectivity and enabling species shifts: River basins span altitudinal gradients; 

the Gandaki basin is an extreme example with an altitudinal range from a few hundred meters to 

over 8000 m, with eight major vegetation zones from lowland Sal forest to subalpine scrub (Jung 

Thapa et al. in this volume). As temperatures rise, many species will respond by shifting their 

range distributions, usually upwards. Well planned and managed river basins can provide large 

blocks and corridors of intact habitat for freshwater and terrestrial species to shift and promote 

adaptation of systems and species. While it is too early to know how successful uphill 

movements of whole systems or vegetation types will be given the complex ecological inter-

dependencies, maintaining and enhancing corridors between them improves the chances for 

successful adaptation. Special management for areas that are natural climate refugia can help 

conserve species that may disappear from surrounding areas. The Gandaki basin-scale 

vulnerability assessment used connectivity as one of its criteria for testing resilience of natural 

systems (Bartlett and Freeman, in press); the Hariyo Ban Program is working to restore 

terrestrial connectivity in priority areas such as the Seti sub-basin in places where it has been 

interrupted, and to identify potential climate refugia for special management. Unfortunately, 

existing and planned hydropower development on all the main rivers of the basin (Scott Wilson 

Nepal 2014) is becoming a major impediment for freshwater connectivity and adaptation, a 

phenomenon that is increasingly common in the Himalaya. 

 

Enabling holistic, climate-smart planning for economic development: In Nepal‟s river 

basins, climate change impacts will be manifested in a matrix of different land uses, including 
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new development. Infrastructure development is essential for the country‟s development, and 

includes hydropower projects, large-scale irrigation, local and national roads, and expanding 

settlements and industry.  However, many (though not all) infrastructure developments have 

weak environmental impact assessment and mitigation measures (Scott Wilson Nepal 2014). 

Roads and dams in particular are having or are likely to have major adverse environmental and 

social impacts; and high demand for building materials is increasing destructive mining of sand, 

gravel and boulders in many rivers and fragile forest areas. Large-scale development projects 

also attract labor, resulting in out-migration from farms, which may in turn lead to increased 

erosion of fallow abandoned lands (for example if terraces erode). Some of these are reverting to 

forest, but many are being overtaken by invasive species.  

These environmental costs of development are likely to be exacerbated by climate change. For 

example, heavier rainfall is likely to intensify erosion and landslides from poorly designed and 

constructed roads; thus, road design should take climate change into account, with increased 

flexibility to cope with storms and rising temperatures (Scott Wilson Nepal 2014). Hydropower 

plants, particularly run-of-the-river types, are highly dependent on predictable runoff patterns. 

But changing precipitation patterns make for unreliable flows, especially during the dry season, 

and also increase the risk of flooding, (e.g. from glacier lake outburst floods, landslides blocking 

rivers, and intense localized rainfall), which could jeopardize the viability of these power plants. 

Increased sediment loads—which are already high in the Gandaki basin from natural erosion, 

deforestation and poorly constructed roads—will likely accelerate mechanical damage to 

machinery, including turbines. The combination of multiple hydropower developments on the 

same river, along with climate change effects, could have a major impact on the success of 

hydropower generation.  

In the Gandaki basin, some developments are already having major impacts on ecosystems and 

biodiversity (Scott Wilson Nepal 2014). There is thus an urgent need to undertake an 

environmental flows analysis
2
 to improve understanding and planning for likely combined 

climate-development impacts on ecosystems and the critical services they provide for people in 

the basin; and develop solutions through improved siting, design and operation of hydropower. A 

large-scale integrated river basin management approach is essential to increase the resilience of 

these projects, and to provide optimal outcomes for both people and ecosystems.    

Need for a multi-sectoral, multi-scale, participatory approach 

As people and species strive to adapt to climate change, there will be increasing tension between 

sectors, upstream and downstream human communities, and even countries over shared 

resources and ecosystem processes. Using river basins as a planning unit provides a holistic 

approach that can integrate adaptation planning across sectors around shared water and land 

resources: agriculture, forestry, fisheries, water, energy, transport, settlement, conservation, and 

health. A multi-disciplinary approach that facilitates horizontal coordination across sectors will 

be essential to tackle the challenges ahead, including increased disaster risk, flood and drought, 

food insecurity, impacts on infrastructure, and maintaining ecosystem services. Horizontal 

                                                           
2
 An environmental flow is the water regime provided within a river, wetland or coastal zone to maintain ecosystems and their 

benefits where there are competing water uses and where flows are regulated. Environmental flows provide critical contributions 

to river health, economic development and poverty alleviation. They ensure the continued availability of the many benefits that 

healthy river and groundwater systems bring to society (Dyson et al. 2008). 
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coordination and collaboration at local levels among neighboring community groups is critical to 

enable them to manage shared resources more effectively and tackle common hazards such as 

forest fires, landslides, droughts and floods. It is especially critical to identify and take into 

account the needs of the most vulnerable people, who are often women, the poor and 

marginalized groups.  In the Gandaki basin the Hariyo Ban Program is working to empower and 

educate these stakeholders about their rights and climate change, as part of broader efforts to 

promote integration of climate adaptation in local and district sectoral planning, bringing local 

stakeholders‟ inputs as well as ecosystem aspects. 

Vertical integration is also essential, with two-way communication and collaboration among 

local, district or sub-basin, river basin, national and transboundary levels. In planning processes 

it is important to ensure that the traditional water needs of downstream communities and 

ecosystems are met even as far as possible, in light of future climate change scenarios as well as 

large-scale infrastructure development.  

Importance of sound policy, planning, governance and institutions 

To facilitate this integration, climate adaptation should be mainstreamed into integrated river 

basin plans, rather than treated as a separate activity. Plans should incorporate scenario planning 

given future uncertainties, with built-in flexibility. Trade-off decisions are inevitable, for which 

multi-disciplinary economic, social and environmental analyses, and participatory and equitable 

decision-making will be needed. Successful river basin management requires an effective and 

impartial coordinating institution with the authority and mandate to act, and is accountable to all 

stakeholder groups (Cook et al. 2011). It also must be able to coordinate across political 

boundaries when catchment boundaries transcend political boundaries. In Nepal this will be 

particularly important when federalization takes place, if new state boundaries split river basins. 

Coordinating institutions will need to be much more flexible in the future to allocate water and 

natural resources in the face of increasing climate variability, uncertainty and extreme events, 

and be willing to test innovative approaches, learn and adapt. Finally, policies should be 

harmonized to avoid existing contradictions and overlaps which could constrict the coordinating 

body‟s ability to act and adapt. 

Conclusion and way forward 

As climate change advances, it is critical to proactively plan and prepare for change in an 

innovative, integrated and flexible way to maintain ecosystem services, resolve competing needs, 

ensure the rights of vulnerable groups, and avoid maladaptation. River basins provide a sensible 

natural geography-bounded unit to assess and analyze the ecological dynamics, and to bring 

stakeholders together at multiple scales to manage shared resources more effectively, ultimately 

increasing the resilience of both people and ecosystems. The Gandaki basin offers an ideal 

opportunity to demonstrate these principles for the long-term benefit of its people and 

biodiversity, but will require strong leadership, political commitment and technical inputs to 

make it happen. 
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Map 1: The Gandaki River Basin in Nepal, showing major rivers and bio-geographical zones
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Abstract 

Climate change has now emerged as a driver of ecological change to Nepal‘s forests that are 

already heavily converted, fragmented, and degraded. Forest loss affects biodiversity, ecosystem 

functions, and ecological services that support human communities and economic investments in 

agriculture, livestock, water resources, and infrastructure. We performed climate projections to 

assess the impacts of global climate change on forest vegetation communities in Nepal to guide 

landscape scale conservation planning. We used the A2A IPCC (2007) Green House Gas 

scenario
 

to project the distribution of eight ecological vegetation zones in the Chitwan 

Annapurna Landscape located along the Gandaki River basin, one of Nepal‘s largest. The results 

indicate that the lower and mid-hill forests are vulnerable to climate change impacts, whereas the 

temperate upper montane and subalpine forests will be more resistant. A conservation strategy 

should prioritize the larger patches of climate resistant forests, especially in the catchments of 

high-discharge rivers for continued hydrological flows to downstream communities; maintain 

intact watersheds to reduce natural disasters and continue to provide ecosystem services climate 

refugia for biodiversity. Further degradation from short-term anthropogenic drivers should be 

prevented. North-south elevational connectivity should be maintained for access to climate 

refugia and to conserve hydrological flows. Protected areas and forestry staff should be trained to 

develop appropriate climate-change integrated conservation strategies at landscape scales to 

sustain forestry, biodiversity, and land management in a future of global climate change. 

 

Keywords: Nepal, Climate change, Adaptation 

1 Introduction 

The Eastern Himalayas are considered to be a region of global importance for biodiversity; the 

result of the synergistic interactions of the complex mountain terrain, extreme elevation gradient, 

overlaps of several biogeographic barriers, and regional monsoonal precipitation 

(Wikramanayake et al., 2001a).  The forests and grasslands of these Himalayan ecoregions are 

extensively converted, fragmented and degraded, threatening the survival of many species, 

especially those requiring extensive spatial areas and intact habitat, and ecosystem functions, 

dynamics, and services (Wikramanayake et al 2001a,b). Loss and degradation of ecological 

goods and services will also have serious repercussions for human well-being and economic and 

social stability (Bossio et al. 2010, Eriksson et al. 2009, Sharma et al. 2007, Tiwari, 2000).
 
 

 

In recent years, global climate change been recognized as a significant driver of ecological 

change (IPCC 2007, Parmesan 2006). The Himalayas are not exempt; assessments show the 

mountain range is more vulnerable to global climate change than most other regions (Li et al. 

2013, Meehl et al. 2007, Schild 2008, Shrestha et al. 2012). Given these predicted—albeit 

uncertain—trajectories, it is important to at least attempt to better understand the consequences 
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of climate change on socio-ecological systems for better long-term conservation planning since 

loss and degradation of biodiversity, including the ecosystem processes and services can have 

severe consequences. We conducted species envelope projections to assess the impacts of global 

climate change trajectories on broad forest vegetation communities in Nepal, and on biodiversity 

and ecosystem services in one of Nepal‘s largest river basins, the Gandaki, for climate change-

integrated conservation planning in the Chitwan-Annapurna Landscape (Figure 1). 

 

1.1 Chitwan-Annapurna Landscape (CHAL) 

The CHAL represents an important north-south corridor that provides ecological connectivity 

between the Terai ecosystems in the south and the mountainous Trans-Himalayan region in 

Upper Mustang region, through the Annapurna range, and to Manaslu Conservation Area and the 

Trishuli River to the east. The altitudinal range of the CHAL thus ranges from ~200 m to over 

8,000 m. Within this span the CHAL vegetation ranges from the terai ecosystems in the south to 

the alpine and nival zones in the north, with the subtropical Chir pine and broadleaf forests, 

temperate broadleaf forests, and subalpine conifer forests in between. The CHAL straddles the 

deep, antecedent Gandaki river gorge that is an east-west biogeographic barrier to several species 

of flora and fauna at higher elevations.  

 

The alpine habitat of the CHAL supports snow leopard (Panthera uncia), and several large, 

montane ungulates. The temperate and conifer forests in the upper hill region have habitat 

specialists, notably the red panda (Ailurus fulgens), musk deer (Moschus leucogaster), and 

several species of pheasants, tragopans, and hornbills. The mid-hill subtropical forests represent 

stepping-stone habitats for a suite of altitudinal migrant bird species that includes several species 

of cuckoos, flycatchers, sunbirds, and pittas. Species such as clouded leopard (Neofelis 

nebulosa), common leopard (Panthera pardus), golden cat (Pardofelis temminckii), wild dog 

(Cuon alpinus), and Himalayan black bear (Ursus thibetanus) also require large forested habitats 

for dispersal and as home ranges or territories. Kingfishers, forktails, mergansers, waders and 

waterfowl use riparian corridors. The rivers support otters and important fishes, including one of 

South Asia‘s largest freshwater species, mahseer (Tor spp). 

 

Besides supporting species, these forests play a critical role in sustaining vital ecological services 

and natural capital that support people, their livelihoods, and national development goals. The 

forests in the CHAL are extensively fragmented. The rivers have existing or planned hydropower 

investments and also provide water to the local and downstream communities. Forested 

watersheds are important to regulate river flows, water runoff, and to prevent erosion, and 

perform other services such as crop pollination by hosting bees and other pollinators. Therefore, 

securing the remaining fragments from further loss and degradation and promoting strategic 

restoration to improve connectivity is important to conserve forest and aquatic biodiversity, and 

sustain ecosystem processes, services, and natural capital.  

 

1.2 Caveats 

Climate envelopes have been widely used to predict the future distribution of habitats and 

species, but have limitations in their ability to accurately represent the complex interactions and 

dynamics of real-world ecosystems (Heikkinen 2006, Lawler et al. 2006). However, if the 

limitations are recognized and acknowledged, bioclimatic models can provide guidelines for 

climate-integrated conservation planning when used with knowledge of the ecology and natural 
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Table 1. The 19 Bioclimatic variables from WorldClim used in the analysis. 

http://www.worldclim.org/bioclim 

BIO1 = Annual Mean Temperature 

BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp) 

BIO3 = Isothermality (BIO2/BIO7) (* 100) 

BIO4 = Temperature Seasonality (standard deviation *100) 

BIO5 = Max Temperature of Warmest Month 

BIO6 = Min Temperature of Coldest Month 

BIO7 = Temperature Annual Range (BIO5-BIO6) 

BIO8 = Mean Temperature of Wettest Quarter 

BIO9 = Mean Temperature of Driest Quarter 

BIO10 = Mean Temperature of Warmest Quarter 

BIO11 = Mean Temperature of Coldest Quarter 

BIO12 = Annual Precipitation 

BIO13 = Precipitation of Wettest Month 

BIO14 = Precipitation of Driest Month 

BIO15 = Precipitation Seasonality (Coefficient of Variation) 

BIO16 = Precipitation of Wettest Quarter 

BIO17 = Precipitation of Driest Quarter 

BIO18 = Precipitation of Warmest Quarter 

BIO19 = Precipitation of Coldest Quarter 
 

history of the species and ecosystems for ‗no-regrets‘ strategies (Hannah et al. 2002, Heikkinen 

2006, Pearson and Dawson 2003).  

 

2. Methodology 

We used the IPCC A2A Green House Gas (GHG) scenario (IPCC 2007) to project the potential 

future distributions of eight ecological habitat zones modified from the vegetation zone map 

prepared by the Department of Forests (DoF) (DoF 2002). The A2A represented the highest 

IPCC GHG emission scenario provided in the fourth assessment (IPCC 2007). But subsequent 

assessments indicate that climate change trends appear to be even more rapid, and exceed the 

previous high predictions (IPCC 2013, Hansen et al. 2012, Raupach et al. 2007,World Bank 

2012); a trend reflected even in the Himalayan region (Shrestha et al 2012). Therefore, the A2A 

projection used in this analysis can be considered to be conservative. 
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Figure 1. The distribution of the 8 forest vegetation types derived from the vegetation zone map for Nepal, prepared by the 

Department of Forests (DoF 2002). The non-forest vegetation is not represented in the map. The red polygon depicts the Chitwan 

Annapurna Landscape representing the Gandaki River basin. 
 

We used the national-scale DoF potential vegetation zone map to train the model to determine 

the range of climatic and geophysical conditions under which the respective vegetation types 

may exist. This map has some limitations, but provides the best occurrence points in current 

vegetation niches across the different ecological and climatic strata, compared with alternate 

options based on direct observations or from maps of existing land cover. We reclassified the 

forest vegetation from the DoF map into the following broadly-distributed major forested 

wildlife habitat types: 1) Lowland Sal forest, 2) Hill Sal forest, 3) Chir Pine forest, 4) Subtropical 

Broadleaf forest, 5) Temperate Broadleaf forest, 6) Mixed Conifer-Broadleaf forest, 7) Subalpine 

Conifer forest, and 8) Subalpine scrub (Figure 1). We generated >1,000 random observation 

points for each vegetation type and used them in Maxent along with 19 WorldClim bioclimatic 

variables (Table 1) that represent historical climate for the years 1950-2000 (Hijmans et al. 2005, 

2006, Phillips et al. 2006) to project the current and future distributions of the eight vegetation 

types (Jung Thapa et al. 2012). Future distributions represent equilibrium climate for the years 

2020, 2050, and 2080 under the A2A GHG emission scenario projected by a downscaled 

HADCM3 General Circulation Model (GCM).  

 

The vegetation distribution map for 2020 was clipped with the 2010 forest cover map for the 

CHAL (Figure 2) to identify the distribution of climate change resistant forest vegetation. The 

2050 was then clipped by the 2020, and the 2080 map by 2050 to identify the climate change 

resistant forests for the respective projections. Finally, the protected areas system was overlayed 

on the vegetation maps to identify climate resistant areas of vegetation that are now protected. 

The process is described in detail in Jung Thapa et al. (2012) and in Figure 3.  
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Figure 2. Flow chart showing the steps of the spatial analysis. 

 

Figure 3. Distribution of the eight forest vegetation classes in the CHAL based on 2010 forest cover maps. 

 

3. Results and Discussion 

The ‗resistant‘ forest patches represent the areas where the current vegetation composition and 

communities are not expected to change during the future time frames considered (2050 and 

2080) due to climate-change impacts, and can represent climate refugia for climate-sensitive 

species. We do not present range expansions because different species that comprise the 

vegetation community could respond differently to the climate change parameters and the 

vegetation compositions in such projected range expansion areas could be different. In this 

context, the areas without climate resistant vegetation in the map outputs do not imply loss of 

forest cover or habitat; but these are areas where the current vegetation community may not 

persist as predicted by the climate projection model we used. 
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The climate projections indicate that Temperate Broadleaf and Subalpine Conifer forests in the 

upper hills will be largely resistant to change and large blocks may persist even in 2050 and 

2080, retaining the current vegetation composition (Figure 4). These vegetation types represent 

the Eastern Himalayan Temperate Broadleaf and Conifer Forests and the Eastern Himalayan 

Alpine Shrub and Meadows ecoregions that are Global 200 ecoregions, supporting biodiversity 

of global importance (Olsen and Dinerstein 2002).  The mid- and lower-hill forests, however, are 

more vulnerable to climate impacts. The projections indicate that by 2050 the subtropical 

broadleaf forests will be extensively converted. These subtropical forests, and especially the Hill 

and Lowland Sal forests in the lower mountains are already extensively fragmented and could 

become almost completely converted by 2050 (Figure 4).   

 

The CHAL supports some of Nepal‘s most threatened and endangered biodiversity, including 

several habitat specialist and endemic species, especially in the temperate broadleaf and 

subalpine conifer forests in the upper hills. The loss of these forests can compromise the survival 

of these species. For instance, threatened species such as the red panda and musk deer require old 

growth forests. Even if the temperate and mixed conifer forests migrate northwards and upslope 

into alpine habitat, as predicted by climate models (Forrest et al. 2012), these forests with 

younger, smaller trees will not represent suitable habitat for red panda, musk deer, and other 

forest specialist fauna. Therefore, the large patches of intact forests should be conserved and 

safeguarded from proximate non climate threats, including anthropogenic degradation and 

conversion to conserve important populations of irreplaceable biodiversity and ecosystem 

processes and services, (Hansen and Hoffman 2010, Nunez et al. 2013), especially since these 

patches could represent climate corridors for many species.  

 

There are several altitudinal and trans-national bird species that use the antecedent river valley as 

a migratory corridor to and from the Trans-Himalayan region. Several mammals and insects such 

as butterflies also undertake less extensive altitudinal movements. Loss of habitat connectivity 

along the mountainsides will disrupt these movements and their natural history, affecting 

reproductive success of these species and eventually their survival. The Marsyangdi, Madi, Seti, 

and Narayani river valleys also have several sites with high plant species richness, including 

threatened and endemic plant species. 

 

Conserving montane watershed forests is also critical for continued hydrological flows in the 

high discharge rivers and streams that originate from them. This will require basin or landscape 

scale adaptation planning with community and multi-sectoral engagement (Oglethorpe et al this 

volume) and addressing the necessary policy gaps. Conversion or clearing of forests without 

appropriate plans and safeguards can make the steep montane watersheds susceptible to drying 

and erosion, with consequent landslides and flashfloods. These natural disasters are expected to 

become more severe and more frequent due to the extreme weather events projected due to 

climate change (IPCC 2013). Maintaining forested watersheds in the upper catchments will help 

to mitigate the impacts from climate change and reduce vulnerabilities of natural and human 

communities. The outputs from this analysis will be integrated into landscape and basin scale 

analyses for climate change integrated conservation planning (Oglethorpe et al., unpublished). 
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Figure 4. Distribution of forest vegetation projected to be resistant to climate change by 2050 (upper map ‗a‘) and by 2080 

(bottom map ‗b‘). Forest change shown in these maps is not attributed to forest loss, but is intended to depict areas where the 

current forest vegetation composition and community could change due to climate change impacts. The maps do not show non-

forest vegetation such as alpine and lowland grasslands.  

 

3.1 Recommendations 

 Climate resistant forests in the upper hills should be conserved as climate refugia. 

 Climate resistant patches of subtropical and Sal forests in the lower hills should be conserved 

as micro-refugia for the habitat specialist species that include several birds and butterflies. 
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 North-south connectivity should be maintained for both seasonal migrations and to provide 

climate corridors. The latter should be identified through appropriate landscape-scale spatial 

planning for climate change-integrated management plans. 

 Riparian corridors and upper watersheds should be conserved to sustain ecosystem services. 

Climate change is expected to result in more severe rainfall events alternating with prolonged 

droughts. These conditions can cause severe natural disasters and declining ecosystem goods 

and services, especially sustained clean water. 

 A suitable monitoring program is necessary, especially to monitor for the less charismatic 

and cryptic species that also comprise representative biodiversity and play important roles in 

ecosystem functioning (e.g., pollinators, fruit and seed dispersers). 

 Areas vulnerable to natural disasters such as landslides, erosion, and flooding should be 

identified for strategic restoration, conservation and management. 

 Climate-smart natural resource management strategies should be developed at landscape or 

basin scale, but the proximate and current threats that exacerbate climate change related 

threats and hazards should also be addressed. 

 Protected area staff and local community groups that act as conservation stewards should be 

trained to assess and integrate climate change impacts into conservation planning and 

management, including community forest plans. 
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Abstract 

Phewa lake of Pokhara valley in western Nepal contributes to the livelihoods of local 

communities providing different ecosystem services. It provides irrigation for farmlands 

downstream, supports fish farming and Phewa  is religious and recreational heritage for domestic 

and international tourists. The lake is shrinking both in area and depth due to heavy 

sedimentation from the upper catchments. This paper aims to document the trend of sediment 

loads coming from sub watersheds and explores possibilities for sediment retention in the upper 

catchments through establishment of Payment of Ecosystem Services (PES). Review of 

information, field observation, consultation with stakeholders,  mapping of sub-watersheds 

contributing sedimentation  and scenario mapping  using the Integrated Valuation of Ecosystem 

Services and Trade off (InVEST) software were the methods used for this study. This study 

shows that major sources of sedimentation in Phewa Lake are landslides, unplanned 

development activities and unsustainable land use practices in the seven sub watersheds of 

Phewa Lake. 

 

Stabilizing landslides by bioengineering techniques, controlled grazing, constructing silt traps, 

rural green road construction with prior soil management, bench terracing, strip planting with 

perennial trees are some of the interventions that are suggested to be carried out in the upper 

catchments.  The beneficiaries of Phewa Lake (hotels owners, boatmen, and fishermen) are 

willing to pay for the sediment retention. In response communities in upper catchment are 

accepting to change land use practices in their farmland and forests in favor of sediment 

retention. This study concludes that Phewa Lake could be conserved by reducing the rate of 

sediment deposition in the Lake through establishment of appropriate mechanism of PES 

between the upstream communities and downstream beneficiaries.  

 

Keywords: PES, Ecosystem services, sediment retention 

1. Introduction 

Phewa Lake is second largest lake of the country located in Kaski District of western Nepal. 

Phewa Lake and its sub watersheds contributing ecological services provide timber, firewood, 

forage and non-timber forest products, drinking water; irrigation for farming; and also are 

important cultural scenic beauty. Phewa Lake contributes to the livelihoods in several ways: 

tourism, hydroelectricity, irrigation, fishery and boating services. The ecosystem service offered 

by the lake is valued at over US$43 million per year, out of which around 95% of this benefit 

related to tourism and recreation (Kanel, 2010). This is considered to be underestimated as many 

regulating services have not been included. Sustainability of this benefit depends on the life of 

the lake. The life of the Phewa Lake is decreasing due to various problems like siltation, 

sedimentation, direct waste, sewage disposal, encroachment and eutrophication. Hence, the 

ecosystem services of the lake are under threat and this directly affects the livelihoods of lake 

dependent households. This paper aims to document the quantity of sediment loads coming from 
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sub watersheds and explores possibilities for sediment retention in the upper catchments through 

establishment of Payment of Ecosystem Service (PES). 

2. Methods  

The methodology adopted for the study are: (i) desk review of wide range of secondary 

information including studies of payment for ecological services (PES) in Nepal and (ii) focused 

groups discussion with communities around  the Phewa lake, sub watersheds and hotspots.  (iii) 

Consultations were done with concerned stakeholders including forestry officials, soil 

conservation officials, hotel association of Pokhara, tourism authorities, DDC officials, Fishery 

officials, boat association, Panchase protection forest council and local Non-government 

organizations (iv) mapping of Phewa sub-watershed with sedimentation transfer in Phewa lake 

and (v) scenario maps were created using the Integrated Valuation of Ecosystem Services and 

Trade off (InVEST) software. 

3. Results and Discussion 

Total area of the watersheds that drains water   to the Phewa Lake is estimated as 11351Ha. At 

present the capacity of the lake is 42.18 million cubic meter with the highest water level. A time 

series map analysis indicates a decrease in area from 10 km
2
 in 1956/57 to 5.5 km

2
 in 1976 and 

4.4 Km
2
 in 1998. There has been more than 50% reduction in area within a timeframe of five 

decades (JICA/SILT, 2002). It is estimated that during the period of 1990-1994, annual siltation 

rate was about 175,000-225,000 m
3
 (DSC, 1994). If the lake is considered to be dead, when 80% 

of the storage is silted up and if the average sedimentation rate of about 180,000 cubic meters 

continues, the lake will be filled up with sediments in about 190 year from the year 1998 (Singh, 

2013).  

 

Field observation of the Phewa sub watersheds shows that major sources of siltation in the lake  

are big landslides of Andheri stream, Singare stream and Lauruk stream that feeds to  Harpan 

stream. All these landslides are located in Kaskikot and Dhikur Pokhari Village Development 

Committees (VDCs). Rural road construction using bulldozer in all the six VDCs of Phewa sub 

watersheds without managing soil is another main source of siltation since last one decade. 

Similarly, traditional agricultural system for planting rice making muddy in rainy season is the 

third source of siltation contributing to Phewa Lake. Harpan stream changes its courses 

contributing siltation in Phewa Lake. Increased development  activities have augmented a 

number of construction works (leveling of slopes, soil work for building construction, 

construction of access roads) without soil management around Phewa lake particularly in 

Pokhara metropolitan city, and Sarankot VDC have directly contributed to sediment deposit in 

Phewa lake (Singh 2013).  Annex 1 presents the area wise soil loss intensity of the different sub 

watersheds of Phewa Lake. 

As indicated in annex 1 ,  almost one quarter of the total areas of the watershed has high potential 

of soil loss and about 18 percent  land has moderate intensity soil loss, while 37 percent of the 

total area contributes very low soil loss. The areas with soil loss potential is mapped according to 

the soil loss and presented in annex 2. 

Sub-watersheds categorization based on Siltation transfer 

Based on sediment transfer  the sub watershed could be divided into three categories:  
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Category 1: The North-East sub-watershed (Sarankot and Kaskikot VDCs) and North-West sub-

watershed (Dhikur Pokhari VDC) are highly vulnerable and are the main source of siltation in 

Phewa Lake. Active and big size landslides and most of the agricultural land fall in these two 

sub-watersheds.  

Category 2: East Sub-watershed that fall in eastern hill slope of Sarankot VDC and Ward No. 2, 

4, 5, 6, 7 & 8 of Pokhara Sub-metropolitan city are main sources of garbage, nitrogen and 

phosphorus deposit in Phewa Lake. This sub-watershed has largely contributed in eutrophication 

in the lake due to heavy population pressure and open sewerage coming through Bulaudi and 

Phirke Khola and Seti canal passing from the Pokhara city.  

Category 3: North-West sub-watershed that includes Bhadaure Tamagi VDC and North-East 

Sub-watershed which include Chapakot and Pumdi Bhumdi VDCs. These areas have good forest 

cover and comparatively less agricultural land. These sub-watersheds contribute comparatively 

least amount of siltation in Phewa Lake.  

From the above categorization, immediate actions are required in category 1. The result of 

Survey conducted by Hariyo Ban Progrm in 2014 has noted that agricultural activities such as 

mono-cropping, cultivation in small terraces and heavy tillage and focus on cereal crops are the 

main causes of soil erosion in this area.  Two types of cropping pattern were observed:  in gently 

sloping areas where irrigation is partially available, the cropping pattern is rice based ; whereas 

in steeply sloping terraces, the cropping pattern is maize based.  Most farmers are unable to meet 

their annual food needs from their production.  The proposed action plan for the PES 

implementation has been designed to provide solutions for the following onsite problems on the 

traditional agricultural practices leading to the sedimentation in the Phewa Lake.  

Sediments in the upstream areas can be retained by improving farming practices. For this, use of 

sediment laden runoff diverting runoff to bund terraces to prevent the loss of soil particle; in-situ 

manuring, plantation of nitrogen fixing plants; terrace riser slicing; and use of compost and farm 

yard manure (FYM) are the major   soil conservation best practices that need to be supported. 

Similarly, terrace improvement; Sloping Agriculture Land Technology (SALT); hill side ditch 

farming preventing flow of water from accumulation  and promotion of minimum tillage  could 

also help preventing sediment loss. Some of the other recommended activities for sediment 

retention are strip cropping; multiple cropping and high density planting and mulching.  

 

The above practices will prevent the sediment transfer downstream which will benefit the 

communities with clean and pollution free water and threat to lake life is reduced. PES for 

sediment retention could be a feasible option to support the activities listed above helping 

livelihoods of the local communities upstream and improved tourism business for the 

downstream users, mainly hotel entrepreneurs and the whole tourism industry.   

 

To promote this PES mechanism the study recommended the following action points: 

 Establishment of Phewa Lake Conservation and Management Interim Board with 

membership from the upstream communities and Phewa dependent stakeholders for PES 

decision making process.  

 Establishment of Payers Association (for fund collection and  support upstream for PES 

plan implementation) and service providers’ association to ensure the continuous 

sediment retention service delivery  
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 Make a Memorandum of Understanding (MoU) between the upstream communities and 

Phewa Lake beneficiaries to ensure the sustainable flow of services and payments against 

the performance. 

 Make provision for Third Party Monitoring and verification of the service provided 

4. Conclusion 

Phewa Lake provides different Ecosystem Services and the livelihoods for thousands of people 

around the Lake. The lake is decreasing in area and depth due to heavy sedimentation. The life of 

the Phewa Lake depends on success of sediment retention in the upper catchments. This Study 

shows that both the upstream communities and downstream  Lake dependent communities could 

get mutual benefit from the PES; particularly sediment retention and this is feasible through 

establishment of independent Phewa Management Authority and other appropriate institutions 

for the effective delivery of sediment retention ecosystem service and payments against the 

performance of the services. 
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Annex 1: Analysis of Soil Loss from Phewa Watershed Area (hectare and %)  

 East North East North West South East South West  

Soil Loss Area % Area % Area % Area % Area % Total % 

Very Low 548 66.9 1027 37.3 684 25.7 697 35.8 1258 39.6 4213 37.1 

Low 81 9.9 345 12.5 508 19.1 441 22.7 762 24.0 2136 18.8 

Moderate 57 7.0 536 19.5 586 22.0 310 15.9 535 16.9 2023 17.8 

High 42 5.1 524 19.0 456 17.2 240 12.3 283 8.9 1545 13.6 

Very High 91 11.1 320 11.6 425 16.0 259 13.3 337 10.6 1433 12.6 

Grand Total 819 99.9 2752 100.0 2660 100.0 1947 100.0 3174 100.0 11351 100.0 

Source: adapted from Singh 2013 

 

Annex 2 Potential Soil loss in different Sub-Watersheds of Phewa lake (source: Singh 2013) 
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Abstract 

 

Bajura District is a poverty-stricken area inhabited by small-scale farmers who raise crops and a 

few livestock. It is also a region enduring significant climate change. Community-based research 

was initiated using Participatory Rural Appraisals (PRAs) in four study sites. The objectives 

were to: (1) Better understand how the production systems function; (2) identify priority 

problems; and (3) chart pathways for solving priority problems. We were also interested to 

assess which priority problems were due more to poverty versus climate change. The 

culmination of each PRA was development of a Community Action Plan (CAP) that provides a 

blueprint for local problem solving. The PRA results were consistent across all four 

communities. The top-ranked problem, overall, was a shortage of drinking water. The second-

ranked problem was declining crop yields, while the third was a need for more off-farm 

employment to increase incomes. The fourth-ranked problem was a need to increase income 

from livestock production. The problem most clearly connected to climate change was the 

declining crop yields on the rain-fed terraces, while the others were rooted more in terms of 

poverty, population growth, lack of development investment (especially in the infrastructure 

needed to store and deliver water), and the extreme physical isolation that these communities 

endure with respect to the outside world. The need to increase incomes underscored the last two 

problems, as there is an imbalance between human population and productive resources; useful 

interventions here could include targeted skill-development training as well as expansion of 

markets for meat goats. Options to boost crop production could involve updating the very 

traditional crop-management systems and existing technology, as well as diversifying crop 

genetics. The physical isolation of these communities, however, suggests that any backstopping 

of interventions by the regional extension service will continue to be limited.            

     

Key words: adapting small-farm systems to climate change; water development; crop 

management; human capital development; goat marketing.  

 

1 Introduction  

 

In the winter of 2008-9, the mid- and far-western regions of Nepal experienced a major d rough t  

t ha t  was  unprecedented in scale and severity. This drought worsened the already serious 

circumstances that were imperiling rural people in these areas. In particular, the food security 

situation has been particularly precarious for residents of the hills and mountains of Bajura 

District. About 7.5 percent of this population is landless and only 4.4 percent of this population 

has year-round access to home-grown food. .  
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People in Bajura District are vulnerable to extreme weather given their dependence on rain-fed 

cultivation and their high levels of poverty. If climate change accentuates weather variation, risks 

for the local people would grow. With the aim of assisting the target community to adapt to 

climate change, Utah State University, in partnership with the Government of Nepal-Ministry of 

Agriculture and Cooperatives and Helen Keller International (HKI), conducted community-based 

participatory rural appraisals (PRAs) in sample community clusters (VDCs) in Bajura District. 

This approach was used to better understand local problems, and hence tailor adaptation 

tactics that are most appropriate for the area. Ten key tools were applied during the PRA 

exercise in each community cluster. These included: Social-resource mapping, transect walks, 

farm sketches, disadvantaged- group mapping, historical community-timelines, gender-specific 

daily calendars, seasonal farming calendars, institutional and stakeholder analyses, and focus 

group discussions.  

 

The PRA exercises culminated in the creation of an integrated Community Action Plan (CAP). 

The CAP is what prioritizes local problems and links the problems to sustainable solutions and 

associated budgetary requirements, both from outside donors as well as contributions of 

community matching resources. The CAP can also serve as a key document beyond the 

immediate project life to guide future development initiatives. These initiatives can occur under 

the auspices of VDC planning processes, Ward Citizen Forums, and other government-related 

efforts.   

 

1.1 Study Area 

 

Four out of the 27 VDCs in Bajura District (namely, Pandusen, Budiganga, Jugada, and 

Dahakot) were selected for the PRA effort. They were determined to be “representative” VDCs 

on the basis of data we collected for all 27 VDCs. Scaled indicators for each VDC were focused 

on the following attributes: (1) Human population size; (2) water access; (3) degree of food 

insecurity; (4) farming system descriptions; (5) access to natural resources; (6) presence of local 

development stakeholders; (7) geographical accessibility; (8) access to markets; and (9) 

vulnerability to climate change.  The four VDCs are indicated by the yellow shading in the 

Bajura district map shown as Fig. 1.  The general assessment of indices for the 27 VDCs was 

conducted in late 2012. The subsequent PRA study was conducted in early 2013.      
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                              Figure 1- Four VDCs selected for the PRA analysis (highlighted in yellow).    

 

2 Results and Discussion  

 

The ranked priority problems across the four VDCs were remarkably similar, as illustrated in 

Table 1. The top-ranked problem overall was a shortage of drinking water for people and 

livestock, while declining crop yields came in second. Unemployment off-farm—as related to 

the lack of suitable training and skills—was assessed to be the third ranked overall, while the 

fourth was concern about “traditional animal husbandry,” whereby the lack of income-generation 

from livestock was a foundational concern. We feel these results are important and have value in 

charting a process of problem-solving interventions; we trust the PRA process to yield accurate 

insights. However, we also need to acknowledge that the linkages between cause and effect for 

any given problem have been assessed on the basis of human perceptions rather than purely 

objective, long-term data.            

 

Shortages of drinking water were rooted in several common, core problems. The communities 

had some infrastructure for water storage and delivery, but it was dilapidated and had not 

received new investment for decades. Pipes had rusted and taps were broken. Water tanks were 

largely unavailable. The local population has grown in recent decades, so the inability of existing 

infrastructure to serve more people was also noted. While it is conceivable that water shortages 

may be ultimately related to a warming and drying of the environment due to climate change 

(Dr. R. Gillies, Utah State University, personal communication), our interpretation of the context 

of our findings is that population growth, lack of development investment, and poverty most 

clearly underlie the water problem at the present time. Water, of course, is vital for human health 

and welfare. It is common knowledge that people will first perish from lack of water rather than 

lack of food.  Thus, it is not surprising that water shortages emerged as the top priority problem 

here. Interestingly, other PRA work conducted in the dry lands of Ethiopia, in parallel with this 

work, yielded the same result—namely a crisis in water access for pastoralists and their 
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livestock. Our intervention work has centered on the establishment of  home-based systems that 

capture and store rainwater.                  

 

 

Table 1—Ranking of 10 priority problems as identified in PRA activities for four VDCs in 

Bajura District.       

Rank Problems and Opportunities  

Jugada  Pandusen  Dahakot  Budhiganga  

1 Shortage of 

drinking water 

 

Shortage of drinking 

water 

Shortage of 

drinking water 

Lack of irrigation 

facility 

2 Health and 

Sanitation 

Lack of green 

vegetables 

Declining 

agricultural 

production 

 

Unemployment/ lack 

of income sources 

3 Declining 

agricultural 

production 

 

Unemployment/ 

lack of income 

sources 

Traditional animal 

husbandry 

Declining agricultural 

production 

4 Unemployment/ 

lack of income 

sources 

Declining 

agricultural 

production 

Unemployment/ 

lack of income 

sources 

 

Shortage of drinking 

water 

5 Education Landslides Education Traditional animal 

husbandry 

 

6 Traditional animal 

husbandry 

 

Declining Apple 

production 

Health and 

sanitation 

Poor condition of 

trails 

7 Lack of skills and 

capacity 

Traditional animal 

husbandry 

 

Lack of electricity 

/MHP 

Lack of trail bridge 

8 Lack of Irrigation Lack of electricity  

 

Lack of Irrigation Education 

9 Lack of water mills Education Poor condition of 

trails 

 

Health and sanitation 

10 NA Lack of water mills Lack of trail bridge 

 

NA 

 

The cropping systems used in each of the four VDCs were similar in that farmers relied on a mix 

of sub-irrigated plots in valley bottoms to grow rice, and rain-fed (e.g., non-irrigated) plots on 

hillside terraces to grow grains. The concern over declining crop yields was mostly manifested 

with regards to the terrace systems. Details provided by PRA participants indicate that a primary 

reason for declines in crop yields on terraces is lower and more erratic rainfall in recent years. 
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Hence, we interpret this result to link declining crops yields directly to climate change, although 

it is notable—again—that this conclusion is based on human perceptions rather than a statistical 

analysis of crop yields and rainfall data over time. Informants also emphasized that outdated, 

traditional crop and soil management systems may also be contributing to a lowering of crop 

yields; such management systems are not being adapted to meet new challenges of warming or 

drying of the environment.  In a more recent baseline social survey conducted during 2014 in the 

same study area, our team has found a decided lack of innovation in crop and livestock 

management. For example, across 320 households only a very few appeared to embrace any 

innovation in their production systems (Coppock et al., unpublished data). The species or breeds 

of plants and animals have apparently been unchanged for a long time. We attribute such lack of 

innovation, in general, to the high degree of physical and social isolation that these communities 

endure in Bajura District. Even travel to the district capital involves many hours of arduous 

travel. We therefore see opportunity to alter the management of crops, soils, and livestock in 

ways that could mitigate climate change, but this will require a better connectivity of local 

populations to extension services in the Bajura District capital. How this connectivity can be 

improved is under study.                                                    

 

Outmigration to secure employment is common in each of the four VDCs. Migrants may find 

work elsewhere in Nepal, but travel to India is common. Migrants may be gone for extended 

periods of time. The third-ranked problem, namely the need for skill development and other 

training, was targeted by the PRA participants to meet a goal of creating more local employment. 

Many very specific suggestions came from the PRA participants. Our interpretation of the causes 

of this problem focuses more on the imbalance between a growing human population and 

available resources in the farming systems. For example, farm plot sizes have been getting 

smaller over time simply as one result of this mismatch. We therefore see poverty, 

underdevelopment, and an inability of surplus people to be able to leave these locations on a 

sustainable basis as the root causes here, not climate change per se. Our intervention goal has 

been to engage an agency specialized in analysis of employment opportunities, and then 

prescribe best-bet training programs.       

 

The fourth-ranked problem was largely focused on how to commercialize livestock production to 

generate more on-farm income. Options to do this are few, however. Livestock holdings in 

general are meager among households across the four VDCs. Overall, considering the hoofed 

species, households commonly possess less than 10 goats, a water buffalo for tillage, and 

sometimes a cow. Chicken are a more recent addition to the system, but they remain minor in 

most cases. We concluded that the most viable option for livestock commercialization is the 

meat goats. The idea was of interest to the PRA participants. The question is to what extent a 

market exists that could support increased goat production. We are therefore investigating goat 

markets as another facet of our research. Constraints such as shortages of fodder and herding 

labor were often noted, but it remains unclear how these constraints might be overcome. Animal 
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housing is yet another challenge. All hoofed animals spend nights together in often windowless, 

lower floors of the typical, two-story home (family members reside in the upper floor). 

Sanitation and ventilation are very poor in these livestock quarters, and this situation probably 

contributes to animal health problems. We are investigating to what extent more suitable animal 

housing can be created using local materials. As with off-farm employment, we see the lack of 

livestock commercialization as not caused by climate change, but rather it is a symptom of local 

and regional development problems.  

 

In summary, the use of PRA has been very helpful to us. Priority problems and possible solutions 

for a sample of VDCs have been identified. Complex information can be synthesized in an 

efficient manner. And while climate change is indeed a crucial challenge for Nepal, our 

interpretation is that poverty and underinvestment in local people is the dominant cause of 

priority problems here.                       
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Abstract 

In this work, projected future changes in mean surface air temperature and precipitation 

climatology, inter-annual and seasonal variability and climatic aridity/humidity conditions for 

the period 2070-2100 over the large Central Asia region with respect to present climate (from 

1970 to 2000) were simulated based on the RCP4.5 and RCP8.5 emission scenarios. Regional 

Climate Model (RegCM4.3.5) of the International Centre for Theoretical Physics (ICTP) was 

used for projections of future and present climate conditions. HadGEM2 global climate 

model of the Met Office Hadley Centre and MPI-ESM-MR global climate model of the Max 

Planck Institute for Meteorology were downscaled to 50 km for the CORDEX Region 8. We 

investigated the seasonal time-scale performance of RegCM4.3.5 in reproducing observed 

climatology over the domain of Central Asia by using 2 different global climate model 

outputs. For the future climatology of the domain, the regional model predicts relatively high 

warming in the warm season and northern part of the domain at cold season with a decrease 

in precipitation almost all part of the domain. The results of our study show that surface 

temperatures in the region will increase from 3 °C up to more than 7 °C on average according 

to the emission scenarios for the period 2070-2100 with respect to past period 1970-2000. 

Therefore, the projected warming and decrease in precipitation and also resultant or 

associated increased aridity and more frequent and severe drought events very likely 

adversely affect the ecological and socio-economic systems of this region, which is already 

characterised with mostly arid and semi-arid climate and ecosystems. 

Keywords: Central Asia, climate change, RegCM. 

1 Introduction 

Climate change can be considered as one of the most significant challenges that the world has 

ever faced in the 21st century. According to the 5th Assessment Report (AR5) of 

Intergovernmental Panel on Climate Change (IPCC), warming in our climate system is 

explicit and since the 1950s never-before-seen changes in global climate have been observed 

for decades (IPCC 2013). Negative effects of climate change have been becoming more 

severe on different spatial and temporal scales. Characteristics of the continental climate 

make Central Asia more vulnerable to global climate change than other areas (Türkeş 2010). 

Climate change studies about Central Asia based on the observation and modeling results 

indicate that Central Asia region is expected to be adversely affected by climate change 
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(Liobimtseva and Henebry 2009, Schiemann et al. 2008, Ozturk et al. 2012, Mannig et al. 

2013). Water resources are very critical for the arid and semi-arid Central Asia region, and  

its water resources are under the risk of climate change. Therefore, most of the studies focus 

on the hydrological impacts of climate change on Central Asia’s water resources (Eisfelder et 

al. 2011, Elguindi and Giorgi 2007, Hagg et al. 2013, Immerzeel 2010, Reyers et al. 2013, 

Small et al. 2013, Sorg 2012, Zou 2014). 

1.1 Data and Methodology 

CORDEX Central Asia (Region 8) is defined as a domain with the corner points at 54.76° N - 

11.05° E, 56.48° N - 139.13° E, 18.34° N - 42.41° E, and 19.39° N - 108.44° E. 

Projected changes for the period 2070-2100 in air temperature and precipitation climatology 

and variability with respect to the control period 1970-2000 were assessed for the extended 

Central Asia. The results obtained from the regional climate model (RegCM4.3.5) of ICTP 

(International Centre for Theoretical Physics) were evaluated for future projections with 

respect to simulated present climate conditions. HadGEM2 global climate model of the Met 

Office Hadley Centre and MPI-ESM-MR of the Max Planck Institute for Meteorology were 

downscaled to 50 km for the extended Central Asia by using the regional climate model. The 

future simulations were applied based on IPCC’s mid-range mitigation emission scenario 

RCP4.5 and high-emission scenario RCP8.5. In addition, in order to address model’s 

performance, simulated mean air temperature and precipitation amounts of the regional 

climate model were compared with the Climatic Research Unit’s (CRU) observational dataset 

over Central Asia for the reference period 1970-2000. For the parameterization part of the 

model, the best agreement with observational data was obtained by choosing the Grell 

scheme with the Fritsch-Chappell type closure. 

2 Results and Discussions 

2.1 Air Temperature and Precipitation Simulations for the Reference Period 

Firstly, RegCM4.3.5’s downscaling skill was examined by comparing the model results with 

the CRU observational datasets for seasonal temperature and precipitation within the 

reference period 1970-2000. The results of the model which is run by the HadGEM2 show 

that there is a cold bias in the northern part of the domain for winter season. However, cold 

bias is not generated by the model which is driven by the MPI-ESM-MR. This model has a 

strong warm bias in northeast part of the region. Cold bias is seen during all four seasons and 

in all datasets around mountainous part of the domain like Himalayas and Plateau of Tibet. 

Since we observe this cold bias in all outputs of the model which is run by two different 

datasets, this could be due to station bias. The meteorological stations are probably 

constructed in the valleys of this region. In other parts of the domain, an overall bias of model 

is between -1.5 and 1.5 °C for temperature. Thus, performance of the regional climate model 

is reliable in that parts of the Central Asia domain.   

 

For the northern and eastern parts of the domain, precipitation is generally overestimated 

especially for MPI-ESM-MR data with respect to observational data for all seasons except 

summer. Precipitation is slightly underestimated for the southern part of the domain except 

the Asian monsoon region including the Himalayas and other mountainous areas. During the 

spring, autumn and winter seasons, results of all datasets show excess precipitation over the 

mountainous areas of the Asian monsoon region. However, results are obviously different in 

summer season. In summer, precipitation is underestimated for most parts of the domain, 
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compared with the observation, whereas highly increased precipitation is estimated for the 

continental semiarid eastern and humid/semi-humid southeastern parts of the domain. 

2.2 Future Projections of Air Temperature 

In this part, we presented air temperature change projections for the future period 2070-2100 

with respect to the present period 1970-2000 based on the IPCC’s RCP4.5 and RCP8.5 

emission scenarios. For both of future periods, the projections results indicate a warming 

trend throughout the region. According to RCP4.5 model scenario results, there will be 3-4 

°C increase in temperature for summer season at all part of the region between 2070 and 

2100. Warming will be the most at northern part of the domain at winter season. The results 

of RCP8.5 emission scenario outputs of HadGEM2 global model dataset for the period 2070-

2100 is presented in Figure 1.  According to RCP8.5 model scenario results, this increase will 

be more severe and it will be more than 7 °C for almost all part of the domain and for all 

seasons.  

 

 

Figure - 1 Distribution patterns of changes in projected mean air temperatures: (a) winter, (b) spring, (c) summer and (d) 

autumn seasons 

The outputs of MPI-ESM-MR global model dataset show similar trend with outputs of 

HadGEM2 global model dataset. However, the intensity of warming projected by using MPI-

ESM-MR global model is slightly less than HadGEM2 global model projections especially in 

RCP8.5 emission scenario. 
 

2.3 Future Projections of Precipitation 

The results of RCP8.5 emission scenario outputs of HadGEM2 global model dataset for the 

period 2070-2100 is presented in Figure 2. In almost all seasons and for both cases, amounts 

of precipitation in the northern part of the domain do not change with respect to the present 

period of 1970-2000, except RCP8.5 scenario output in winter and autumn seasons. Both 

emission scenarios’ output estimate similar results for future projections. Drier conditions 

will occur for the most part of the region which is already arid and semi-arid according to the 

projections. 
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Figure - 2 Distribution patterns of changes in projected total precipitation amounts: (a) winter, (b) spring, (c) summer and (d) 

autumn seasons. 

 

For the MPI-ESM-MR global model, in all parts of the Central Asia domain, we observe 

almost no change or decrease in precipitation except the RCP8.5 emission scenario outputs. 

According to the RCP8.5 emission scenario output of regional climate model which is forced 

by MPI-ESM-MR global climate dataset, there will be an increase in precipitation in the 

northern part of the domain for all seasons. Decrease in precipitation is observed 

prominently, especially in the southeastern part of the domain.  
 

2.4 Conclusion 

We simulated future air temperature and precipitation climatology of the Central Asia domain 

by using regional climate model RegCM version 4.3.5 with different forcing data. For the 

future climatology of the domain, the regional model which is forced by two distinct global 

climate models predicts relatively high warming in the cold season and a decrease in 

precipitation almost all part of the domain. The large Central Asian region is an area which is 

extremely vulnerable to global climate change. The results of our studies indicate that surface 

temperatures in the region will increase from 3°C up to 8°C on average for period of 2070-

2100. In the future, a decrease in the amount of precipitation is also expected for the region. 

Even though we have used the results of two different global climate models together with 

regional climate model run, warming and decrease in precipitation for the domain is projected 

by both of them. Therefore, the projected warming and decrease in precipitation might 

strongly affect the ecological and socio-economic systems of this region, which is already a 

mostly arid and semi-arid environment. 
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Abstract 

Nepal is one of the most vulnerable mountainous countries in the world concerning adverse 

effects of climate change, despite its negligible amount of greenhouse gases (GHGs) emissions 

(0.025%). Moreover, recent debates have also emerged indicating that climate change impact is 

not gender neutral. Some literature related to climate change shows that women will be more 

vulnerable than men to the effects of climate change because of unequal power relations and 

limited access to resources and economic opportunities. Furthermore, the social roles and 

responsibilities of women differ according to age, position in the family, marital status and ethnic 

group. Therefore, climate change impacts are perceived differently for men and women in Nepal. 

Women are heavily engaged in climate sensitive sectors and the role of women as primary care-

givers of families, especially at the time of illness means that even slight changes in access to 

water, firewood and agricultural production increases their vulnerability. This paper addresses 

how Nepalese women themselves experience their gender position in relation to their economic 

opportunities and obstacles. Specifically, I will document the gender inequality in nutrient 

intakes, disaster preparedness, and diseases burden due to their economic situations in relation to 

environmental and climate change in Nepal.  

 

 

Keywords: Disaster, Eco-feminism, Gender, Mountains, Poverty  

 

1 Introduction 

Nepal is vulnerable to effects of global warming and climate change. Its position in the southern 

rim of the so-called “Third Pole” of our planet (the region composed of the Tibetan Plateau and 

the Himalayas), its low level of development and complex topography render Nepal particularly 

vulnerable to climate change (MoE 2010). The climate sensitive vulnerable sectors identified in 

Nepal’s National Adaptation Program of Action to climate change (NAPA) 2010 include 

agriculture, forestry, water and energy, public health, urbanization and infrastructure, and climate 

induced disasters. For example, 80% of the people directly depend on agriculture, and small 

changes in climate can induce larger changes in agriculture risk in mountain regions (Tiwari et 

al. 2012). On the other hand, gender sensitive analyses carried out in Nepal have shown that men 

and women differ with respect to climate change impacts and climate vulnerability because 

socio-cultural and institutional arrangements affect climate vulnerability (MoE 2010). Climate 
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change affects public health mainly by three pathways: (1) direct impacts by increasing the 

frequency of extreme events such as heat, drought and heavy rainfall, (2) effects mediated 

through natural systems such as disease vectors, water-borne diseases and air pollution, and (3) 

effects that are heavily mediated by human systems such as occupational impacts, under-

nutrition, and psycho-social problems (Confalonieri et al. 2007, IPCC 2014). As the published 

literature continues to focus on the effects of climate change in developed countries of the world, 

the effects on the mountainous developing countries like Nepal is grossly underreported 

(Confalonieri et al. 2007, IPCC 2014). Several challenges for conducting climate change and 

health research in developing mountainous countries like Nepal have been reported elsewhere 

which include a lack of trained human resources, financial resources, long-term data and 

information, and suitable methods that are applicable to the local context (Dhimal 2008). The 

impact of climate change will not be homogenously distributed across the geographical regions 

and socio-economic groups since the poorest countries and communities will be more vulnerable 

(IPCC 2007). Moreover, recent debates have also emerged indicating that climate change is not 

gender neutral (Denton 2004, Dankelman 2010). Women are heavily engaged in climate 

sensitive sectors and any degree of change in the availability of water, firewood, and agricultural 

production increases their vulnerability (MoE 2010). However, research based data are lacking to 

explain how exactly men and women are affected differently in Nepal. In this context, research 

must integrate a gender perspective to have a better understanding of the multidimensional 

impacts of climate change in Nepal. In this paper, I will document the gender inequality in 

nutrient intakes, disaster preparedness, and diseases burden due to their economic situations in 

relation to environmental and climate change in Nepal.  

 

1.1 Study Area and data sets  

 

Nepal is a land-locked country located along the southern slopes of the Himalayan range, with an 

altitudinal variation ranging from 60 meters above sea level in the south to mountains in the 

north rising to 8850 meters. Because of this, Nepal harbours extreme spatial and climatic 

variation ranging from alpine to tropical environments within a 200 km span from north to south, 

rendering the country rich in biological diversity (Dhimal 2008). For example, nine eco-regions, 

35 forest types and 118 different ecosystems which are rich in species diversity have been 

reported in Nepal on the basis of altitudinal, climatic and vegetation data (GON 2009). Nepal is 

not only rich in geo-physical and biological diversity but also in socio-cultural, ethnic and 

linguistic diversity despite its small territory of only 147,181 square kilometres. According to the 

latest census of 2011, Nepal has a total population of 26.49 million with 125 ethnic groups and 

123 languages spoken as mother tongue (CBS 2012). Despite having such a high socio-cultural, 

linguistic and biological diversity, Nepal ranks still as one of the least developed countries in the 

World.  

 

The socio-economic status of Nepalese women is lower than that of their male counterparts. This 

can be observed in different spheres of society. Although women constitute more than half of the 

total population in Nepal, only 19.71% of the households have the ownership of their land and 

house registered in the name of a female member of the household (CBS 2012). The proportion 

of female-headed households in the country is only 25.73% and the literacy rate of the female 

population only 57.4% compared to 75.4% in males (CBS 2012). Moreover, the social roles and 
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responsibilities of women differ according to age, position in the family, marital status and ethnic 

group (Leduce 2008). More importantly, indigenous women suffer from “double discrimination” 

based on gender and ethnicity. This review study was carried out using  peer-reviewed articles 

published in English language before July 2014 in the PubMed, Web of Science and Google 

Scholar databases.  

 

2 Results and Discussions 

Studies on climate change impacts and adaptation in Nepal is very limited. Although there is a 

growing number of climate change studies and adaptation projects in Nepal, only a few have 

examined the gender and cultural dynamics of the adaptation process (Onta and Resurreccion 

2011). However, any climate change induced event increases the vulnerability of women because 

the vast majority of these entirely rely on climate sensitive sectors (MoE 2010). For example, it 

is usually women who are responsible for collecting firewood and fetching water in rural areas, 

the shortage of those resources induced by climate change increase  work load on their shoulders 

(Denton 2004, Bäthge 2010). Limited access to water resources for women, girls and children 

increases the workload and walking distance which will eventually impact on reproductive health 

(such as uterine prolapse) and personal hygiene (Subba 1999, MoE 2010). Moreover, during 

those natural disasters that are often induced by climate change (such as floods, droughts and 

landslides) more women die than men because they are not warned, cannot swim or do not leave 

the house alone (Confalonieri et al. 2007, UNFPA 2009).  

 

Gender issues also play an important role in food security in Nepal. For example, intra-

household inequality in food distribution was found in Hindu communities of lowland Nepal. 

This invites the risk of nutrient deficiency among female subjects and should be a central focus 

for attempts to improve the nutritional and health status of not only women but also children in 

the male dominant Nepalese society (Sudo et al. 2006). The same study also reported that males 

spent more time in energy-consuming works than females and often consumed high energy 

yielding food. In Nepal it is often observed that men are usually involved in shopping in the 

marketplace and women usually spend their time either at home or farming. Thus, the larger 

consumption of marketed luxury foods by men outside their house is a significant factor for 

gender inequality in nutrient intakes in the lowlands of Nepal (Sudo et al. 2009). Maternal and 

children malnutrition is already seen as a major public health problem in Nepal and it may be 

further aggravated by environmental and climate change as erratic rainfall reduces food 

production.  

Women have less access to resources that are essential in disaster preparedness, mitigation and 

rehabilitation in Nepal and are more vulnerable to disasters. For example, during 1993 severe 

flooding in Sarlahi district of Nepal, flood related mortality is found higher for girls (13.1 per 

1000) compared to boys (9.4 per 1000) and for women (6.1 per 1000) compared to men (4.1 per 

1000) (Pradhan et al. 2007). This example suggests that as climate change manifests itself in 

weather extremes and disasters in the lives of women and men, injuries and health impacts will 

be increased by climate change and impact will be higher among females compared to males.  

Vector-borne diseases is one of the most prominent health risk identified in Nepal NAPA (MoE 

2010). Among the climate sensitive vector borne diseases, malaria is the oldest known disease. It 

is reported that more than 84% of the total population (or 22 million) are presently at risk of 
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malaria in Nepal and the country is moving towards adopting malaria pre-elimination strategy 

(2011-2016) (Dhimal et al. 2014). However, it is reported that female malaria patients in Nepal 

tended to wait longer for malaria workers to receive treatment at home (Sharma 2008), indicating 

that treatment delay is higher among women, increasing disease transmission in the community. 

Gender difference is also observed in other vector-borne diseases in Nepal.  

 

3 Acknowledgements 

 I am grateful to my supervisors Prof. Dr. Birgit Blättel-Mink and PD. Dr. Diana Hummel for 

their continuous support, guidance and inspiration to prepare this paper.  

  

4 References  

Bäthge, S. (2010). Climate Change and Gender: Economic Empowerment of Women through 

Climate Mitigation and  Adaptation? Working Paper. Governance Cluster S. Salem. Eschborn, 

Germany Working Paper. 

CBS (2012). National Population and Housing Census 2011. Kathmandu, Central Bureau of 

Statistics,  National Planning Commission Secretariat,Goverment of Nepal. 1: 278. 

Confalonieri, U., B. Menne, R. Akhtar, K. L. Ebi, M. Hauengue, R. S. Kovats, B. Revich and A. 

Woodward (2007). Human Health Climate Change 2007: Impacts, Adaptation and Vulnerability. 

Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change. M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. van der Linden and 

C. E. Hanson. Cambridge, UK, Cambridge University Press: 391-431. 

Dankelman, I. (2010). Inroduction:Exploring Gender, Envrionment and Climate Change. Gender 

and Climate change- An Introduction. I. Dankelman. London, Earthscan: 1-18. 

Denton, F. (2004). "Gender and Climate Change: Giving the “Latecomer” a Head Start." IDS 

Bulletin 35(3): 42-49. 

Dhimal, M. (2008). Climate Change and health:research challenges in vulnerable mountaoinous 

countries like Nepal Global Forum for Health Research, Young Voices in Research for Health. 

Switzerland The Global Forum for Health Research and the Lancet 66-69. 

Dhimal, M., B. Ahrens and U. Kuch (2014). "Malaria control in Nepal 1963-2012: challenges on 

the path towards elimination." Malar J 13: 241. 

GON (2009). Nepal Fourth National Report to Convention on Biological Diversity Kathmandu, 

Ministry of Forest and Soil Conservation, Goverment of Nepal 112. 

IPCC (2007). Climate change 2007: The physical sciences basis. Summary for policymakers. 

Geneva Intergovernmental Panel on Climate Change 

IPCC ( 2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 

Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. Summary for policymakers. C. B. Field, V. R. 

Barros, D. J. Dokken et al. United Kingdom and New York, NY, USA: 1-32. 

Leduce, B. (2008). Case study: Gender and climate change in the Hindu Kush Himalayas of 

Nepal New York, Wome's Environment and Development Organization(WEDO): 18. 

95 



 
 

MoE (2010). National Adaptation Program of Action to Climate Change (NAPA). Kathmandu, 

Goverment of Nepal, Ministry of Envrionment. 

Onta, N. and B. P. Resurreccion (2011). "The Role of Gender and Caste in Climate Adaptation 

Strategies in Nepal Emerging Change and Persistent Inequalities in the Far-Western Region." 

Mountain Research and Development 31(4): 351-356. 

Pradhan, E. K., K. P. West, J. Katz, S. C. LeClerq, S. K. Khatry and S. R. Shrestha (2007). "Risk 

of flood-related mortality in Nepal." Disasters 31(1): 57-70. 

Sharma, V. R. (2008). "When to seek health care: A duration analysis for malaria patients in 

Nepal." Soc Sci Med 66(12): 2486-2494. 

Subba, S. (1999). "Women, woodfuel, and health in Adamtar village, Nepal." Gender, 

Technology and Development 3(3): 361-377. 

Sudo, N., M. Sekiyama, M. Maharjan and R. Ohtsuka (2006). "Gender differences in dietary 

intake among adults of Hindu communities in lowland Nepal: assessment of portion sizes and 

food consumption frequencies." Eur J Clin Nutr 60(4): 469-477. 

Sudo, N., M. Sekiyama, R. Ohtsuka and M. Maharjan (2009). "Gender differences in "luxury 

food intake" owing to temporal distribution of eating occasions among adults of Hindu 

communities in lowland Nepal." Asia Pac J Clin Nutr 18(3): 441-446. 

Tiwari, K. R., M. K. Balla, R. K. Pokharel and S. Rayamajhi (2012). Climate change impact, 

adaptation practices and policy in Nepal Himalaya (Working draft). Climate Change and 

Development Policy. Helsinki, United Nations Univeristy and WIDER: 25. 

UNFPA (2009). Facing a Changing World: Women, Population and Climate. State of the World 

Population Report New York, United Nations Population Fund  

 

96 



 

Conservation Water bodies to Promote Better Agriculture & Water Resources 

Management towards Sustainable Livelihood -Perspective Bangladesh 

Zaber Ahmed,
 
Md. Rafiqul Islam, Borhanuddin Aronno, Md. Anwar Sadat

 

Save the River Movement, Bangladesh 

 

Abstract 

The reason why the condition of the river has become so bad is not difficult to understand. It has 

been seriously affected by pollutants that include chemical wastes of mills and factories, home 

wastes, medical wastes, and every other thing one can conceive of. The present government has 

been frantically trying to increase the water flow and bring life to the river by demolishing the 

unauthorized structures built on either side of the river and removing polythene and other debris 

from its bed. According to a recent report more than 80% of Dhaka city's requirement of drinking 

water is still being met from underground water.  If the trend continues like this our sources of 

underground water will almost completely dry up in the next 10-15 years and then we will have 

to depend fully on surface water. A World Bank study said major rivers near Dhaka the 

Buriganga, Shitalakhya, Turag and Balu  receive 1.5 million m
3
 of waste water every day from 

7,000 industrial units in surrounding areas and another 0.5 million m
3
 from other sources. If the 

pollution is not controlled, we will face a serious health crisis in near future. Bangladesh enacted 

a law in 1995 making it compulsory for all industrial units to use effluent treatment plants to 

conserve water bodies from pollution. Though many of them have this plant but they use it 

frequently for huge cost. In this context our effort is going on to conserve all the water bodies 

exclusively to overcome the climate induced threat over precious water sector as well as to 

promote better irrigation facility for agriculture, to set up improved water resources management 

towards sustainable livelihood. 

Keywords: conservation of water bodies, water resources management, sustainable livelihood. 

1. Introduction 

As populations expand and make various uses of water, rules for allocation to different users, 

water rights, its growing scarcity becomes a serious issue in developing countries such as 

Bangladesh. Water can no longer be considered a totally free resource, and plans must be 

developed for its efficient use through better management and rules that preserve everybody's 

access of it and interest in its development. Because it is a common resource, its development 

and management should involve all beneficiaries.  

The necessity of the water bodies’ preservation is more pronounced in the context of 

urbanization, waste water disposal due to rapid industrialization, filling the small lakes, canals & 

other water bodies for increased population. Urbanization & industrialization leads to conversion 

of agricultural lands to non-agricultural purpose. But it does not mean that the water bodies 

which irrigated these lands have lost their utility to the community. Because theses have a greater 

role to play in urbanized areas to capture rainwater efficiently to facilitate ground water recharge, 

which is an absolute necessity in all over Bangladesh. Further, well maintained lakes can 

augment the water supply to the cities to overcome the shortage. Lakes are the lung spaces of a 

city and climate moderators adding to thermal ambience.  
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Water bodies support aquatic and semi-aquatic eco-systems. Conservation of these water bodies 

is important to conserve the diversity of flora and fauna unique to the wetland ecosystems. Local 

and migratory birds depend on these also for food and perching. Conservation of water bodies 

can also play a remarkable role for facing the climate induced threat over agriculture and food 

security. 

A study was conducted was conducted over 4 main rivers allied with other water bodies 

surrounded by Dhaka city to assess the realistic scenario of Bangladesh in the context of the 

conservation of water bodies. 

1.1 Study Area 

The study was conducted over four major rivers of Bangladesh surrounded by Dhaka, Gazipur & 

Narayanganj city named Buriganga, Turag, Shitalakya and Balu. The study was taken place mainly to 

assess the realistic scenario of the water body conservation of Bangladesh. 

1.2 Objective of the Study 

The study focused the following objectives. 

 To assess the present scenario of the water bodies in the context of pollution. 

 To disclose the sensible relation of water bodies with agriculture 

 To assess the level of importance of conservation of water bodies for sustainable water 

resources management & livelihood. 

 

2. Conservation of Water Bodies – Historical Perspective 

The Valle Mesquite represents the world largest area of wastewater irrigated agriculture. The 

valley is located in the Mexican high plateau, at an altitude of between 1700 and 2100 m above 

sea level, and about 60 km north of Mexico City. The area is irrigated using water from the 

conserved water bodies about 1900 million m
3
/year.  

One of the largest conserved water-fed systems for fish production is located near Kolkata, 

immediately east of the city (Edwards and Pullin, 1990). The Kolkata wetland system has 

developed over the past100 years due to uncontrolled discharge of wastewater and urban run-off 

from Kolkata. The wetland receives about 550,000 m3/d of untreated water & the system 

generates about 13000 t/y of fish.  
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3. Major Issues Regarding Rivers of Bangladesh 

There are some very specific issues regarding rivers of Bangladesh which should be noticed with 

utmost emphasis. 

 

Sedimentation at the Upstream 

Because of the sedimentation on the upstream, the flow of rivers gets cut off, especially during the dry 

season. Which is why not a single drop of water flows into the river system at that time, informs the 

hydrologists and engineers of Bangladesh Water Development Board (BWDB). During this 

period of time the system basically carries sewage and industrial effluents. 

 

 Population Explosion: 

It is estimated that world population is doubling every thirty-five years. But in case of Bangladesh it takes 

twenty- twenty five years. We know that every additional person add extra pollution. Sadarghat, the 

most familiar point of Dhaka is used everyday about 2.5 lakh people for their journey. Most of them 

illiterate and do not know how to use river side area properly They thrown water bottle, paper and other harmful 

things into the  river water. And in the same way rivers are polluting vastly all over the country. 

 

Encroachment and Land Grabbing: 

Encroachment, of course, has always been a big threat to river seating away the banks and 

narrowing them further and further. Over the years, landfills created on the river have narrowed its 

width at many places near the city. The encroachers have set up platform like structures on the 

rivers and gradually filled out the bottoms by piling up earth and rubbish. Even multi-storied 

structures have been built on encroached area which narrowing it down. 

 

 Disposal of   Solid & Domestic Waste:  

This is very common scenario that we have been dumping domestic wastes and solid wastes into 

the rivers since the Mughal period. After hundreds of years, government agencies such as 

Rajdhani Unnyan Kartripakkha (Rajuk), Dhaka City Corporation, Water Supply and Sewerage 

Authority (WASA), have failed to stop disposal of solid wastes and domestic wastes into the 

river bodies, state several reports on the River pollution. According to several studies, each day about 

900 cubic metres untreated domestic and human waste are discharged into the rivers around Dhaka.  

 

Sewage and Industrial Waste: 

Experts identified nine industrial areas in and around the capital city Tongi, Tejgaon, Hazaribag, Tarabo, 

Narayanganj, Savar, Gazipur, Dhaka Export Processing Zone and Ghorashal the prime sources of 

river pollution. Most of the industrial units of these areas have no sewage treatment plants 

of their own. More than 60,000cubic meters of toxic waste including textile dying, printing, washing 

and pharmaceuticals are released into the main water bodies of Dhaka every day. On the other hand, 

appropriate system of removing waste of the river is absent. As a result, the lifted dirt is loaded 

on the bank of Buriganga instead of throwing it to the dumping stations.  
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Tannery Waste 

There are about 200 leather tanneries in the Hazaribagh district of Dhaka, the capital. Some use 

modest technology and machinery, but most operate as they did decades ago and release untreated 

toxic chemical waste near residential areas. The first thing you notice when you walk through the streets 

of Hazaribagh is the horrible and seemingly all- pervasive stench of tanning chemicals. According to 

the Department of Environment, the tanneries discharge22, 000 cubic meters of untreated liquid 

toxic waste daily into the rivers, gutters and canals that run alongside in the roads of Hazaribagh. 

Toxins are also leaching into groundwater. 

 

 4. Impact of Conservation of Water Bodies on Water Resource Management & Livelihood 

All major terrestrial biota, ecosystems, and humans depend on freshwater (i.e. water with less than 100mg 

L−1 salts) for their survival and the demand of water is increasing for the diversification of lifestyles (Kim 

and Cho 1993). The earth’s water is primarily saline in nature (about 97%). Of the remaining (3%) water, 

87% of it is locked in the polar caps and glaciers. This would mean only 0.4% of all water on earth is 

accessible freshwater. Unfortunately precipitation patterns and hence distribution of freshwater resources, 

around the globe is far from even. So conservation of water bodies can lead us a sustainable water 

resource management.  Developing world countries tend to have the lowest levels of water resources 

management or water body conservation. Often, the water that farmers use for irrigating crops is 

contaminated with pathogens from sewage. The pathogens directly affect farmers’ health and indirectly 

affect consumers if they eat the contaminated crops (llic. S. Drechsel, P. Amoah, Ch-12, Applying the 

Multiple-Barrier Approach for Microbial Risk Reduction in Wastewater Irrigated Vegetables). So 

conservation of water bodies can save us from pathogenic contamination. One of the biggest concerns for 

our water-based resources which is related to people livelihood in the future is its sustainability. Finding a 

balance between what is needed by humans and what is needed in the environment is an important step in 

the sustainability of water resources. The field of water resources management will have to continue to 

adapt to the current and future issues facing the allocation of water. With the growing uncertainties of 

global climate change and the long term impacts of management actions it is likely that ongoing climate 

change will lead to situations that have not been encountered. (Walmsly. N  & Pearoe. G, 2010, Towards 

Sustainable Water Resource Management). So conservation of water bodies has supreme necessity in the 

context of sustainable livelihood. 

 
5. Conclusion 

So finally it can be declared that undoubtedly conservation of water bodies has utmost necessity 

for sustainable water resource management sustainable livelihood as well. To promote better 

conservation we should follow mainly three steps- a) Technological Innovation. b)Strong 

Legislation c)Public awareness. 
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Abstract 

Although hydro-meteorological data for the Hindu-Kush Himalayan (HKH) region are scarce, 

the available data indicate that its warming trend is more pronounced in the highlands than 

lowlands. Accordingly, a shift of disease vectors and disease transmission to higher elevations is 

predicted under both observed and future climate change scenarios. At least five major vector-

borne diseases (VBDs), namely malaria, lymphatic filariasis, Japanese encephalitis, visceral 

leishmaniasis (kala-azar) and dengue fever are endemic in HKHR, all caused by pathogens that 

are transmitted to or among humans by insect vectors that are sensitive to temperature and thus, 

ultimately, to climate change. For this study, we reviewed and summarized information on 

climate change and the distribution of VBDs in HKH region from the published literature until 

October 2014, including findings of our own field research in Nepal. We found a distinct shift of 

VBD incidences with an expansion of autochthonous cases to previously non-endemic areas 

including mountain regions. The distribution of the diseases and their vectors, which were 

previously believed to be confined to the tropical and sub-tropical region, is now observed to 

extend to the hills and mountains of HKH region. Given the establishment of relevant disease 

vectors at altitudes of already at least 2,000 m above sea level, climate change can intensify the 

risk of VBD epidemics in the fragile HKH region. Finally, the wider distribution of these 

important disease vectors in regions that had previously been considered to be non-endemic calls 

for a regional collaboration for extending and scaling-up VBD surveillance and control programs 

in HKH region to protect the health of both local people and mountain tourists.  

 

 

Keywords: Climate Change, Human health, Mosquito-borne diseases, Mountains, Poverty  
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1 Introduction 

There is increasing evidence about the impacts of climate change on public health. Climate 

change affects public health mainly by three pathways: (1) direct impacts by increasing the 

frequency of extreme events such as heat, drought and heavy rainfall, (2) effects mediated 

through natural systems such as disease vectors, water-borne diseases and air pollution, and (3) 

effects that are heavily mediated by human systems such as occupational impacts, under-

nutrition, and psycho-social problems (Confalonieri et al. 2007, IPCC 2014). As the published 

literature continues to focus on the effects of climate change in developed countries and other 

mountain regions of the world, the effects on the mountain populations residing in the Hindu 

Kush Himalayan (HKH) region  is grossly underreported (Confalonieri et al. 2007, IPCC 

2014).Vector-borne diseases (VBDs) which are transmitted pathogens that are transmitted to or 

among humans by insect vectors that are sensitive to temperature, rainfall and humidity  and 

thus, ultimately, to climate change (Mills et al. 2010, Tabachnick 2010). As VBDs are now 

emerging in the highlands and high latitude regions causing significant morbidity and mortality, 

the role of climate change on VBDs should be explored as a priority in those areas and countries 

where disease surveillance systems and reporting efforts are weak.  It is estimated that more than 

half the world’s population is already currently at risk of VBDs caused by pathogens that are 

transmitted to or among humans by insect vectors (WHO 2014). At least six major VBDs, 

namely malaria, lymphatic filariasis (LF), Japanese encephalitis (JE), visceral leishmaniasis (VL, 

also known as kala-azar), chikungunya and dengue fever (DF) are endemic in HKH region. For 

this study, we reviewed and summarized information on climate change and the distribution of 

VBDs in HKHR from the published literature until October 2014, including findings of our own 

field research in Nepal. 

 

1.1 Study Area and data sets  

 

The Hindu-Kush Himalayan region spans over four million square kilometers, constituting 

approximately 18% of the world’s mountainous areas. This area includes all of Nepal and 

Bhutan, and the mountainous areas of Afghanistan, Bangladesh, China, India, Myanmar and 

Pakistan (Singh et al. 2011).  The Himalayan region is particularly vulnerable to climate change 

because  the rate of warming in the Himalayas has been reported to have been much greater 

(0.06°C yr-1) than the global average in the last three decades (Shrestha et al. 2012).  

Over 200 million people live in the mountains, valleys, and hills of the Hind Kush-Himalayan 

region and an estimated 3 billion people benefit from the water and other goods and services that 

originate in the mountains of this region (Singh et al. 2011). We searched for peer-reviewed 

articles published in English language before July 2014 in the PubMed, Web of Science and 

Google Scholar databases.  

 

2 Results and Discussions 

Over the last decade, the distribution of these diseases and their vectors, which were previously 

believed to be confined to tropical and sub-tropical regions, is now observed to extend to the 

hills and mountains of the HKH region. For example, the geographical area with autochthonous 

dengue virus transmission has extended to include Bhutan and Nepal since 2004 and 2006, 
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respectively (Malla et al. 2008, Dorji et al. 2009) and the primary dengue vector Aedes aegypti 

has already expanded its regional range to at least above 2, 000 m altitude (Aditya et al. 2009, 

Dhimal et al. 2014c, Dhimal et al. 2014e, Dhimal et al. 2014f). The first autochthonous cases of 

chikungunya (also transmitted by A. aegypti) were reported in Bhutan and Nepal in 2012 and 

2013, respectively (Wangchuk et al. 2013, Pun et al. 2014). The presence of the principal vector 

of Japanese encephalitis virus (JEV), Culex tritaeniorhynchus, and of JEV circulation itself in 

the mountainous regions of Tibet and Nepal has been reported (Partridge et al. 2007, Bhattachan 

et al. 2009, Li et al. 2011, Dhimal et al. 2014c).  A series of autochthonous VL cases are now 

being reported in new areas, mostly in the hill and mountain regions of Nepal and Bhutan- 

previously considered to be non-endemic for this disease (Pun et al. 2013, Bhatia R et al. 2014). 

The principal vector of LF, Culex quinquefasciatus, has already established its range above 2,000 

m and LF cases are increasingly reported from mountain regions (Dhimal et al. 2014c, Dhimal et 

al. 2014f). Although the burden of malaria has declined over the years, malaria cases and their 

vectors have also expanded their range into higher altitudes (Narain 2008, Dhimal et al. 2014b, 

Dhimal et al. 2014a, Dhimal et al. 2014c). More importantly, knowledge of people residing in 

highlands on the prevention and control of diseases such as dengue is reported very low (Dhimal 

et al. 2014d).  

 

Available hydro-meteorological data for the HKH region, although scarce, indicate that the 

region’s warming trend is more pronounced than in other parts of the world (Shrestha et al. 2012, 

Kulkarni et al. 2013). Climate change, alongside landscape change and population dynamics is 

resulting in environmental changes in the HKH region (Singh et al. 2011). This drives a shift of 

disease vectors and disease transmission from tropical regions into temperate regions and 

highlands, as has been predicted for both observed and future climate change scenarios (Chen et 

al. 2011, Caminade et al. 2014, Liu-Helmersson et al. 2014, Siraj et al. 2014). It has also been 

reported that the increasing movement of people and imported cases, in the presence of 

appropriate weather conditions, can initiate autochthonous epidemics of vector-borne diseases 

(VBDs) (Stoddard et al. 2009, Shang et al. 2010). The establishment of relevant disease vectors 

at altitudes of at least 2,000 m above sea level, the increasing movement of people between 

endemic and non-endemic areas and number of imported cases in the previously considered non-

endemic areas of this region, and climate change can intensify the risk of VBD epidemics in the 

fragile and previously non-endemic areas of HKH region. Hence, the wider distribution of these 

important disease vectors in regions that had previously been considered to be non-endemic calls 

for a regional collaboration for extending and scaling-up VBD surveillance and control programs 

in HKH to protect the health of both local people and mountain tourists.  
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 Abstract 

The climate regions of India are dominated by Monsoon climate conditions. Monsoon 

precipitation in India is distributed in a highly variable manner in both space and time. It 

generates significant runoff in river basins of India, which is the main source of water for all 

sectors. Climate change is one of the prime influencing factors in occurrence of monsoon which 

lead to runoff variations in Indian River basins.  Hence, it is necessary to assess the impact of 

climate change on water resources. The ability to assess the potential impact of climate change 

on water resources depends on the availability of climate model database. Present paper focus on 

the study of climate change impacts on water resources using climate model database and Soil 

and Water Assessment Tool (SWAT) model. Study has been carried out for the part of Krishna 

river basin, India. The climate model database used in the study is Coordinated Regional Climate 

Downscaling Experiment (CORDEX) of South Asia dowscaled by using Global Circulation 

Models of Coupled Model Intercomparison Project Phase 5 (CMIP5). The required climate 

variable data such as minimum temperature, maximum temperature and precipitation for the 

present and future projections are bias corrected for the study area in R programming 

Environment. Observed climate variables obtained from IMD Pune, India are taken as the inputs 

in SWAT which is calibrated and validated using observed stream flow data of 1970 - 2005 from 

CWC, Hyderabad, India.  The observed runoff and simulated runoff from the Climate Model 

Database for the historic and projected period are analysed to assess the impact of climate 

change on the part of Krishna River basin, India. 

Keywords: Climate change impacts, Climate Model database, River basin, SWAT, Water 

resources 

1. Introduction 

Major sectors like Agriculture, Forestry, Mining, Energy resource extraction, Electric power 

supply and Public water supply etc., directly rely on Water Resources. Climate change is one of 

the factors which affect the Water Resources. The most commonly identified issue regarding the 

predicted changes in the climate during the coming century is inter annual-to-decadal variability 

of warming due to increase in Temperature. Extreme precipitation events over most of the mid-

latitude land masses and over wet tropical regions will very likely become more intense and 

more frequent in this century, as there is an increase in global mean surface temperature (IPCC 

2013). In India, Monsoon precipitation is distributed in a highly variable manner in both space 

and time (Diwan 2002). These expected climatic changes have been detected and already 

resulted in measurable impacts on the Physical Environment.  

Water resource management in terms of water quantity, quality and aquatic ecosystem 

sustainability is possible only with the accurate information on the spatial variability of Water 
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resources and the assessment of potential impacts of climate change on future Water resources. 

The Soil and Water Assessment Tool (SWAT) was employed to simulate hydrologic processes 

in different watersheds (Arnold et al., 1998; Neitsch et.al., 2005). Calibration and validation of 

the SWAT model was carried out by applying the ranges of the sensitive parameters at multiple 

gauge stations in a watershed (Jeong et. al., 2010). Under the changing climate conditions, 

hydrological modelling is important for studying the potential changes in hydrology of Water 

resources and for projecting the possible impacts on water resources due to climate change 

(Gosain et al., 2011; Narsimhulu et al., 2013). The ability to assess the potential impact of 

climate change on water resources depends on the availability of climate model database and 

Hydrologic Model.  

The goal of this study is to assess the potential Impact of climate change on a part of Krishna 

River basin, India. The SWAT has been manually calibrated and validated with the measured 

stream flow from multiple gauged sites. After the SWAT Model was Calibrated and validated for 

the watershed , bias corrected downscaled future climate projections from three RCMs has been 

used to drive the validated SWAT Model to assess the impact of climate change on water 

resources in a part of Krishna River Basin. 

2. Study Area 

The Krishna River and its tributaries form an important integrated drainage system in the central 

portion of the Indian Peninsula. The study was carried out in Upper Krishna a part of the Krishna 

River Basin which includes Upper Bhima, Lower Bhima and Upper Krishna sub basins (Figure 

1).  

    

   Figure 1: Location Map of the Upper Krishna river basin 

Data sets 

The Geospatial data used for the assessment are 90m Digital Elevation Model (DEM) obtained 

from Shuttle Radar Topography Mission (SRTM), Landuse/Landcover obtained from Global 

Irrigated Area Mapping (GIAM) of International Water Management Institute, Soil Map and its 

characteristics from the www.waterbase.org. The Stream flow data measured from Central Water 

Commission (CWC) Hydro observation sites were used for SWAT calibration and Validation. 

Daily stream flow data recorded from 1976 to 2005 are available for 25 stations distributed 

within these three sub basins.  

SWAT requires daily climate data including Precipitation, Maximum and Minimum 

Temperatures to drive the model.  Observed climate data used in the present study are 

Precipitation, Maximum and Minimum Temperatures of 1970 to 2005 for 0.5⁰ x 0.5⁰ grids are 
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obtained from IMD Pune, India. Climate model data of 3 RCMs from Coordinated Regional 

Climate Downscaling Experiment (CORDEX) of South Asia outputs of 0.5⁰ x 0.5⁰ resolutions 

for Base line (1970 - 2005), Future (2006 - 2040) for RCP 4.5 scenario obtained from Centre for 

Climate Change Research (CCCR), Indian Institute of Meteorology (IITM), Pune, India. 

 

3. Methodology 

SWAT was employed to simulate hydrologic processes in the three sub basins of the Upper 

Krishna river basin. SWAT model was set up for the Upper Krishna with the obtained Geospatial 

data and 42 sub basins were delineated in Upper Krishna. The observed climate data including 

Precipitation, Maximum and Minimum temperature from 1970 to 2005 were input to SWAT. 

The first five years simulations were used as a spin up period and excluded from the Analysis. 

The model is Calibrated manually for 1976 to 1990 and Validated for 1991 - 2005.The climate 

Model database obtained are bias corrected in R Programming Environment and is  applied in  

calibrated SWAT Model to simulate the Hydrologic components of the Upper Krishna for the 

Base line period  (1970 - 2005) and Future period (2006 - 2040) periods.    

 

4. Results & Discussions 

The Measured Stream flows during 1975-1990 at the CWC stations Arjunwada, Narsigpur and 

Huvinhedgi were used to calibrate SWAT. Flow validation was conducted using the stream flow 

data for the period from 1991 to 2005. Calibrated (Figure 2) and Validated (Figure 3) mean 

monthly variations of the stream flow at these stations shows the similar trend.  

 

Figure 2 : Calibrated Mean Monthly variations at CWC stations of Arjunwada , Narsingpur and Huvinhedgi for 1976 to 
1990.  

 

Figure 3 : Validated Mean Monthly variations at CWC stations of Arjunwada , Narsingpur and Huvinhedgi for 1991 to 
2005.  
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The calibrated SWAT Model has run with the bias corrected climate data for the period 1970 to 

2005, 2006 to 2040 obtained for three RCMs of CORDEX. The daily simulated Hydrographs of 

all the Climate Models for fifteen years of Baseline and Future periods with the observed stream 

flow, simulated stream flow at Arjunwada are as shown in the Figures 4 and 5 respectively.  

 

Figure 4: Simulated Hydrographs with observed and RCMs for the Calibration Period of Arjunwada. 

 

 

Figure 5: Simulated Hydrographs of three RCMs for the future Periods. 

5. Conclusions 

From the simulated Hydrographs, it is observed that climate data Model data is able to capture 

the Stream flow events. Two among the three RCMs are showing the similar trend where one 

model is showing high peak flows for some period. It is observed that the less change in the 

Stream flow by the end of the Future projection period. However these results have to be further 

studied with ensemble of climate models to check the validity of results.  
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Abstract  

Farming communities in South Asia face increasing challenge of food insecurity due to 

progressive climate change and variability. Transformation of existing agriculture system to 

climate-smart agriculture practices is an appropriate strategy to address this emerging and 

unavoidable challenge. However, adoption of such practices is largely dependent on farmers‟ 

preferences, knowledge and their investment capacity. This study explored potential 

technological options for climate risks management in rice-wheat cropping system, listed the 

most preferred technologies and/or interventions, and assessed the farmer‟s willingness to pay 

for them in Rupandehi district of Nepal. The selected interventions were based on five broad 

categories of climate smart agriculture i.e. water smart, nutrient smart, energy smart, knowledge 

smart and carbon smart. All primary data were collected using household survey, focus group 

discussion and KIIs with different stakeholders. Data collected were analyzed using analytical 

tools such as indexing of available agricultural technologies. Besides, the assessment relied on 

farmers‟ stated preferences and willingness to pay for selected climate smart interventions in rice 

and wheat crops. Results showed that direct seeded rice (DSR) and wheat, laser land leveling 

(LLL), crop insurance, zero tillage (ZT) and agro-advisories were most preferred climate smart 

interventions in rice and wheat crops. Farmers‟ preferences for technologies and interventions in 

the selected study areas are marked by some commonalties as well as differences. This 

assessment of farmer‟s preferences and their willingness to pay for climate-smart interventions 

can help adaptation prioritization in agriculture sector.  
 

Key words: Climate change, Climate smart, Transformation, Willingness to pay (WTP) 

 

1. Introduction 

Agriculture and forestry contributes 35% to national gross domestic product (GDP) in 2011/12 

(CBS, 2011/2012). The majority of Nepalese farmers are subsistence farmers with mixed 

(livestock and crops) farms. Environmental and economic sustainability of farming systems 

depends on sustainable and appropriate use of resources and use of environment friendly 

techniques of crop production, which is affected by lack of farmers‟ knowledge, unavailability of 

resources on time, unexpected variation on climate, etc. Annual temperature increase in Nepal 

between 1975 and 2006 was 0.042 °C yr
-1

 while rainfall is also becoming more erratic which 

increases the risk of soil degradation (Malla, 2008). The impacts of climate change in agriculture 

are mostly related to declining performance. Thus, there is a challenge of formulating 

adaptation/mitigation strategies in the face of climate change scenarios and increased climate 

variability.  

 

Rice, wheat and maize are the major staple food in Nepal, covering significantly higher area of 

total cultivated land. Because of food habit and lack of other economic activities many people 

are involved in agriculture especially on rice, wheat and maize production in Terai and mid-hills. 
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Moreover, Nepalese farming system mostly depends on seasonal rainfall pattern and 

temperature. Fluctuation on climatic condition may adversely affect the crops production, which 

ultimately affects peoples‟ economic activity and 

food security. This situation cannot be separated 

from the Rupandehi district where about 70% 

people are involved in agriculture (DADO, 

2010/2011) and are producing rice and wheat 

covering about 85% and 36% area of total 

cultivable area, respectively (MoAD, 2011/2012). 

Changes in rainfall pattern and temperature have 

caused this industry more vulnerable. The major 

issues are erratic rainfall, long-term drought 

followed by heavy rain and severe flood causing 

great damage to the crops and crop lands every 

year (Malla, 2008). The combined effect of 

different issues has caused rice-wheat industry 

most vulnerable to climate change. Therefore, rice 

and wheat are selected for this pilot study.  

 

2. Methodology 

Rupandehi district of the western Terai was chosen as the target domain. Within the district two 

Village Development Committees (VDCs), Kerwani, and Hatibangain were selected based on 

the dominant soil type, the percentage of cultivated area (FAO cultivated area grids) and 

wards/villages and households selection were random mainly based on consultation with the 

villagers and information available on village profile. Altogether 71 households were 

interviewed with semi-structured questionnaire to obtain baseline data on farmer‟s practices and 

such data were also validated through series of focus group discussions. List of farmers adopting 

the climate smart technologies as provided by National Wheat Research Program 

(NWRP/NARC) were interviewed to collect information on their farming practices.                                                     

  

  

Analytical Approach 

Ex ante assessment was undertaken to assess the five indicators: efficiency, equity, gender, 

environmental and sustainability of natural resources as suggested by Joshi (2013) of each 

intervention and prioritize for their up-scaling in different sites.  The proxy indicators developed 

under each intervention were used for comparing with the farmers preference (baseline data) for 

index development. For index development was done as follows: Index 

=
                              

                            
     

Finally composite index of various interventions for each crop was obtained taking average of all 

five indicators. Besides, study was conducted to identify the willingness to pay of farmers for the 

available technologies using Contingent Valuation (CV) method.  

Figure 1: Map of Rupandehi District Showing Selected VDCs 
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Technology Preference through Ranking and Bidding Process  

For preference ranking farmers' group were allowed to rate from “0” to “3” (“0” for poor, “1” for 

low, “2” for medium and “3” for high) based on their judgment for each technology presented. 

These rating levels were assigned values from “0” to “100” in the order of „0-25‟, „25-50‟ ‟50-

75‟ and ‟75-100‟, respectively. After scoring bidding was done for which a hypothetical market 

value was given for each technological option for rice and wheat production. Farmers were 

allowed to bid for only those technologies for which they had given a score of 3, irrespective of 

the frequency, which determined their rank. For this, bidding game was conducted with fake 

money provided and respondents were asked to start from an original offer and bid to continue 

until the maximum WTP has been reached. Final value for each technology was taken for the 

estimation. A two-parameter criterion-weight assigned to a given technology and the bid 

frequency was used to determine the level of preference.  

Technological weight in bidding game= 


g
X

Xg

1

 X 100 ………………. (1) 

Xg      =    Bid amount/score assigned by a group „g‟, where „g‟ = 1, 2, 3…n 


g
X

1
 = Cumulative bidding amount/assigned value for all technologies  

Average Weight of technology (AvWt) = 
n

Xi
n

i


1 …………………………………. (2) 

 X  = sum of total wt. given for each technology by „n‟ group  

n = number of groups participating in bidding 

All technology had given the same weight, and scale was assigned 0 -100. Therefore, the mean 

weight would be; 

Mean Wt. for each technology (MWt) = 
N

100
…………………… (3) 

N = number of available technologies   

Finally, decision was made based on the estimated values of WTP and criteria below were 

considered:  

Technology with average wt. (AvWt) ≥ mean wt. (MWt.) will have high weight for intervention 

and if technologies with average wt. (AvWt) ≤ mean wt. (MWt.) will have low weight for 

intervention.  
 

3. Results and Discussion  

Index value calculation for different technologies of rice 

Indexing value showed that higher production efficiency, over farmers‟ practices, was observed 

in all technologies except green manuring rice. This was due to higher productivity in other 

technologies. Similarly for equity index, employment generation and higher calorie production 

was observed higher for DSR using machine (after plowing), System of Rice Intensification 

(SRI) and LLL. Female participation was calculated under gender index. In zero till DSR and 

green manuring no female participation was observed while higher proportion of female 

participation was observed in farmers practice. Nitrogen use efficiency and energy use efficiency 

(fuel consumption by each technology) were considered for sustainability index value 

calculation. This value was calculated higher for zero till DSR (253) indicating that higher 
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sustainability than other farming technologies and that of least value was calculated for green 

manuring rice (65). Environmental index was calculated using secondary source of data. 

Environment index was found 

higher for green manure applied rice 

field indicating that green manuring has 

higher potential of greenhouse gas 

emission (283 Kg ha
-1

CO2 equivalent) 

than other technologies. The lowest 

emission values were calculated for DSR 

using machine and DSR hand 

broadcasting. 

Finally, the composite index 

result showed that technologies such as 

DSR-hand broadcasting on tilled plot, 

DSR-machine on tilled plot had highest 

index value followed by DSR-ZT, SRI 

and LLL, respectively. On the other 

hand, Green manuring rice field showed 

the lowest value than that of farmers 

practice. Therefore, composite index values higher than farmers practice were considered for the 

scaling-up. However, primary source of GHG emission data, land holding size, type of land and 

farmers preference should be kept in mind while implementing such practices, which were 

beyond the scope of this study. 

 

In WTP bidding process, the average weight of DSR-ZT (14.4%), crop insurance (18.62 %) and 

LLL (20.0%) and agro-advisories (13.7%) were estimated higher than mean weight of respective 

technologies (12.5 %). This indicated that the above mentioned technologies were considered as 

high weight intervention compared to other available interventions for rice. While during scoring 

process, higher preference was given to DSR-ZT (4) and crop insurance (4). The comparison of 

the scoring and bidding process in case of LLL which scored 3 in scoring improved its position 

to 4 in bidding. This indicated higher interest of farmers in LLL as it offered three different 

benefits to the farmers i.e. great potential for water saving, better environmental quality and 

higher grain yield (Jatet.al., 2006). Likewise for wheat, higher scoring and bidding was given to 

crop insurance however in case of other technologies such as ZT-wheat, Power Tiller Seed Drill-

wheat, and agro-advisories level of preferences increased 3 in scoring to 4 in bidding. This 

improvement might be due to preference of farmers towards technologies which save water by 

reducing the number of irrigations cutting the cost of irrigation hence enhancing their incomes. 

Thus, it can be concluded that these technologies were considered for higher investment. After 

comparing scoring and bidding methods, high preference and low preference technologies were 

separated. Four technologies for each rice and wheat crops were given high importance by 

farmers‟ groups. 
 
 

4. Conclusion 

This study was conducted to identify the willingness to pay of farmers in Rupandehi district for 

adopting different techniques and technologies that are environmentally sound, socially just and 

economically viable for rice and wheat production. The results showed that farming is the major 

Figure 2: Indices of different indicators developed for each intervention 
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source of livelihood (67% people engaged in agriculture) in terms of local food security and self-

employment in the research site. The assessment of the WTP for rice and wheat technologies 

showed farmers‟ higher interest on four technologies of rice: DSR-ZT, crop insurance, LLL-rice 

and agro-advisories. Among these, first three were the most preferred technologies. Similarly, in 

case of wheat farmers were willing to pay higher for ZT-wheat, Power till seed drill, crop 

insurance and agro-advisories. From the findings of this study, it seems that there are some 

technologies of rice and wheat that farmers are interested to pay higher. Therefore, higher 

investment can be made for those highly ranked technologies particular for that region however, 

keeping in mind the land holding size and type of land while implementing such interventions,  

 

Nevertheless, higher variation in agro-climate, landscape, soil type of Nepal, technology 

designed for one location/site may not feasible for other places. Also, for CV method assessment 

of education levels, age, capital, income, farm size, access to information, positive environmental 

attitudes, environmental awareness, utilization of social networks, family labor etc should be 

considered during the study, however, since this is the pilot study to assess the WTP for rice and 

wheat technologies by Rupandehi farmers, the information collected  was limited.  Thus, the 

results obtained on this research should be considered totally site specific.  
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Abstract 

MetGIS (Meteorological and Geographic Information System, www.metgis.com) is a 

powerful international weather prediction tool specialized in the production of extraordinarily 

detailed forecast maps, with a particular focus on snow and mountain weather. It has been 

developed within the framework of a number of interdisciplinary international research 

collaborations. A major feature of MetGIS is the application of highly innovative forecast 

techniques, combining the output of numerical weather prediction models like GFS and WRF 

with extremely high resolution topographic data. Especially over mountainous terrain this 

results in a clear advantage of MetGIS compared to conventional meteorological forecast 

systems, since the exact altitude and location of forecast points enters the prediction process. 

The construction of highly detailed forecasts is possible, covering small-scale areas with 

horizontal resolutions of 100 m and beyond. Important forecast parameters are temperature, 

precipitation, fresh snow, the snow line, wind, clouds and the risk of showers. Moreover, the 

very detailed representation of orography included in MetGIS allows for an easy and efficient 

detection of terrain sections above the freezing level or concerned by a a particular mode of 

precipitation (rain, snow, sleet or freezing rain). The elaborate topography is also the base for 

the construction of interactive forecasts maps depicting vertical profiles across mountain 

sections, including all relevant meteorological parameters and their time variation. 

Recently, MetGIS has been extended to produce high quality real-time mountain weather 

forecasts also for the Himalayas. Successful operational applications in India and Bhutan 

have proved its high potential for improving the meteorological predictions also over the 

world’s highest mountains. 

Keywords: downscaling, small-scale forecast, complex orography, mountain weather, 

snowfall 

1. Introduction 
High-resolution precise meteorological forecasts, in particular of snowfall, are of big 

importance for all people and institutions whose activities depend on mountain weather. 

Unfortunately, operational numerical mesoscale weather forecast models still operate with 

gridpoint distances way too large to be able to cope with small scale variations of 

meteorological parameters as frequently observed over dissected terrain. In order to refine the 

forecast of these numerical models, a variety of statistical and dynamical downscaling 

methods have been developed (Schmidli et al., 2007). However, many of  these are still not 

suitable for operational application, and those who are, normally do not take full advantage of 

the huge potential which the connection of the forecast model output with high-resolution 

terrain data bases may offer. In an attempt to encounter the above depicted problem and to set 

the base for the successful development and application of meteorological downscaling 

algorithms based on high resolution topography, MetGIS, a combined Meteorological and 

Geographic Information System, has been created. 
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2. Development of MetGIS 
MetGIS was developed in collaboration with several international meteorological 

organizations and atmospheric research institutes, having the latest techniques of software 

engineering in mind. For a detailed description of the early development process of MetGIS 

see Spreitzhofer and Steinacker, 2006. 

 

3. Components of MetGIS 
The basic structure of MetGIS is depicted in Figure 1. The system is fed by the gridpoint 

output of meteorological mesoscale forecast models. Operating these models is not part of the 

MetGIS system proper. Currently the GFS (Global Forecast System) of the US National 

Weather Service and WRF are used, but any other numerical forecast model, delivering the 

output on common grids might be utilized to drive MetGIS.  

 

Integral part of MetGIS is an independent, purely Java-based Geographic Information System 

(GIS) which relies on ASTER data of NASA, with horizontal resolutions of up to 30 m. The 

GIS essentially has two functions: to support the forecast visualization modules with 

geographic background information, and to deliver very detailed topographic input to the 

downscaling module. The latter, partly based on “VERA-style” techniques (Steinacker et al., 

2000, 2006), produces high-resolution meteorological forecast fields. These refined 

predictions can be visualized in the MetGIS Web Interface. 

4. Real time Application of MetGIS 
The partly password-protected MetGIS Web Interface (http://www.metgis.com) is the main 

point of access to the system for applied users (avalanche control staff, traffic operation 

centers, etc.). Beside MetGIS sample forecasts for mountain regions around the world, this 

user-friendly web site offers real-time downscaled short-range forecasts for a number of 

predefined geographic areas, parameters and display styles in 8 languages. Currently 

graphical forecasts for 212 regions covering mountainous terrain are computed 4 times a day, 

all with a forecast range of 7 days and a forecast interval of 3 hours. Since recently MetGIS 

forecasts also cover the Himalayas of India, Nepal and Bhutan. User response has been quite 

encouraging so far.  

Currently delivered forecast parameters are air temperature (Figure 2), mode of precipitation 

(snow, sleet or rain, Figure 3), fresh snow amount precipitation amount, snow limit, 

cloudiness and wind.  

5. Conclusion and Outlook 
MetGIS is a promising interface between geographic and meteorological information systems 

which produces terrain-adjusted meteorological forecasts with a specific focus on snow in 

resolutions till now unknown in operational weather prediction systems. The forecast quality 

of MetGIS will permanently increase, since gradually more VERA-style downscaling 

techniques will be implemented. Due to the global coverage of GFS forecasts and the sort of 

geographic data used, operational MetGIS predictions can be produced for any mountain 

region of the world. If for specific regions higher-resolution limited area models are 

available, these can easily be integrated with MetGIS, since the meteorological model 

interface of MetGIS is quite flexible. Further upgrades of MetGIS may include the usage of 

meteorological observation data for the purpose of forecast adjustment and fine-tuning. 

Another future option that can increase the power of MetGIS over Alpine terrain is the 

inclusion of snow cover characteristics via the application of snow cover models such as 

SNOWPACK (Bartelt and Lehning, 2002). Even without this, conditional display modes of 
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the type “Show all gridpoints above 2000 m, with a slope exceeding 30 degrees, predicted 

fresh snow accumulation of more than 30 cm and a wind speed exceeding 20 m/s” will soon 

be possible, aiming at specific applications such as the estimation of the avalanche danger.  
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Figure 1: Components of MetGIS  

MetGIS-Downscaling 
- Refinement of meteorological forecasts 

through integration with terrain models 

MetGIS Java GUI  
- Combines visualization of geographic 

and meteorological data 
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MetGIS Web Interface 
- Customized interface for specific needs of 

applied users 
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Meteorological Forecast Model 
- Default models are GFS (Global Forecast 

System) and WRF (Weather and 

Research Forecast Model) MetGIS 
MetGIS Geographic Information 

System 

- Terrain model based on ASTER data  

- Vector data: borders, rivers, roads, etc. 
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Figure 2. Example of a MetGIS forecast, displaying an area forecast of the temperature 2 m 

above the ground for the mountainous area north of Namche-Bazar. The horizontal resolution 

of the depicted prediction is 80 m. Green colors stand for temperatures above zero; check the 

color scale on the top.  

Figure 3. Example of a MetGIS forecast of the mode of precipitation for the border region 

between India and Pakistan, in the northwest of India, visualized by the MetGIS Web 

Interface. For whitely-colored areas snow is expected, blue areas can expect sleet, in green 

areas precipitation is supposed to fall in form of rain and dry weather is forecast for grey 

areas. 
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Abstract 

Distributed computational modelling with physically based equations is one of the 

sophisticated tool for quantification of the hydrological changes taking place in mountainous 

regions such as the Hindu Kush Himalayas. Evidence reveal that recent climate change has 

led to negative glacier and snow mass balance trend in areas East of Karakorum. This study 

employs Soil and Water Assessment Tool (SWAT), a physically based distributed model, in 

the Tamor river basin of Eastern Nepal to assess the model performance, incorporating the 

snowmelt process. Ground observations are supplemented with APHRODITE interpolated 

data in a hybrid approach for precipitation forcing, tackling the challenge of data scarcity of 

the region. The uncertainty associated in APHRODITE dataset is addressed effectively with 

Power Transformation method of bias correction. The concept of lapse rate and elevation 

bands have been introduced to further address the spatial variability of precipitation with 

altitude. The hydrologic response of the model is found to be in good agreement with the 

observed river discharge in both calibration (NSE – 0.81, NSErel – 0.92, R
2
 – 0.9, wR

2
 – 0.64, 

PBIAS – 14.5%) and validation period (NSE – 0.91, NSErel – 0.92, R
2
 – 0.93, wR

2
 – 0.83, 

PBIAS – 7.3%). The analysis of the spring and summer hydrology of the basin showed the 

model to perform well in terms of snowmelt simulation. Addition of a base-flow sensitive 

indicator (NSErel) and a more stringent version of R
2 

(wR
2
) lead to improved design of 

evaluation criteria for the hydrological performance of the model. 

Keywords: hydrological modelling, model evaluation, SWAT, Tamor basin, snow-fed basin 

1. Introduction 

The Hindu Kush–Karakoram–Himalaya (HKH) region has often been referred to as the third 

pole (Qiu 2008) and the water towers of Asia. However, recent studies have shown that 

geographic areas like HKH, where the water cycle is dominated by snowmelt hydrology, are 

expected to be more susceptible to climate change, as it affects the seasonality of runoff  

(Barnett et al. 2005; Adam et al. 2009). Evidence point out a distinct pattern of glacio-

hydrological response with glaciers further east of Karakoram experiencing negative mass 

balances (Hewitt 2005; Hewitt 2011). Such climate-driven responses of mountainous river 

hydrology poses significant challenges for this region (Panday et al. 2014). Water resource 

management options and the evaluation of impacts of climatic change require quantification 

of stream flow variability (Maurer et al. 2009) which can be gaged using Hydrological 

models.  

The HKH region is characterized by a striking scarcity of hydro-meteorological and 

glaciological data (Cogley 2011) which is a major problem to runoff modelling (Pellicciotti et 

al. 2012). Most of the models used in the previous studies are conceptually based and lumped 

rather than physically based and spatially distributed. In addition, hydrological models in 

mountainous regions are usually forced with precipitation data located at lower altitudes, 

which can introduce added uncertainty (Panday et al. 2014). There is lack of comprehensive 
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snowmelt and/or glacier melt hydrological study of snow and glacier dominated basins of 

HKH. 

Khadka et al. (2014) found maximum snowmelt volume contribution in runoff to be in 

summer for Tamakoshi river, another HKH sub basin of Nepal. But due to monsoon 

dominated stream flow the highest percentance contribution of snow was in the spring when 

it maintains the stream flow. Thus following similar idea as employed by Wang and Melesse 

(2005) for a catchment in Minnesota – USA, the accuracy of daily stream flows in spring 

(March to May) and summer (June to August) can be linked to the snowmelt simulation 

performance of the model for regions of HKH. This paper makes an effort to evaluate a 

physically based distributed model, SWAT, of the Tamor River Basin, incorporating the 

snowmelt component. 

2. Materials and Methods 

 

Figure 1: A – Nepal and Koshi River basin, B – Koshi River basin and Tamor river basin, C – 

Study area (Tamor River Basin), D – High and Low Elevation Sub-basins in SWAT, E - 

Input precipitation stations in the SWAT model 

This study is applied to the Tamor River, the Eastern most sub basin of the larger Koshi River 

basin of Nepal and a part of the Eastern Himalayas. With a catchment area of 5884 km
2

 at 

Mulghat (d/s station), the basin topography ranges from 235 meters above sea level (masl) 

lowlands to 8385 masl Himalayan peaks. The Tamor River flows between high peaks such as 

Kanchenjunga (8586 m) and Everest (8848 m) on gorges reaching depths of 2000 m. With 

more than half of the area above 3000 masl and 19.7 % area above 5000 masl mark, the upper 

catchment at Majhitar (u/s station) contributes significant amount of melt water to stream 

flow. 

Table 1: Data and corresponding sources 

Data Source 
Spatial 

Resolution 

Temporal 

Resolution 

Topography ASTER – METI and NASA 

(http://reverb.echo.nasa.gov/

reverb) 

30m X 30m - 

Observed 

Hydrometeorolo

gy 

Department of Hydrology 

and Meteorology, Nepal 

Point dataset Daily 

APHRODITE 

precipitation 

estimate 

APHRODITE of Water 

Resources 

(http://www.chikyu.ac.jp/pr

0.25
0
 x 0.25

0
 Daily 
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ecip/) 

Land use 

classification 

Survey Department, Nepal 1:25,000 to 

1:50,000 

- 

Soil Map Soil and Terrain database 

(SOTER) 

1:1,000,000 - 

The power transformation method is a nonlinear bias correction scheme (Leander & 

Buishand 2007) which was applied to the APHRODITE precipitation estimates to remove 

bias. 

 

               
                                                            (1) 

 

The transformation parameters a and b are determined such that the coefficient of variation 

(CV) and mean of observed series match those of APHRODITE data series. This was 

achieved via secant root finding algorithms programmed in FORTRAN. 

SWAT is a public domain model jointly developed by USDA Agricultural Research Service 

(USDA-ARS) and Texas A&M AgriLife Research (http://swat.tamu.edu/). ArcSWAT, an 

ArcGIS extension for SWAT, was the graphical user interface used for SWAT during this 

study. In SWAT the amount of snowmelt on the current day i, SNOmlt i, is calculated as – 

 

                           (
            

 
      )                              (2) 

 

Tmax i and Tsp i are, respectively, the maximum air temperature and the snowpack temperature 

on the current day i (°C), SMTMP is the base temperature (
o
C) above which snowmelt is 

allowed, snocov i is the fraction of the HRU area covered by snow on the i
th

 day while bmlt i is 

the melt factor on i
th

 day (mm H2O/ C day). 

The topography of the study area was input into SWAT using Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER) DEM. Automatic Watershed Delineation 

divided the catchment into 110 sub basins (Figure 1) and 759 HRUs. The higher elevation 

areas to the North were forced with APHRODITE precipitation data by incorporating 

fabricated stations at the center of each of the APHRODITE grids as depicted in Figure 1. 

The spatial variability of precipitation with altitude was addressed by integration of lapse 

rates and elevation bands delineation in SWAT. Precipitation lapse rates showed a flip in the 

trend of precipitation with altitude with the cut off around 2200 masl. So, the sub basins were 

grouped into high and low elevation sub basins for application of two lapse rates (refer Figure 

1). 

Parameterization was performed using SWAT Cup – an optimization tool for SWAT’s 

hydrological response. The calibration was carried out for four years of river flow data from 

2000 to 2003 while the model was validated for succeeding three years from 2004 to 2006.  

A good runoff calibration procedure uses multiple statistics, each covering a different aspect 

of the hydrograph, so that the whole hydrograph is covered. Using a single statistic can lead 

to undue emphasis on matching one aspect of the hydrograph at the expense of other aspects 

(Boyle et al. 2000). Quantitative statistics selected to evaluate the models are Coefficient of 

Determination (R
2
), Nash-Sutcliffe Efficiency (NSE) and Percent Bias (PBIAS) as per 
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recommendations of Moriasi et al. (2007). In addition, weighted R
2
 and Relative NSE are 

also incorporated for an effective model assessment following work of Krause et al. (2005). 

3. Results and Discussions 

The bias correction of APHRODITE precipitation dataset lead to convincing results as shown 

in Figure 2. The values of the evaluating parameters MBE and RMSE have improved 

considerably with the magnitudes of former approaching zero and that of the latter decreasing 

for most areas. 

 

Figure 2: Results and evaluation of Power Transformation Method of Bias Correction 

In sensitivity analysis, 21 parameters from all processes in SWAT were incorporated in 500 

simulation runs with SWAT Cup using SUFI-2 algorithm. It was seen that ALPHA_BNK, 

CH_N2, CH_K2, GWQMN, SNOW50COV, TIMP to be the top six sensitive parameters out 

of which the latter two are snowmelt process parameters. 

The evaluation of hydrologic response of model was performed using the daily observed 

discharge data from the Majhitar station. With a monthly NSE of 0.81 the results show that 

the model was satisfactorily calibrated (refer Figure 3). NSErel of 0.92 reveals that good 

agreement has also been established in base-flow which is usually neglected in achieving 

larger value of peak-influenced NSE. The slightly larger PBIAS in calibration is due to 

underestimation of the peak values which has also been detected by the weighted R
2
 

revealing its superiority over R
2
 which remains unaware showing a high performance value 

of 0.9. During validation whole set of criteria show impressive results with both forms of 

NSE crossing over the 90% mark while wR
2
 also highlight the level of performance of the 

model. Satisfactory match of hydrograph during spring and summer also depict that the 

model performs well in terms of snowmelt and meltwater contribution to the river flow of the 

Tamor River (Figure 3). 
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Figure 3: Modelled flow at Majhitar dischage station and evaluation of model's hydrologic 

and snowmelt response 

We can conclude that the Power Transformation Method of bias correction aids in increasing 

the agreement between the de-biased and observed values of precipitation. This study 

exhibited the use of hybrid approach towards addressing the problem of data scarcity in 

higher altitudes by employing APHRODITE precipitation in conjunction with available 

observed data at lower altitudes. The model results show this approach to be worth trying and 

useful to avoid uncertainties involved in forcing higher altitudes with data of distant stations 

at lower altitudes. SWAT Cup was found to be very helpful in sensitivity analysis and 

parameterization. Furthermore, it also narrowed down the range of parameters which acted as 

an initial calibration, helping out the final manual calibrations of the model’s hydrologic 

response. The hydrologic response performance of SWAT model of Tamor basin was found 

to be good during the calibration period and better during the validation period. The 

snowmelt response of the model was found to be satisfactory from the hydrograph match 

during summer and spring. Application of NSErel for monitoring the base flow simulations 

minimized the dependency of model evaluation on agreement of peak flows, which was the 

case when only NSE was used. Whereas utilization of weighted R
2
 helped in correct 

assessment of the pattern of the modelled hydrograph by spotting the over-/underestimation 

of values. Hence, the combination of these new forms of previously widely applied indicators 

along with their older versions was found to be more capable of correct assessment forming a 

well-balanced set of evaluation criteria. 
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CALIBRATION VALIDATION CALIBRATION VALIDATION SPRING SUMMER

R2 0.79 0.79 R2 0.90 0.93 2000 0.47 0.59

wR2 0.53 0.66 wR2 0.64 0.83 2001 0.77 0.57

NSE 0.69 0.76 NSE 0.81 0.91 2002 0.64 0.66

NSE rel 0.88 0.90 NSE rel 0.92 0.92 2003 0.64 0.57

PBIAS 14.5 6.9 % PBIAS 14.5 7.3 % 2004 0.71 0.42

2005 0.66 0.56

2006 0.61 0.28
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Abstract 

This study assesses variability, trends and teleconnections of stream flows with large scale climate signals 

(global sea surface temperatures, SSTs) in the Omo-Ghibe River Basin of Ethiopia. Fourteen hydrological 

indices of variability and extremes were defined from daily data series and analyzed for common periods of 35 

years (1972–2006) for five and 25 years (1982–2006) for fifteen stations. The Mann-Kendall’s test was used to 

detect trends at 0.05 significance level, and simple correlation analysis was applied to evaluate associations 

between the selected indices and SSTs. The findings showed weak and mixed (upward and downward) trend 

signals for annual, wet (Kiremt) season and high flow magnitudes. Trend tests for flood frequency and low flow 

magnitudes showed little evidences of increasing change over the period studied. It was also found that El Niño-

Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) are the major anomalies affecting stream flow 

variability in the Omo-Ghibe Basin. The findings of this study provide useful information on the long-term 

stream flow variability and provides useful insights for long-range forecasting of stream flows using its 

relationships with ENSO and IOD. 

Key words: stream flow, trends, teleconnections, Omo-Ghibe Basin, Ethiopia 

 

1. Introduction 

Evidence from climate models and hydrological studies suggest that changes in hydrological variables are very 

likely due to global warming and other environmental changes such as land use and land cover changes. Increase 

in frequency and magnitude of extreme hydrological events, specifically floods and droughts, are very likely in the 

coming decades, with significant effects on human health, infrastructure and environmental resources (IPCC 

2007). Although there is a general scientific consensus that the global hydrological cycle is intensifying with the 

ongoing climate change (Nijssen et al 2001), evidence from empirical studies is yet to confirm this view with a 

degree of certainty (Kundzewicz et al 2005). There is no clear evidence of increasing or decreasing trend signal in 

hydrological variables across the world (Svensson et al 2005). This variation might be partly due to the spatially 

non-uniform impacts of climate and land use and land cover changes on stream flow regimes across the world 

(Burn et al 2010). Nevertheless, many studies have already shown that stream flows in many parts of the world are 

influenced by fluctuations in global sea surface temperatures, mainly through its effects on seasonal, annual and 

decadal rainfalls. El Niño Southern-Oscillation (ENSO) is the major large scale climate signal that plays a 

dominant role to modulate seasonal, annual and decadal stream flow variability in many parts of the world (Maity 

et al 2007). 

 

It is well documented that Ethiopia is frequently affected by droughts and floods (World Bank 2006). Droughts in 

particular cause severe social and economic disruption by adversely affecting agricultural production as well as the 

other sectors of the economy. Similarly, localized floods occur every wet season and cause significant effects on 

human health, livestock, settlements, and infrastructure in the lower courses of the major rivers of the country. 

However, there is dearth of information about stream flow variability and trends in Ethiopia. The only available 

studies, as far as is known to the authors, are Bewket and Sterk (2005), Melesse et al (2009), Rientjes et al (2010), 

Tesemma et al (2010) and Gebrehiwot et al (2014), and all of these were conducted in the Blue Nile Basin and 

reported complex and locale scale trend patterns. Apart this, the government of Ethiopia is currently implementing 

large scale investments in hydropower and irrigation projects along the major river basins. The Omo-Ghibe River 

Basin is one of the major areas where the government undertaking these hydropower and irrigation development 

projects. All these development projects are sensitive to long-term change and variability in stream flows. 

Traditionally, water resource developments such as for hydropower, irrigation and public water supply are 

designed on the assumption that historical stream flow records for a location are stationary (Burn et al 2010). 
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However, given the ongoing climate change and local environmental changes in Ethiopia this assumption cannot 

be justified. Hence, it is important to understand temporal variability of stream flow at different spatial scales of 

river basins.  

The aim of this study was to evaluate variability, trends and teleconnections of stream flows with SST anomalies in 

the Omo-Ghibe river basin of Ethiopia. The study has practical significance in view of the fact that the 

Government of Ethiopia has commenced large scale hydropower and irrigation projects in the basin. 

 

1.1 Description of the study area 

The Omo-Ghibe River Basin is located within 4
0
 and 9

0
30’ N and 35

0
 and 38

0
30’ E; it drains the southwestern part 

of Ethiopia, southward towards Lake Turkana (a lake found between Ethiopia and Kenya) (Figure 1). It is the 3
th

 

largest river basin in Ethiopia in terms of annual flow, with a mean annual flow estimated at 17.69 billion m
3
. It 

covers a total area of approximately 79 000 km
2
 and is inhabited by more than six million people. Elevation ranges 

from 350 m to more than 3000 m a.s.l. A mountainous and rugged terrain with steep slopes characterizes the 

upstream part, and flat alluvial plain characterizes the downstream lowlands where slopes are generally between 2 

and 10%. The basin experiences diverse climate conditions that range from cool and wet climates in the highlands 

to warm and dry climates in the lowlands. Mean annual temperature varies from less than 19 
0
C in the highlands of 

the northwest to more than 29 
0
C in the southern lowlands. Annual rainfall ranges from about 400 mm in the 

southern lowlands to more than 2000 mm in the northwestern part of the basin.  
 

 

 
 

Figure. 1 Location of the Omo-Ghibe river basin and the stream flow gauging stations. 

 

2. Data and Methodologies 

Daily stream flow data from fifteen stations were collected from the Hydrology Department of the Ministry of 

Water, Irrigation and Energy. Two common analysis periods were adopted with each period ending in 2006 in 

order to optimize record length and station density. The analysis periods were 35 years (1972–2006) and 25 years 

(1982–2006) for five and ten stations, respectively (Table 1). Observed monthly SSTs from the Hadley Centre 

Global Sea Ice and Sea Surface Temperature (HadISST1.1) dataset at 1
0
 × 1

0
 resolution  were used.  

 

Table 1 General information about the 15 stream flow gauges used in the study. 

River name Station location Station 

number 

Latitude (0N) Longitude 

(0E) 

Area 

(km2) 

Years of 

observation 

No. of years with 

no data 

Amara Near Baco 091021 9.50 37.80 68.80 1982-2006 1 

Awaitu Near Jimma 091024 7.41 36.50 72.0 1982-2006 - 

Bidru Awana Near Sekoru 091019 7.55 37.24 41.0 1982-2006 - 

Dincha At Bonga 092005 7.12 36.17 443.8 1982-2006 - 

Gecha Near Bonga 092002 7.17 36.13 175.0 1982-2006 - 
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Ghibe Near Seka 091017 7.36 36.45 280.4 1982-2006 - 

Gilgel-Ghibe Near Asendabo 091008 7.45 37.11 2966.0 1972-2006 - 

Gogra Near Dana 092013 6.43 37.32 266.0 1982-2006 1 

Gojeb Near Shebe 091012 7.25 36.23 3577.0 1972-2006 - 

Great-Ghibe At Abelti 061015 8.14 37.35 15746.0 1972-2006 1 

Kito Near Jimma 091023 7.42 36.50 85.0 1982-2006 1 

Megech Near Guberie 091005 8.11 37.48 286.0 1972-2006 4 

Neri Near Jinka 093003 5.48 36.33 166.0 1982-2006 - 

Sheta At  Bonga 092003 7.17 36.14 190.6 1982-2006 - 

Walga Near Welkite 091010 8.20 37.36 1792.0 1972-2006 2 

 

From the daily stream flow time series 14 stream flow variables were generated to represent high, low, annual and 

seasonal flow amounts (Table 2). Seven of the indices measure high flows or flood flows, and these include annual 

maximum stream flow series (AMS), extended-duration maxima (MAX7day and MAX30day), and peak-over-

threshold (POT) to represent both flood magnitudes (POT1mag and POT3mag) and flood frequencies (POT1fre 

and POT3fre). The peak-over-threshold (POT) series consists of a series of independent daily river flows that 

exceeds a certain predefined threshold that should remain the same throughout the data series and each subsequent 

peak should also be independent of each other (Svensson et al 2005). The dry weather flow series were represented 

by annual minimum 1-day (MIN1day), mean minimum 7-day (MIN7-day) and 30-day (MIN30-day) flows, and the 

count of low flows that equaled or exceeded the 90
th

 percentile (Q90p) of the flows. In addition to these the annual, 

wet season and dry season mean flows were considered for each gauging station.  

The non-parametric Mann-Kendall’s and Sen’s slope estimator test were used to detect trends at 0.05 significance 

level, and simple correlation analysis was applied to evaluate associations between the selected indices and SSTs. 

 

3. Results and Discussions 

We found weak and non-systematic trends for the mean annual and wet season (Kiremt, June-October) stream flow 

amounts for both record periods (1972–2006 and 1982–2006. Eight out of 15 stations showed increasing signals 

for annual and Kiremt season flows, and only two stations for the increasing and three stations for the decreasing 

trends were statistically significant. Similarly, for high flow magnitudes (AMS, MAX7day and MAX30day, 

POT1mag and POT3mag) the Mann-Kendall trend test indicated absence of systematic trend patterns in the study 

area, and only few of the trends were statistically significant. Thirty-eight (~51%) of 75 indices analyzed for flood 

magnitudes for the period 1982–2006 showed increasing trends, but only 21% (8 indices) were statistically 

significant at p<0.05 level. The remaining 37 indices (49.3%) showed decreasing changes, and 9 (24.3%) of these 

were statistically significant. 

 

 
Figure 2. Summary of trends in flood events in the Omo-Ghibe River Basin for the period 1982–2006.  

 

However, the results of trend tests for the flood frequencies (POT1fre and POT3fre) and low flow magnitudes 

(Drymean, MIN1-, MIN7- and MIN30day) showed little evidence of increasing changes for both record periods. 

For example, twenty-four of 45 indices for low flow magnitudes (MIN1-, MIN7- and MIN30day) showed upward 

trends, and sixteen (66.6%) of these were statistically significant at p<0.05 level. Decreasing changes were 

observed for seven stations, but only few of those changes were statistically significant.  
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Figure 3. Summary of trends in low flow events in the Omo-Ghibe River Basin for the period 1982–2006. 

 

The stream flow-SST teleconnections analysis identified two oceanic regions (equatorial east Pacific- Niño3.4 and 

Indian Oceans-IOD) that largely modulate stream flow variability in the Omo-Ghibe Basin. The stream flow in 

July, August, and September, the mean Kiremt flow, the frequency of POT3 and to a lesser extent the maximum 

duration series (MAX7 and MAX30day) at most of the stations showed negative associations with ENSO/Niño3.4 

and IOD.  

 

Generally, the trend results did not show any spatial coherence, rather contrasting trends were observed between 

adjacent stream flow gauging stations, particularly for the annual, Kiremt and high flow magnitudes. There are also 

no systematic relationships between trend patterns and catchment sizes or trend patterns and length of data records. 

The same contrasting trend results between adjacent stream flow gauging stations were identified in the Blue Nile 

Basin (Gebrehiwot et al 2014) of Ethiopia and elsewhere at the other parts of the world (Burn et al 2010). In 

addition to these, the findings of this study did not support the expected effects that land use and land cover change 

could exert on stream flow trends and are not consistent with a general intensification of the hydrological cycle 

that is expected to have happened due to climate change (Meehl et al 2000). This implies the presence of other 

local physical or human induced factors that modulate the stream flow in the Omo-Ghibe River Basin and should 

be further investigated at a more local level.  On the other hand, the stream flow-SST teleconnection analysis 

provides useful insights into the potential predictability of flood and drought events for the Omo-Ghibe basin.  
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Abstract 

Pakistan has agrarian economy that is highly dependent on the flows of Indus and its tributaries which 

receives water from seasonal snow melt, glaciers and rainfall during monsoon season. Historically the data 

shows high variability in flows which is expected to increase further under higher projected temperatures 

and changing pattern of precipitation.  

This study looks at the past and expected changes in the annual flows of the highly glacierised Hunza River 

by analyzing historic flow data and for three future periods periods F1 (2010-2039), F2 (2039-2069) and F3 

(2069-2099), using a spatially distributed hydrologic model, “Soil & Water Assessment Tool (SWAT)” 

coupled with statistically downscaled climate projections of GCM: HadCM3 using SRES A2 scenarios. The 

historical data of Hunza River Flows shows a substantial decreasing trend: about 39% decrease during 1966-

2004. Simulation results reveal continuation of the historical trend up to 2040 but stabilization of flows 

thereafter. Quantatively, the annual flows decrease by about 63 % during F1 (with t-stats of 5.8) and no 

significant change (t-statistics being about 0.1) during the periods F2 and F3.  

Key words: HKH Region, climate variability, Statistically Downscaled Climate Projection, Spatially 

distributed Soil and Water Assessment Tool (SWAT), Water Scenarios 

 

1. Introduction  

The average annual river inflows of Indus Basin are about 141 MAF at RIM (River Inflow Monitoring) 

stations, varying from 97 MAF in a low-flow year (2002) to 172 MAF in a high flow year (1992) during the 

period 1977-2003 [TFCC 2010 report]. The availability of water is projected to be more variable under 

changing climatic conditions. In addition to that, Pakistan is also facing water shortage to meet emerging 

challenges under changing climatic conditions including increasing population and water demand for 

different socio-economy sectors. This is more worrisome where per capita water availability is projected to 

decrease less than 1000 m3/y by 2035 [WB 2006]. According to an estimate, irrigated agriculture consumes 

more than of 95% of Country’s water resources and contribute 24% to the Gross Domestic Product (GDP) of 

Pakistan which is under threat due to the changes in water availability (volume and timing) in the rivers of 

Indus Basin Fig. 1 [Asif M. Bhatti et al., 2009].  
 

                 
                               Figure1- Indus River and its main Tributaries   Figure 2 - Geographical location of Hunza River 

      

To assess the impacts of changes in temperature and precipitation on the flows of high altitude watersheds in 

western Karakorum, Northern Pakistan, a highly glacierized catchment (33%) of its area as a permanent 

snow/ice [Akhtar et al., 2008] at an elevation over 5000 m of main Indus River is selected Fig. 2. As the 

watershed lies on a north western edge of the Karakorum, which is most dynamic and complex mountain 
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system and very sparse hydro-climatological data is available for a longer period required for impact 

assessment studies. However, assessments are made on the basis of available flow data at Dainyour Bridge 

(1494 meter above sea level (masl)) [Surface Water Hydrology Project (SWHP)-WAPDA]. The brief 

description of the watershed is given under the heading “Study Area”.  

2. Study Area 

The Hunza River having a total area about 13,733 km
2
 coordinated by 35.5 - 37

0 
N and 74 – 76

0
 E and 

covers an elevational range over 6000 meter (i.e. from 1419 - 7609 masl). The flow of Hunza River is 

observed near Dainyour Bridge just before falling into Gilgit River. The hydrology of this watershed is 

complex as it receives water from snow/ glacier and summer monsoon [Archer and Fowler, 2004]. The 

hydrograph start rising on melting of snow during spring, but glacier melt dominate the hydrograph in later 

part of the summer (July-August) when monsoon rain starts contributing as well [AA. Tahir et al., 2011].  

The mean annual flow observed at Dainyour Bridge is 323m
3
/sec. Hunza river DEM, land-use and Soil 

map are shown in Fig. 3. 

 

Figure 3 – Hunza River DEM, Land-use & Soil Maps 

3. Dataset and Methodology  

The HKH is data scarce region. In Pakistan, Pakistan Meteorological Department (PMD) is mandated to 

collet meteorological data over Pakistan. They have some meteorological stations in the northern areas but 

most of them lie in the valley bottom and may not be represent the actual hydrological conditions at higher 

elevations. Therefore, for this study WAPDA’s DCPs climate data has been used. 

Hydrological Data: The daily values of discharge observed at Dainyour Bridge for the period 1995-2001 

are used for model calibration. This site is maintained by Water and Power Development Authority 

(WAPDA). 

Meteorological Data: The daily meteorological data (Max & Min Temperature, Precipitation, Solar 

radiation, Relative Humidity) of the three Automatic Weather Stations- Data Collection Point (AWS-DCP) 

stations is used as given in Table-1. To develop future water scenarios, the required climate data (daily 

temperature & precipitation) is generated by statistical downscaling through SDSM tool at point scale from 

GCM: HadCM3 under SRES A2 scenarios for three different periods F1, F2 & F3. 

Table 1- Characteristics of DCPs used for this Study 
Name of DCP Stations  Elevation (masl) Geographical Coordinates Period of Record Used 

Naltar 2810 36.21N, 74.26E 1995-2007 

Ziarat 3669 36.83N, 74.43E 1995-2007 

Khunjrab 4730 36.85N, 75.4E 1995-2007 

                 Source: WAPDA 

GIS Data: GIS data i.e. Digital elevation model (DEM), Land-use and soil maps of Hunza river catchment 

has been downloaded from the given websites and processed with ArcGis: 

Table 2 – Web links used for GIS data downloading 

Data Description and Source 
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DEM ASTER DEM (30m), http://asterweb.jpl.nasa.gov/gdem-wist.asp 

Soil FAO Harmonized World Soil Database (HWSD), http://www.fao.org/nr/land/soils/harmonized-world-soil-database/download-data-only/en/ 

Land-use Originals at approximately 400 meter resolution, http://www.waterbase.org/download_data.html 

Basins Global River Basins, http://www.waterbase.org/download_data.html 

Modeling procedure 

Downscaling is justified whenever GCM (or RCM) simulations of variable(s) used for impacts modeling as 

are unrealistic at the temporal and spatial scales of interest, either because the impact scales are below the 

climate model’s resolution, or because of model deficiencies [Immerzeel et al., 2012; Beniston 2003]. For 

this study, impact of climate change on Hunza River flows has been investigated using the Soil and Water 

Assessment Tool (SWAT) [Arnold and others 1993]. The model simulation is driven at daily time step for 

calibration (1995-2001) and Validation (2002-2004) using Dainyour (gauging station) discharge. For future 

flows assessment, statistically downscaled climate projections (temperature & precipitation) of GCM: 

HadCM3 under SRES A2 scenarios are used in calibrated SWAT model for three different periods F1, F2 & 

F3 covering 21 century. 
 

Climate modeling 

For the development of future (2010-2099) temperatures, NCEP/NCAR reanalysis data is correlated with the 

average observed data of three DCP stations. After attaining good correlation, NCEP/NCAR data is then 

used to develop spatial correlation between NCEP/NCAR data (predictors) and coarse resolution HadCM3 

GCM data (predictants) to statistically downscaled future (F1, F2 & F3) climate projections (Tmax, Tmin) 

using SDSM [Wilby et al., 1998]. Increase in temperature (both max & min) is observed for three future 

periods. Higher increase in minimum temperatures is observed in comparison to maximum. In case of 

precipitation, APHRODITE observed data showed good correlation with stations average precipitation data. 

Hence, APHRODITE data is used to downscale HadCM3 GCM data for three futures F1, F2 & F3 

precipitation scenarios Fig 4.  

 

 
Figure 4 - Observed and Projected (F1, F2 & F3) change in Temperatures (Maximum & Minimum) and Precipitation at three DCP stations 

 

4. Results & Discussion 

River Flows Trends as Signals of Climate Change 

The model performed well during both calibration and validation period as evident from coefficient of 

determination and Nash Sutcliffe Coefficient values given in Table-3. Overall SWAT model performance 

for the whole period from 1995-2004 over Hunza basin shows that the simulated stream flow matches very 

well with the observed one Figure 5.  
Table - 3 Characteristics of DCPs used for this Study 

Simulation Period Period Nashe Efficiency Coeff. Of Determination 

Calibration 1995-2001 0.90 0.8363 

Validation 2002-2004 0.92 0.8459 

Whole 1995-2004 0.89 0.74 
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Figure 5 - Model Performance for the whole period (1995-2004) 

Future flow trends 

The average annual discharge of the Hunza River is about 323 m
3
/s (1966-2004). The major part of the total 

annual runoff is generated during summer months (70-80%) by the melting of glaciers and the seasonal 

snow cover which is strongly dependent on concurrent energy input represented by the temperature which in 

turn strongly influenced by the altitude [Young & Hewitt, 1990; Bookhagen & Burbank 2010]. Future water 

availability is assessed with respect to the base period (1966-2004) which shows significant decreasing trend 

Fig. 6 (a). It looks that future stream flows for the F1 continue decreasing trend as of base period Fig. 6 (b) 

and have not shown any impact of increasing temperature and precipitation on the annual flows. However, 

Fig 6 (c, d) shows that flows will start increasing from F2 and this trend will continue by the end of century 

which may be attributed to the higher projected temperatures in future causing more melting of glaciers on 

higher rates and increased precipitation as explained under heading “climate modeling”. Although 

decreasing trend of flows for the base period continue till the end of F1 period and starts rising from 2040 

and maintained the level by the end of century. But if we see the total discharge for all period (2010-2099) 

fig. 6 (e), slight decreasing trend is observed. 

  

     
Figure 6 - Annual stream flows of Hunza river basin under changing climate A2 scenario for F1, F2 & F3 

 

Inter annual flows availability and variability is 

also calculated for F1, F2 & F3 Fig. 7. Flows are 

maximum in the summer season when there is 

sufficient heat is provided by the atmosphere and 

decreases in winter season.  
 

Figure 7 - Seasonal flow trend in three f utures (2010-2099) 

 

5. Conclusion 

This study investigated the impacts of CC on future flows variability and availability. Analyzing future 

temperature and precipitation results and their comparison with projected flows, it is observed that both 

climatic variables increasing significantly with 1.06
0
 C and 198.41 mm change in temperature and 

precipitation respectively from 2010-2099 while negative flow trend is observed for Hunza River catchment. 

63% negative flows are observed in F1 (significant) whereas, no significant change is found in F2 & F3. 

Overall a negative flow trend is an indirect indication of positive mass balance in the region which is cited 

by many authors [H. J. Fowler & D. Archer 2005, Hewitt 1998]. Seasonal analysis showed reduced summer 

temperature and increased winter precipitation which implies reduced melting of glaciers causing the 

accumulation of snow/ice in the Karakorum glaciers. Singh and Bengtsson [2005] suggested through 

modeling studies that the increased temperature results in increased evaporation losses and since reduction in 

runoff.  
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Abstract 

A study was carried out to check the aquifer potential points using geophysical survey at AgroClimatic zone 

5 Karnataka, at College of Sericulture, Chintamani campus, Karnataka, India. The entire belt receives an 

annual rainfall of about 688 mm per annum, which has reduced in the recent past. The geophysical survey 

was carried out at 2 spots, close to the college and Agricultural Research Station & Krishi Vigyan Kendra in 

the near vicinity of few yards. A total of 10 acres of land was surveyed. The geophysical survey/electrical 

resistivity near existing bore well recorded 59 ohms. Specific tree species are located in these regions close 

to the existing and yielding aquifer points and non-existing aquifer points. Tree species were identified in the 

entire study area keeping in mind the electrical resistivity readings. A survey of different trees established 

around these bore wells belonging to different taxa was conducted and different families were taxonomically 

grouped. A combined studied effect of tree and soil on the availability of water was correlated with each 

other keeping in mind the electrical resistivity values. These technical features of soil indicate good potential 

for recharge, lower the electrical resistivity values there is a possibility of the availability of ground water. 

Further afforestation or enabling vegetation may help conserve and sustain valuable ground water levels 

besides reducing loss of ground water. Families of tree species occurring as water indicators have been 

recorded. The study concludes that planting specific tree species may help in the conservation and 

infiltration of the groundwater in semi-arid regions as well as enabling to raise the level of water table 

through their roots in the water stressed regions. The presence of such species also suggests ground water 

discharge areas. This study will be useful to farmers, the people as not much work on these lines has been 

carried out after 1960’s and early 1970’s. 

 

Keywords: Electrical resistivity, ground water, tree species, indicators. 

1. Introduction 

Ground water also called zone of saturation or water table or capillary fringe is used by plants that habitually 

grow where they can send their roots to these zones to obtain supply of water. Some plants feed on ground 

water while the others do not feed on the ground water. Ecohydrological indicators can suggest groundwater 

discharge areas, the depth to groundwater and the degree of mineralization, by applying ecohydrological 

groundwater indicator species to groundwater conceptual models. The study has made use of potential and 

usefulness of ecohydrological groundwater indicators to the hydrogeological community along with soil 

studies in semi-arid regions.  

One of the most reliable indicators of the existence of water well such as aars is the Acacia horrida (sweet 

thorn). Acanthoslcyos horrida is the best indicator (narr bush) Wagner, 1916. Water level in soils and its 

importance to note the depth of this level beneath the surface," and that "the depth of the water level helps to 
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determine plant societies (Coulter, 1900). Coville 1893, mentioned mesquite as an indicator of ground water 

where it occurs at depths of a few yards, and alkali sacaton (Sporobolus airoides) and other plants as 

indicators where it occurs at depths of only a few feet.  

Prosopis juliflora, Prosopis velutina, etc. distinct from screw bean or screw-pod mesquite Prosopis odorata 

or Prosopis pubescens, classified as Stromboc (paodorata or pubescens) Cannon, 1911. The Salton Sea 

region of California the so called "running mesquite” (Prosopis juliflora) is considered more reliable as an 

indicator of ground water than the crew bean. 

The study also indicates specific tree species identified to their respective families near existing potential 

ground water regions which yield ground water for drinking purpose. Tree species and soil quality have been 

correlated with existing bore wells and well regions in the study area.   

 

2. Materials and Methods 

Geophysical survey using electrical resistivity instrument and a complete survey of the existing flora and 

identification of tree species to their respective families was done. The aquifer area using geophysical survey 

was identified by the electrical resistivity values obtained in the field of both the plots. Thus a complete 

geophysical survey of the area with taxonomical identification of tree species has been carried out to help 

locate existing water points. The area close to the yielding aquifer point near an existing bore and the other 

regions were studied for the tree species prevalent in the region. Specific families of tree species present near 

ground water zones were identified and recorded. Apart from these two important surveys the soil samples 

were carried from the aquifer identified spots using geophysical survey and the other sampled point where 

the electrical resistivity was high. The soil samples were analysed for moisture content, pH, electrical 

conductivity, bulk density, particle density, maximum water holding capacity, pore space and volume 

expansion of soil. Soil analysis was carried out to give the status of the soil type existing in the given 

location (aquifer and non-aquifer points) Keen’s cup method was carried out. Soil samples were taken from 

both the 5 acre plots. In the first 5 acre plots about 4 sampling locations were identified. One near the 

existing bore well, one near the open well, other from region showing high electrical resistivity. The last 

point was close to the soak pit region. In the second 5 acre plot, the soil samples were collected from 3 failed 

bore well points and 1 from existing and yielding aquifer. Keen’s cup experiment for the determination of 

bulk density, particle density, maximum water holding capacity, percentage pore space and volume of 

expansion have been carried out. 

3. Study Area 

Chintamani is located in Karnataka, India about 74 kms from Bengaluru and the College of Sericulture is 

about 7 kms from Chintamani town. The survey was carried out at the College of Sericulture (COS), Kurbur 

in two plots of 5 acre each (10 acres). The field survey was also carried out from COS heading towards 

Kolar including villages in and around Chintamani and Kolar. The other survey was carried out on the way 

to Bangalore via Devanahalli including few villages and finally from Bangalore up till the International 

Airport, Bangalore for tree identification near bores and existing ponds and water bodies. This data gives a 

complete picture of the existing tree species of the regions into their respective family. Details of rainfall 

trend have been listed in the table over the last few years from (2004 to 2013). 
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Figure 1. Location of the College of Sericulture at Kurboor, Chintamani. Chintamani (A) to Kolar, 

Chintamani to Devanahalli, Bengaluru to International Airport. 

a. Datasets 

 

Figure 2. Study area indicating the presence of two families seen predominately in various ground water 

available sites bores and ponds/ lakes. *Series 1 Leguminaceae and Series 2 Caesalpinaceae 

Table 1- List of villages and tree species seen in the 9 villages. 

Si 

No 

Names of area Tree Species Near 

Borewell 

Near 

Pond 

1 Chintamani, College 

of Sericuture, (1st 5 

acres) 

Cassia, Camel foot tree, Acacia, 

Albizia spp, Tamarind, 

Gulmohar, Pongamia, Subabul, 

Sandal 

Near 

bore 

 

2 Chintamani, College 

of Sericuture, (2nd 5 

acres) 

Mahogeny, Melia dubia, Neem, 

Subabul,  

Acacia mendium, A. 

auriculiformis  

Near 

bore 
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Tamarind,  Dalbergia  

3 Kaiwara 

Paramachanahalli 

Chintamani 

Jamun, Tamarind, 

Coconut,Teak 

People tree 

Near 

bore 

- 

4 Konappalli Prosopis juliflora & Acacia spp Near 

bore 
- 

5 
Yadahalli Jamun, Jack, Pongamia, 

Coconut, mulberry 

Near 

bore 

- 

6 
Ammanallur 

(towards Bangalore) 
Acacia spp & Pongamia 

- Sited 

near 

pond 

7 Ponds between 

college of 

Sericulture and 

Kolar  

Acacia, Pongamia & Tamarind - Sited 

near 

pond 

8 

Sited in another 20 

villages towards 

Bangalore via H- 

Cross 

Acacia nilotica, few other 

Acacia spp 

Few Pongamia, very few 

Tamarinds. 

One pond had Dalbergia sissoo 

surrounding 

Near 

bore 

Sited 

near 

pond 

9 

Sited outskirts of 

Bangalore heading 

toward International 

Airport (7 sites) 

Acacia nilotica, Acacia 

auriculiformis 

Copper pod / Peltophorum 

pterocarpum  

- 
Sited 

near 

pond 

 

4. Results and Discussions  

This study may aid to find out plants which may act as indicators of ground water and act as better recharge 

points. Families of plant species occurring near water regions have been identified as Leguminaceae, 

Caesalpinaceae, and Meliaceae in the studied plot of 10 acres at Agroclimatic zone 5, at College of 

Sericulture, Chintamani. These regions also had lower electrical resistivity values. These species were not 

prevalent in regions having higher electrical resistivity values when hydrogeological studies were carried out 

in the surveyed plots. The average depth of bore well was above 1200- 1300ft (2014). Soil analysis reveals 

more recharge in the regions which had predominant tree species present in this region like Leguminaceae & 

Casesalpinaceae. Further research study is very essential in these lines. 

The species Prosopis juliflora has been identified in one of the villages (Konappalli, Chintamani, Karnataka, 

India) and the depth of the bore recorded in this village ranged from 450 to 600ft and all were water yielding 

bores & wells hence lot of vegetables are grown in this regions, thus providing enough water to the village. 

Plant species need to be selected that relatively indicate locations of ground water discharge. Species with a 

high validity (Goslee et al 1997) are those that grow only in ground water discharge areas. Species can 

maintain themselves in drought. On the other hand are the phreatophytes, or well plants, which habitually 

grow where they can send their roots down to the water table, or to the capillary fringe immediately 

overlying the water table; thus, they are able to obtain a perennial and secure supply of water (Meinzer, 

1927). Indigenous tree and shrub genera that often have deep roots include Acacia, Boschia, Olea, and Rhus 

and exotics include Eucalyptus (Myrtaceae) and Prosopis (Leguminaceae). Outside the study area in a 
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survey made towards Kolar and Bangalore, the characteristic tree species prevalent near bores and ponds 

included Acacia species, A. nilotica, Pongamia spp and very few Tamarind trees, most of them belonging to 

the family Leguminaceae. A. nilotica commonly grows close to waterways on secondary flooded river flats 

and tolerates salinity well. It also grows in areas receiving less than 350 mm of rainfall to 1500 mm per 

annum. Many of A. nilotica plantings were among bore drains, long open drains distributing artesian water 

(Gupta 1970).  In dry areas, presence of A. karroo indicates the sign of water, both above and underground 

(Barnes et al 1996). Preservation of the tree species is very essential as urbanization has led to their loss 

including destroying species which act as ground water indicators. Identification of the species belonging to 

family Leguminaceae and Caesalpinaceae are regarded as good ground water indicators and may suggest 

ground water discharge sites.  Trees act as discharge points as may be evident from soil analysis data and 

low electrical resistivity values.  
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Abstract 

Agriculture accounts 15% GHGs production which comes from soil microbial processes. Soil microbes are 

major legendary of soil living system. Enhancement in the atmospheric temperature also leads to enhance 

the soil temperature. Hence, the activities of the microbes are less active in extreme temperature. Microbial 

respiration, denitrification, methane emission in anaerobic conditions are the major soil processes for GHGs 

emission carried out by soil microbes which are also temperature dependent and affected by elevated CO2. 

One of the promising GHGs is methane, emitted from the anaerobic soil condition and other sources. 

Methane has 20 times more potential than carbon dioxide to increase temperature and hence climate change. 

Methanotrophs in the soil oxidized atmospheric methane and help to reduce the concentration of methane. 

There are numerous gene transfer mechanisms established in soil natural and in-vitro condition. In soil gene 

transfer occurs in fungi, bacteria and some higher prokaryotes too. However, gene transfer in the bacteria is 

most studied. Successful study of gene transfer in ammonifying bacteria, nitrifiers, denitrifiers, ammonia 

oxidizing bacteria helps to establish new dimensions in soil genetic pool which signifies a creation of new 

variability in changing climatic scenario. There are still lots of scope to do further work in practical 

applicability of molecular techniques for mitigating climate change effects in global scale.      

 

Keywords: climate change adaptation, GHGs, soil microbes, soil gene isolation, soil gene transfer 
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1. Introduction 

There is no any arguments that climate is changing (Corfee-Morlot et. al., 2007; Cooney, 2010). Rise in 

earth temperature, change in precipitation pattern, increase in GHGs gases (IPCC, 2007a) are certain proof 

of changing climate. Most of the meteorological parameters are controlled by variable gases like carbon 

dioxide, methane, nitrogen oxides, halocarbons which are also called long lived green house gases emitted 

by the human activity (Hansen et. al., 2007; IPCC, 2007b). In the present context more emission of carbon 

from soil causes change in such gaseous cycle which ultimately affects the soil productivity (Wan et. al. 

2011). Despite of the halocarbons; CO2, CH4 and N2O are most studied GHGs and also their effect on 

climate change is more. These three gases are a part of global Nitrogen and Carbon cycle. The major sink of 

carbon is agricultural soil (Cole et. al. 1996). Agriculture accounts 47% of anthropogenic CH4 emission and 

58 % of anthropogenic N2O emission (Smith et. al., 2007). Anaerobic decomposition of soil organic matter 

in the wetlands esp. paddy fields (Stepniewski et.al., 2011) and melting of permafrost soil (Barbar et al., 

2008) are major sources of CH4 emission. N20 emission is triggered by the enhanced microbial activity in 

manure and fertilized soil (Foster et. al., 2007). When NO3
- 
converts to NO, N20 or N2 the ideal condition 

for N2O emission is soil moisture constant reaches to field capacity during which biological reaction of 

nitrate conversion occurs (Mullen, 2011).   

 

Soil genes: Sources and Isolation 

 Soil microbes especially bacteria are of major concern because they involve in most of the biochemical 

conversion. Microbes in the soil are isolated with various methods. Free-air carbon dioxide enrichment 

(FACE) system and Open top chambers (OTC) are used to determine the microbial respiration. 

Phospholipid fatty acid profile analysis (Zak et. al., 1996), community DNA hybridization and %G+C 

profiling (Griffiths et. al., 1998) are certain techniques to observe the rhizosphere bacterial community and 

they did not found any changes with the elevated CO2. But change in bacterial community was noticed by 

Marilley et. al., (1999). Fungus shows slight difference with bacterial community of rhizosphere, increasing 

biomass of cellulose decomposers with increases in CO2 also significant difference observed in taxonomic 

composition in increased CO2 (550-600 ppm) than normal (500-600 ppm) CO2 level (Brant et. al., 2006). 

 

Power soil DNA kit was used by Santos Freire et. al., (2013) to extract soil DNA from soil microorganisms 

and quantification of extracted DNA was done by using spectrophotometer. They use 16S rRNA gene for 

phylogenetic inference of microorganisms. For the determination of composition of complex soil inhabiting 

microbial communities metagenomic molecular technologies have been used that detects the DNA sequence 

of soil microbes (Urich et. al., 2008). But this technology is not sufficient to determine the gene expression 

in soil. For the post genomic study if soil organisms expression of gene sequence is necessary at both 

transcription and translational levels. Now, several methods of are available to measure gene expression in 

soil by characterizing mRNA (Krsek et. al., 2006). Many of the microbes like ammonia oxidizing bacteria, 

CO2 fixers, N2-fixers, the enzymes involved during the biochemical process of such microbes were 

quantified with different tags such as cDNArRNA and mRNA tags (Urich et. al., 2008).  

 

Soil gene transfer and climate change adaptation 

Horizontal gene transfer is very common in soil bacteria which plays crucial role in evolution of bacterial 

genome and speciation (Ochman et. al, 2000). In a soil system, a competent bacterial cell takes up free 

extracellular DNA (plasmid or chromosomal) and acquires genes required for survival which is very 

important for adaptation (Ochman and Moran, 2001) also called as natural transformation. Transduction and 

Conjugation other two process gene transfer occurs in the bacteria which requires a certain living donor 

cells. Transformation is such process which can occur in natural environment by using free DNA. Release 
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of DNA even after lysis of cell is sufficient source of free DNA (Leff et. al., 1992). The first step for natural 

gene transfer is release of DNA from cells which is then dispersed and persisted in the environment. 

Secondly, for the uptake of DNA competence was developed among the cells in the living habitat. Thirdly, 

there will be interaction between DNA and cells occur and cells uptake the DNA. And finally, expression of 

an acquired characters following DNA uptake was observed (Wackernagel et. al., 1992). Natural 

transformation on Pseudomonas sps was well documented (Carlson et. al., 1983). 

 

Plasmids are the source of free DNA (Trevors et. al., 1985) and plasmid mediated transformation frequency 

are temperature dependent (Fry and Day, 1990) but reduced transformation frequency observed at extreme 

temperatures (Droge et. al., 1999). Natural transformation occurs at high temperature, high transformation 

frequency of Azotobacter vinelandii occurs between 26-37
0
C and Pseudomonas stutzeri occurred between 

20-37
0
C but optimum temperature is 30

0
C (Pages and Sadoff, 1976; Lorenz and Wackernagel, 1992). 

However, in this temperature range degradation of extracellular DNA i.e. plasmid DNA may degenerate 

(French et. al., 2009). There is necessity of verification of soil temperature for further genetic exchange 

between soil microbes in this environment.  

 

There is possibility of gene exchange between the bacteria and fungi, plants and animals (Heinemann, 1991) 

which is possible by conjugation. There lots of literatures talking about the bacterial gene transfer through 

conjugation and transduction (Reanney et. al., 1982; Stotzky, 1986). But in-situ transduction in soil 

environment is not well documented (Trevors et. al., 1987). Study on natural gene transformation is now 

rapid which might be the corner stone of climate change adaptation in future. With the changing soil 

environmental condition (elevated CO2, increased temperature, altered precipitation), either gene 

transformation will occur in the soil naturally or induced transformation is possible in lab. Horizontal 

transformation of bacteria which are a part of the global carbon and nitrogen cycles viz. nitrifying bacteria, 

denitrifying bacteria, methanotrophs, ammonia oxidizing bacteria, N2 fixers (symbiotic-asymbiotic), CO2 

fixers etc is possible which should be verified in future. Lorenz and Wackernagel, (1994) also suggested in 

their review paper about further study of physiology and genetics of the process of the natural 

transformation should be done. If such transformation is possible, a molecular basis of climate change 

adaptation will be established. Recent advancement in the molecular technologies gives us this hope.  

 

2. Conclusion 

Microbes are ubiquitous organisms present in diverse environmental condition of soil. Their role in global 

gaseous cycle is crucial. Nowadays these important drivers of such bio-geochemical cycle are getting 

affected with changing environment. They have their own genetic expression ability to adopt with changing 

circumstances. But the chance of negative gene expression (pathogen) is also equally high. Recent 

advancement in the molecular technology is helpful to identify and isolate the microbes types is possible. 

Still total genetic information of a handful of soil is not available. There are lots of invitro researches 

conducted in lab for soil gene transfer and gene expression and many of them are successful in bacteria. 

Moreover, natural transformation of horizontal gene transfer among the bacteria is a well established fact 

besides conjugation. So, to enhance the positive gene expression, i.e. gene expression for more N2 fixers, 

CO2 fixers, methane oxidizers, ammonia oxidizers, this molecular technique will be milestone for creating a 

natural balance and mitigate dreadful effect of climate change.  
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Abstract 

Initiative has been made to study the trends in monthly and seasonal mean maximum temperatures over 

Bangladesh during the pre-monsoon season using the data of the period 1961-2008. Trends of monthly and 

seasonal mean maximum temperature are decreasing at most stations of Bangladesh except in May when the 

trends are increasing at most stations during 1961-2008. But trends of monthly and seasonal mean maximum 

temperature are increasing at most stations of Bangladesh and the trends are all positive in May during the 

pre-monsoon season of 1980-2008. It has been found that the monthly and seasonal mean maximum 

temperature have almost maximum decreasing trends at Rangpur. The country-averaged seasonal maximum 

temperature over Bangladesh during the pre-monsoon season has increasing trend at the rate of 1.87C/100 

years. The country-averaged seasonal thunderstorm frequency during the pre-monsoon season has 

decreasing trend in Bangladesh at a rate of -1.196/10years. The correlation co-efficient of country-averaged 

seasonal mean maximum temperature and the seasonal thunderstorm frequency during the pre-monsoon 

season has been found to be -0.86174, which is statistically significant at 100% level. The socio-economic 

conditions and the impact of local severe storms on the livelihood of the country in four areas such as 

Saturia, Sirajganj, Sunamganj and Patuakhali have been studied during 2011-2012. The study concludes that 

the flash floods and severe local storms are the most common disasters of the locality which impact severely 

on the livelihood and the environment, agricultural crop production especially of that of boro rice and other 

resources. According to the opinion of the people, the predictions of the severe local storms are more or less 

correct except the exact areas of occurrence. The preparedness and recommendations along with the now-

casting of the forecast of local severe storms would be very useful for the public in general and also for the 

planners in Bangladesh. 

 

Keywords: Local severe storms, maximum temperature, pre-monsoon season, socio-economic conditions. 

 

1. Introduction 

Due to the geographical location with the Himalaya in the north and the Bay of Bengal in the south, 

Bangladesh is a playground of different natural disasters of meteorological origin. These disastrous natural 

phenomena are tropical cyclones and storm surges, thunderstorms, tornadoes, drought, heavy rain, floods, 

etc.  Of these, thunderstorms are frequent in Bangladesh and are severe during the pre-monsoon season. In 

Bangladesh and neighbourhood, these thunderstorms are popularly known as nor’westers. Sometimes 

tornadoes are embedded in the mother thunderstorm and occur at one or two places almost every year in 

Bangladesh. These thunderstorms cause a considerable loss of lives and damage to crops and properties. A 

numbers of studies have already been done on nor’westers in Bangladesh and India regarding their 

climatology, origin, formation, forecasting, related instability, energetics etc. (Karmakar, 2001, 2005; 

Akram and Karmakar, 1998; Karmakar and Alam, 2005, 2006). Karmakar and Mannan (2013) studied the 

trends in minimum temperature and its impact on thunderstorm frequency during the pre-monsoon season in 

Bangladesh. They and found that the monthly and seasonal minimum temperatures are negatively correlated 

with monthly and seasonal frequency of thunderstorms in Bangladesh. Karmakar and Nessa (1997) studied 

climate change and its impacts on natural disasters and southwest monsoon in Bangladesh and the Bay of 

Bengal. They concluded that it was not yet certain whether there is an impact of global warming on the 

frequency and intensity of natural disasters. Karmakar and Shrestha (2000) studied the recent climatic 

changes in Bangladesh and concluded with the data of 1961-90 that the mean maximum temperature has a 

decreasing trend (-0.0044C/year) in Bangladesh during the pre-monsoon season.  

The present study aims at finding the trends of maximum temperature, frequency of thunderstorms and their 

correlation in Bangladesh during the pre-monsoon season. A socio-economic study has also been carried to 
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Fig. 1: Locations of Field Study 

 

   
                        (a)                                                             (b) 

Fig.2: Spatial distribution of the trends of maximum temperature (°C/100 

year) in (a) March and (b) pre-monsoon season over Bangladesh during 

1980-2008 

obtain the perception of the people regarding climate change, its impact and impact of local severe storms on 

the livelihoods. 

 

2. Data and Methodology 

 

Monthly data on maximum temperature during the period 1961-2008 

and monthly frequency of thunderstorms during the period 1980-2008 

at 24 stations of Bangladesh Meteorological Department (BMD) for 

the pre-monsoon season have been taken to study the trends in 

monthly mean and seasonal mean maximum temperature, and monthly 

and seasonal frequency of thunderstorms in Bangladesh. The 

significance of the trends in maximum temperature and the correlation 

coefficients has been studied with the help of F-distribution test and 

Student’s t-test, respectively. 

 

 Socio-economic study has been carried out at four places which are 

more vulnerable to thunderstorm. The field study considered a socio-

economic investigation through collection of data using household 

survey over the areas such as Sirajganj, Saturia, Sunamganj and 

Patuakhali. The places are shown in Fig. 1.  

 

3. Results and Discussion 

 

 3.1 Linear trends of maximum temperature 

in Bangladesh 

The maximum temperature has decreasing 

trends at 16 stations out of 24 stations in the 

month of March, having maximum 

magnitude of -5.58C/100 years at Bogra 

during 1961-2008. The trends are 

significant at 95-100% level at 7 places. In 

April, the trends are negative at 11 stations, 

having maximum magnitude of -7.45C/100 

years at Rangpur. The negative trends are 

significant at 95-100% significance level at 

7 stations In May, the maximum temperature has increasing trends at 15 stations out of 24 stations, having 

maximum magnitude of 3.81C/100 years at Cox’s Bazar and 2.76C/100 years at M. Court. (Significant at 

95-100%). The decreasing trend is maximum (-2.34 C/100 years) at Rangpur. The seasonal mean 

maximum temperature has increasing trends at 13 stations and decreasing trends at 11 stations, having 

maximum magnitudes of 4.94C/100 years and -4.64C/100 years at Cox’s Bazar and Rangpur respectively. 

It is clear from the above discussion that the monthly and seasonal mean maximum temperature have 

maximum decreasing trends at Rangpur during the period 1961-2008. 

 

From the spatial distribution of the trends (shown in Figs. 2(a-b) as examples) in March and April, reveals 

that the northern and southwestern parts of Bangladesh are dominated by decreasing trends in maximum 

temperature (Fig. 2a), having maximum decreasing trends over northwestern part of the country. The 

maximum temperature has increasing trends over south-southeastern part of Bangladesh. In May, the 

distribution pattern is different, having the increasing trends almost all over Bangladesh except the 

northwestern part of the country where there is decreasing trends of maximum temperature (not shown by 

figure). The distribution of the trends of seasonal mean maximum temperature is almost the same as those in 

March and April (Fig. 2b). It is clear from the discussion that the trends of monthly and seasonal mean 

maximum temperatures are maximum negative over the northwestern Bangladesh. During 1980-2008, the 
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                      (a)                                                    (b) 

Fig.4 (a-b): Spatial distribution of thunderstorm frequency trend/10years in 

(a) May and (b) pre-monsoon season in Bangladesh during 1980-2008 
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Fig. 3: Trend in annual mean country-

averaged temperature in Bangladesh during 

the pre-monsoon season of 1980-2008 
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Fig. 5: Trend of country-averaged seasonal 

frequency of thunderstorm during the pre-

monsoon season in Bangladesh during 

1980-2008 
 

 

  
                          (a)                                                                    (b) 

Fig. 5 (a-b): Spatial distribution of correlation coefficients between Tmax and 

TS frequency in (a) April and (b) pre-monsoon season over Bangladesh during 

1980-2008 

 

 

trends of monthly and seasonal mean maximum temperature are increasing at most stations, and the trends 

are all positive in May. The country-averaged seasonal maximum temperature over Bangladesh during the 

pre-monsoon season has increasing trend at the rate of 1.87C/100 years during the period 1980-2008 (Fig. 

3). 

 3.2 Linear trends of thunderstorm 

frequency in Bangladesh during 1980-

2008 

The frequency of thunderstorms (/10years) 

in March has decreasing trends at 15 

stations and increasing trends at 8 stations. 

The maximum decreasing trend is                 

-4.704/10years at Sylhet, whereas the 

maximum increasing trends is 

+8.598/10years at Faridpur. In April, 

thunderstorm frequency has decreasing 

trends at 15 stations and increasing trends at 

8 stations. The maximum decreasing trend 

is -17.626/10years at Sylhet and the 

maximum increasing trend is are +5.207/10years at Rangpur. In May, 

the conditions are opposite, when the thunderstorm frequency has 

decreasing trends at 8 stations and increasing trends at 15 stations. The 

maximum decreasing trend is -17.453/10years at Sylhet whereas the 

maximum increasing trend is +6.527 /10years at M. The seasonal 

frequency of thunderstorm has decreasing trends at 14 stations and 

increasing trends at 9 stations. The maximum decreasing trend is -

13.261/10years at Sylhet. The maximum increasing trend is 

+3.658/10years at Rangpur. 

The spatial distribution of monthly and seasonal thunderstorm 

frequency (shown in Figs. 4(a-b) for examples) reveals that in March, 

the thunderstorm frequency has decreasing trends over northeastern 

and southern parts of Bangladesh and increasing trends over Faridpur-

Tangail region extending to northwestern part of the country. In April, thunderstorm frequency has 

increasing trends over northwestern region 

and decreasing trends elsewhere over the 

country. In May, thunderstorm frequency 

has increasing trends over almost over 

Bangladesh except a few stations where 

there is decreasing trends (Fig. 4a). The 

seasonal frequency of thunderstorm has 

decreasing trends northeastern part of 

Bangladesh extending to southern part of 

the country (Fig. 4b). Maximum negative 

trends of both monthly and seasonal 

thunderstorm frequency lie over Sylhet 

region. The country-averaged seasonal 

frequency of thunderstorms has also 

decreasing trend at -1.196/10years as shown in Fig. 5.  

3.3 Correlation between maximum temperature and thunderstorm 

frequency  

The correlation coefficients between maximum temperature (Tmax) 

and frequency of thunderstorms (TS) shows that the monthly and 
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Table 1: People’s perception on the warning system and need for better forecasts 

of local storms (aggregated response for all the study areas) 

People’s perception on weather forecast % response (positive) 

Whether the forecasts are correct? 94 

Do the respondents follow forecast 95 

Do warning comes true? 90 

Better predictions needed 100 

Require more plantation, more shelters, resilient 

houses, increased awareness for better adaptation 

100 

 

seasonal mean maximum temperatures are negatively correlated with the monthly and seasonal frequency of 

thunderstorms. The correlation coefficients are statistically significant in many cases. The decrease in 

thunderstorm frequency may be due to the prolong influence of the subtropical high over the region during 

the pre-monsoon season. In March, the magnitude of highest negative correlation coefficient is -0.80694 at 

Ishurdi. In April and May, the magnitudes of highest negative correlation coefficients are -0.86743 and -

0.7937 at Jessore and Sylhet respectively. The magnitude of the highest seasonal negative correlation 

coefficient is -0.87032 at Ishurdi. The correlation co-efficient of country-averaged seasonal mean maximum 

temperature and the seasonal thunderstorm frequency has been found to be -0.86174. From the spatial 

distribution in March, it has been found that the correlation coefficients are maximum negative over the 

western and northern parts of Bangladesh. In April, the western part of Bangladesh has maximum negative 

correlation coefficients (Fig. 5a). In May, the correlation coefficients are maximum negative over the 

northeastern part of Bangladesh extending southwestwards to Dhaka. The seasonal correlation coefficients 

are maximum negative in western part of Bangladesh (Fig. 5b) and less negative over eastern half of 

Bangladesh. So, it is apparent that the negative correlation coefficients lie mainly over northwestern, 

northeastern and western parts of Bangladesh during the pre-monsoon season. 

 

4. Study of Socioeconomic Impacts of local severe storms 

4.1Socio-economic and demographic conditions of the selected areas 

Socio-economic and demographic characteristics of the study of survey reveals that the male and female 

sizes are close to each other except Sirajganj where male household size is 3 compared to 2 for female. The 

coastal district Patuakhali shows that the household size is much lower compared to the others. Sirajganj and 

Saturia have more than 77% of female population remains below SSC level. The status of Patuakhali and 

Sunamganj is relatively better (50%). The better situation literacy in Patuakhali matches with the better 

situation of household size. This indicates that the improvement of literacy is a mandatory for sustainable 

population control and development. The water supply for household use comes from mainly tube-wells 

except Patuakhali where the water supply comes through pipes. This may be because of the fact that the 

ground water is saline and the supply water comes from rainwater harvesting and through treatment of the 

water from other sources. So far the sanitation is concerned, the selected areas are found to have around 70-

80% sanitation toilets, most of which are built on external safety tank. 

4.2  Disasters of the locality, their severity and  impacts   

The local severe storms come at the top of the list of the prevailing disasters as per the opinion of the 

respondents; around 90-99% of the respondents gave verdict for the local severe storms. The flash floods 

associated with severe thunderstorms are most prevailing phenomena over the Sunamganj area and but to a 

lesser degree of prevalence over Sirajganj and Patuakhali (77.0 and 60.5% respectively in the latter two 

study areas). The study area in Saturia does not have the problem of flash flood but drought is indicated as 

prevailing disaster by 80% of the respondents. In the study areas, it is revealed that the plant resources, 

dwelling houses and other household properties, agricultural crops and fisheries are damaged in which 

agriculture environment suffers damages (100%) due to the thunderstorms. 

4.3  Understanding of environment and climate change 

The respondents affirmed that more than 90% of them are aware of climate change and they understand by 

climate change as the increase of temperature, increase of the frequency of natural disasters and irregular 

pattern of weather.  Bangladesh 

Meteorological Department (BMD) 

issues weather bulletins with necessary 

instructions for taking precautionary 

measures in order to save the lives and 

properties and for better agricultural 

management. Table 1 summarizes the 

survey results on the warning system 

regarding the reduction of vulnerability 
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due to the local severe storms.  

 

5. Recommendations 

If lightning is seen on board the launch, the pilot should anchor the launch immediately for 1-2 hours. 

“Nowcasting of weather forecast regarding local severe storms at an interval of 1 hour or less can save a lot 

of lives every year”. Radar imageries at the time of occurrence can show the movement of local severe 

storms/squalls from which the areas likely to be affected can be ascertained. If the farmers see lightning/hear 

thunder, they are requested to take shelter with their cows for 1-2 hours until the storm passes away and not 

to stay in the fields. 

 

6. Conclusion 

On the basis of the present study, following conclusions may be drawn: 

i. Trends of monthly and seasonal mean maximum temperature are decreasing at most stations of 

Bangladesh except in May when the trends are increasing at most stations during 1961-2008. The 

monthly and seasonal mean maximum temperature have almost maximum decreasing trends at 

Rangpur. During the period 1980-2008, trends of monthly and seasonal mean maximum 

temperatures are increasing at most stations, and the trends are all positive in May during the pre-

monsoon season. The country-averaged seasonal maximum temperature over Bangladesh during the 

pre-monsoon season has increasing trend at the rate 1.87C/100 years. The trends of monthly and 

seasonal mean maximum temperatures are maximum negative over the northwestern Bangladesh.  

ii. The monthly and seasonal trends of thunderstorm frequency are mainly negative in Bangladesh 

during the pre-monsoon season of 1980-1008. The country-averaged seasonal thunderstorm 

frequency during the pre-monsoon season has also decreasing trends in Bangladesh at a rate of -

1.196/10years. The maximum decreasing trends lie over the northeastern part of Bangladesh during 

the pre-monsoon season. 

iii. The monthly and seasonal mean maximum temperatures are negatively correlated with the monthly 

and seasonal frequency of thunderstorms and most of the correlation coefficients are statistically 

significant at 100% or 95% level.  

iv. Flash floods and severe local storms are the most common disasters of the locality which impact 

severely on the livelihood and the environment, agricultural crop production especially of that of 

boro rice and other resources. The people have been found to be aware of the warning system and 

they regularly follow the weather predictions. According to the opinion of the people, the predictions 

of the severe local storms are more or less correct except the exact areas of occurrence 
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Abstract 

The article presents a comparative analysis of the irrigation institutions of two Farmer Managed 

Irrigation Systems (FMISs) of hilly region of Nepal (a) Ghyang Khola Farmer Managed 

Irrigation System (GFMIS) and (b) Adheri Khola Farmer Managed Irrigation System (AFMIS) 

to illustrate the crucial role of local formal and informal institutions in shaping water access of 

women and men farmers of different castes particularly during water scarce situations. The study 

uses qualitative data collected through semi-structured interviews (30 in AFMIS and 39 in 

GFMIS), focus group discussions (three in each system), and key informant interviews (seven 

from each system). The results confirmed that gendered nature of irrigation institutions at the 

community level have continue  to maintain the  dominance of men (mostly higher caste and 

elite) in irrigation management.  With the increase in water demand, water users of GFMIS with 

more inclusive institutional mechanisms, devised more sophisticated rules for water sharing, 

thereby improving access to water for women and men of all castes. In contrast, deterioration of 

existing traditional water allocation rules was reported in AFMIS which have poorly developed 

institutional mechanisms. In the absence of well- defined water allocation rules in AFMIS, 

access to water during the scarce periods depended on forceful assertion of water rights which 

undermined secure water access of women and increased their dependency on men for irrigation. 

The research concludes that inclusive irrigation institutions are crucial for maintaining equitable 

and secure access to irrigation water among water users of different caste and gender in FMISs in 

order to decrease vulnerability of these populations. 

Keywords: Irrigation institutions, Water access, Gender 

 

1 Introduction 

The association of irrigation management as a male domain has led to the exclusion of women 

from formal irrigation institutions such as water user associations(WUAs), thereby resulting 

unequal formal access to and control of irrigation water (Kulkarni 2007; van Koppen 2002; 

Zwarteveen 2006).Even when formal water rights do not dictate water access, women have to 

rely on local informal institutional arrangements like local water rights, informal water allocation 

and distribution rules, informal networks, etc. which are much influenced by the existing 

gendered norms, social attitudes toward male and female bodies, their strength and capabilities, 

and gender division of labor (Adams et al. 1997; Cleaver 2010; Meinzen-Dick and Z warteveen, 

2001).The gendered nature of irrigation institutions can pose additional threat to water access for 

marginalized community including women as competition over irrigation water is expected to 

increase in coming days, adding one more dimension to this already vulnerable population. 
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Nepalese society is historically characterized by social hierarchy specifically in terms of gender 

and caste. Gender discrimination is a daily occurrence in Nepalese society, which highly 

prioritizes the traditional reproductive role of women and fails to recognize their contribution to 

productive activities. Agrawal (2008) has argued that the inclusion of women in decision making 

leads to better integration of women’s needs and interests in natural resource management As 

such, Irrigation Policy 2003 of Nepal has a mandatory provision of 33% women and 

representatives from other marginalized communities in WUAs and management committees. 

However, despite the policy provisions, limited participation of women farmers in irrigation 

management in FMIS has been reported (Chhetri et al. 2008; Zwarteveen 2006) even though 

significantly higher rural women are involved in agriculture (about 90.9 percent) as compared to 

rural men (about 60.7 percent) (Demographic and Health Survey, 2006). As such, local irrigation 

management institutions such as WUAs cannot be assumed to automatically ensure equitable 

water access for all. Moreover, applying rotation system for water allocation in times of water 

scarcity is a well-established coping strategy in Farmer Managed Irrigation Systems in Nepal 

(Edward and Yoder 1986; Zwarteveen 2006). Hence this paper will explore the ways in which 

two irrigation systems with differences in institutional arrangements have adapted their 

institutional mechanisms to manage the differential water availability. It also illustrates the 

implications of the changes in irrigation institutions particularly water allocation rules on water 

access of women and men farmers of different castes particularly during water scarce situations. 

1.1 Study Area 

Pawati VDC of Dolakha District is situated at 27º35'00"N Latitude and 86º02'30"E Longitude, 

about 110Km south-east from the capital city, Kathmandu of Nepal. Adheri khola Farmer 

Managed Irrigation System (AFMIS) and Ghyang Khola Farmer Managed Irrigation System 

(GFMIS), both hill furrow irrigation system, are two major operating farmer managed irrigation 

systems of Pawoti VDC. Decline in water availability for irrigation was reported by farmers in 

both irrigation systems. 

Table 1- Characteristics of irrigation systems under study 

Irrigation 

system 

Length of 

canal (Km) 

Water source Beneficiaries 

(HH) 

Command 

area(ha) 

Wards 

covered 

Type of water 

source 

AFMIS 4 Adheri khola Not clear 350 5,6,7,8 Perennial, water 

flow varies with 

rainfall 
GFMIS 5.5 Ghyang 

khola 

325 200 1,2,3 

 

1.2 Method 

The results of this paper are based on qualitative data collected through semi-structured 

interviews (30 in AFMIS and 39 in GFMIS), focus group discussions (FGDs) (three in each 

system), and key informant interviews (KII) (seven from each system) between September and 

November 2010. Purposive sampling was used to select men and women water users in the age 

group of 30 years and above from different castes and locations within the irrigation system for 

semi-structured interviews. Mixed FGDs were conducted with men and women water users of 

head section, middle and tail end of the irrigation system. The KIIs were carried out with 

previous and present WUA committee members and local leaders of each system. The records of 

irrigation systems were thoroughly analyzed.  
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2 Results and discussions 

Historical analysis of organizational structure of both irrigation systems shows the dominance of 

politically active upper caste male elites in the management of irrigation system. However, the 

two irrigation systems differed in their organizational structures and institutional mechanisms. 

User’s sanctioned organizational structure and institutional mechanisms such as mass meeting, 

general assembly, management committee, etc. which could bring together all the users of the 

irrigation system for rule making process was absent in AFMIS. Farmers were found to organize 

into small informal groups led by local political leaders (all men and mostly upper caste) to 

perform canal maintenance and cleaning activities in AFMIS.  

However, GFMIS has a definite organizational structure which includes general assembly and 

executive committee of WUA. Membership criteria are based on head of household status which 

has formally opened the space for women headed households. General assembly has been 

developing as more democratic rule making body particularly after 2006. Due to the ongoing 

wider changes in sociopolitical context of the country, an executive committee more inclusive in 

terms of caste and location was formed in 2006 (Panta and Resurreccion, 2014). Participation of 

women in decision making forums was found to have improved in the recent years in GFMIS 

while in AFMIS women continue to be excluded.  

2.1 Masculine groups for water acquisition: gender differential access to water in AFMIS 

In the absence of formal WUA, anyone whose land is within the reach of canal has the right to 

use the water. Normally, farmer or group of farmers who reached the intake of canal first and 

diverted water into the field got the right to irrigate first after which others waiting could get 

their chance to irrigate turn wise under his/her consent. However, during water scarce period 

such as in rice transplantation, the capacity of water users of a certain location to gain water from 

the canal depended upon their capacity to collectively divert water and physically confront other 

competing users near the water source. In the recent years, due to irregularities in rainfall, 

decline of alternative water sources and use of multiple varieties of rice that have different 

transplanting periods, farmers reported that competition for canal water has further increased and 

the traditional rice plantation schedule has not been followed. In such context of declining water 

availability, physically strong and politically active men were reported to be able to get water in 

time and required amounts because of their capacity to mobilize group of people to argue and 

even fight with other competing irrigators. The association of acquiring water by force and 

physical strength not only undermined the ability of women farmers but also of some men 

farmers to get water independently.  It was reiterated that women and children only couldn’t 

access irrigation water and therefore women farmers are the last ones to get water after her 

neighbors and male relatives. Some women irrigators who organize into groups to divert water 

were still found to have weaker access to water as they didn’t use violence as a means and had 

limited capacity to argue with drunkard men guarding the canal. 

“My husband works in Kathmandu….I myself go to divert water to irrigate our field for rice transplantation in 

summer and for potato in the winter.  We neighbors go collectively in a group of 4-5 women at night when others 

are sleeping. It’s risky to go during night but we have to. We don’t get chance to irrigate during the day time. 6-7 

years ago we didn’t need to struggle so much to get water. There used to be timely rainfall and several water 

sources used to emerge locally…Now because of the water shortage we have to quarrel with others to get water.  

The person near the source and person with able bodied male members can transplant rice timely and get good 

yield while others have to wait for the rain. This is the reason why we could transplant rice in our field only in 

July instead of June. It took 20 days instead of 7 days to finish the transplantation due to irregular water supply”.  
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Mrs B10’, an upper caste woman irrigator from middle section, 2010 

Source: Semi Structured Interviews, 2010 

 

Hence, absence of users’ sanctioned systematic water allocation rules and proper enforcement 

mechanisms was found to pose increasing threat to secure water access for women and men who 

have limited social networks to form and mobilize masculine groups, irrespective of caste. This 

was found to have resulted dissatisfaction among such water users of the system. 

2.2 “We don’t need to fight with anyone now”: improved access to water in GFMIS 

After the inclusion of unsatisfied water users especially women of middle section of the canal in 

executive committee in 2006, women found a platform to voice their difficulty in accessing canal 

water especially during the winter season when canal water is the only source of irrigation water 

for most of the farmers of the irrigation system. This led to formulation and successful 

implementation of water allocation and distribution rules for winter season which coincides with 

maximum competition for canal water in the area. Each year, water rotation schedule for winter 

crop season is decided by the committee members and a written notice of schedule is posted in 

each water distribution gate along the canal. The irrigator of each gate has to ask the committee 

member or refer to the timetable notice before diverting water through the gate for irrigating 

his/her field in order to make sure about his/her turn.  

All men and women irrigators irrespective of caste and location expressed that they can now get 

water more easily without fighting and arguing with each other during the winter season and 

hence are more satisfied than before. The more extensive cultivation of garlic in the head and 

middle section of the irrigation system were reported by the farmers during the FGD. The 

narrative from a woman farmer of Bhujel community provides another evidence of more 

equitable sharing of water among the farmers.  

 
“I have been cultivating garlic for the last 3 years in bari (upland). Other farmers were getting profit from it long 

before but I couldn’t take risk as it needs much water. So I used to cultivate wheat instead which could give yield 

even if its rainfed. Now the water is more reliable as we have fixed schedule of irrigation and I am now benefiting 

from garlic”.Mrs J12, a woman from Bhujel (middle) caste 

 

“Now, we don’t need to argue with other irrigators like before. We can get water by turns ”Mrs 

D9, women irrigator from dalit caste. 

 

In both irrigation systems, all farmers within the reach of the canal water have equal rights to the 

irrigation water which gives an impression of gender neutral irrigation institutions. However, 

having water rights does not automatically translate to secure access to water (Zwarteveen, 1997) 

and this was particularly vigilant during water scarce periods in the above irrigation systems. In 

AFMIS, women irrespective of caste were positioned as weaker and dependent irrigators because 

of their inability to physically confront their competing male irrigators and thereby had less 

secure access to canal water than their male counterparts. Informal institutions such as gender 

norms regulated the behavior of women irrigators while negotiating for water access with their 

competing men irrigators. The institutional arrangements shape people’s access to and benefit 

from the institutions (Agarwal, 2008). Gender inequality in terms of access to irrigation water 

was found to be more striking in irrigation system with poorly developed institutional 

arrangements-as in AFMIS than in GFMIS characterized by well- defined organizational 
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structure, rules of membership and system for involving beneficiaries in rule making process. 

Water allocation rules designed and sanctioned through inclusive organizational structure was 

found to have improved access to water for all water users including women and marginalized 

caste groups of the irrigation system.  

Nepal has a monsoon dominated climate with seasonal imbalance in water availability which is 

predicted to exacerbate due to increasing climate variability (Chaulagain, 2006). Hence, this 

research calls for more attention towards strengthening irrigation institutional arrangements and 

gender inclusive irrigation management organization at local level to ensure equitable access to 

water for vulnerable population groups.    
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Abstract 

How do people in Asia live with climate change now? How will it impact their future and 

how will they shape their own environment? What are the most effective ways that 

media, governments and businesses can support people to adapt to climate change? These 

are the questions behind Climate Asia, the world’s largest study of people’s daily 

experience of climate change in seven Asian countries, which surveyed 31,961 people 

across Bangladesh, China, India, Indonesia, Nepal, Pakistan and Vietnam.  

To understand people’s needs and identify opportunities to communicate with them 

effectively, Climate Asia analysed survey data from across the region and placed people 

into five discrete segments, using a process called cluster analysis. People in each 

segment vary in the extent to which they feel the impacts of climate change, how they are 

adapting and the factors that enable and prevent their response. As such, each has 

different communication needs and can be supported in different ways. We have called 

these segments: surviving, struggling, adapting, willing and unaffected.  

The segmentation analysis underscores that climate change adaptation is not just 

influenced by demographic variables, such as age, income, education level, wealth or 

geography. Psychology is also important, and people’s attitudes – such as their 

willingness to change – are significant in understanding levels of adaptation. This paper 

will provide insights as to how communication experts and policy-makers can use this 

segmentation to build more resilient and sustainable communities across the region. 

Keywords: adaptation, cluster analysis, communication, Asia  

1. Introduction 

Traditionally, climate change communication has been based on the concept of climate 

change and global warming, and also around extreme weather events such as droughts 

and floods. Communication has been weaker in addressing the impacts of climate change 

that people are struggling with in their day-to-day lives. 

Climate Asia provides the first comprehensive picture of how people are affected by and 

responding to changes in their environment across Bangladesh, China, India, Indonesia, 

Nepal, Pakistan and Vietnam, and maps where people are under pressure and where they 

are taking action. This project has shown that people across Asia are feeling the impacts 

of climate change on their health, livelihoods and everyday lives and understand how 

communication can support them to adapt to these changes.   

To inform communication aiming to bring about social change, it is beneficial to split 

audiences in a way that links to communication objectives. For example, if a project aims 

to change attitudes then it is useful to understand audiences’ current feelings and beliefs. 

In the case of Climate Asia, this meant segmenting, or categorising, people into groups 

based on factors that reflect how they experience and respond to changes in climate.  

Cluster analysis has been used in this sector to group audiences according to their 
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awareness and views of global warming but not in the field of climate change adaptation.
1
  

In Climate Asia, this segmentation approach has been used to understand how audiences 

feel the impact of and respond to changes in climate to inform how communication can 

support them.   

2. Study Area 

Climate Asia used a mix of quantitative and qualitative techniques.  This paper 

concentrates on the quantitative survey, which provided the data for the cluster analysis. 

Within the overall research period from January 2011 to November 2012, 31,961 

interviews were conducted with people across the seven countries between June and 

November 2012.
2
  Surveys were done in collaboration with market research agencies 

across Asia and not-for-profit partnerships in China (through CANGO
3
). 

Cluster analysis was carried out to group people from across the region into five distinct 

groups – the surviving, the struggling, the adapting, the willing and the unaffected.  The 

steps taken to segment the data are highlighted in diagram below: 

 

Figure1: Steps taken to conduct the audience segmentation 

a. Datasets 

The following interviews were conducted within each country with adults aged over 15 

years. Nationally representative surveys have been conducted in each country except for 

India and China; due to their size, specific regions were selected to cover a geographical 

                                                           

1
 The Yale Project on Climate Change Communication and the George Mason University Center for Climate Change 

Communication have conducted nationally representative surveys on people’s beliefs, behaviours and policy 

preferences about global warming in the United States since 2008. This group also conducted surveys in India and 

China using a similar methodology. 

2 Survey findings are all available on an innovative data portal found at: www.bbc.co.uk/climateasia. 
3 CANGO is the China Association for NGO Cooperation; see  www.climatenetwork.org/profile/member/cango and 

www.cango.org/english01/index.asp. 
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representation of the country. The number of interviews conducted in each country was 

determined by the size of population.
4
  

Figure 2: Number of interviews conducted for the quantitative survey 

3. Results and Discussions 

The five segments produced by the cluster analysis are called the surviving, struggling, 

adapting, willing and unaffected. The proportions of these segments within a country 

represent the extent to which people in the country perceive impacts of changes in climate 

and are taking action to respond to them.  Each segment varies in its distribution of the 

five main variables that were used to construct the five segments.    

  Surviving Struggling Adapting Willing Unaffected 

Impact felt  

in daily lives 
High High High Medium Low 

Action 

taken 
Low Medium High Medium Low 

Willingness 

to change 
Low Medium High Medium Very low  

Community 

co-

operation  

Very low High High Medium Low 

Feel 

informed 
Low Low  Medium High Low 

Figure 3: Key characteristics of the five segments 

                                                           

4
Details of the sampling methodology followed for each country can be found in the country reports at:  

http://www.bbc.co.uk/mediaaction/climateasiadataportal/resources. 

  Bangla-

desh 

India Nepal Pakistan China Indonesia Vietnam Total 

Total population 

aged 15 (numbers in 

million) 
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1,170  29.3  184  1,350  233  

 

87.8  3,220 

 

Representation National Specific 

regions 

Nation

al 

National Specifi

c 

region

s 

National National  

Total number of 

interviews 

3,578 8,368 2,354 4,128 5,062 4,985 3,486 31,961 
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The proportions of these segments within a country represent the extent to which people 

in the country perceive impacts and are taking action to respond to them.  Comparing the 

distribution of these segments across the countries provides insights into which countries 

need to be prioritised for support.   

Segment 

South Asia Southeast Asia  

Pakistan 

% 

India 

% 

Nepal 

% 

Bangladesh 

% 

Indonesia 

% 

Vietnam 

% 

China 

% 

Base:  All 

segmented 
2,460 7,394 2,230 3,078 3,806 2,707 3,770 

Surviving 24 26 11 9 6 10 17 

Struggling 10 25 45 31 23 9 7 

Adapting 27 20 17 18 11 24 27 

Willing 13 18 13 27 32 24 10 

Unaffected 26 11 15 16 27 33 39 

Country with highest proportion of each segment 

Figure 4: Distribution of the regional segmentation 

Each audience group has distinct communication needs.  For example, people in the 

surviving segment are feeling the impacts of changes in climate but feel that they cannot 

make a difference. These are often people who are more isolated from society, such as 

women in Dhaka, and the poorest in India. In contrast, those in the adapting group are 

already taking action, such as finding new water sources. However, they need information 

and skills to enable them to respond in more long-term ways and prepare for the future, 

for example by adopting new farming techniques or transferring to using solar energy. 

The segmentation guides communication by prioritising target audiences and showing 

which barriers and drivers communication need to address.  For example, in India, where 

there was the highest concentration of people in the surviving segment, communication 

needs to build awareness of what they can do to make a difference. It also needs to show 

people like them taking action so that they feel it is socially acceptable behaviour to do 

things such as preparing a disaster plan.   In contrast, in Bangladesh where there is a high 

proportion of the people in the adapting and struggling groups, communication needs to 

concentrate on showing how people can take actions with people in their community.  

4. References 

Climate Asia website and data portal (2014) [online]. Available from: 

www.bbc.co.uk/climateasia [Accessed 14 November 2014].  
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Abstract 

Agricultural production and food security across the world are facing increasing competition for resources 

from non-agricultural sectors, a growing population and fluctuations in production conditions through global 

climate change impacts. The present study evaluates landuse shifts and climate change impacts on the 

wetland paddy systems of the west coast of India over a 31 year period from 1979-2009. The food security 

of the region is heavily reliant on these staple agro-ecosystems that are at present facing diverse global and 

local scale pressures. The various anthropogenic drivers and feedback responses on the socio-ecological 

system are also examined. Landuse change and its drivers are captured by combining various data sources 

such as an in-depth quantitative survey in the various agro-ecological zones where paddy is cultivated, 

stakeholder interviews and secondary regional statistics on agricultural land use, production and distribution. 

The climate change impacts on paddy production is evaluated for the same time period by modeling the 

influence of rainfall and temperature on rice yield in the region. The study reveals that the major threat to 

food security in the region is through large-scale conversions of wetland paddy fields whereas the impacts of 

climate change are found to be insignificant for the period. The results have vital implications for food 

security, landuse and climate change adaptation policies.  

Keywords: Climate change, landuse change, food security, western coastal plains, India 

1. Introduction 

Agriculture in the 21
st
 century, especially in the developing countries, has to encounter multiple resource use 

and production challenges that range from increasing competition for land and water from non-agricultural 

sectors, a growing population, spiralling anthropogenic landuse change and above all significant fluctuations 

in production conditions through climate change impacts (FAO 2012; GoI 2010). These diverse pressures of 

climate change and anthropogenic land-use change affect the land-water-climate complex central to 

agricultural systems thus impairing sustained and sustainable food production and security (Dale 1997).  

Given the paramount importance of agriculture to life and livelihoods, numerous studies have been 

conducted worldwide to determine the impacts of climate and landuse change on agricultural production. 

Even though there are large number of studies that project future climate change impacts, studies that relate 

historical trends to crop yields are relatively few (Bhatt et al 2014). An understanding of past trends of 

climate impacts on agricultural production is key to estimation of near-term food security, adaptation 

measures and resource pressures in the future (Lobell et al 2011; 2007). Regression analysis of global 

historical yield data of major food crops to temperature and precipitation since 1980 has revealed that 

climate impacts often exceeded 10% of the rate of yield change (Lobell et al 2011). The study also reported 

that past warming trends in India have a clear negative effect on yields. Increasing temperature trend during 

the past 40 years is seen to mostly suppress the crop yields of rice, maize and wheat in the Koshi river basin 

of Nepal (Bhatt et al 2014). Growing season precipitation and mean temperature are found to have 

significant influences on rice and wheat yields in China over the last few decades (Tao et al 2008).  

Numerous studies and assessments have been conducted in the Indian context on the critical impacts of 

climate and landuse change on agriculture (Aggarwal and Mall 2002; Jayaraman 2011). However, historical 

assessment of impacts on agricultural yields in several special ecosystems that are ecologically fragile and 

economically important such as the Western Ghats and Western coastal plains (WCP) have not received 

adequate attention (GoI 2010; Kumar et al 2011). The present study proposes to quantify the landuse 

changes and climate change impacts on paddy yields, one of the major staple food crops in the Western 

coastal plains of peninsular India for the historical period 1979-2009.  
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2. Study area 

The WCP) is a longitudinal strip of land flanked by the Western Ghat mountains to the east and the Arabian 

Sea to the west between 8
o
 – 21

o
 30’ N longitude  and 72

o
 30’ – 78

o
 E latitude in peninsular India. It 

stretches from the Tapi river in the north to Kanyakumari in the south for a distance of 1700 km covering an 

area of about 10,000 sq.km in the states of Gujarat, Maharashtra, Goa, Karnataka, Kerala and Tamil Nadu 

with the northern, central and southern portions identified as Konkan, Canara and Malabar coasts 

respectively (Figure 1).  The region is mostly having a tropical humid climate and lies between an elevation 

range of 0-200 m. These plains have an average annual rainfall of 3000 mm, average annual temperature of 

30
o
C and average annual PET (Potential Evapo Transpiration) of 1500 mm. Rice is the major crop cultivated 

in the region in 22 percent of the gross cropped area under diverse farming systems that range from near-

coastal rice-fish systems to vast wetland cultivation to highly fragmented cultivation pockets in the Ghat 

valleys. The region is drained by numerous short west-flowing rivers from the Western Ghats forming 

extensive estuarine complexes before they drain out into the sea. Majority of the rice in these plains are 

cultivated as rainfed paddy during the South-West monsoons and is therefore highly influenced by the 

climate and its changes.   

 

Figure 1: The study region 

3. Data and Methodology 

The study region comprises of 20 districts in 6 states. District level paddy area under cultivation and 

production data for the time period from 1979 to 2009 were accessed from the District Level Database 

Documentation of International Crops Research Institute for the Semi-Arid Tropics (ICRISAT, 2013) which 

has been compiled from various district statistical handbooks. The 1979 district boundaries are followed for 

data consistency and the length of the data is 31 years (1979–2009) for 19 districts and 16 years (1994–

2009) for the district of Valsad. Gridded temperature and precipitation time-series data for the same period 

was obtained from India Meteorological Department (IMD) at 1 and 0.25 degree respectively. 
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The changes in landuse and climate-yield relationship is assessed district-wise for the entire coastal plain. 

Further, a field survey was undertaken in the Chalakudy river basin in the Malabar coast to arrive at the 

anthropogenic drivers of landuse change. The major growing season (in months) for paddy cultivation in the 

region was identified from literature survey and through familiarity of the region under study. The South-

West monsoon months of June-September which is the Khariff season of cultivation in India is the major 

paddy growing period in the region. The climate variables studied are total precipitation (P), average 

minimum and maximum temperatures (Tmin and Tmax), average temperature (Tavg) and the average 

Diurnal Temperature Range (DTR) which is (Tmax – Tmin) in a seasonal time step for the crop period. The 

trends in land area, production, productivity and the climate variables are tested using the Mann-Kendall 

method and quantified using Sen slope method. The effects of technology and management on crop yields 

are detrended using the first difference method. The climate-yield relationships are analyzed by plotting the 

detrended yield (Δ Yield) with corresponding changes in the climate variables (ΔTmin, ΔTmax, ΔDTR and 

ΔP). 

4. Results and Discussion 

At present, the largest share of paddy cultivated area in the WCP is in the Konkan coast (61%), even though 

it has only 37% of the total cultivated area of the region. It is to be noted that, 40 years back, 50% of the total 

paddy cultivated area in the WCP was concentrated in the Malabar coast which has at present dwindled to 

only 22%. More disturbingly, the land area under paddy in the WCP shows statistically significant (α = 0.05) 

strong negative trend across the districts over the past three decades, except for the extreme northern district 

of Surat and Ratnagiri in the Konkan coast. The total paddy production from the WCP in the past four 

decades also shows statistically significant negative trends in the entire Malabar coastal tract whereas in the 

Konkan coastal districts, except Mumbai, the trends are positive.  
 

A quantitative survey was undertaken in one of the west-flowing river basins in the Malabar coast to bring 

out the anthropogenic drivers of landuse change under paddy. Extensive conversion of wetland paddy fields 

into garden lands for non-agricultural purposes, cultivation of non-rice crops such as banana, tapioca and 

vegetables in the paddy lands and perennial tree crops such as coconut, nutmeg, rubber etc. in the converted 

paddy lands are noted to be the prevalent practices across the lowlands and coastal lands of the basin. One of 

the main drivers of such drastic conversions is identified to be the livelihood shifts into non-agricultural 

occupations of both cultivators and agricultural labourers. Large extents of paddy fields are owned by 

absentee landlords and are either under lease cultivation or left fallow due to unviability of labour intensive 

paddy cultivation. The vast stretches of paddy land that have been left fallow are the new sites for various 

non-agricultural resource extractions, large-scale speculation and investments and for infrastructure 

development projects. The boom in land prices by mid 2000s had stimulated large-scale sale of paddy lands 

by small and large holders alike who had stopped cultivation in these lands by the late 1990s.  

The climate variables of temperature and rainfall did not display any statistically significant trends for any of 

the Western plain districts during the paddy growing season for the past 30 years. However, a weak but 

consistent direction of trend is visible across the districts.  The Tmin, Tmax and Tavg are showing increasing 

trends contributing towards a warmer growing season climate whereas DTR and precipitation trends are 

highly uncertain and inconsistent. When the changes in yield are plotted against these climate variables and 

fitted with a linear regression line, slight albeit insignificant trends could be discerned across these districts. 

A consistently negative response of yields to warmer growing season is observed. Figure 2 shows these 

trends for a representative district in the Malabar coast. Thus increase in temperature is indicative of 

lowering paddy yields in the study region which have implications for future climate change and its impacts. 

Estimation of yield response to DTR and precipitation is found to be highly uncertain. This finding is 

consistent with other studies both analysing historical impacts and those predicting future impacts that 

indicate that yield changes in response to T are more pronounced than changes in relation to P (Lobell et al 

2011). Reduction in yields with warming climate trends has been reported widely, even though it has been 

admitted that in several geographic locations and for shorter historical periods, the trends are often 

insignificant (Lobell et al 2007). Yet, these weak but consistent relationships are an indication as to the 

direction of change to yield due to climatic changes. But, it is very clear from the present study that the 

effect of direct anthropogenic landuse change have more pronounced and significant negative effects on 
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paddy production. It has been pointed out that landuse changes through non-climatic drivers are more 

prominent and determinative of agricultural production than the climate change induced impacts (Lambin 

and Meyfroidt 2011).  

 

Figure 2: Bottom row: : Trends in Tmin, Tmax, Tavg, DTR and P (1979-2009) for the growing season (June-September) in the Palakkad district, 

fitted with linear regression lines. Top row: Trends of Δ Yield with changes in corresponding climate variables (ΔTmin, ΔTmax, ΔDTR and ΔP 

respectively).    

5. Conclusion 

The present work on assessing the landuse changes and climate change impacts on paddy production in the  

WCP establishes very clearly that in the near term, the influences of direct anthropogenic changes in landuse 

is more detrimental to staple food production than the climate change impacts. The major drivers of such 

landuse changes are noted to be large-scale shifts in primary occupation and increases in non-agricultural 

uses of land. These findings are strategic in planning for food security of these fragile ecosystems that are 

one of the historic and highly diverse rice cultivating belts of the country.  
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Abstract 

Male migration for work is increasing in Nepal. The purpose of the study is to see the 

effect of male migration in women’s lives and how have they capitalized the situation 

to empower themselves to build climate resilient households. The study was done in 

the Dagatundanda and Righa VDCs of Baglung District in Nepal. Primary 

information was collected through focus group discussion and key person interview. 

The secondary information was collected from DFO Baglung and other published 

literature.  It was found that women have developed self confidence, gained 

knowledge, developed social network and as a result they are empowered and made 

their households climate other socks resilient households.  

Key words: Migration, women empowerment, confidence, climate resilient 
 

1. Introduction 

Over the years, migration within and out of country has increased in Nepal. Thirty-

two percent of the married men are migrated in and out of country (NHDS, 2013). 

Migration is a sources remittance and has contributed to poverty reduction and 

improvement in livelihood. Remittance alone contributes to approximately 16 percent 

of GDP. 

Migration of work force to the urban areas and foreign countries has resulted in lack 

of work force in rural areas of Nepal. In the absence of male members, female are 

obligated to participate in development process, where male were active earlier, along 

with their regular household chores (Synnott, 2012).  

Women’s participation in the community forestry has increased and they hold 

positions of decision makers and general members. They participate in trainings, 

exposure visits, meetings, infrastructure development and forest management 

activities. This has resulted in increased mobility, active participation in the groups 

and access to financial resources. There is remarkable participation of women in 

forest management process. Mobility of women gives them an environment where 

they explore the outside world, develop self confidence and enhances access to 

information that leads to awareness. It is also observed that access to financial 
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resources and information influences in women empowerment. The bottom line is 

increase of skills, knowledge and social capital (networking and social relations) 

increase climate resilience (Hensen, 2013). 

Over period of time, due to male migration and additional duties to women have made 

them realize their own strength, capacity and abilities of doing what their male 

counterpart were traditionally doing. As a result they are able to make their 

households climate resilient, in support of different Government agencies, NGOs and 

other medium of information.   This paper explores how male migration demands 

women to work in and out of the household which in turn influences women’s 

empowerment and develop climate resilient households. 

2. Study Area and Methodology 

Study was done using Focus Group Discussions (FGD), Key Informant interview to 

know their past and present level of knowledge, awareness, their level of confidence 

and direct observation of women members of Piplebasaha CFUG of Shreemala, 

Dagatundanda and Milan CFUG of Daram Khola, Manewa, Righa of Kharbang Ilaka 

of Baglung, the intensively supported CFUGs of Multi-stakeholder Forestry Program 

(MSFP) in Dhaulagiri cluster. 

The paper also examined the capacity built and empowerment of women in relation to 

membership, attendance in meetings, participation in training, taking up key positions, 

and voices heard. Meetings of community forest user groups, training and income 

generating activities are witnessing increase in female participation and if they are 

nominated or elected in the key positions that ensure their say in the community 

(study was conducted on 10-13 October 2014). 

3. Results and Discussion 

Migration to India was very common in the region. However, now-a-days, the 

migrants are increasingly choosing more preferred destinations such as Japan, 

Malaysia, Middle East and even USA through legal and illegal means in recent years. 

The migrant are mostly male. During FGDs with women whose partners are away brought 

two different issues to light.    i) Access to opportunities leading to increase in the level 

of self-confidence ii) Increase in workload. In this paper, these two issues will be 

elaborated. 
 

The women expressed their agreement on -migration of male members makes their 

women counterparts more knowledgeable, empowered and engaging in development 

work. This is because when the male leave their homes, their female partners have to 

take up roles of their own and of their male partners. And it is well known fact that in 

Nepal, in general, male take care of outdoor work (ACTIONAID, 2013). When 

women move out of their four walls, they are exposed to different modes of gathering 

information, varieties of possibilities to learn new skills, identify the service centers.  
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Gita Pokhrel, Secretary of Piplebasaha Bahuwdeshya CFUG says “I had to stay back 

and make my plans as per my husband’s time table and had to take his permission to 

go to meetings and trainings. I did not go to any service centers such as livestock and 

agriculture service centre, Ilaka forest office and district headquarters as my husband 

used to visit them. He rarely shared any discussion that took place in the meetings or 

elsewhere. I It was “not useful” for me, according to him.  In earlier days, when my 

husband went to Japan, I was nervous, did not know how and what to do. I realized it 

was not only me whose husband is away from home. In last two years, free use of 

financial resources including other resources at my home has given me power and has 

increased my self-confidence. I have managed to take care of my household chores 

and my children. I manage time and go to meetings, trainings and to government and 

non- government service centers as per my need. Among many, few training such as 

good governance, Home Garden and Climate Change and vulnerability assessment 

during Climate Adaptation Plan of Action preparation trainings has increased my 

knowledge and strengthened and prepared me for resilience to climate change. And 

the knowledge gained through training and other sources, I disseminate them to other 

family members. One day some people in the village were burning plastics and other 

stuffs after cleaning their home, few children went to them and asked them not to do 

so as it is harmful to the environment and their own health”. And she gave a “proud of 

myself” kind of smile. 

Out of 38 women participants of the FGD, more than 74% claimed that the level of 

confidence has increased. They have been able to take decisions at homes and actively 

participate in the decision making process of the community forests. They learn more 

than earlier days as they constantly communicate with others in and outside the 

groups. Now a-days they know what services are available and where they can get 

them. The situation would not have been the same if their male partners were at home.  

Khim Kali Rana made stone wall in front of her house with support from her 

neighbours as there was high risk of landslide due to heavy rain this year. She learnt 

about stone walls, for holding soil and need of planting soil holding species to prevent 

landslides such as bamboo, cane and broom grass.  

The other side of the coin is increase in work load of women. Now, when men are not 

around they have to divide their time for in and out door duties of households. This 

means the women get lesser time to rest and could have consequences of worsening 

health conditions. As most of the participants of FGD were from nuclear families, 

there were times when they had to take their children with them to the training and 

few had to drop the trainings. There were some cases where the daughters-in-law 

were discouraged to go meetings for long and prevent going out of the village.  
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Samana (real name hidden) of Milan CFUG in Righa said, “I was always interested in 

taking part in trainings, talking actively in the meeting and take vital position in the 

CFUG management committee. My mother-in law and father-in law said that I was 

not able to complete the household chores on time. I had to look after the cattle and go 

to forest for fodder and to fetch water. I was literate and wanted to do something on 

my own. However, the discouraging environment at in-law’s home set me back. 

When my husband was here in last holidays, I expressed my feelings and interests. He 

then asked my father-in-law to sell the cows and keep the money with him. My 

husband the next day said that he has reduced half of my work and now I have time to 

go to the meetings and trainings”. She is now active member of Milan CFUG and was 

taking part in training of making leaf plates for income generation of the CFUG. Here, 

the role of the male partners is very important. If cooperation and support from in-

laws is available, it is huge strength for women in the joint families. 

Therefore it can be concluded that migration of male members make women carryout 

work at and outside homes. This enhance self-confidence, create opportunities for 

gaining knowledge and skills, know  and create opportunities for women to makes 

households resilient to challenges and shocks resulting from various climate and non-

climate change factors. 
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Abstract 

 

Climate change is unequivocal and it has adverse impacts on natural and human systems.  

Poor and disadvantaged people are often the ones who are hardest hit by the impacts. 

Addressing the adverse impacts requires adaptation planning at multiple levels both for 

ecological and human communities. 

The USAID funded Hariyo Ban (healthy green forests) Program supported preparation and 

implementation of 400 adaptation plans in selected communities and village development 

committee areas in two landscapes (Terai Arc Landscape-TAL and Chitwan Annapurna 

Landscape-CHAL) of Nepal. The program uses ecosystem services to help vulnerable people 

to adapt to climate change as part of its adaptation planning, but at the same time examines 

the vulnerability of local ecosystems, working to build their resilience to climate change and 

taking care to avoid maladaptation. 

This paper presents an analysis of the vulnerability assessments and adaptation planning 

conducted at different levels, and evaluates the effectiveness of the adaptation measures 

practiced and the approach and methodologies used.  

Early results indicate effective approaches in addressing adverse impacts of climate change 

and variability on agriculture and livestock. Early experiences of integrating disaster risk 

reduction and climate change are outlined, including challenges. Advantages and challenges 

of integrating human and ecosystem adaptation approaches are discussed, including issues of 

scale and the need for multi-sectoral collaboration. The paper highlights major learning and 

ways forward. The tested adaptation practices enhance ecological and human communities’ 

adaptive capacity; however, these good practices firmly depend upon broader understanding 

of institutional and environmental vulnerability and climate change policy framework and 

local context.  

Key words: Adaptation plan, disaster risk reduction, landscapes, poverty and resilience  
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INTRODUCTION 

Human induced climate change is disrupting global weather patterns, making them less 

predictable (IPCC, 2013). Nepal is particularly vulnerable to these changes; every year more 

than one million people are affected by climate-induced disasters such as floods, landslides 

and drought (NAPA, 2010). Climate change has increased pressure on the key natural 

resources needed to sustain economic growth in Nepal, jeopardizing development goals and 

the country’s ambition of graduating to become a middle income country by 2022 (NPC, 

2014).   

Addressing these adverse impacts requires at multiple levels adaptation planning for 

ecological and human communities at multiple levels. For this, policy makers, planners and 

implementers should have a common understanding of the issues involved in adaptation 

planning, implementation and monitoring. This study was conducted to assess the 

vulnerability and adaptation practices in rural areas of two landscapes of Nepal, and how 

national policies and programs address these climate change issues to reduce ecosystem and 

community vulnerabilities. 

MATERIALS AND METHODS  

The study was conducted in two landscapes: the Terai Arc Landscape (TAL) and Chitwan 

Annapurna Landscape (CHAL).  

The study area covers different physiographic regions, communities and ethnic groups in 

Nepal (Figure 1). The study is based on primary and secondary data collection; the former 

from the Hariyo Ban program data consisting of focus group discussions, interaction 

workshops with district level stakeholders (government organizations (GOs) and non-

government organizations (NGOs)), and key informant interviews, while the latter is from 

climate change related policy analysis from national to local level (Table 1).    

The geographic areas for intervention at community level were largely selected based on: a) 

climate change vulnerability, b) the importance for biodiversity conservation; and c) the 

potential for contribution to REDD+; Identification of vulnerable communities and degraded 

ecosystems in VDCs was done using underlying causes of poverty and vulnerability analysis 

(UCPVA)
1
. Wealth ranking was used to identify the most poor and marginalized households 

at group level in the communities as they were the ones who were often the most affected by 

climatic and non climatic stressors. Landscape level vulnerability assessments have been 

completed in the two landscapes and information from these was available for those 

community level adaptation plans that were completed after the landscape level planning.  

In all, 393 communities (87,000 households) were supported to prepare and implement 

community level vulnerability assessments and adaptation plans. Of these, 290 plans are 

already endorsed by community groups and village development committee (VDC
2
) councils, 

and 212 are already being implemented (Figure 1).  In addition, communities in 30 VDCs 

were supported to prepare VDC level adaptation plans, each of which covers several 

communities. Of these, 17 are in Annapurna and Manaslu Conservation Areas and others are 

in Chitwan, Nawalparasi, Syangja and Kailali Districts. The technical support to prepare 

these plans was provided by WWF, CARE, Federation of Community Users Groups of Nepal 

(FECOFUN) and National Trust for Nature Conservation (NTNC). 

                                                        
1 UCPVA is a participatory method used by CARE to identify poor and vulnerable households in communities. 

It includes tools for resource and social mapping, wellbeing grouping, dependency analysis, wage matrix etc.   
2
 VDC is lowest administrative unit of local government. There are 75 districts and around 4000 VDCs in 

Nepal.    

173 



RESULTS AND DISCUSSION  

Results of landscape level-vulnerability assessments allow the communities to better 

understand which systems (species, ecosystem, rivers, agriculture, infrastructure, etc.) are 

vulnerable and what should be done at appropriate scales to improve resilience so that the 

communities can continue to receive environmental services (e.g. clean water, food, shelter, 

forest products, diversified flora and fauna). Vulnerability assessments of TAL and CHAL 

identified vulnerable ecosystems and recommended adaptation measures for their 

vulnerability reduction and building resilience (Bartlett and Freeman, 2014). With multiple 

adaptation planning at various levels - Local Adaptation Plans of Action (LAPA), 

Community Adaptation Plans (CAPs), and their implementation efforts in the landscape, 

coordination with important national actors and local communities is critical. The landscape 

level assessment recommended coordinating adaptation efforts at national and community 

levels in order to ensure continuity and avoid maladaptation (Bartlett and Freeman, 2014). 

With the sensitization approach taken in adaptation planning, 176,456 persons received 

climate change related training in the 2 landscapes.  This outreach was possible through a 

cascading Training of Trainers (TOT) approach taken by the project.   

Major climate change drivers and hazards and their occurrence 

Shrestha and Gautam (2014) in similar studies found nine different climatic and non-climatic 

hazards including landslides, forest fire, drought, flood, pests and diseases, windstorms, 

hailstorms and thunderstorms in CHAL in 22 community adaptation plans. It was found that 

flood and drought were the general hazards in the hills, whereas landslides, cold/heat waves, 

soil erosion, hail storms and frost were other hazards. 

The results demonstrate that individuals, communities, and society at large may perceive or 

assess climate hazards and their potential impacts differently in given circumstances. For 

instance, in Chetana Community Forest Users Group all the respondents experienced floods, 

cold and/or heat waves, but only 43% of respondents experienced drought and 14% 

experienced hail storms (Field survey, Hariyo Ban 2014). Overall, major hazards in the two 

landscapes are flood (experienced by 80%), drought (63%) and landslides (51%) (Table 2).  

Best planning approach and adaptation practices 

The results from this study demonstrate that there is no single model of best adaptation 

planning approach: the location and scale-specific context of climatic, environmental, social, 

economic and political aspects influences the design, implementation and effectiveness of 

adaptation measures. But some general trends for better preparation and planning across 

many TAL and CHAL sites can be drawn from the data analysis. The seven planning steps 

were suggested by the National Framework for Local Adaptation Planning for Action (GON, 

2010) (Table 3). While many plans did not follow every step, assessment of local existing 

adaptation measures and their prioritization was the most common step practiced. 

Mainstreaming in local development plans is the one that has been least practiced to date. 

Adaptation measures are worked out to address the hazards identified in the area; and 

prioritized adaptation options and information on effectiveness of the adaptation measures the 

adverse impacts is presented in Table 4. Best adaptation planning processes observed in study 

sites are presented in Table 5. 

Policy gaps   

Some of the policy gaps on addressing adverse impacts of climate change observed during 

the field survey are summarized below:   
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Contradiction on institutional framework: There is lack of coherence between key national 

policy documents regarding the institutional framework of adaptation planning, 

implementation and monitoring. A major contradiction lies between the National Adaptation 

Programme for Action (NAPA) and LAPA. While the former focuses on sectoral ministries 

and local community level institutions, the later strongly projects local governments and 

largely ignores community-based institutions.  

Adaptation plans at community, river basin, conservation area and landscape levels are not 

recognized: Despite the successful implementation of community level adaptation plans in 

the past, LAPA did not mention adaptation plans at other levels.   

Policies are little informed about the ground realities: The NAPA lacks provision for 

participation of local community representatives in policy discourse at the grass roots level. 

While the LAPA is comparatively community centric, it does not link the other community 

level plans like the Local Disaster Risk Management Plans (LDRMP), local development 

plan, and Environmentally Friendly Local Governance  (EFLG) framework, which has 

created confusion regarding LAPA ownership and level of planning (community, groups, 

landscape and river basin). It remains silent on its link with Local Self Governance Act, 1999.   

Lack of coordinating body at the district level: There is no district-level unit of Ministry of 

Science, Technology and Environment (MoSTE), though the NAPA mentions that MoSTE 

will be responsible for overall coordination between adaptation policies and implementing 

stakeholders, providing technical support in different sectors. With lack of a coordinating 

body at the DDC level and limited institutional capacity, incorporation of adaptation 

perspectives into local development planning is challenging. 

Adaptation planning is not mandatory for local government:  Local government does not 

assume mandatory responsibilities for adaptation planning as it is not backed up by 

regulations and budget. Hence it is not seen as a priority. The LAPA Framework outlines 

steps for preparing adaptation plan with a bottom-up approach but is silent about the plan 

itself, and also about how the plan would be translated into action. It has not clearly 

addressed integration of adaptation planning in local development and sectoral plans. 

Policies on adaptation planning lack differentiated adaptation plans: The LAPA Framework 

covers differential impacts and proposes some tools for identifying vulnerably across sex, 

ethnicity and caste but lacks tools to translate these into adaptation measures.  It is silent on 

ecosystem vulnerability and ways to integrate climate adaptation into management planning 

for forests and protected areas.   

LEARNING AND WAYS FORWARD  

Participatory analysis of vulnerability and capacity:  The participatory process proved to be 

a solid foundation in identifying, prioritizing and implementing adaptation measures at 

community level.  Climate change cannot be understood in isolation and impacts on 

livelihoods, natural resources, ecosystem processes, disaster risk and food security can help 

to frame adaptation measures.  Using participatory analysis, communities’ past and current 

experiences of climate variability allows thinking on future climate scenarios and discussion 

on how they can adapt to the changed context.   Use of information from various levels of 

assessment is useful in projecting future for scenario planning.         

Targeting women, poor, vulnerable and marginalized communities:  The adaptation planning 

was very effective in reaching a large number of beneficiaries and was crucial in 

identification of vulnerable communities and degraded ecosystems. Focusing on poor and 

vulnerable was very important as they are very dependent on climate sensitive livelihood 

resources and weak adaptive capacity makes them very vulnerable.   
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Community ownership of adaptation planning: Communities had a high degree of ownership 

as they were involved from the very beginning and were in the driving seat. As observed 

during our field survey, communities played a great role in leveraging additional funds for 

the adaptation plans from different organization present in their areas. 

Building adaptive capacity at multiple levels:  The adaptation planning involved working 

with multiple organizations at the community, district, and national levels.  While work at 

community level was important to build adaptive capacity, the local and district government 

institutions played key roles in coordination and provision of technical and financial support. 

It is not being enough just to implement adaptation measures at local level.  

Upstream/downstream and other collaboration needed due to multiple scales of natural 

systems, to avoid maladaptation. It is much more difficult to implement because of 

competing interests; hence there is need for involvement of authorities at different levels. 

Flexible and responsive design and implementation: Adaptation planning involved flexibility 

in design and implementation, responding to changing needs. Communities can make 

decisions and plan in terms of adapting to future uncertainty. As the exact nature and 

magnitude of future climate change impacts are uncertain, communities can best adapt to 

climate change through enhancing collective capacity to manage risks and hazards; 

diversification, flexibility and responsiveness in adaptation is very crucial to manage for 

future uncertainty. 

Use of climate information and scenario planning for planning ahead: The adaptation 

planning was participatory and involved scenario planning, which encouraged communities 

to think ahead into the future. This practice helped them not only to address immediate 

concerns but also prepare themselves for future amplification of extremes. 

Overall, since each community has a unique set of circumstances and has its own perceptions 

on climate change adaptation planning must be location and context specific. However, the 

findings of this study help to unveil important information in adaptation dynamics at different 

scales, and identify several integration and capacity gaps in institutions and policies, which 

merit future work.  
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Figure 1: Location of communities and VDC  

 
Table 1: Vulnerability Assessment and Adaption Planning Methods 

Method Purpose Tools used 

Assess vulnerability and 

resilience at landscape 

level   

To gather broad perspectives of climate 

change vulnerability in different sectors, 

natural systems and geographical areas 

within the landscape.   

Updated Flowing Forward methodology Literature 

review. stakeholder consultations and experts 

opinions, etc.)    ref: WB, WWF and Water (2010).  

Flowing Forward: Freshwater ecosystem 

adaptation to climate change in water Resources  

management and biodiversity conservation  

Assess the underlying 

causes of poverty and 

vulnerability at the 

VDC level  

To identify vulnerable wards, 

communities and ecosystems. 

Power and resource mapping; class, caste and 

dependency analyses; gender, mobility, timeline, 

and wage analyses, threat analysis.    

Climate  change 

sensitization 

To raise awareness about the impacts of 

climate change 

Hazard analysis / trend mapping; climate scenario 

visioning exercises; climate change awareness 

campaigns. 

Climate vulnerability 

and capacity assessment 

at ward and village level 

To identify climate vulnerable 

communities, households and individuals 

in wards and villages, and ecosystem 

vulnerability. 

To identify adaptation practices and 

actions that will reduce vulnerability to 

current and future climate change 

Hazard mapping; vulnerability mapping; resource 

mapping; hazard and risk impact analyses; 

differential vulnerability matrix;  participatory 

well-being ranking; ecosystem vulnerability 

analysis; climate information analysis and scenario 

planning;  community visioning exercise; service 

provider analysis. Coping and adaptation options 

analysis; prioritization of adaptation options. 

Formulation of 

adaptation plan  at 

community, village 

development committee 

levels  

To prepare an adaptation and monitoring  

plan  

Policy analysis; analysis of service providers; best 

practice sharing. 
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Table 2: Climatic hazards  
Hazards  Percentage of respondents (N= 73) 

Flood 79.5 

Drought  63.0 

Hail  34.2 

Landslide  50.7 

Cold and heat waves  42.5 

Frost  2.7 

Storm  4.1 

Source: Field survey, Hariyo Ban 2014 

 

Table 3: Percentage of respondents following adaptation steps, as suggested 

by LAPA 

Adaptation  preparation process/steps Percentage 

(%) 

Identification of causes of poverty and vulnerability 56.2 

Selection of geographical area and unit, formation of adaptation plan 

management committee 

50.7 

Community scenario, and ecosystem vulnerability assessment 54.8 

Assessment of local adaptation measures 65.8 

Analysis of alternative adaptation measures 37 

Prioritization of adaptation options 57.5 

Service providers analysis 45.2 

Integrated adaptation  planning 20.5 

Monitoring, reflection and learning 51 

Mainstreaming into development planning 5 

Source: Field survey, Hariyo Ban Program, 2014 

 

Table 4: Prioritized adaptation options and its early effectiveness  

Vulnerabilities Adaptation measures Early measures of 

effectiveness  

Flood Construction of green check dams, construction 

of irrigation channel and construction of plastic 

pond, clearing water logging, Awareness raising 

on sanitation, construction and use of toilets, 

elevated water taps, establishment and 

mobilization of flood relief fund, plantation of 

bamboo and broom grass in landslide prone 

areas, strengthening early warning system and 

forecasting, safer shelter establishment and 

mobilization of flood life jackets  

Protection of  crops and 

livestock, life jackets saved 

people lives    

Drought Promotion of dry land farming, promotion of 

drought resistant agricultural crops and varieties, 

Multiple use of water, Water source protection, 

Construction of water collection tanks/reservoirs 

near to water sources. Recharge ponds, 

Awareness raising program on health at school 

and community level, Promotion of heat tolerant 

crops  

Availability of water for 

irrigation and drinking was 

enhanced 

Fire Fire line construction, well equipped controlled 

burning, establishment and mobilization of fire 

fighting groups 

Accidental fires were 

fought; controlled burning 

was better regulated. 

Pests and diseases Awareness raising on different crop diseases,  

establishment of agriculture service center, study 

on climate change in relation to diseases, pests, 

integrated pest management practices 

Use of chemicals was 

reduced 
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Landslide Land terracing with tree planting in bunds, 

Bioengineering measures 

Loss of human life and 

damage to property reduced 

Cold and heat waves Awareness raising programs on health at school 

and community level, mosquito nets,  improved 

access to weather information 

Communities better 

prepared for cold and heat 

waves  

Invasive species Community engagement in physical removal (e.g. 

removal of invasive species before flowering); 

biological control 

Habitat degradation and 

introduction of alien species 

checked. 

Windstorms, hailstorms Provision of insurance, livelihood diversification, 

use of weather information 

Human, crops and livestock 

loss reduced 

Source: Field survey, Hariyo Ban, 2014 

 

 
Table 5: Best adaptation planning and their implications  

Adaptation planning practices  Implications of results  

Principles of  bottom-up, inclusive, 

responsive and flexible approaches 

including top down information sharing .  

Allows incorporation of local knowledge and community experience; climate 

affected communities are involved; and the plans are community friendly, 

takes into account upstream downstream effects and helps avoiding 

maladaptation.  

Process follows participatory and logical 

steps  

Communities participate, understand simplified concepts of climate change 

science, and follow the planning cycle of assessment, planning and 

implementing and monitoring  

Monitoring  and learning  Community ownership is high, monitoring committees operational and 

meeting to review, reflect and learn.     

Effectiveness of adaptation activities  As adaptation measures are based on vulnerability assessment, selection, 

prioritization and implementation ensures effectiveness.   

Adaptive capacity  Adaptive capacity of community and ecosystem increases as the adaptation 

activities are implemented in an integrated way addressing adverse impacts of 

CC on ecological and human communities. Adding the overarching 

component of climate information through scenario planning helps to focus on 

future climate change risks.   

Targeting the most degraded ecosystems 

and vulnerable communities   

The tools are adequate to identify the vulnerable households. Developing 

approaches to identify degraded ecosystems, in the mean time we are 

removing non climate stressors.     

Partnership  Working in partnership with multiple development partners allows leveraging 

support from different organizations.  The CSOs and their networks support 

the micro level policy issues to advocate at national level advocacy forums.. 

Integration into local planning process  Communities develop enhanced capacity to integrate their context specific 

adaptation plans into formal government local and sectoral development plans.  

   Source: Field survey, Hariyo Ban, 2014 
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Abstract 

The purpose of this study is to understand the climate change (CC) impact on sexual and reproductive health (SRH) 

and empowerment of women in South Asia. Climate change, together with natural resource depletion, is the biggest 

threat facing the world.  It is leading the way to frequent events of natural disasters and conflicts. International 

Planned Parenthood Federation (IPPF) experience of working with countries on SRH shows that crisis impact 

adversely on health, nutrition and security of women, which results in preventable maternal and new born death, 

sexual violence and subsequent trauma, unwanted pregnancies, unsafe abortions and possible spread of HIV/STI. And 

these SRH problems are leading cause of women’s ill health and death worldwide. Now the question is- are these SRH 

issues prioritized in humanitarian response policy and practice by the countries in South Asia? A rapid assessment of 

SRH in crisis settings in 3 countries (Afghanistan, Bangladesh &  Pakistan) done by IPPF SPRINT Initiative  shows 

that- Minimum Initial Service Package(MISP) for Reproductive Health- the global standard to address SRH in crisis 

setting - is slowly being understood by national governments. It has high potential to be acknowledged and adapted in 

policies if advocated robustly with evidence. Some of the barriers are:  political will, health policy, socio-cultural 

sensitivity, lack of funding and coordination. From the experience of implementing a SRH project with climate change 

survivors in Bangladesh, IPPF has also realized that it is equally important to build resilience at community level 

through local support system to address the issues of SRH in crisis along with national/provincial level advocacy for 

enabling environment, fund allocation and to put delivery mechanism in place. 

. 

Keywords: SRH, MISP, crisis, women, climate change 

1. Introduction 

Climate change has dramatic implications on achieving Millennium Development goals and post- 2015 development 

agenda. Frequent disaster and conflict impact adversely on health, nutrition and security of women and girls. Crises 

whether human induced or caused by natural hazards, can inflict untold suffering and hardship, particularly on 

women. Problem related to sexual and reproductive health are the leading cause of death and ill health globally for 

women (UNFPA, State of the World Population 2005). In crises, the vulnerability increases, while the access to 

services decreases, resulting in: a) Poor health and nutrition- unsafe child birth, b) Sexual violence, c) Unsafe Sex, d) 

STI related illness and e) HIV transmission. Their rights are violated and dignity compromised. The graph below 

explains the cycle of reproductive ill health in among crisis affected people (Figure 1). 

 

 

Figure 1: Cycle of Reproductive Health
i
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It has been also been observed that countries with huge gap in SRH services- are the countries affected by crises 

(Figure 2). 

 

Figure 2: Percentage of women with an unmet need for FP among aged 15-49 who are married or in a union-2011 and the 

countries in ongoing disaster or crisis
ii
 

Minimum Initial Service Package (MISP) for reproductive health is a priority set of life-saving activities to be 

implemented at the onset of every humanitarian crisis.  The MISP saves life and prevents illness, trauma and 

disability, especially among women and girls. It is well known that any neglect of or disregard for MISP in 

humanitarian settings has serious health consequences - a) preventable maternal and newborn death, b)sexual violence 

and subsequent trauma, c) sexually transmitted infections, d) unwanted pregnancies and unsafe abortions, and e) 

possible spread of HIV. An estimated 92.6 millioniii people were forcibly displaced in 2012, either inside their home 

countries or across the border and this number is growing. Approximately 75-80% of all these crisis-affected 

populations are women, children and youth who need and have right to reproductive health services
iv
. So, the people 

in need for SRH services add up to a mammoth total. International laws support the rapid and unobstructed 

implementation of the MISP by humanitarian actors
v
 which makes the way for supporting women/girls with these live 

saving services. 

However, in reality it has been observed that SRH service provision has not happened during humanitarian response. 

There are many challenges towards ensuring the SRH services during humanitarian response like- a) the capacity of 

the frontline service providers, b) availability of Reproductive Health (RH) Kits
vi
, c) national/provincial policy 

towards SRH, d) mindset of services providers, e) taboos prevailing among the affected people, f) religious barriers et 

al. Three countries- Afghanistan, Bangladesh and Pakistan- have been selected for understanding SRH services in 

South Asia during humanitarian response because - a) these are the focus countries under IPPF SPRINT initiative to 

implement MISP during emergencies, b) these three countries are disaster & conflict prone and c) all the them are 

Islamic countries but providing SRH services to some extent in non-emergency settings under various aegis. 

2. Results and Discussions 

IPPF through its SPRINT Initiative conducted Rapid assessment in 3 countries of South Asia- Afghanistan, 

Bangladesh and Pakistan- to understand the overall country context of SRH in crisis, identify the priority sexual and 
reproductive health needs of the vulnerable population and the capacity and gaps of the existing response 
system in the country.  Some of the key findings from these assessments are: 

 Coordination among key players:  For integrating SRH services during humanitarian response it needs 

coordination among various government departments like Health/Reproductive Health and Disaster 
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Management. Also among other players who are working and having  interest in SRH in emergencies like UN 

bodies (WHO, UNFPA) and I/NGOs 

 Understanding among policy makers, key stakeholders: There is various level of understanding among 

policy makers on the live saving needs of providing SRH services during crisis. It is important to understand 

that even during crisis setting women keep on delivering babies, people have sex. With the breakdown of 

formal social structure and at the same time with difficult circumstances in a camp setting-, sexual abuse, 

violence increases leading to related HIV/STI deceases and death. 

 Capacity among health workers, paramedics and service providers: There is limited capacity among the 

doctors and front-line service providers in the affected areas to deal with various aspects like managing the 

cases of gender based violence cases, ensuring adherence to standard precautions, providing syndromic 

treatment.  

 Availability of adequate medical staff and commodities:  Not having adequate doctors, nurses, paramedics 

to provide SRH services is also surely a concern. Also the availability of RK kits and commodities (condoms, 

clean delivery kit, contraceptives-pills, injectable, IUDs, etc) to meet the demand is another concern. 

 Community level awareness, norms and beliefs: Awareness at individual, family and community level on 

SRH issues are also limited. Some of the societal norms and practices like early marriage and some religious 

beliefs are also bringing challenge 

Now the question is how it can be addressed? It demands for both macro and micro level intervention and linking the 

two. At Macro level the intervention needed are strengthening the country level coordination mechanism, awareness 

and capacity development of policy makers and service providers on MISP for Reproductive Health, ensuring the pre-

positing of RH commodities. At micro level, it needs working with the community to build their resilience by 

improving knowledge and awareness of SRH issues and services, creating community level support system for better 

preparedness through development of community group, youth volunteers, peer support group, etc. 
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Abstract:   

This paper reviews the direct and indirect impacts of climate change on livestock. Climate 

change is serious threat that has been growing vigorously in present and in near future.  Many 

communities of Nepal rely on mostly on mixed farming system, agriculture and livestock. 

Livestock is an integral part of underdeveloped country like Nepal which affects socio-economic 

factor of our country. Moreover, commercialized livestock production has also been enhanced to 

meet the needs of people. Climate change has come as hazard for Nepalese farmer and 

entrepreneurs as climate change has its effect on health, metabolism, reproduction and nutrition 

of the livestock resulting in poor performance, inferior product quality, outbreak of novel 

diseases and the data suggests that the minimum increase in temperature causes major effect on 

livestock production decreasing their productivity. One of the major impacts is the thermal 

stress. This paper also deals with the direct and indirect emission of GHGs from livestock. The 

result suggests that animal has poor adapting mechanism against thermal stress caused by 

climate change so it is matter to be solved in near future and also suggests some policy measures 

and open up the new approaches to improve the livestock condition. 

Keywords: - Livestock, climate change, commercialization, thermal stress, productivity 

1. Introduction 

Climate change is global phenomenon and it’s an emerging issue in Nepal. The International 

Fund for Agricultural Development acknowledges climate change as one of the factors affecting 

rural poverty and as one of the challenges it needs to address (IFAD, 2014). Warming of the 

global climate has multifaceted effects in many natural, economic and socio-economic systems 

including of ecosystem, agriculture, health, soil, water resources etc, across the world and these 

effects will most probably be continued for centuries in future. It has complicated impact 

affecting distribution, growth, incidence of diseases, and availability of prey, productivity and 

even extinction of species in extreme cases on animals due to habitat loss. Livestock is an 

integral part of the mixed farming system and socio-economical life in the country, and 

contributes nearly 26 percent to the total Agricultural Gross Domestic Product (MoAD, 2012). 

1.1. Background 

Around 87 percent of the country’s total population keeps some form of livestock at home (IRIN, 

2013). Although, Nepal has one of the highest ratios of livestock and poultry to humans (5.8 
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animals per household) in Asia, the country’s livestock sector is declining (IRIN, 2013). 

 

Figure 1: Trend of average annual maximum temperature of Nepal (1975-2006) 

Fig.1 shows the trend of average maximum temperature in Nepal, Nepal’s temperature has 

increased by 1.8oC during last 32 years. In Nepal average temperature increase was recorded as 

0.06oC per year and that in Terai and Himalayas was 0.04oC and 0.08oC/year respectively 

(Shrestha et al., 1999).  

1.2. Impacts of climate change on livestock production 

Global warming has two way effects on animal production system. In one hand it directly affects 

the health, reproduction, nutrition etc. of the animals resulting in poor performance, inferior 

product quality, outbreak of novel diseases, etc. while on the other hand; there are indirect effects 

on animal production due to change in soil fertility, decrease in preferred vegetation, rangeland 

degradation, desertification and decrease in production of feed stuffs (Thornton, 2010). 

1.2.1. Thermal stress 

Thermal stress is one of the greatest climatic challenges faced by the domestic animals and 

global climate warming may further aggravate the condition and even provoke new episode of 

thermal stress condition. Intensification and increase frequency of thermal stress is the most 

prominent impact of global warming in dairy cattle resulting in different physiological, 

metabolic and production disturbances. Importance of thermal stress has been increased to the 

dairy farmers in tropical, subtropical and even in temperate region of the world due to 

atmospheric warming (Bajagai, 2011).  Increase in temperature by 2°C would decrease the meat 

and milk quality, hatchability of poultry and increases the possibility of disease in the livestock. 

1.3. Mitigating measures 

Three year Interim Plan (2007‐2010) of Nepal has first time emphasized on policy formulation 

and institutional strengthening linking disaster management with climate change. The interim 

plan talks about the use of technology for robust weather and climatic forecasts and effective 

implementation of disaster control measures (Sharma, 2009). Some mitigating measures can be 
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raising the improved varieties of livestock through research and investigations, the degraded land 

should be reclaimed by sowing different fodders, capacity building program on grass root level 

can be done, strategies regarding insurance schemes, improved agriculture and agro forestry, 

promotion of scientific research, innovative technologies and agriculture and effective 

implementation of convention should be forwarded to GoN. 

2. Conclusions 

Climate change has been emerging as serious matter especially livestock productivity is 

decreasing on rise of temperature, so initiative of solving this matter should be taken from both 

government level and grass root level. Government should take into account the principles of the 

Convention in formulating policies related to Climate Change in Nepal. 
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Abstract 

From the context of agro-based economy of Bangladesh, this study aimed to address the rainfall 

variation due to climate change and to evaluate its impact on rain-fed agriculture of the country. 

Fifty one years rainfall data from 1962 – 2012, collected from Bangladesh Meteorological 

Department (BMD), for four locations of Dinajpur, Bogra, Barisal and Chandpur, were used to 

study rainfall variation for Kharif I (March - June), Kharif-II (June - November) and Rabi 

(November - March) seasons. Analyzed trend line of mean rainfall presents Kharif-II becoming 

wetter than Kharif-I, whereas Rabi becoming drier. Again, aman rice production data from 2008 

– 2012 during Kharif-II season, for the locations mentioned above, were used to analyze the 

impact of rainfall variation on production. Chandpur shows informal behave with the 

relationship between yield production and total rainfall. Besides, estimation of coefficient of 

variation for 51 year rainfall shows that kharif-II rainfall became more predictable than kharif-I 

and Rabi, whereas Rabi rainfall became more unpredictable. The outcome of this study has a 

motive to encourage the agriculturists to adapt with more resilient rice varieties in response to 

changing pattern of seasonal rainfall. The study will also facilitate more effective policy making 

to combat adverse impacts of climate change in agriculture. 

 

Keywords: Aman rice production, climate change, kharif II, rainfall variation. 

 

1  Introduction 

The climate pattern in Bangladesh is changing and it is becoming more unpredictable every year 

(Sikder, 2010). In spite of technological advances such as improved crop variation and irrigation 

system, weather and climate are important factors, which play a significant role to agricultural 

productivity. Bangladeshi agriculture highly depends on rainfall but, the impact of variability of 

rainfall is getting severe and will continue to intensify. Rice is the staple food and most irrigated 

crop of Bangladesh. In this study 51 years monthly rainfall data is used to analyze rainfall trend 

line, standard deviation, mean, coefficient of variation to find out the impact of rainfall variation 

on rice production. Trend line equation obtained from graph of seasonal rainfall variation 

addresses future rainfall pattern which influence the rice crop calendar in Bangladesh. The 

general mathematical linear trend line equation is  

y = mx + c ……. equation 1 

 

1.1 Study area 

The study was conducted on four meteorological stations in Bangladesh. Among them Dinajpur 

and Bogra district were selected from Northern region; Barisal and Chandpur district from 

Southern region of Bangladesh (Basak et al 2013). Dinajpur lies between latitude 25.6300
0
 N and 

longitude 88.6500
0 

E; Bogra is between latitude 24.8500
0
 N and longitude 89.3667

0 
E; Barisal is 
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between latitude 27.7000
0
 N and longitude 90.3667

0 
E; Chandpur is between latitude 23.2139

0
 N 

and longitude 90.6361
0 

E.  

 

1.2   Data used for the study 
In this study, data on rainfall of four weather stations in Bangladesh were collected from the 

Bangladesh Meteorological Department (BMD). The rainfall data is included monthly and 

annual rainfall for the period January 1962 through December 2012. Aman rice production data 

of Kharif-II season from 2008 to 2012 were collected from Bangladesh Bureau of Statistics 

(BBS) for the selected study areas. It should be noted that there are some missing data for some 

months for some stations, which have been excluded in the analysis.  

 

1.3 Cropping Seasons 

In this study, changes in rainfall pattern have been assessed for different cropping seasons. The 

agricultural practice in Bangladesh follows a crop calendar which is divided into three cropping 

seasons. They are 

o Kharif-I (March – June) – mainly pre-monsoon period, produce Aus rice. 

o Kharif-II (June – November) – mainly monsoon period, produce Aman rice. 

o Rabi (November – March) – Mainly winter period, produce Boro rice.  

 

2 Results and Discussion 

2.1 Seasonal rainfall variation: Trend line analysis  

Average rainfall trend line is represented in figure 1 from the year of 1962 to 2012 in kharif-I, 

kharif-II and rabi season for Dinajpur, Bogra, Barisal and Chandpur district. Average rainfall 

trend is increasing with the increase of years in kharif-I and kharif-II season. Downward trend 

line of rabi season means, average rainfall is decreasing in the season. 

 

 
 

Figure 1 – Average rainfall variation over all cropping seasons in Dinajpur district 

 

Each represented trend line gives an equation. Equation from Figure 1 of kharif-I is 

 

y = 1.892x – 3496 ……………………….equation 2 (Rahaman and Akter, 2011) 

 

Here, y = average rainfall in mm, x = time in the year from 1962 to 2012. 
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From equation 1, for the year 2012, y = 1.892*2012 – 3496 = 311 mm. Similarly for the year 

1962, y = 1.892*1962 - 3496 = 216 mm. Therefore, over the period of 51 years the average 

rainfall is increased by (311 - 216) mm = 95 mm (upward trend). Table 1 gives the summery of 

the trend line equation in all study area for every cropping season. From Table 1, in kharif-I 

season, average seasonal rainfall trend line is increasing in all study area. Kharif-II is same as 

kharif-I except Chandpur district. In rabi season, as the year increase the trend line is decreasing 

in all the study area. Average rainfall in Rabi season is naturally less, moreover the trend line 

gradient shows to unsatisfactory decreasing trend in this season.  

 
Table 1 – Summery of seasonal rainfall variation in all study area resulted from trend line equations 

 

2.2   Impact of rainfall variation on production  

In figure 2, the yield of Aman rice shows about parallel behavior to the total rainfall (expect 

Chandpur). Yield is the ratio of total production and total cropped area. Chandpur shows reverse 

trend between production and rainfall because of its . Chandpur is a riverine district. Including 

Dakatia and Gonogoda River, Meghna is the main river of the district. Due to climate change 

impact, excessive rainfall causes flood and river erosion and these natural digester hamper the 

yield production. 

 

 
 

Figure 2 – Aman rice production due to total rainfall of kharif-II season in all the study area 
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2.3   Co-efficient variation of seasonal rainfall 

Table 2 is generated for the standard deviation (SD), mean and coefficient of variation (CV) of 

rainfall with respect to year 1962 to 2012 in all cropping seasons of all study area. The co-

efficient of variation of rainfall is decreased in kharif-II season everywhere. The CV expresses 

the uncertainties in terms of depth of rainfall (Farhana and Rahaman 2011). CV become reducing 

which means the possibility of deviation of rainfall with respect to mean is low as the year 

advances. As the year increases the occurrence of rainfall becomes close to mean, more certain 

and predictable. The value of CV is high in Rabi season. It means the possibility of deviation of 

rainfall with respect to mean is high. As the year increases the possibility of rainfall deviates 

from mean and becomes more uncertain and unpredictable. Chandpur is the most unpredictable 

in Rabi season and Barisal is the most predictable in kharif-II season.  

 
Table 2 – Summery of standard deviation, mean and coefficient of variation with respect to fifty one years in 

all study area 

 

2.4 Conclusion 

The impact of climate change on rice yields will depend on actual patterns of climatic factors 

change in rice growing regions. Rice production may be threatened by rise in sea level rise, 

temperature, cyclone and drought which are not considered in the present study. In Bangladesh, 

there are many meteorological data missing, which would affect the result related to the trend 

analysis substantially. With respect to 51 years rainfall data analysis, Rabi season is going 

through severe condition. Boro rice is one of the major food grains which contributes majority of 

total rice production in Bangladesh. In this season average rainfall is decreasing but coefficient 

of variation is increasing. With increasing higher rate of population, in the issue of food security 

it is high time to be concern about climate change. In kharif-II, average rainfall trend is 

increasing and coefficient of variation is decreasing expect Chandpur. This balanced position can 

be utilized realizing high yield seed verities. Kharif-I season shows increasing of average rainfall 

trend and comparatively both increasing and decreasing of coefficient of variation of rainfall. In 

future this season has possibility to reduce additional irrigation. It is a matter of concern that, to 

ensure sustainable agricultural production in extreme climatic behavior tolerant seed, water 

reservation system and complies more effective crop calendar is necessary. 

 

 

 

 

Season Parameters Dinajpur Bogra Barisal Chandpur 

Kharif-I Standard Deviation (mm/year) 128.401 114.446 157.172 269.613 

Mean (mm/year) 229.375 271.787 286.878 314.44 

Co-efficient of variation 

(SD/Mean) 

0.56 0.43 0.55 0.86 

Kharif-II Standard Deviation (mm/year) 450.204 369.887 334.352 499.867 

Mean (mm/year) 1348.480 1377.82 1611.88 1284.63 

Co-efficient of variation 

(SD/Mean) 

0.34 0.27 0.21 0.39 

Rabi Standard Deviation (mm/year) 37.5459 42.9383 110.991 94.9055 

Mean (mm/year) 45.3469 58.2708 137.898 103.854 

Co-efficient of variation 

(SD/Mean) 

0.83 0.74 0.81 0.92 
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ABSTRACT 

The study depicts the discharge of the Langtang River by using a glacio-hydrological model, 

Snowmelt Runoff Model (SRM) in snow and glacier fed Langtang River, Nepal. Located at 

Rasuwa district, the basin covers an area of 353.85 km
2
. It has the lowest elevation of 3646 m 

a.s.l and the highest elevation of 7232 m a.s.l. SRM uses degree-day based temperature index 

method, effective in remote and inaccessible high mountain watersheds, which works 

particularly well in the data sparse region to estimate daily river discharge. The hydro-

meteorological data (precipitation, temperature and discharge) and daily snow covered data is 

taken as input data. The model uses 2006 as a calibration year while 2007 as a validation year. 

Several climatic scenarios for instance, increase and decrease in temperature, precipitation and 

snow cover, are used to estimate the impact of changing climate in river discharge. The annual 

mean observed and computed discharge of Langtang River in 2006 is 5.38 m
3
/s and 5.23 m

3
/s, 

respectively. Similarly, in 2007, the annual mean observed and computed discharges are 5.24 

m
3
/s and 5.3 m

3
/s respectively. A test of SRM performed for the Langtang River, Nepal shows 

that coefficient of determination (R
2
) and volume difference (Dv) are very good, 0.89  and 3%, 

respectively in calibration year whereas 0.67 and 2.35 %, respectively in validation year. 

Therefore, the model can be used for estimation of river discharge for Himalayan region with 

less data availability. 

 

Keyword: Snowmelt Runoff Model (SRM), climate change, Langtang River, degree-day factor   

 

1. Introduction 

Glaciers are active reservoirs that contribute significantly to the hydrological characteristics of 

streams (Jansson et al., 2003), the storage and subsequent release of water. More than one-sixth 

of the global population rely on glacier and snow melt for their water supply (Barnett et al. 

2005). Changing temperature has its impact on glaciers and snows and affects the snowmelt and 

river discharge with serious implications for the freshwater reserve. Studies in glaciers of Nepal 

show that glaciers are retreating rapidly. The growing evidence showed that the glaciers of the 

Himalaya are receding faster than the world average (Thompson and Gyawali 2007) and are 

thinning by 0.3 to1 m per year (Dyurgerov and Meier, 2005). The rapid shrinkage of these 

glaciers due to climate change is likely to seriously threaten water availability in the region, 

particularly during lean flow seasons when melt water contribution is crucial to sustain the river 

flow, which supports human activities and ecosystem services in these areas and downstream 

(IPCC, 2008). There is a need to monitor the snowmelt runoff from the glaciers to understand 

the climate change impacts of it downstream and hydrological models can fulfill this objective. 

Different glacio-hydrological models are being used in the Nepalese Rivers (Kadota et al.1997; 

Kayastha et al.,1999; Immerzeel et al. 2012; Bhattarai, 2011; Pokhrel, et al., 2013; Silwal 2014). 

This study is done to estimate the discharge of Langtang river basin by using a 
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glaciohydrological model called Snowmelt Runoff Model. Hydrological data such as discharge, 

temperature, and precipitation of Langtang River basin is used in this study. Topographic map 

and remote sensing data like snow cover area of the study basin is also used.  

 

1.1 Materials and methods 

SRM is designed to simulate and forecast the daily streamflow in mountainous basins having 

contribution from both snowmelt and rainfall. The process of generation of stream flow from 

such basins involves primarily the determination of the input derieved from snowmelt and rain, 

and its transformation into runoff. In order to simulate the stream flow, the basin is divided into a 

number of elevation zones moreover, these zones were further used to evaluate the various 

hydrological processes relevant to snowmelt and rainfall. The model deals with snowmelt and 

rainfall runoff by performing the following three operations at each time steps: (a) available 

meteorological data are extrapolated to the different elevation zones, (b) rates of snowmelt 

and/or rainfall are calculated at different points, and (c) snowmelt and rainfall runoff from SCA 

and rainfall from snow fall area are integrated, and these components are routed to estimate the 

volume of discharge from outlet of the basin. The model optimizes the parameters used in 

routing of the snowmelt runoff and rainfall runoff.  

 

1.2 Study Area 

Langtang River basin is located approximately 60 km north of Kathmandu Valley adjoining to 

the border of China, and is one of the tributaries of Trishuli River that joins the Narayani River 

System.  The catchment lies between 

altitudes of 3646 m a.s.l to 7232 m 

a.s.l. With the total area of 353.59 km
2 

(based on ASTER GDEM V2, 2009), 

this majestic catchment has average 

altitude of 5169 m a.s.l with mean 

slope of 26.7°, which reflects the high 

potential relief energy of the 

catchment. The glaciers of this 

catchment cover an area of 166 km
2 

of 

the catchment, of which 32 km
2 

is 

covered by debris and most of the 

glacier tongues go below 5200 m 

(Bürgi., 2009).  

 

 

2. Results and Discussions 

The analysis of discharge data from 1988-2010, it is found that the average annual discharge has 

slightly increased at the rate of 0.013 with standard deviation of 1.51. The variables and 

parameters used in the model were determined before running the model. Most of the parameters 

Figure 1: Study area: Langtang river basin in Nepal 
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important for the model run were determined zone wise (Zone 1-Zone 15) as the basin has an 

elevation gradient ranging from 3646-7225.7m.a.sl. Temperature lapse rate of 0.59 per 100m 

was adjusted as one of the parameters. The value of all the parameters used in this study is 

presented in the Table. As the data quality is good in the year 2006, it is taken as base year for 

evaluation of impact of climate change, the calibration and simulation is done in this year while 

validation is done in the year 2007. 

Table 1 Calibration Parameters used in Langtang River Basin 

Parameters Zone 1- Zone 6 Zone 7-Zone10 Zone 11-Zone 15 

Lapse rate 0.59 0.59 0.59 

 TCRIT  2 2 2 

Lag Time 6 6 6 

Cs 0.3 0.3 0.3 

CR 

 

0.6  

(Jan-May, July, Sep-

Dec)  

0.75 (June)  

0.9 (August)  

0.6  

(Jan-May, July, Sep-Dec)  

0.75 (June)  

0.9 (August) 

0.6  

(Jan-May, July, Sep-Dec)  

0.75 (June)  

0.9 (August) 

α 0.65 0.95 0.95 

 RCA 1 0 0 

x-coefficient Month wise Month wise Month wise 

y-coefficient Month wise Month wise Month wise 

 

Where, Critical Temperature = (TCRIT ),  Coefficient of Snow = (Cs), Coefficient of Rainfall = 

(CR), Degree day factor = (α), Rainfall Contributing Area = (RCA) 

With these values, the simulation of the runoff improved considerably as presented in Fig 2 as a 

simulation for the year 2006. The measured discharge is well simulated in the year 2006 with 

coefficient of determination (R
2
) 0.88 (Nash efficiency) and volume difference (ΔV) 2.79%.  

Daily discharge measurement shows a clear monsoon signal with a sharp increase in runoff 

starting from June to early September. A similar finding was made by (Racoviteanu et al.,2013) 

who used ice ablation model in Langtang River Basin. The maximum discharge in July to 

August (summer monsoon) is due to increased glacier melt resulting from high rainfall, high 

solar radiation and high air temperatures (Thayyen and Gregan, 2010). The hydrograph has only 

one major peak, confirming that snowand ice melt happen concomitantly in this monsoon 

dominated area of the Himalaya (Racoviteanu et al., 2013). The low values of winter runoff are 

generally correlated with mean temperatures below 0°C (Motoyama et al.,1987) and are 

considered base flow values (Racoviteanu et al., 2013).  
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Figure 2 Simulated and measured discharge 

                                                         
 

Figure 3: Validation for year 2005 (simulated and measured discharge) 

 

Such discharge patterns are characteristic of a monsoon-dominated system, in contrast with the 

western areas if the Himalaya, which experience less summer monsoon precipitation (Bookhagen 

and Burbank, 2006). In the validation year 2007, there is good coefficient of determination (R
2
) 

of 67.66% and volume difference (ΔV) of -2.35. Hydrological models in mountainous regions 

with scarce observations are usually forced with precipitation data located at lower altitudes, 

which can introduce added uncertainty (Panday et al., 2013). This study also has the similar 

uncertainties. The stream flow peaks could not be generated in simulated runoff, which are 

possibly due to sudden release of stored water at some location in the glacier body, and such 

events are clearly identified because they are not supported by climatic condition (Singh et al., 

2008). 

 

3. Conclusion 

This study was carried in the Langtang River basin, a remote and rugged Himalayan region. The 

year 2006 was taken as base year and used for simulation purpose and 2007 was taken as 

validation year. There is only one hydrological gauging station at the outlet of the catchment 

located at Kyangjing. This study employed the simple temperature index that is Positive Degree 

Day method to estimate the snowmelt from the catchment. This study shows that Snowmelt 

Runoff Model can be used to simulate daily discharge in snow fed mountain watershed where 

limited hydro-meteorological measurements are available. Similarly, the use of remote sensing 

for monitoring snow in mountain areas for the purpose of snowmelt runoff forecasts are of great 

significant in water resources management practice in the area. The annual mean observed and 

computed discharge of Langtang River in 2006 is 5.38 m
3
/s and 5.23 m

3
/s, respectively. 
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Similarly, in 2007, the annual mean observed and computed discharges are 5.24 m
3
/s and 5.3 

m
3
/s respectively. SRM performed for the Langtang River shows that coefficient of 

determination (R
2
) and volume difference (Dv) are very good, 0.88 and 2.79 %, respectively in 

calibration year (2006) whereas 0.67 and 2.35 % respectively in validation year (2007). The 

model performed satisfactorily well in calibration year, however, it did not simulate the peak 

stream flows well in the validation years due to which the R
2
 values are relatively less. The 

variation could be caused by extreme hydrologic events that the model cannot catch from the 

observed precipitation events.  
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Abstract 

Climate change is likely to affect milk production because of the sensitivity of lactating 

murrah buffaloes to excessive temperature and humidity. For this reason, a study was carried 

out at Livestock Development Farm, Pokhara, Kaski, from February 2014 to June 2014, with 

the objective to analyze the variation in milk production of Murrah buffaloes with respect to 

excessive temperature and humidity index (THI).  These variations in milk production were 

analyzed and correlated with the climatic data records of 2002-2012 of Livestock 

Development Farm. The calculated correlation between milk yield and THI indicated that 

milk yield was negatively correlated with THI (r = -0.80, P < 0.01). The negative slope of 

regression line indicates that milk production decreases as THI increases showing that murrah 

buffaloes of the farm are sensitive to excessive temperature and humidity. Heat stress during 

summer is the most prominent impact of climate change in lactating murrah buffaloes of the 

farm. Milk production and conception rates declines were found higher in summer season. 

Additionally, lactation period of buffaloes were also found shorter during summer resulting 

summer the most critical season for milk production. Change is grassland species and 

emergence of pasture weed is another visible impact of climate change on the farm. Thus, the 

impacts of climate change on milk production of murrah buffaloes are real and required 

immediate attention if they are to be minimized and managed properly to attain higher milk 

production. 

Key words: climate change, heat stress, murrah buffaloes, conception 

1. Introduction 

Warming of climate system on earth is unanimously accepted reality. Intergovernmental 

panel on climate change (IPCC) has described climate change an anthropogenic or naturally 

occurring alterations in the climate over time (IPCC, 2007). Such alterations in the climate 

have multifaceted effects on many natural, economic and social systems including ecosystem, 

agriculture, water resources sectors across the globe. Atmospheric warming due to global 

climate change resulting heat stress is one of the greatest climatic challenges faced by dairy 

cattle (West, 2003). Reduction in milk yield and decrease in breeding efficiency are the major 

economic impacts of heat stress in dairy cattle. Therefore, the present study has been made to 

define the relationship between Temperature-Humidity Index (THI) with milk yield and 

breeding efficiency of murrah buffaloes.  

2. Materials and methods 

2.1 Study Area 

This study was carried out during February 2014 to June 2014 at Livestock Development 

Farm, Lampatan, Pokhara, Nepal. The farm is located at 28
o
 14

o
 0

”
 North latitude and 83

o
 59

o
 

0
”
 East longitude and 1212 meters above the sea level. 
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2.2 Statistical Analysis 

Analysis of change in milk production data with respect to Temperature-Humidity Index 

(THI) was made using SPSS ver. 16. Similarly, change in lactation period of buffaloes with 

respect to season was made using Harvey (1990). 

3. Results and Discussion 

3.1 Effect of heat stress on reproductive function 

Table1. Heat Expressed and Conception rate in murrah buffaloes of the farm (%) 

 

Table 1.shows that increases in THI has negative impact on reproductive function of murrah 

buffaloes. The depressions in buffalo’s fertility due to thermal stress resulting from increased 

temperature corroborate with the findings of Upadhyaya et al. (2007) who reported similar 

findings in murrah buffaloes in India. Climate change resulting global warming has direct 

economic impact on murrah buffaloes. The incidence of silent heat or poor expressions of 

estrus are more frequent at high temperatures and humidity. The effects of which are increase 

in calving conception interval and inter-calving period. 

   

3.2 Effect of season on lactation length of murrah buffaloes 
Table 2 Least square means and standard errors of lactation length in days (LL)  

Season of calving No. of observations Lactation length 

(Mean± SEM)  

Level of 

significance 

Summer  56 348.22± 9.24
b
 * P<0.05 

Rainy 70 365.99± 8.36
ab

 

Winter 206 374.09 ±4.96
a
 

 

Table 2 shows that murrah buffaloes that calved during summer season have significantly 

lower lactation length than those calved in winter season resulting summer season the most 

critical season for milk production. These findings comply with the earlier reports of Pandey 

et al. (1998) who reported significant effect of season on lactation length (P<0.01). The lower 

lactation length in summer is due to the heat stress in murrah buffaloes. Moreover, as the 

temperature is rising, there is the emergence of new weed in pasture lands and there is not 

availability of good quality fodder during summer resulting lower lactation period in summer. 

 

3.3 Effects of heat stress on milk production  

Months THI % Heat Express % Conception rate 

January 68 13.65 7.38 

February 72 11.80 4.74 

March 77 6.56 2.37 

April 82 4.72 2.11 

May 84 2.09 3.16 

June 85 1.83 1.32 

July 85 2.09 2.63 

August 86 2.09 13.72 

September 84 5.24 23.74 

October 71 15.74 13.72 

November 74 22.30 14.51 

December 69 11.81 10.55 
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Figure1shows that milk production is a function of Temperature- humidity index (THI). The 

calculated correlation between milk yield and THI indicated that the milk yield was 

negatively correlated with THI (r = -0.80, P < 0.01). Additionally, negative slope of the 

regression line (Y= 11.72-0.082X) indicates that milk production decreases as THI increases. 

The regression equation between milk yield and THI is Milk Yield (Kg/buffalo/day) = 11.72 

- 0.082 × THI (R
2
=0.654). This regression line indicates that, in general, for each point 

increases in the THI value above 68, there was a decrease in the milk yield of 0.082 kg per 

buffalo per day. This shows that the murrah buffaloes of Livestock Development farm of 

Pokhara are sensitive to excess temperature and humidity. Moreover, a higher R
2
 value of 

0.654 predicts that a larger part of the variation in the milk yields is due to heat stress. 

 

 
 Figure 1: Relationship of milk yield to average Temperature-Humidity index (THI) 
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Abstract 

In most developing countries, rearing livestock and poultry provides the opportunity to the poor, 

especially to poor women to benefit from household-based income generation and subsequently 

build their own assets.  Women in rural Bangladesh, as in many developing countries, consider 

livestock to be one of the most important assets within the household. Despite the fact that 

women traditionally take care of livestock at the household level (some may even be the actual 

owners of these assets), many women do not have control over these assets and the incomes they 

generate. The husband or male guardian traditionally manages these assets, as Bangladeshi 

women have limited rights and decision-making power within the household. In this study, a 

mixed methods approach was used to analyze the impact of the Strengthening the Dairy Value 

Chain Project (SDVCP) to women's empowerment in Northwest Bangladesh.  Increases in the 

amount of livestock owned by female producers within the project alongside a positive change in 

women’s decision-making power at the household level are key achievements for the SDVCP. 

Key Words: gender, value chains, dairy, impact evaluation, Bangladesh 

1. Introduction 

In many developing countries, rural women rear livestock in order to generate income and build 

their assets.  In Bangladesh, although women rear livestock, they seldom have control and 

decision making authority over these assets.  The Strengthening the Dairy Value Chains Project 

(SDVCP) is a CARE-Bangladesh project funded by the Bill and Melinda Gates Foundation, 

which is working to build the capacities of women dairy producers in northern Bangladesh.  This 

study aims to examine the relationship between value chain development and women 

empowerment.  In order to determine the impact the SDVCP has had on gender gaps, this paper 

will focus on answering the following two questions: (1) Did the SDVC project increase 

women's ownership of assets, men's ownership of assets, or both? (2) Did participation in the 

dairy value chain change gender norms regarding decision-making for dairy related and personal 

activities? 

2. Methods  

The study surveyed 1,476 dairy producing households consisting of 635 participant households 

who participated in SDVC in its first year, 421 Control 1 households, and 420 Control 2 

households.  Control 1 households were selected from villages where the SDVCP would not 

operate but within unions where the SDVCP would operate so they would be similar at baseline 

and would also experience some spillover effects from the project. In contrast, Control 2 

participants were selected from upazilas where the SDVC would not operate.  Control 2 

households live in areas where there are no chilling plants and would not experience any 

spillover effects from the project but would also be less similar at baseline. Primarily women 

SDVCP beneficiaries were interviewed on asset ownership, access to resources, and dairy and 

management of dairy-related income. 
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Study area and survey dates 

The baseline survey for the quantitative analysis was conducted in August and September 2008 

while the second survey was conducted in November-December 2012 during the 4th year of the 

project.  The qualitative analysis consisted of interviews and focus group discussions and was 

conducted in July-August 2012 in 10 sub-districts in Rangpur and Bogra. 

                           
Figure1: Map of Bangladesh showing the survey upazilas 

 

3. Research and Discussion 

Asset Ownership: It is possible, that a dairy value-chain intervention would not only increase 

livestock assets, but also lead to accumulation of other types of assets. Asset accumulation could 

have impacts on control over resources within the household, depending on if the assets are 

owned by the men, women, or both.  While this study revealed that the overall household asset 

value was not impacted, increases in values of particular types of assets is significant, such as 

livestock assets, jewelry, and agricultural and non-agricultural productive assets. Producers 

participated in the SDVCP have an increased value of men's livestock assets while those in the 

control groups saw an increase in value of men's non-livestock assets.  While it doesn't seem that 

women asset ownership increased, it is worthwhile to split asset ownership into three groups: 

men owned, women owned, and jointly owned, as per Table 1.  We observe that in addition to an 

increase in value of men owned agricultural assets, the value of jointly owned agricultural assets 

also increased among project participants vs. the control groups.  SDVCP participants also had a 

larger increase in the value of jointly owned non-agricultural productive assets compared to 

Control 1 households and an increase in jointly owned consumption assets and jewelry compared 

to Control 2 households.  Even though there was no significant impact on exclusively women 

owned assets, the increase in jointly owned assets indicates that women are increasing their asset 

ownership through increasing jointly owned assets. 

 
Table 1: Program impacts on number of individual asset holdings 

Value Impacts Relative to Control 1, 

n=820 (male, female, joint) 

Impacts Relative to Control 2, 

n=786 (male, female, joint) 

Agri-productive assets 940.329,183.395,-95.315 1163.885*,126.207,318.853** 

Non-agri productive assets 253.683,60.187,127.737** -74.454, 8.123, 60.810 

Consumption assets 347.580,70.948, 485.543 -261.794, -36.788, 1263.976* 

Jewelry 1625.968, -19.080, 1365.358 232.258, 625.958, 2265.946*** 

Cattle -3796.393, 603.722, 1911.730  0.197, 0.074, 0.135 

Goats 199.594, -62.991, 51.148 0.024, -0.250, 0.068** 

Poultry 23.622, 0.522, -14.648 -115.245, -13.288, 37.552** 
* signifies statistically significant at the 10 percent level, ** signifies statistically significant at the 5 percent level, *** signifies 
statistically significant at the 1 percent level.  
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Decision-Making 

Based on the qualitative study, SDVC farmer groups reported that women carry out dairy 

activities such as feeding, milking, selling milk, and healthcare.  Although SDVCP interventions 

led to greater dairy workload 

for women, did the project 

lead to an increase in women 

decision-making around dairy 

related activities? The 

quantitative results suggest 

that the program had poor 

impacts on decision-making 

related to buying, selling, and 

leasing of cows and to dairy-

related expenses, as these 

decisions have direct financial 

implications, but the SDVC- studies and project data like the end line findings also indicate that 

in the case of decisions regarding joint assets, joint decision-making by husbands and wives is 

increasing, which was also 

found to be the case in the 

quantitative assessments 

under SDVC-GAAP study 

(Figures 1 and 2).  The 

increase in join decision 

indicates that the project has 

notable impact in decision 

making pattern that gradually 

changing with a positive 

trend.  

 

As per Table 2, we see that relative to Control 1 households, the SDVCP initiatives caused 

significant increases in the proportion of households where the wife makes decisions regarding 

what type of feed to use and where to purchase inputs and services.  This is because the wives 

were the program participants that were trained in inputs and services.  However, wives’ decision 

making did not increase in areas such as vaccinations and artificial insemination even though 

they were also trained in those areas. 

Table 2: Program impacts on decision making for livestock inputs and services 

Outcome Impacts Relative to Control 

1, n=844 (husband, wife) 

Impacts Relative to Control 2, 

n=813 (husband, wife) 

What type of feed to provide -0.081, 0.103** -0.008, -0.073 

Whether to provide vaccinations 0.003, 0.016 -0.053, -0.026 

Whether to provide AI 0.008, 0.022 -0.030, -0.047 

Where to purchase inputs/services -0.017, 0.037* -0.025, -0.048 

 

Table 3 presents the program impacts on decisions regarding household expenditures and control 

of spending money. A greater proportion of women who participated in the SDVCP report 

 

Source: SDVC’s GPF data 

 

Figure 1Figure 2: Decision-making on use of milk sales income 

Figure 2: Participation in Decision for cattle purchase 

Figure 3: Decision-making on use of milk sales income 
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having sole decision making power on food expenditures, house repairs, and health expenditures 

compared with Control 2 women. SDVCP women participants also report having significantly 

more control of money to buy food, clothes for themselves, medicine, and cosmetics.  The 

increase in the control of money could be attributed to the increased access and handling of cash 

through participating in the SDVCP.  

 
Table 3: Program impacts on household expenditure decisions 

Whether woman controls 

money to: 

Impacts Relative to Control 1, 

n=806  

Impacts Relative to Control 2, 

n=775  

Buy food -0.013 0.148*** 

Buy clothes -0.059 0.211*** 

Buy medicine -0.015 0.214*** 

Buy cosmetics -0.015 0.228*** 
* signifies statistically significant at the 10 percent level, ** signifies statistically significant at the 5 percent level, *** signifies 
statistically significant at the 1 percent level. 

 

4. Conclusion 

The study proved that participation in the SDVCP has resulted in some increases in women's 

asset ownership and decision making abilities.  However, the impact thus far has been minimal 

and has yet to grow over time.  Women's asset ownership increased through the increase of joint 

asset ownership as opposed to assets exclusively owned by women.  Although women's' decision 

making abilities in all realms of dairy related expenses and practices did not increase, women 

gained more authority regarding decisions around livestock feed as well as their own mobility 

and expenditures.  This study has shown that it is possible for women to play a more active role 

in asset ownership and decision-making, although increases in these areas will happen gradually. 
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Abstract 

The impacts of climate change have been observed on almost all parts of Nepal especially on freshwater 

resources, ecosystem, health status, industrial and social sectors, and land use with observed changes on pattern 

and intensity of temperature and precipitations. Livelihood of the people is seriously threatened due to lack of 

appropriate adaptive measures and this research was carried out to find out the relevance of drinking water 

pumps as tool for climate change adaptation. In this research, affordability and sustainability of the water pumps 

in technical, economical and environmental aspects were considered as basic principal of adaptation tool of 

drinking water supply system. The adaptive capacity of the local people was taken in reference to current socio-

economic context. To link with climate change adaptation, different practices and strategies of the pumps, 

government policies and environmental measures were discussed. The study used 22 different proxy-parameters 

to determine the adaptive capacity of the each site from three different districts. These parameters were first 

normalized and then standardized. Affordability of projects was determined by the total cost benefit analysis of 

each project. The ratio of payoff money to the family income in percentage was adapted as an affordability 

index and economical sustainability was discussed on the basis of difference in affordability and current 

payment rate. Environmental sustainability was studied on source sustainability and system sustainability issue. 

The study evaluated the existing pumps as a good adaptation tool as pumps are pumping water to the uphill 

people from their nearest lowest water source thereby helping livelihood of the local people and this research 

tried to sight them as an adaptation tool but they have to be incorporated with economical sustainability and 

environmental measures. Further government support and coordination is recommended making such projects 

more effective. 

Key Words: Adaptation, Mitigation, Water pump, Affordability, Livelihood 

1. Introduction 

Today whole globe has been facing a challenge of changing climate as an environmental 

management issue. There have been many changes in the world climate which can be tracked 

using many statistical and scientific tools. The changes in the different states of climate and 

its components which can be identified using different statistical analysis in climatic 

parameters with reference to temporal and spatial analysis is climate change (UNFCCC, 

2011) which could be due to natural internal processes or external forcing, or to persistent 

anthropogenic changes in the composition of the atmosphere or in land use (IPCC, 2012). For 

Nepal Shrestha et. al. (1999) reported consistent and continuous warming in the period of 

1977 to 1994 at an annual rate of 0.06
0 

C with variable precipitation occurrence. Dixit (2013) 

analyzed Global Circulation Model (GCM) projections that the temperature over Nepal 

would increase at multi–model mean rate of 1.4ºC by the 2030s and 4.7
0
C by the 2090s. Also 

GCM outputs suggest that extremely hot days are projected to increase by up to 55% by the 

2060s and up to 70% by the 2090s. Overall climatic parameters and their statics are the 

reflections that show Nepal is a climate change victim. 

 

National Adaptation Program of Action (NAPA) inception workshop identified agriculture 

and food security, water resources and energy, climate induced disasters, forest and 

biodiversity, public health and urban settlement and infrastructure as six major areas that are 

impacted by climate change (MoEnv, 2010). Depletion on the availability of drinking water 

resources is one among visible impacts of climate change in Nepal. Water is an important 

factor affecting livelihood, productivity, social dimension, risk, sensitiveness and capacity of 

human being. The interdependent relationship between water supply, energy used to supply 
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those water and its share on climate change induction is being questionable today. Nepal 

being enlisted as 4th most climate change vulnerable country on globe, different initiative 

taken to cope with those climatic changes and adaptation practices are necessarily 

accountable. Both in energy production-energy consumption by different water pumps and 

their services to help to adapt climate change impacts-mitigate climate change are 

determinant of sustainable development on country. Local Adaptation Plans of Action 

(LAPA) framework (approved by the government of Nepal in November 2011) which aims 

to develop contents to engage nation effectively in the process of developing adaptation 

priorities has considered the role of renewable energy both for mitigation and adaptation. 

The mitigation analysis done by center for energy studies (CES, 2013) also concludes solar 

water pumping reduces GHG and dependency on kerosene, wood fuel and diesel helping 

adaptation by reducing vulnerability to water shortage through providing access to water, 

reducing drudgery for women, improving food security, and improving water sanitation and 

health problem. It also creates the question behind water supply, renewable-non renewable 

energy supply to pumps and their role on climate change adaptation. This research is based 

on the study of different solar and hybrid (solar and electricity) run drinking water pumps 

being installed in three districts of Nepal in which NAPA has stated different level of climate 

change vulnerability viz. Ramechhap, Tanahun and Palpa with variability in pump size, water 

sources, social dimension and energy resource in order to find relationship between role of 

water pump to climate change adaptation and mitigation using indices developed on adaptive 

capacity, affordability and sustainability. 

2. Materials and Method 

This study analyzed the relevance of installed water pumps in terms of affordability of the 

people, their adaptive capacity measured with some proxy parameters and sustainability of 

the water pumps. The adaptive capacity index was measured using 22 different proxy 

parameters under social, economic and infrastructure and technology headings. The 

affordability was accessed under pumps economy and people’s economy and sustainability 

under source sustainability and water system sustainability. Further under environmental 

implication watershed conservation and source of energy used are analyzed. All the scaling 

and standardization of adaptive capacity index follows UNDP procedure adapted for HDI 

(UNDP, 2004). Affordability is again presented in indices which are the percentage of annual 

project pay off charge to the annual income per household. The size of the family was 

considered ideal whereas the project period is 15 years following (AEPC, 2011). The interest 

rate for the solar projects is taken as 12.5% (CEDBL, 2014). The maintenance cost of the 

project period is average of worst and best situation. Finally annual pay off amount for the 

project was calculated using quarterly dividend compound interest formula. 

Study Area 

A wide range of area including three different districts with different overall vulnerability 

ranking and drought vulnerability ranking provided by national adaptation program of action 

2010 (MoEnv,2010). The total number of household of the study area was the population for 

the study and the sample size was 12.6% of total. This includes 85 households in Simple 

random sampling covering both beneficiaries and non-beneficiaries. 

 

205 



 

 

 

3. Datasets 

Table 2-Adaptive capacity of different sites 

District                                   Tanahun Palpa Ramechhap 

Adaptive Capacity 0.370 0.566 0.498 
 

Table 3-Affordability of different sites  

District                                                                                           Tanahun Palpa Ramechhap 

Affordability  2.79 3.74 21.60 
 

 

Figure 2-Availability of water in Tanahun 

 

Figure 3- Availability of water in Palpa 

 

Figure 4-Availability of water in Ramechhap 

 

 

 

 

Table 4- Correlation between parameters 

District  Daily water 

demand 

(P- value) 

Tanahun Annual 

earning 

0.309 

Total cattle 0.005 

Palpa Annual 

earning 

0.095 

Total cattle 0.007 

Ramechhap Annual 

earning 

0.484 

Total cattle 0.003 
 

 

Figure 1: Location of the drinking water pump sites 

Table 1-Site details with vulnerability ranking 

SN District Overall 

Vulnerability 

ranking 

Draught 

Vulnerability 

ranking 

1 Ramechhap Very High High 

2 Tanahun Moderate Very low 

3 Palpa Very low low 

(Source: MoEnv, 2010) 
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Table 5 –Economic analysis of different pumps 

District Tanahun Palpa Ramechhap 

Cost of water per litre (without subsidy) 

(Considering 15 years life time) 

0.061 0.074 0.404 

Cost of water per litre (with subsidy) 

(Considering 15 years life time) 

0.038 0.0522 0.333 

Current % share of income to payment to water 0.228 0.046 0.709 

Percentage of annual payoff/ income 2.79 3.74 21.60 

Ratio of operational cost and capital cost 0.424 0.88 1.569 

Current Saving (NRs) 16,000 0 22,00,000 

 

 

4. Results and Discussions 

Adaptive capacity index versus affordability index 

The overall research has found adaptive capacity of the Tanahun to be lowest and that of 

Palpa is highest, whereas looking at  affordability index people at Tanahun has to bear lowest 

percentage of their earning to get pumped drinking water but in Ramechhap local people have 

to pay the highest (i.e. 21.6%). People at Palpa have highest capacity to cope with changing 

climate and adapt with the situation they are again subjected to pay lowest for their drinking 

water whereas people at Ramechhap are more stressed to pay for drinking water to survive 

even though they have the lowest adapting capacity and facilities around. 

 

Table 6: Status detail on watershed with parameters discussed 

 

 

Sustainability of the water pumping system versus Sustainability of the water source  

The economic sustainability of the pumps was not found to be in good condition as none of 

the pumping system was found to be economically sustainable despite provision and system 

of economic sustainability in project design and agreements. However, the pump at 

Ramechhap has been saving at highest amount among three, it is the one with highest 

charging system run by community and also implemented by community itself. The cost of 

per litre water has been calculated in two ways one including subsidy and another without 

subsidy during installation. The cost of water has been found to be lower than actual due to 

governments support. While analyzing current share of income to payment to water and its 

annual pay off only to sustain those systems; we found a large imbalance. If these systems 

continue their operation at present modality they won’t be able to sustain themselves 

economically. Technologically most of them are found to be viable in observed geological 

conditions. Solar pumps are the best practiced options observed in Palpa and Tanahun 

District/Headings Tanahun  Palpa  Ramechhap  

Forestation on water shed 
No additional 

effort  
Plantation done  No additional effort  

Vegetative measure 
No additional 

effort  

They have vegetative 

measure  
No additional effort  

Road side construction 

Widened road 

above intake 

spring  

Widened road below 

intake spring  

Both side road 

development on intake 

river side  
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because of their non accessibility in electricity grid. The location of the sites is again not 

satisfactory as reservoir tanks are at unstable land and with personal land authority. 

 

Observation about water source sustainability covers its geography, hydrological regime and 

watershed    conservation strategies. This heading also covers mitigation for the climate 

change consequences. The carelessness of the road construction above the water spring is 

objected in each site. Figures 2, 3 and 4 show that there is increasing availability of water 

only in Palpa which may due to vegetation on catchment area and no road construction above 

spring. Whereas to conserve the historic/ancient water springs except in Palpa district others 

are unaware. The knowledge behind climate change combating strategies with natural 

measures has to be given to the local community for the betterment of the technology driven 

strategies. The source of energy to pump water was another factor under study. The hybrid 

system in Ramechhap was found to be having higher operational cost in comparison to other 

cent percent solar driven systems. Solar system are one of the mitigation measure for 

lowering green house gas in one hand and on other hand the pay off cost ultimately goes 

down on other side because of free solar energy. 

 

Practice, policy and possibility 

Though different observations and analysis has been done in water pumping systems which 

are implemented, there is a high gap between policy and possibility. The issue of affordability 

is serious, the issue of environment is neglected and policy hasn’t been practiced. Water 

systems under study were found to be implemented just to address the water shortage issue 

rather than linking them with climate change adaptation and mitigation. We have concluded 

that these kinds of water supplying pumps can be considered as a climate change adaptation 

tool with some constraints. These pumps must be made more economically feasible to the 

local community, the environmental issues must be incorporated with their installation, water 

source conservation and technological viability must be concisely addressed. In Nepal such 

solar and hybrid pumps have huge potential and possibilities as national and local policies 

have been already drafted e.g. Climate Change Policy 2011 (Ministry of Science and 

Technology, 2011). NPC (2013) had identified 12 local programs out of 124 climate related 

programs whose budgetary sum is 6,121,582,000 NPR and all the 12 programs are related 

with water, irrigation, and watershed management. This further gives the possibility of 

budget support for the local people to install adaptation measures locally with the support of 

government of Nepal. GoN (2006) has clearly stated the development and arrangement of 

solar energy technology to operate at community and institutional level by integrating it with 

irrigation, drinking water and purification. This again previls replication of solar water pumps 

for the climate change adaptation tool. 
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Abstract 

What is the relationship between climate changes induced migration and slumaisation? Climate change 

induced migration and slumaisation are two ongoing phenomena in many developing countries. This paper 

tries to identify the link between the two processes. And by doing so the paper seeks to develop a model that 

can explain the different contributors that links these two. For that purpose, the paper examines the existing 

theories and aspect of climate change induced migration and slumaisation. It links the two processes using 

various data as evidence. The data was collected in context of Bangladesh, the method of data collection 

used in the paper is both primary and secondary in nature, where in depth interview of climate change 

induced migrants and scholars and data from other scholarly works were used. The paper then combines the 

existing theories  with the data collected to develop a model that incorporate different factors that influence 

people choices to migrate, when facing effects of climate change. The paper suggests that the decision 

making process for climate adaptive migration and climate change induced displacement is not the same, and 

economic pull, probability of finding jobs and social network are the main factors that attack the climate 

induced migrants to the cities, causing slumaistion.  

Keywords: Climate Change induced migration, urbanization, Slumaisation 

1 Introduction 

There is general agreement that environmental change does influence the drivers of migration, with 

economic and environmental drivers most prone to the influence. Migration influenced by environmental 

change can take different forms, including rural–urban migration, short-term migration, illegal/irregular 

migration and displacement. In these cases, vulnerability is increased as migration occurs in unplanned 

ways, and migrants end up in areas of high environmental risk, such as low-lying urban areas in mega-deltas 

or slums of expanding cities. In the least developed/developing countries, this will give rise to a phenomenon 

called “Slumaisation”, phenomenon that indicates rapid increase of slums and squatter settlements. 

Bangladesh is one of the most environmentally vulnerable countries in the world. Taking into account flood, 

cyclone, riverbank erosion and drought cumulatively, it is predicted that climate change induced migration in 

Bangladesh may reach 22.37 million, 48.28 million and 95.72 million by 2020, 2030 and 2040 respectively. 

We need policies to address the significant risks and costs that threaten the potential benefits that rural-urban 

migration can have for poverty reduction and migrant households’ resilience and adaptive capacity. 

Although climate change induced migration in Bangladesh is significant, there have not been many studies 

that relate urbanization and climate change; more importantly there is hardly any study that focuses on the 

particular event of slumaisation. But it is evident that there is relationship between the two phenomena, and 

this study is an effort to relate them in an academic way.  

The broad research objective is to find out and define the dynamics of the relationship between climate 

change induced migration and slumaisation and develop a model to explain that relationship. Under that 

specific research objective includes: 

 What is the impact of climate change induced migration on slumaisation? 

 What are the consequences of migration on the people who move? 
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1.1 Methodology 

The study focused on the relation between climate change induced migration and slumaisation, particularly 

for Bangladesh. Following data was used for the study:  

Primary data: Twenty climate change induced migrants living in the Agargaon squatter settlement were 

interviewed. Participants were both male and female. They have been living in the squatter settlement for 

over 20 years; they are mostly the victims of river erosion and sea level rise.  

Secondary data: Books, paper articles, journals and internet articles were used to collect data and thoughts 

on the issue. Statistics used in the paper are from Centre for Urban Studies, Bangladesh Bureau of statistics.  

1.2 Study Area 

Agargaon squatter settlement is situated at the opposite of the Bangladesh Atomic Energy Commission. It’s 

a large one, with around household residing there. The houses are made of tin roof and barriers. Electricity 

(through illegal line) is a common feature. But they have serious lack of sanitation system and other basic 

facilities like water.  

 

Figure 1: Location of Agargaon sqatter settlement  

1.3 Datasets 

 

Table 1: Information regarding migration decision 

Place of origin  Reason for migration 

Bhola 

 

Char 

samaya 

 

Char 

fasion 

 

Acute 

river 

erosion 

Sea 

level 

rise 

Lack 

of job 

Natural 

disaster 

10 8 2 14 3 1 2 

 

 

Table 2: information regarding migration destination  

Reason for choosing Dhaka  Help in settling in Dhaka  

Job 

opportunity  

Better 

social 

connection  

Family  Peer 

connection 

Relative No help 

from 

anyone 

12 3 5 8 8 4 
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2 Results and discussions 

Based on our fieldwork data we tried to develop a model that incorporates phases of migration, from 

beginning to returning. Further, we propose that the decisions and trends of migration are different 

depending on the impact of climate change. Climate change can cause both voluntary and forced migration. 

Both climate adaptive migration and displacement causes slumaisation but they do it differently. 

 When climate change happens over a long time, the migration is mainly an adaptive measure taken by the 

family to coup with the existing vulnerability. Here, the decision of migration mainly influenced by the 

status of individual migrant (age, sex and wealth), people in case of slow onset climatic events do not chose 

to migrate with the whole family. Rather, the able bodied male member of the family will migrate, to places 

where there is chance of getting jobs. This climate adaptive migration can be characterized as voluntary 

migration. People will return home after they have earned enough. In some case when individuals find it 

convenient the whole family can migrate. When the whole family moves, slumaisation occurs. So, climate 

change by initiating individual migration is passively initiates slumaisation. 

 

   Figure 3: Decision making in climate adaptive migration 

 

In developing a model for displacement due to climate change, we propose several additions to the existing 

theories.  First, we propose that the decision of migration is not only influenced by community of the climate 

change effected area but the community that the migrant has in the area of destination too. 2ndly, we propose 

that economic pull and social networks are the two important factors. In support we draw data from my field 

work, which shows that Maximum people migrate to Dhaka, as they think that Dhaka has more jobs than 

other cities. Social networks are important because they help to reduce the economic, political and 

psychological costs of migration. According to the data of our fieldwork, Peer connection and help of 

relatives are the two main causes that they have been able to live and settle down in Dhaka. 

This also shows that the people who are living in the slums are here for a long time, although majority of 

them want to go back to their native village they cannot go back due to lack of proper opportunities. Based 

on these data we suggest model of displacement due to climate change. 

Decision To 
Migrate 

•Economic Factors 

•Ability Of Individual Migrant 

Choice Of 
Destination 

•Probability Of Finiding Jobs 

•Cost Of Migration 

Decision To 
Go Back  

•Go Back When Earned Enough to Sustain The Family 

•Migration Of Whole Family To Destination If Situation Is 
Suitable. 
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Figure 4:  Decision making model of climate change induced displacement 

 

Thus due to the availability of various jobs in the city combined with existing social network, people when 

displaced by climate change choose to migrate to the major cities causing Slumaisation. Climate change does 

not only influence the initiation of migration, they also influence whether migration becomes permanent or 

not.  The situation is not as simple as the diagram, data from the fieldwork shows that economic 

considerations are the main incentive for the 1
st
 batch of migrants while the later batches depend more on 

social network. The choice of going back is also complicated by various social and political factors; those 

who have been the cities for a long time may not find it easy to migrate back. So there are scopes of further 

developing this model and making it more comprehensive. 
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Abstract  

Generally, conifers trees have been selected for the dendrochronological studies in Nepal and the 

broad leaved tree species are less studied. R. arboreum as a representative of broad leaved tree 

species has been selected for the study of age structure and regeneration. Vegetation sampling 

was done from 3180m to 2180m by using quadrate method. Five plots of 10mX10m were laid in 

each transect with vertical distance of 200m and horizontal distance of 100m. Altogether six tree 

species were recorded in the study area. R. arboreum was dominant in all elevations, followed by 

Pinus wallichiana. Altogether 46 cores from 27 trees and 10 stumps of R. arboreum were 

collected. The regeneration status of R. arboreum was good at 2380m, fair at 2180m, 2580m and 

2780m but poor regeneration at upper limit i.e. 3180m. The oldest tree recorded was 127 years 

old. The mean annual radial growth of R. arboreum was 1.65mm. 

Key words: DBH, Dendro-ecology, Growth pattern, Tree ring

1. Introduction 

Age structure studies along an altitudinal gradient of a mountain would be helpful in 

understanding the influences of environmental factors on the regeneration of natural forest 

(Wang et al. 2004). Many forest species are likely to fail to regenerate if the synchrony between 

their seed ripening and commencement of monsoon rain is broken due to climate change 

(http://www.climate-leaders.org). Rhododendron is the largest genus in Ericaceae family with 

over 1,000 species including many bushy species and a number of trees that grow to heights of 

up to 30meters. Of the over 30 species of rhododendron found in Nepal the most renowned is 

Rhododendron arboreum, known as laligurans in Nepali. Many of the tree species will take 

years to reach flowering, at least 20 or more, while at least 50 years is needed for a tree 

rhododendron to reach its optimum form (Scott 2010). Previously no studies specific to the age 

structure and regeneration of rhododendron has been carried out along the altitudinal gradient in 

Nepal Himalaya. 

 

1.1 Material and methods  
Sampling was carried out from upper elevation (3180m) to lower elevation (2180m) by 

systematic random sampling method. The quadrate (10X10) was laid at an altitudinal difference 

of 200m and horizontal difference of 100m. A total of 30 quadrates were sampled. Number of 

individuals of each species in tree stage was counted and diameter at breast height (DBH) of R. 

arboreum measured. Population density of the target species along with the seedling and sapling 

were determined.  Each quadrate were  divided into four sub quadrates of 5m × 5m, and two 

small quadrates lying diagonally were selected randomly for sampling seedlings and saplings. In 

each small quadrate, height of each seedling, DBH and height of saplings, and their number were 
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recorded. The tree cores were extracted from base (0.5cm) and breast height (1.3m) using an 

increment borer (Haglof, Sweden, diameter: 5.12mm, length: 12inch). Altogether 46 cores from 

27 trees and 10 stumps of R. arboreum were collected. Two cores per tree were collected but in 

some trees, only one core was collected when another side was not suitable. The collected cores 

were properly inserted in a plastic straw and labeled by giving a tree code and core number. The 

samples were taken to NAST Dendro-laboratory for analysis. The tree cores were dried and 

mounted in a wooden frame and sanded using progressively finer sandpaper until growth ring 

boundaries were clearly visible. The ring boundaries were clearly visible after sanding by 1000 

grits sand paper. Four tree cores were discarded as the boundary was not clearly visible. The ages 

of cores were determined by counting the number of rings using the stereo zoom Lintab 

microscope setup and an attempt was made to cross date the tree rings by the program 

COFECHA. The growth pattern of the target species were determined by measuring the distance 

between two annual rings by moving the core samples on the sliding stage under a Lin-tab 

microscope set up interfaced to the computer, using Time Series Analysis and Presentation 

Program win professional 0.62©2002-2008, a computer program. 

  

        1.2 Study Area  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Manaslu Conservation Area (MCA) lies between 28
o
 20' - 28

o
 45' latitude to 84

o
 29' - 85

o
 11' longitude 

in Gorkha District in the western development region of Nepal. The present study was carried out in 

April-May 2012. The study site is located on a north facing slope in a forest stand named Thangin 

(N28
°
30.779’ E084

°
51.000’) of Prok VDC starting from the altitude 2180m to 3180m (Figure 1). 

 

2. Results and discussions 

      2.1 Regeneration 

The density of R. arboreum at different developmental stages along an elevation gradient is listed in 

Figure 2.  

Seedling accounts for the highest density at 2380m (580 stem/ha) and lowest density at 2980m and 

3180m (0 stem/ha). Sapling accounts for the highest density at 2380m (420 stem/ha) and lowest density 

at 2980m and 3180m (0 stem/ha). Tree stage accounts for the highest density at 2380m (340 stem/ha) 

and lowest density at 2980m (0 stem/ha). Tree species is considered as good regeneration, if seedlings > 

saplings > adults; fair regeneration, if seedlings > or ≤ saplings ≤ adults; poor regeneration, if the species 

survives only in sapling stage, but no seedlings (saplings may be <, > or = adults) Shankar (2001). The  

Figure 1 Map of study area showing transects T 

 

Figure 1: Map of study area showing transects (T) 
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regeneration status of R. arboreum is good at 2380m, fair at 2180m, 2580m and 2780m and poor 

regeneration at 3180m. Bharali (2012) 

Studied the selected Rhododendron species (viz., R. kenderickii and R. grande) and reported that they 

show fair regeneration in all the study stands having higher number of seedlings compared to saplings. 

Although R. arboreum has the good number of seedling and sapling along the altitude (except upper 

limit), the highest concentration was observed at the middle altitude (2380m-2580m). Similar 

observations were made for Quercus leucotrichophora of Binsar Wildlife Sanctuary studied by Majila 

and Kala (2010). Such trend may indicate that the number of seedling and sapling also represent the 

dominant species along an each altitudinal range in the Himalaya. A single adult (absence of seedling 

and sapling) R. arboreum was reported in the upper limit. It may be due to the shift of the limiting factor. 

Numbers of seedlings/saplings were comparatively low at higher elevation. The reason could be that the 

regeneration was much affected by harsh environmental condition of the high altitude such as low 

temperature and long gestation of snow coverage.  

 

2.2 Age structure 

A linear age–diameter equation (Figure 3) from the cored trees was calculated, which was then used as a 

predictive model to estimate the age of trees (which were not cored) from their diameters. The 

correlation between age and DBH of R. arboreum was statistically significant (r=0.7639). Age-DBH and 

age-height relation (Figure 4) was used to estimate the age of R. arboreum. Age of individual R. 

arboreum tree and sapling were estimated by adding the number of 26 rings to each cores, the estimated 

number of years for R. arboreum to reach coring height, which was determined from the age-height 

relation. The data suggests that R. arboreum has been there over the past 127 years indicating that trees 

would be dated back to twentieth century.

Figure 2. Density of R. arboreum at different development stage and different elevation 
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Figure 5: Overall age class distribution of R. arboreum 

Gaire (2008) reported that the age structure of the Abies spectabilis forest growing at the tree line showed that 

trees could be dated back to the late 19th century. Elliot and Vose (2012) studied the age and distribution of 

Rhododendron maximum stems (ramets) and found the oldest specimen was 120 years. The oldest tree recorded 

in 2780m, 2580m, 2380m, and 2180m were 73, 71, 127 and 98 years respectively. This shows that there may be 

favorable condition for R. arboreum in mid 1880s at an elevation 2380m and then the species might have 

distributed to lower elevation (2180m) in early 1910s and then to higher elevation 2580m and 2780m in early 

1940s and 3180m in early 1950s.  

 

2.3 Growth pattern 

The average annual radial growth pattern of R. arboreum seems consecutively increasing to certain level with 

reference to elevation from 2180m to 2580m and consecutively decreases with increase in elevation from 2580-

3180m (Figure 6). This indicates that 2580m favors the growth of R. arboreum. 2580m has the highest annual 

radial growth rate (3.98mm/year) where as 3180m has the lowest (1.56 mm/year). The average annual radial 

growth rate along an altitudinal gradient is 1.63mm/year. The average radial growth of A. spectabilis was found  

y = 1.888x + 12.26 
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Figure 3: Age-DBH relationship of R. arboreum 
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to be 3.3mm per year Gaire (2008). Liang et al. (2009) reported that the mean annual growth rate of snowy R. 

nivale is 0.36mm. The annual radial growth (Figure 7) shows some common signal in cores of certain year. This 

indicates that it can be further used for dendroclimatic analysis.  
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Abstract 

Western Ghats Mountains are the major source of water for peninsular India and one of the 

world’s eight hottest biodiversity hotspots and a World Heritage Site. The seasonal Southeast 

Asian Summer Monsoons and the orographic peculiarities of Ghats bestowed copious rainfall 

and is considered to be one of the most water rich regions of the world. There is drastic 

difference in the spatial and temporal distribution of rainfall between the western windward and 

eastern leeward sides of the Ghats. Drought has been a prominent and well-studied phenomenon 

in the leeward side while the windward side was until recently thought to be a drought free 

region. This was the backdrop in which most of the eastward and inter-basin diversions of the 

west flowing rivers were planned and executed. The study reveals that the failure of monsoons in 

the recent times has brought various degrees of drought conditions in the windward side also. The 

more frequent monsoon failures in the last three decades has increased the drought proneness of 

the region. The increasing drought conditions in the Western Ghats has much wider implication 

on food and water security, human and wildlife conflicts and conflicts over water in the entire 

Peninsular India. This paper also discusses some of the major drought events, their linkages with 

the monsoon and anthropogenic factors from some selected regions in the Western Ghats. 

 

Keywords: Drought; Western Ghats; climate change; SPI. 

 

1 Introduction 

 

Coping the extremes in climate is always a challenge for all living systems. There are numerous 

evidences to prove that the extremes are increasing and will continue to be so in the future 

(Solomon et al 2007; Stocker et al 2013). The distinction of drought from other extreme events is 

its longer evolving time. Drought is a result of the reduction/absence of precipitation for a longer 

period of time. Drought is a prominent characteristic of low rainfall regions of the world and it 

has been given serious attention from various stand points (Wilhite 2005). On the other hand, 

high rainfall regions of the world are assumed to be drought free and given less attention so far. 

Most of these high rainfall zones are located in the tropics endowed with much of world’s 

biodiversity and human presence (Myers et  al 2000; Cincotta et al 2000). The climate change 

induced drought will have much wider implications on these fragile ecosystems and human 

populations which have less adaptive capacity to such extreme events.  

 

Drought has been studied using various derived indices across the world based different climatic 

parameters (Hayes et al 1999; Wilhite, 2005). Precipitation is a key climatic variable which 

directly influence the drought. An index which can directly derive intensity, duration and 

frequency of drought will be appropriate to learn changes in both precipitation and drought. The 

Standardized Precipitation Index (SPI) is such an index which is used extensively to study the 

drought condition across continents. The present study explores the evolution of drought in the 

20
th

 century using SPI in one of the high rainfall zones with high biodiversity in India. 
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2 Study area 

Western Ghats is one of the world’s most heavily populated biodiversity hotspots, providing for 

and supporting 400 million people through water for drinking, transport, irrigation, and 

hydroelectric power, together with food and resources to sustain livelihoods (Myers et al  2000; 

Cincotta et al 2000). This 1500 km long mountain range encompasses an area of 1, 29,037 km2 

in the states of Kerala, Tamil Nadu, Karnataka, Goa, Maharashtra and Gujarat. About 60% of 

area of the Western Ghats lies in Karnataka and 15% in Kerala (WGEEP 2011). The western 

coastal strip lying between the Arabian Sea and the foot of the Western escarpment are variously 

known as Konkan, Canara and Malabar in the states of Maharashtra, Karnataka and Kerala 

respectively. The present study attempts to assess spatial and temporal distribution of drought in 

the Western Ghats at much finer resolution.  

3 Data and methodology 

 

In the present study, drought has assessed at two spatial (0.25 degree and homogeneous monsoon 

zonal) and multiple temporal scales (1, 3, 6, 9, 12 and 24 months) across the Western Ghats. 

Historical monthly rainfall records of the three homogeneous monsoon zones (Kerala-35, Coastal 

Karnataka -32 and Goa and Konkan-23) in the Western Ghats for the period 1871-2012 were 

downloaded from Indian Institute of Tropical Meteorology 

(http://www.tropmet.res.in/static_page.php?page_id=53). The data represents the spatial average 

over each of these zones. This 142 year term monthly data is used to assess temporal evolution of 

drought in the study area. Western Ghats exhibits high spatial variability of rainfall and high 

resolution gridded rainfall data from APHRODITE during 1969-2006 at 0.25 degree (Yatagagi et 

al 2012) is used to capture the spatial variability of drought in the region.  

 

The intensity, frequency and spatial extend of drought in the Western Ghats was assessed by one 

of the most widely used drought index, Standardized Precipitation Index (SPI). SPI assign a 

single numeric value to the precipitation which can be compared across regions with markedly 

different climates (Makee, et al 1993). The ability to compute the SPI on multiple timescales 

permits temporal flexibility in the evaluation of precipitation conditions in relation to water 

availability. These timescales reflect the impacts of drought on different hydrological systems. 

Meteorological and soil moisture conditions respond to precipitation anomalies on relatively 

short timescales(1-3 months), whereas stream-flow, reservoirs, and groundwater respond to 

precipitation anomalies on longer time scales(6 months or more). SPI is the number of standard 

deviations that the observed value would deviate from the long-term mean, for a normally 

distributed random variable. Since precipitation is not normally distributed, a transformation is 

first applied so that the transformed precipitation values follow a normal distribution. The 

transformation of the data was carried out based on a two parameter gamma distribution at 

multiple monthly time scales which is found to well fit the monthly rainfall series. A detailed 

methodology is not attempted here which can be found in Lloyd‐Hughes and Saunders (2002).  

 
Table 1 Categorization of Drought 

SPI values  Drought category Cumulative probability  

0.00  to - 0.99 Mild drought 34.1 

−1.00  to - 1.49 Moderate drought 9.2 

−1.50  to - 1.99 Severe drought 4.4 

−2.00  or  less Extreme drought 2.3 
                (Source: Lloyd‐Hughes and Saunders, 2002) 
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4 Results and discussion 

For the present work, SPI analysis is conducted at multiple monthly time scales for both 

homogeneous zones and at 0.25 degree resolution to assess the frequency, intensity and duration 

of drought incidence in the Western Ghats.  Apart from SPI, the rainfall anomaly at annual scale 

is also plotted, to identify the departures of rainfall above and below the normal over the years, 

which is also used as an indicator to identify major drought/flood incidence. India Meteorological 

Department (IMD) defines meteorological drought based on deficiency in south west monsoon 

on sub divisional basis. If the departure of south west monsoon rainfall is below 26-50 % of its   

 
 

Figure 1: Frequency of drought events [SPI<0] at multiple time scales (%) 

 

Normal, it is classified as moderate drought and severe if it is above 50 percent. In India, a year is 

considered to be drought year if the area affected by moderate or severe drought, either 

individually or together, is 20 - 40 per cent of the area of the country and southwest monsoon 

deficiency is 10 per cent or more for the country as a whole. When the area affected is more than 

40 per cent it is called as all India severe drought year (IMD Technical Circular No. 2/2007). 

Rainfall anomaly map of homogeneous monsoon zones of Kerala, Coastal Karnataka (Canara) 
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and Goa and Konan (hereafter Konkan) is anlaysed from 1871-2012. The Mean Annual Rainfall 

(MARF) of the three zones is estimated to be 2820 mm, 3268 mm and 2538 mm respectively. It 

is observed that departure of rainfall is quite different for each of the zones and is highly erratic. 

Further, the deviations are quite high in other regions than in Kerala. The zones of Canara and 

Konkan frequented with much lower rainfall than the normal during early 20
th

 century while in 

Kerala the contiguous departures below normal is a more recent phenomenon. The frequency and 

amount of rainfall departures below normal is found to be more in the Konkan region.  

 

The evolution of SPI at multiple monthly time scales (1, 3, 6, 9, 12 and 24) over zones of Kerala, 

Canara and Konkan is also analyzed to assess the frequency, intensity and duration of drought 

incidence. It is found that there are quite a few instances in the 6, 9 and 12 and even 24 months 

where the SPI value is well below -2 in all three zones. This indicates the severe drought 

proneness of this region even it is located in the tropical South Asian monsoon tract. It is also 

observed that there are distinctive episodes of drought in the region. Moreover, SPI values of 6 

months and above shows an increase in the duration of drought in the last three decades in 

Kerala. These deviations in the higher time scales of SPI indicates the changes in long term 

precipitation patterns and increasing incidence of drought in the region. This has wider 

implications for stream-flow and ground water storage which necessitates the SPI analysis at a 

much higher spatial resolution.  

 

The SPI is estimated at multiple monthly time scales at 0.25 degree resolution for all 336 grids in 

the Western Ghats from 1969-2006 (Figure 1). It is observed that the spatial pattern of frequency 

of drought events is highly heterogeneous at multiple time scales. There is a clear evidence of 

decreasing summer precipitation and emergence of drought during the period across the Ghats. 

The frequency of drought events is also high during the major rainy period of SW monsoon in 

most of the grids. At time scales more than 6 months Canara and Konkan region show much 

higher frequency for drought events.  

 

5 Conclusion  

 

The paper explores the evolution of drought at multiple temporal and spatial resolutions in one of 

the high rainfall zones in India. There is a significant increase in the occurrence of drought 

conditions in the last three decades in the Western Ghats which symbolises the change in 

precipitation pattern in the region. There is a reduction of summer precipitation across the Ghats. 

The drought is more prominent at higher time scales above SPI6 which has wider impactions to 

stream-flow and groundwater availability in the region. The study highlights that drought can 

manifests in high rainfall regions and cannot be delimited to low rainfall regions. 
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Abstract 

Small plot agricultural production can provide increased food security in areas adapting to 

climate change, primarily due to an increased flexibility and diversity in the choice of crops 

grown and more efficient water use. Case studies of small plot production in Nepal, India and the 

U.S. shows an ability of farmers to select crops each season in response to weather and market 

conditions and to use up to 100% of available irrigation water with zero waste. These abilities 

increase the resilience of any given farm because the farmer can reduce the risk of failure with a 

variety of crops while selecting highly marketable crop varieties, conserving water and 

increasing income potential. 

 

Key words: climate, irrigation, crop variety, small farm, economic stability 

 

1. Introduction 

 

A majority of world’s farmers work less than an acre of land yet increases in cultivated acreage 

are unlikely and undesirable due to urbanization, conflict of other uses and a growing recognition 

of the need to conserve wild lands for biodiversity. Farmers in many developing nations face 

water concerns as far as access, storage and on-demand use. In addition, climate change is 

expected to result in more varied weather patterns, thus disrupting the entire food system, from 

production to transportation (Nelson, 2014). These factors combine to make efforts to alleviate 

poverty and improve living conditions for the world’s most vulnerable citizens a major challenge 

of our time. As the world’s population increases, a variety of tactics will need to be put in place 

to ensure food security, primarily increased production, especially through closing the yield gap 

(Godfray, 2010). Other tactics include improved food distribution and increasing economic 

access to food (Gregory, 2014). The role of the small plot garden holds great potential as a 

method to ensure food security by allowing for adaptation in the face of climate change through 

water-saving irrigation techniques and diverse crop choices while also providing an opportunity 

for supplementary income to households and communities, thereby increasing economic 

stability. Using examples from projects in Nepal, Afghanistan, and the United States, as well as 

reviewing the recent literature, we show in this paper, how the small plot model can strengthen 

food security at the home and community level. The model also provides the necessary scale to 

integrate water-saving irrigation to mitigate the effects of climate change, allowing farmers to 

select crop varieties best suited for regional climate conditions and providing the basis for small 

enterprises to supply supplementary income for economic stability. In this paper, we reference 

data and information gathered from three projects in Colorado, Nepal and Afghanistan. In 

Colorado we ran a small garden on the campus of Colorado State University for two years – 

2013 and 2014. Student interns kept records of the crops grown, harvest yields and sales from the 

harvest. In Nepal, small gardens are being developed as part of a USAID Feed the Future project. 

This work was begun in the summer of 2014. In Afghanistan, kitchen gardens were developed as 
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part of the Afghanistan Water, Agriculture and Technology Transfer (AWATT) project 

completed in cooperation with USAID/Afghanistan and the Afghanistan Ministry of Agriculture, 

Irrigation and Livestock (MAIL) in 2008-2011. We also reference information found in a review 

of literature concerning climate change, agriculture and small plots.    

 

2. Current land use and availability 

Two factors combine to provide the small plot farm with an important role in the increase of 

food security. Individuals in the poorest of countries have an average farm size of 1.6 hectares 

(Ha), and farms with less than 2 Ha comprise 70% of all farms (Adamopoulos, 2011). In 

addition, the amount of new land available for cultivation is unlikely to increase because of 

competition for other uses, diminishment due to salinization and desertification and an increasing 

value on biodiversity and carbon storage in uncultivated lands (Godfray, 2010; Gregory, 2014). 

These factors leave the small plot a likely reality for much of the world’s population (Federoff, 

2010) and also lead to the conclusion that the only way to increase food production is to increase 

yields from the same amount of land (Godfray, 2010). We have found in two of our garden 

projects in Nepal and Afghanistan that a small plot model is easily replicable throughout a 

community and can add some new land into cultivation. In Nepal, we started with four to five 

gardens of four by five meters in each of three districts. These first gardens were soon replicated 

by neighboring villages, so that the end of one year of this project, at least 50 gardens have been 

built within villages.  

In Afghanistan, 10 gardens of 4 by 5 meters and 10 by 5 meters were built in the front and back 

yards of area residences. The women of the households participated in the construction of the 

gardens; several years later there are now at least 1000 gardens in 200 villages (New Mexico 

State University, 2011).  

When looking at land available for agricultural production, we see the small plot as a viable 

option for increasing that land, while being at a scale that is easily managed by households. This 

easily adopted method of production can help improve the livelihoods of many citizens by 

providing them with nutritious produce at very little cost. 

3. Water conservation 

Further, 47% of the world’s population is predicted to be living in highly water stressed regions 

by 2030 (United Nations World Water Assessment Programme, 2014). Irrigation technologies 

that increase yield per unit of water will become increasingly critical to meet the rising demand 

for food. Drip irrigation offers one of the most efficient options for irrigation, yet only 4% of 

agriculture uses the technology, and large-scale adoption of drip irrigation remains rare (Garb, 

2014). One solution to this slow uptake of drip technology is the implementation on the small-

scale plot.  Small-scale drip irrigation systems have demonstrated clear benefits in boosting and 

stabilizing crop production (Postel, 2009). The small plot farm can benefit from the 

implementation of less expensive technology using buckets, contributing to an increase in food 

security for individual households and small communities. This was demonstrated in the kitchen 

gardens in Nepal, with installation of bucket drip kits. Over 80 farmers participated in training 

for how to use the system and they started a cooperative and collected money to purchase 

additional kits for farms in the region. It has been estimated that widespread use of affordable 
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drip irrigation has the potential to boost annual net income of the rural poor by US $3 million, 

and an even greater amount in the poorest countries (Postel, 2009).  

4. Choice of Crops  

A majority of the world’s food - 75% - is generated from only 12 plant species, making the 

current agricultural food system highly vulnerable to disease, climate shifts, and other shocks 

(Food and Agriculture Organization of the United Nations, 2014). One of the fundamental 

benefits of the small plot farm is the retention of unique and climate-tolerant varieties and 

breeds. The selection for locally appropriate crops not only ensures food security by regional 

efficiency, it also maintains a genetic bank of crop diversity. The protection of biodiversity is a 

fundamental component to sustainable agricultural, and the home garden or small plot has been 

frequently overlooked as an important source of diversity (Chambers, 2007). In the U.S. we have 

successfully grown over 20 varieties of herbs and vegetables on one fifth of an acre. A smaller, 

but still diverse selection of crops have been grown in Nepal and Afghanistan. The residents of 

each locale are able to select the herbs and vegetables most appropriate for their cuisine and taste 

and also meet local demand.  

Table 1: Crops grown in each location 

USA Nepal Afghanistan 

basil cauliflower bell pepper 

beet chili pepper cucumber 

carrot cilantro green bean 

chard eggplant green onion 

chive green bean lettuce 

cucumber potato potato 

dill radish tomato 

eggplant spinach  

lettuce tomato  

melon turnip  

oregano   

pepper   

spinach   

squash   

tomato   

turnip   

 

5. Economic opportunity 

Economic growth in agriculture, and in particular the smallholder sector, is at least twice as 

effective in benefiting the poorest members of society in rural areas, as growth in non-

agricultural sectors (United Nations World Water Assessment Programme, 2014). Successful 

productivity gains in small plot farming can result in the subsequent entry into commercial 

farming with access to efficient markets. This process begins when the farmer has a surplus of 
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marketable food, and eventually results in the production of more lucrative crops; [however, a 

very large fraction of humanity will not reach food security in the context of volatile 

international food prices without the initial development of the sustenance-based farming sector 

(de Janvry, 2011)]. Though entry into global trade brings a whole new set of risks and rewards, 

an increase of products at the local market level can result in immediate improvements in the 

community (Godfray, 2010). 

The Afghanistan Water, Agriculture and Technology Transfer (AWATT) program increased 

agricultural output by 50 percent or more and increased cultivable land by nearly 9,000 hectares. 

This increase in production also led to dramatic increases in employment, creating direct 

employment for about 2,500 full-time equivalent positions and potential for 134,000 permanent 

full-time farm jobs. Training for food preservation techniques and high-value products also 

increased income potential for about 2,500 women through kitchen gardens, bee-keeping, poultry 

keeping and food drying. Farmers reported increased incomes due to the AWATT program of up 

to $620. In addition, farmers have formed cooperatives and received microfinance support to 

enable a dramatic increase in the number of kitchen gardens built - from 10 gardens as part of the 

pilot project to over 1000 gardens in 200 villages. The farmer cooperative has revenue streams 

from the sale of raw vegetables, dried vegetables and seedlings. Microfinance has allowed the 

cooperative to invest in trellises for improved production, drip irrigation systems for water 

conservancy, tunnel construction for seedling production and solar driers (New Mexico State 

University, 2011). 

A USAID project in Nepal is providing demonstrations of appropriate technologies and 

consultation to smallholders about ways to increase production from their small plots and add 

value to their products to make them available for sale for a small income. Though this program 

is still in progress, it’s anticipated that farmers will also see substantial increases in income, 

much as has been seen in Afghanistan.   

The Plant Environmental Research Center (PERC) enterprise garden in Fort Collins saw a net 

income of more than $600 in its first year. Due to a late start to the season and decreased 

coordination of sales as compared to the first year, the second year did not see such substantial 

revenues. This demonstrates the importance of strong ownership and coordination to make a 

small plot economically viable.  

Smallholders can incrementally increase their income by employing a variety of methods such as 

combining resources with other farmers, adding value to raw products and producing high-value 

crops or foods (such as honey or eggs), thereby leading them to even greater gains in the future 

as production and experience continues.    

6. Conclusion 

While worldwide food security involves many complex systems and interactions, adoption of 

small plot production with efficient irrigation at the community level can result in direct benefits 

to community members.  
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Abstract 

Regarding the hybrid seed production potentiality of rice in Bangladesh, three CMS lines 

were introduced from China and the field experiments were conducted during Rabi 2011/12 

at Bangabandhu Sheikh Muzibur Rahaman Agricultural University (BSMRAU) Gazipur, and 

other two other locations (Bogra, and Mymensingh) in Bangladesh. Hybrid seed production 

potentiality depends on productivity of CMS lines and the corresponding Restorer (R-lines). 

For this reason all three CMS lines (CNR-A-001, CMS 1 and CMS 2) were crossed with the 

respective restorer for synthesize of new hybrids and tested against different macro and micro 

environments for adaptation. Among the three introduced CMS lines, CMS 2 showed more 

suitable in hybrid seed production of rice. Seedling age of 34 days old is better performer 

than the seedlings of 25 and 43 days. Among the row ratios of CMS and R line, there should 

be maintained 12:2 for obtaining maximum hybrid seed production. Considering two factors, 

of CMS 1 and CMS 2 interaction with 43 days old seedlings, CMS 1 and CMS 2 interaction 

with row ratio 12:2 exhibited the best combinations. Finally, considering three factors, 34 

days old seedlings of CMS 1 with the row ratio 12:2 (4.20 t/ha) and 43 days old seedlings at 

CMS 2 with the row ratio 12:2 (4.21 t/ha), was the best adapted combination for maximizing 

the hybrid seed production. The significant genotype (CMS lines) environment interaction 

(seedling age and row ratios) values indicated the wider genotypic adaptation as well as 

environmental adaptation among the genotypes (CMS lines). So, the significant interactions 

among CMS lines, seedling age and row ratio signified that there is a wide possibility of 

better hybrid seed production in Bangladesh environment. 

 

 

1. Introduction 

Rice (Oryza sativa) is a self-pollinated cereal crops. It belongs to the family Gramineae (Syn-

Poaceae) having chromosome no. 2n=24 under the order Monocotyledon (Hooker, 1979). It 

is grown in tropical subtropical temperate region considering a wide range of soil and 

climatic condition. Rice (Oryza sativa L.) is the world’s second most important food crop 

after wheat. It is the most extensively cultivated crop and viewed as staple food in 

Bangladesh. More than 90% of the people depend on rice for their diets. Among the major 

rice growing countries of the world, Bangladesh ranks third in rice area and fourth in 

production (Hong et al., 2007). Rice is the staple food of about one thirds of world’s 
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population and is the second largest cereal crops grown in the world. Yield potentials of 

coarse grain rice have been improved through introduction of dwarfing genes and use of 

hybrid technology. Every year we’ve to introduce and import lion amount of hybrid seeds 

due to that we don’t have adequate and synchronized parental lines. . For the development of 

hybrid, first thing is to development of component lines (A, B & R-lines). A line is the 

Cytoplasmic male sterile line characterized by the absence of pollen grains or rudimentary 

pollens, agronomically superiority, stable sterility, wide regeneration spectrum, abortive 

stigma and highly synchronized (Yuan, 1998). B line is the maintainer line isogenic with 

CMS line, normal anthers, functional pollens and seed setting on selfing. R line is the restorer 

line having normal anthers, functional pollens, abundant pollen producing capacity, strong 

restoring ability, good combining ability, high out crossing rate, better synchronizability and 

genetically diverse from CMS line (Poehlman and Sleeper, 1995). 

 

1.1 Materials and methods 

The experiment was conducted at Bangabandhu Sheikh Mujibur Rahman Agricultural 

University- Gazipur, Bangladesh in split-split plot design. The experimental field was 

typically rice growing low land. The location of the experimental site was at 23
0 

08'-24
0 

09' N 

latitude and 90
0 

26'- 90
0 

82' longitudes with an elevation of 8.4-8.8 m from the mean sea 

level. The soil of the experimental field was Red Brown Terrace soil type under Salna series 

of Madhupur Tract in AEZ -28. The temperature ranged during the experimental period 7.9
0 

C-31.8
0 

C followed by the maximum and minimum humidity ranged from 61%-96%. In the 

experiment three different CMS lines along with their Restorer lines were used to identify the 

most suitable interaction along with row ratio and optimal seedling ages. 10 different yield 

and yield contributing characters studied where both yield and out-crossing rate considered as 

dependent variable. In fact to obtain most suitable effects and interaction the treatment 

comprised three different CMS lines in the main plot, three sowing date in the sub plot, and 

three different row ratio in the sub-sub plot regarding three replications. Seedlings of 

different sowing ages were ensured by staggering. Analysis of variance, mean separation and 

interactions were done according to Steel and Torrie (1966).  

 

Table 1: List of materials, different seedling ages and different row ratios 

Materials  CMS lines 

a. CNR-A-001 

b. CMS-01 

c. CMS-02 

Restorer lines 

a. CNR-001 

b. CNR-002 

c. CNR-003 

Seedling ages 25-days old, 34-days old and 43 days old 

Row ratio CMS:R line ratio-1 (10 : 1), ratio-2 (12 : 2), and ratio-3 (14 : 2), 
 

 

2. Results and discussion 

Effect of CMS lines, seedling ages and row ratios (CMS and R-lines) 

Significant variations among the CMS lines were observed for all the parameters related to 

yield and yield contributing characters except plant height and days to maturity. Maximum 

grain yield (ton/ha) was recorded for the CMS -2 (3.84 ton/ha) which  was significantly 
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higher due to more tillering capacity, more number of filled grains per panicles and 

comparatively larger grain size compared to CMS-1 (3.73 ton/ha). The lowest yield was 

obtained from CNR-A-001 (3.62 t/ha) due to smaller panicle, lower tillering and grain filling 

ability and smaller grain size. Similar findings were reported by Chowdhury et al. (1991), 

Khan et al. (1993). Significant variations among the seedling ages were observed for yield 

and the entire yield related parameters except plant height. The highest grain yield (3.77 

ton/ha) was obtained from 43 days old seedlings which was statistically similar with seedling 

age of 34-days (3.75a ton/ha) but significantly higher than the seedling age of 25 days (3.68 

ton/ha). Similar findings were reported by Sarker et al. (2002) and Rashid et al. (1990). 

Number of effective tillers per hill, number of filled grains per panicle, days to flowering and 

grain yield per ha showed insignificant variation in the yield response of CMS lines (Zhu and 

Chu, 1987, Julfiquar, 1997 and Virmani et al. 1991 obtained similar results. 

 

Table 2: Effect of CMS lines, seedling age and row ratio for yield and its contributing 

characters on hybrid seed production of rice 

 
Treatments Panicle 

length (cm) 

No of effective 

tillers/hill 

Number of filled 

grains /panicle 

Days to 

maturity 

Grain yield 

(t/ha) 

CNR-A-001 21.77 ± 0.41 

b 

9.23 ± 0. b 125.40 ± 3.77 b 157.20a 3.58 ± 0.35 c 

CMS-1A 22.33 ± 0.41 

a 

8.80c 125.24 ± 3.77 b 157.31a 3.71 ± 0.35 b 

CMS-2A 21.96 ± 0.41 

a 

10.15a 133.32 ± 3.77 a 158.82a 3.84 ± 0.35 a 

Level of significance * ** ** Ns ** 

CV (%) 4.72 8.96 5.57 8.12 4.89 

Mean 22.02 9.39 54.35 157.35 3.73 

Seedlings of 25-days old  21.23 ± 0.41 

b 

8.98b 122.23 ± 3.77 b 158.21a 3.68 ± 0.35 b 

Seedlings of 34-days old 22.21 ± 0.41 

a 

9.73a      130.32 ± 3.77 a 156.62a 3.75 ± 0.35 a 

Seedlings of 43-days old 22.61 ± 0.41 

a 

9.47a    131.31 ± 3.77 a 158.53a 3.77 ± 0.35 a 

Level of significance ** ** ** * ** 

CV (%) 4.72 8.96 5.57 8.12 4.89 

Mean 22.02 9.39 54.35 157.35 3.73 

Ratio-1, (10 : 1) 21.98 ± 0.41 

a 

8.25c    123.91c 158.27a 3.62 ± 0.35 b 

Ratio-2, (14 : 2) 21.93 ± 0.41 

a 

9.11b     127.92b 157.81a 3.67 ± 0.35 b 

Ratio-3, (12 : 2) 22.15a ± 0.41 10.13a 138.07a 157.36a 3.91 ± 0.35 a 

Level of significance Ns ** ** Ns ** 

LSD 0.43 0.34 1.24 2.05 0.08 

CV (%) 4.72 8.96 5.57 8.12 4.89 

V × S * * ** * ** 

V × R ** ** ** Ns * 

S × R ** ** ** Ns * 

F × R * ** * Ns ** 

V × S × R ** * ** * * 
CV = Coefficient of variation, LSD = Least significant difference, * & **= Significant at 5 and 1% 

 

Among the yield contributing characters, plant height, panicle length, out crossing rate (% 

OCR) days to maturity and 1000 grain weight showed insignificant variation in the response 

of ratio of CMS and Restorer line and number of effective tillers per hill, number of filled 
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grains per panicle, days to flowering and grain yield per ha showed significant variation in 

the responses (Manonmani, 1999). The highest grain yield (3.91 ton/ha) was recorded at 

CMS and R-line ratio of 12: 2 which was significantly higher than that of CMS and R line 

ratio of 10: 1 (3.62 ton/ha) and 14: 2 (3.67 ton/ha). The highest number of effective tillers per 

hill and number of filled grains per panicle was obtained from the CMS and R line ratio of 

12: 2 and the lowest was obtained from the ratio of 10: 1. Zhu and Chu (1987), Julfiquar 

(1997) obtained highest in 2:6 ratio followed by Virmani et al. (1991). 

 

Interaction effect of CMS lines with row ratio (CMS and R line) 

Significant effect of the ratio of CMS and R line on hybrid seed yield was observed for all the 

parameters related to yield and yield contributing characters except days to maturity. The 

highest grain yield (4.16 ton/ha) was recorded for the CMS-1 with the ratio of CMS and R 

line 12: 2 due to the highest contribution of most of the yield related traits. Statistically 

similar results were found in CNR-A-001 interaction with the ratio of 12: 2 (4.04 ton/ha) and 

CMS-2 with the ratio of 12: 2 (4.03 ton/ha) which were significantly higher than the 

interaction V2R2 (3.86 ton/ha) and V3R2 (3.72 ton/ha). The lowest yield was found in CNR-

A-001 with the ratio of CMS and R line 10: 1 (3.47 ton/ha) and with 14: 2 (3.52 ton/ha), 

CMS-1 with the ratio of CMS and R line 10: 1 (3.42 ton/ha) and in CMS-2 with the same 

ratio (3.56 ton/ha). Kusutani et al. 2000 obtained the similar findings from his research work.  

 

Table 3: Interaction effect of CMS lines with row ratio  

Treatments Panicle length 

(cm) 

No. of effective 

tillers /hill 

No. of filled 

grains /panicle 

Days to 

maturity 

Grain yield (t/ha) 

V1R1 20.84 ± 0.41 de 9.52 ± 0.27 c 133.23 ± 3.77 f 149.81 ± 4.05 a 3.47 ± 0.35 d 

V1R2 24.94 ± 0.41 a 9.83 ± 0.27 bc 120.15 ± 3.77 de 140.81 ± 4.05 c 3.52 ± 0.35 d 

V1R3 22.84 ± 0.41 ab 9.85 ± 0.27 bc 133.44 ± 3.77 b 150.02 ± 4.05 a 4.04 ± 0.35 a 

V2R1 18.70 ± 0.41 d 8.64 ± 0.27 d 115.74 ± 3.77 ef 150.74 ± 4.05 a 3.42 ± 0.35 d 

V2R2 22.52 ± 0.41 b 9.41 ± 0.27 c 128.08 ± 3.77 c 142.28 ± 4.05 c 3.86 ± 0.35 bc 

V2R3 23.61 ± 0.41 a 10.36 ± 0.27 ab 147.33 ± 3.77 a 148.14 ± 4.05 a 4.16 ± 0.35 a 

V3R1 20.14 ± 0.41 e 8.32 ± 0.27 d 120.64 ± 3.77 de 147.15 ± 4.05 ab 3.56 ± 0.35 cd 

V3R2 21.10 ± 0.41 cd 8.09 ± 0.27 d 122.46 ± 3.77 d 145.42 ± 4.05 abc 3.72 ± 0.35 b 

V3R3 22.46 ± 0.41 b 10.53 ± 0.27 a 150.94 ± 3.77 a 149.81 ± 4.05 a 4.03 ± 0.35 a 

Grand mean 22.02 ± 0.40 9.39 127.93 ± 4380 147.35 ± 4.11 3.73 ± 0.35 

CV 4.72 8.96 5.46 8.12 4.89 

LSD 1.32 3.78 0.13 3.56 2.13 

SE 0.16 0.58 0.94 4.49 0.44 

LS ** ** ** Ns * 
 

Interaction effect of seedling age and row ratio (CMS and R line)  

Seedling age significantly influenced by different ratio of CMS and R line for yield and all 

the yield contributing characters except % OCR, days to maturity and 1000 grain weight. 

Maximum grain yield was found in 43 days old seedling age with CMS and R line ratio of 

12: 2 (3.98 ton/ha) which was significantly higher than seedling age of 25 & 34 days old with 

CMS and R line ratio of 12: 2 (3.84 ton/ha). The lowest yield was obtained in seedling age of 

25 days with CMS and R line ratio of 10: 1 (3.51 ton/ha). Seedling age of 43 days old with 
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CMS and R line ratio of 12: 2 was most synchronized interaction effect than other 

interactions in hybrid seed production of rice (Sarker, 2002). 

 

Table 4: Interaction effect of seedling age and row ratio (A/R) line on hybrid seed production of 

rice 

 
Treatments Panicle length 

(cm) 

No. of effective 

tillers /hill 

No. of filled 

grains /panicle 

Days to 

maturity 

Grain yield 

(t/ha) 

S1R1 21.70 ± 0.43 c-e 9.75 ± 0.28 ab 113.84 ± 3.77 d 144.03 ± 4.05 c 3.51 ± 0.35 d 

S1R2 22.55 ± 0.43 ab 9.25 ± 0.28 bc 122.85 ± 3.77 c 148.16 ± 4.05 a-c 3.68 ± 0.35 c 

S1R3 22.37 ± 0.43 a-c 10.19 ± 0.28 a 130.12 ± 3.77 ab 152.50 ± 4.05 a 3.84 ± 0.35 b 

S2R1 22.68 ± 0.43 ab 9.21 ± 0.28 bc 130.30 ± 3.77 ab 146.23 ± 4.05 a-c 3.66 ± 0.35 c 

S2R2 22.14 ± 0.43 bd 9.19 ± 0.28 bc 129.10 ± 3.77 ab 149.33 ± 4.05 ab 3.67 ± 0.35 c 

S2R3 23.01 ± 0.43 a 10.22 ± 0.28 a 131.50 ± 3.77 ab 142.61 ± 4.05 c 3.84 ± 0.35 b 

S3R1 21.57 ± 0.43 de 9.14 ± 0.28 bc 127.51 ± 3.77 bc 146.39 ± 4.05 a-c 3.67 ± 0.35 c 

S3R2 21.09 ± 0.43 e 8.66 ± 0.28 c 131.90 ± 3.77 ab 145.66 ± 4.05 bc 3.66 ± 0.35 c 

S3R3 23.08 ± 0.43 a 9.14 ± 0.28 bc 146.61 ± 3.77 a 151.53 ± 4.05 a 3.98 ± 0.35 a 

Grand mean 22.02± 0.51 9.39 ± 0.25 127.93 ± 3.75 147.35 ± 4.11 3.73 ± 0.35 

CV (%) 4.72 8.96 5.46 8.12 4.89 

LSD 1.32 3.78 0.13 3.56 0.13 

SE 0.16 0.58 0.94 4.49 0.04 

LS ** ** ** Ns * 
S1 = Seedling age of 25 days, S2   = 34 days, S3   = 43 days, R1 = 10:1, R2   = 14:2, & R3   = 12:2, CV = Coefficient of 

variation, SE = Standard Error, * = Significant at 5%, ** = Significant at 1% & Ns = Non-significant 

 
 

Interaction effect of CMS lines, seedling ages and row ratio (CMS and R lines)  

Interaction of seedling age with the CMS and R line ratio and CMS lines showed significant 

influence in all the parameter except out crossing rate (% OCR), and 1000 grain weight on 

hybrid seed production of rice. The highest grain yield (4.21 ton/ha) was recorded for 43 days 

old seedlings of CMS-2 with CMS and R line ratio of 12:2 which was statistically similar to 

43 days old seedlings of CMS-1 with CMS and R line ratio of 12:2 (4.21 ton/ha) old followed 

by V3S3R1, V3S3R2 with CMS and R line ratio of 14:2 (4.14 ton/ha) & 12:2 (4.20 ton/ha). 

Intermediate yield was obtained from the interactions V1S3R3 (3.79 ton/ha), V2S2R2 (3.73 

ton/ha), V2S2R3 (3.78 ton/ha) and V3S2R3 (3.78 ton/ha). Significantly higher performances 

were found due to higher panicle length, number of effective tillers per panicle and number of 

filled grains per panicle. Whereas the lowest yield (3.13 ton/ha) was found in 25 days old 

seedling age of CMS-1 with CMS and R line ratio of 10:1 followed by 25 days old seedlings 

of CMS-2 with CMS and R line ratio of 14:2 (3.13 ton/ha). Uphoff, 2002 found similar 

findings from his research work. 

 

Table 5: Interaction effect among CMS lines, seedling age and row ratio on hybrid seed 

production of rice 
Treatments Panicle length 

(cm) 

No. of effective 

tillers /hill 

No. of filled 

grains /panicle 

Days to 

maturity 

Grain yield (t/ha) 

V1S1R1 21.39 ± 0.59 d-g 8.56± 0.47 h-j 104.40 ± 2.35 i 137.97 ± 4.38 e 3.42 ± 0.67 f-h 

V1S1R2 20.34± 0.59 f-h 8.49± 0.47 h-j 122.11 ± 2.35 d-g 147.28 ± 4.38 a-d 3.52 ± 0.67 f-h 

V1S1R3 20.47± 0.59 f-h 8.89± 0.47 f-j 112.10 ± 2.35 hi 146.13 ± 4.38 a-e 3.76 ± 0.67 cd 

V1S2R1 22.56± 0.59 a-d 9.51± 0.47 d-h 113.32 ± 2.35 g-i 146.40 ± 4.38 a-e 3.29 ± 0.67 h 
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V1S2R2 22.17± 0.59 a-e 8.68± 0.47 g-j 117.30 ± 2.35 f-h 147.94 ± 4.38 a-d 3.61 ± 0.67 ef 

V1S2R3 22.16± 0.59 a-e 8.78± 0.47 f-j 134.51 ± 2.35 bc 146.45 ± 4.38 a-e 3.54 ± 0.67 f-h 

V1S3R1 22.60± 0.59 a-d 9.89± 0.47 c-g 130.62 ± 2.35 cd 148.49 ± 4.38 a-d 3.32 ± 0.67 h 

V1S3R2 22.91± 0.59 a-c 11.01± 0.47 ab 146.90 ± 2.35 a 143.46 ± 4.38 b-e 3.37 ± 0.67 h 

V1S3R3 23.02± 0.59 a-c 9.22± 0.47 e-i 147.08 ± 2.35 a 146.24 ± 4.38 a-e 3.79 ± 0.67 bc 

V2S1R1 20.05± 0.59 gh 8.84± 0.47 f-j 121.33 ± 2.35 d-h 144.19 ± 4.38 a-d 3.13 ± 0.67 i 

V2S1R2 21.37± 0.59 d-g 9.81± 0.47 c-g 129.21 ± 2.35 c-e 145.29 ± 4.38 a-e 3.29 ± 0.67 h 

V2S1R3 21.53± 0.59 c-f 9.86± 0.47 c-g 126.52 ± 2.35 c-f 153.6 ± 4.38 a 3.71 ± 0.67 cd 

V2S2R1 22.18± 0.59 a-e 10.42± 0.47 b-e 120.20 ± 2.35 e-h 146.71 ± 4.38 a-d 3.64 ± 0.67 gh 

V2S2R2 23.39± 0.59 a 9.49± 0.47 d-h 126.01 ± 2.35 c-f 140.44 ± 4.38 d-e 3.73 ± 0.67 cd 

V2S2R3 22.61± 0.59 a-d 9.70± 0.47 c-h 141.10 ± 2.35 ab 144.05 ± 4.38 b-e 3.78 ± 0.67 bc 

V2S3R1 23.47± 0.59 a 11.89± 0.47 a 147.61 ± 2.35 a 145.85 ± 4.38 a-e 3.79 ± 0.67 bc 

V2S3R2 23.05± 0.59 a-c 10.80± 0.47 bc 139.60 ± 2.35 ab 142.88 ± 4.38 c-e 4.14 ± 0.67 a 

V2S3R3 23.28± 0.59 ab 10.54± 0.47 b-d 148.50 ± 2.35 a 103.19 ± 4.38 a 4.20 ± 0.67 a 

V3S1R1 18.82± 0.59 h 8.12± 0.47 ij 107.61 ± 2.35 i 145.91 ± 4.38 a-d 3.29 ± 0.67 h 

V3S1R2 19.56± 0.59 h 8.03± 0.47 ij 107.60 ± 2.35 i 152.10 ± 4.38 a 3.13 ± 0.67 i 

V3S1R3 22.48± 0.59 a-d 8.85± 0.47 f-j 117.50 ± 2.35 f-h 140.32 ± 4.38 de 3.29 ± 0.67 h 

V3S2R1 22.08± 0.59 a-e 7.69± 0.47 j 124.51 ± 2.35 d-f 143.06 ± 4.38 a-e 3.71 ± 0.67 cd 

V3S2R2 21.76± 0.59 b-f 8.04± 0.47 ij 117.42 ± 2.35 f-h 144.71 ± 4.38 b-e 3.64 ± 0.67 gh 

V3S2R3 20.79± 0.59 e-h 9.69± 0.47 c-h 117.08 ± 2.35 d-f 138.32 ± 4.38 d 3.78 ± 0.67 bc 

V3S3R1 22.67± 0.59 a-d 9.32± 0.47 e-h 147.48 ± 2.35 a 147.96 ± 4.38 a-d 3.95 ± 0.67 ab 

V3S3R2 22.77± 0.59 a-d 9.78± 0.47 b-f 149.94 ± 2.35 a 148.51 ± 4.38 a-d 4.08 ± 0.67 ab 

V3S3R3 24.09± 0.59 a 9.51± 0.47 b-h 145.11 ± 2.35 a 153.10 ± 4.38 a 4.21 ± 0.67 a 

Mean  22.02 9.39 127.93 147.35 3.73 

CV 4.72 8.96 5.46 8.12 4.89 

LSD 2.21 1.79 8.59 3.56 0.22 

SE 0.60 0.49 2.33 4.49 0.67 
LS ** * ** * * 
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Abstract 

Ramechhap district, one of the drought prone areas, has been categorized as the second most 

vulnerable districts in Nepal. District Development Committee (DDC), Ramechhap has declared its 18 

Village Development Committees (VDC) in the south belt as drought prone region. Khaniyapani, one 

such drought hit VDC is situated in northern rain shadow area of Mahabharat mountain range. People 

of this VDC have been experiencing continued drought for last several years. Most of the studies 

carried out in the past have focused on drought risk and database creation at community level. 

Therefore, there is need of scientific approach for drought assessment. The objectives of this study 

were to determine the relationships of satellite-derived NDVI with rainfall data of study area, and its 

comparison with community level exposure and sensitivity. Nine years (2000-08) of MODIS 16-day 

composite NDVI at 250m resolution and sixty two years (1950-2012) of precipitation data from 

Nepalthok station were used in this study. Temporal rainfall, deviation in NDVI (DEVNDVI) and 

Vegetation Condition Index (VCI) and NDVI anomalies as well as time lag relationships between 

rainfall and NDVI were analyzed for the entire VDC and for five different land use types (Dense 

forest, Sparse forest, Agro Forest, Bushes and Cultivated land). Results showed downward trends in 9-

year NDVI temporal profiles and drought as a prominent threat with at least one dry month every year 

which is comparative to the result observed during social survey for exposure and sensitivity. The 

study showed strong correlation between rainfall and one-month lag NDVI over the region. More 

detailed studies on the seasonal dynamics and rainfall relationships are needed to improve drought 

monitoring and impact assessment. 

Key words: Drought, NDVI, VCI 

1 Introduction 

Drought is a complex environmental disaster which can be defined as the rainfall decrease from its 

normal average (Wilhite, 1992). Droughts are recurring climatic events, which often hit South Asia, 

bringing significant water shortages, economic losses and adverse social consequences (Thenkabail et 

al, 2004). Nepal is one of the most vulnerable countries in the world in terms of climate induced risks 

(Eckstein and Kreft, 2014). At some places hot winds and dust storms are frequent and some areas of 

Nepal are practically in the grip of drought between the end of March and the beginning of the 

monsoon in July (Sharma, 2006). Ramechhap district is one of the drought prone areas in Nepal. 

Majority of people living in southern belt have been facing severe drought problem that have directly 

affected their livelihood (DDC, 2010). 
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Traditional methods of drought assessment and monitoring depend heavily on rainfall data as recorded 

in meteorological and hydrological networks. However, the recent availability of reliable satellite 

imagery covering wide regions over long periods of time has progressively strengthen the role of 

remote sensing in environmental studies, in particular in those related to drought episodes (Kogan et 

al., 2004). 

In this study we used moderate resolution imaging spectro-radiometer (MODIS) derived remote 

sensing data and local station climate data to study drought pattern in Khaniyapani VDC of 

Ramechhap district central Nepal. This VDC is one among 18 most drought prone VDC of Ramechhap 

district (DDC 2010). This study aims to corroborate recent attempt of climate vulnerability assessment 

and adaptation planning in this region (eg. Bhuju et al. 2013) by providing evidence from physical 

science. We assess social aspect of exposure and sensitivity of drought with evidences from climate 

data and remotely sensed MODIS Normalized difference vegetation index (NDVI). 

1.1 Study Area 

The study area is Khaniyapani Village Development Committee (VDC), central Nepal (272637 N – 

272850 N, 854841 E – 855426 E) is located in Mid Central Mountain of Nepal. Its area is 

20.16 square km and elevation ranges from 538 meter to 2285 meter from sea level (DoS, 2014).It has 

subtropical to cold temperate climate (RHF, 2013). 

 
 

Figure 1: Study Area (created using DoS, 2014) 

1.2 Materials and method 

Rainfall data (1950-2011) and Normalized Vegetation Index (NDVI) data from MODIS image (2000-

2008) were used for the study of drought occurrence in the study area. ERDAS imagine software 

version 9.2 was used for generating NDVI data from the MODIS image at the interval of 16-days. 

NDVI is calculated using red and near infrared band of electromagnetic spectrum of remote sensing 

image and is a measure of vegetation productivity ((Thenkabail et al., 2004).) Vegetation Condition 

Index (VCI) and Deviation NDVI (DEVNDVI) were calculated from NDVI to specify the drought years 

and its severity. Relationship between the rainfall and satellite data was analyzed to verify the 

persistence of drought in Khaniyapani VDC using statistical software SPSS version 16 (SPSS 2014) ). 
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The result obtained was compared with social data obtained from focus group discussion conducted 

from 11
th

 March to 14
th

 March 2013.  

Deviation NDVI and vegetation condition indices are calculated using following equation 

   (1) 

   (2) 

1.3 Dataset: 

1.3.1 Remote Sensing Data 
Table 1: Remote Sensing Dataset 

Name of Image Projection System Adopted Nature of Image Total Number of 

Dataset 

MODIS NDVI 

(MYD13Q1) 

UTM WGS84,Zone 45 16-Days  200 

1.3.2 Rainfall Data 
Table 2: Rainfall Dataset 

Station Name Latitude Longitude Elevation Nature 

Nepalthok 27°27’N  85°49’E 1098 Daily 

2 Results and discussion 

2.1 Exposure and Sensitivity 

Drought is not new to the area, but the intensity has increased dramatically from last 7-8 years thus 

affecting livelihood of people. Exposure is almost same in all wards i.e. “high (>3)” category and the 

case is similar for sensitivity. Water resources including agriculture and food security was observed to 

be highly sensitive to drought. 

2.2 Rainfall Trend 

Rainfall is not uniform in all years in our study site, 

although total annual precipitation didn’t show any linear 

trend. To make a detail analysis on rainfall pattern two 

datasets 1950-2011 data was divided into two different 

eras with 30 years in each era. Comparison of mean of 

monthly rainfall of two eras showed significant reduction 

Figure 2: Community Drought Exposure and Sensitivity 
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in monthly rainfall in recent years across all months with 9.41 millimeter of mean. The value was 

statistically tested using paired t-test. 

 

Table 3: Paired t-test for Rainfall Trend 

Month Jan Feb March  April  May  June July Aug Sept Oct Nov Dec 

1950-1980 14.96 9.79 31.65 45.52 73.01 152.10 260.90 195.01 140.60 66.59 3.47 12.34 

1981-2011 10.76 14.98 19.22 37.50 76.11 117.86 261.53 166.58 124.96 37.73 4.84 14.57 

Difference 4.20 -5.19 12.42 8.03 -3.09 34.24 -0.63 28.42 15.65 28.87 -1.37 -2.23 

Mean difference: 9.941, t-value: 2.462, p=0.032 

2.3 Changing trend of NDVI and derived indices 

NDVI as it is an indicator of vegetation growth which 

shows peak during growing season (Jun-Oct) (figure 3). 

Higher values of NDVI during those months are result of 

the monsoon. Our study site like most of the other part of 

Nepal receives more than 80 percent of rainfall during 

monsoon. Among different land-use types dense forest 

has highest NDVI values throughout the year followed 

by sparse forest, bushes, cultivated land and agro-forest 

respectively (Figure 3). 

Since, NDVI itself does not reflect drought or non-

drought conditions, the severity of a drought may be 

defined as NDVI deviation from its long-term mean (DEVNDVI) or Vegetation Condition Index (VCI). 

The value shows gradual fluctuation in number of months with negative deviation in NDVI from the 

year 2000-2008 where 2008 scores the highest dry month’s i.e, 8 months followed by 2003. Negative 

DEVNDVI in figure 4 indicates below-normal vegetation condition/health and, therefore, suggests a 

prevailing drought situation. Thus severity of drought is in increasing trend.  

Different degrees of a drought severity are indicated by 

VCI values below 50%. Kogan (1995) illustrated that the 

VCI threshold of 35% may be used to identify extreme 

drought conditions. The VCI value close to zero percent 

reflects an extremely dry month, when the NDVI value is 

close to its long-term minimum. Figure 5 shows 8 dry 

months in 2003 which indicates it to be the driest year.  

2.4 Correlation between NDVI and Rainfall 

Relationship between rainfall and NDVI indicates a better 

correlation with time lag one month for NDVI. It is the 

time needed for vegetation to response to the change in 

rainfall which showed to be by one month in this study. 

Correlation between total monthly rainfall with mean, 

maximum and total monthly NDVI data showed that the mean monthly NDVI with monthly rainfall 

was given the best correlation. It might be because the mean value removes the positive bias in NDVI 

which is also a part of variation as well as negative effect (Eklundh 1998) as cited by Alwesabi (2012). 

Figure 3: Trend of NDVI in growing and dry Season for 

different land-use 

Figure 4: Deviation of NDVI from normal value on yearly 

basis. 

Figure 2: Average rainfall trend (1950-2011) 

Figure 5: Number of months with VCI value less than 35% 
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Table 4: Correlation between NDVI and Rainfall Data 

Land use Correlation Coefficient R2  

same month 

R2 

1 month lag 

Slope 

Same Month 1 month lag 

VDC 0.28* 0.29* 0.078 0.215 1.83 

Dense Forest -0.323* -0.254* 0.010 0.064 -3.81 

Sparse Forest -0.332* -0.256* 0.110 0.066 -3.93 

Bushes 0.446* 0.449* 0.199 0.249 5.82 

Cultivated Land 0.416* 0.517* 0.173 0.268 5.1 

Agro-forest 0.265* 0.494* 0.070 0.239 2.09 

*represents level of significance < 0.05 

2.5 Relationship of Community Based Exposure and Sensitivity Analysis with Satellite Based 

NDVI and Rainfall Analysis 

The result obtained by community based drought exposure and sensitivity analysis and NDVI along 

with rainfall pattern shows similarity in context of drought occurrence in the study area. Drought is 

prevalent in the area as indicated by both the local perception and the NDVI values along with other 

derived indices. Increase in dry months has been verified by both the analysis. Persistence of drought 

was observed to be severe 7-8 years ago by the locals which are further verified by the DEVNDVI and 

VCI values as well. The historical timeline shows the return period of drought to be 3-4 years and is 

comparable to the result obtained through satellite image. 
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Abstract 

Commercialization of agriculture along with climatic variations has led to increased pest 

problems and outbreaks. Vegetable growers prefer to use easily available pesticides for 

managing field pests that has further increased pest resistance, secondary pest outbreaks, the cost 

of production, and environmental degradation and health hazards. Against the backdrop of 

pesticide impacts, a field survey was conducted by consulting 60 commercial vegetable 

producers in pocket areas of Makawanpur and Parsa district, Nepal. The study was conducted to 

analyze the field pest problems in vegetables and the use of pesticides for their management. 

Among the ten problems the producers mentioned, pest-diseases, reliability of seed quality, 

irrigation and watering, drought and climatic changes were major four problems. To manage the 

pests and diseases, farmers were using higher number of sprays and heavier doses of pesticide in 

major vegetables. The pesticides are being inefficient as 91.66% of the respondents mentioned 

pest and disease problem is increasing over the years.  The highest number of pesticides sprays 

was found in brinjal (23.6±5.44 sprays), followed by sweet pepper (17.34±3.95), tomato 

(13.63±6.75), ladies finger (10.28±2.37), cucumber (9.68±6.90), cowpea (8.61±4.54) and bitter 

gourd (8±4.65). Similar pattern was observed in the quantity of active ingredients (a.i.) sprayed 

in different vegetables. Brinjal received the highest amount of a.i. (15.93±3.67 kilogram per 

hectare) followed by sweet pepper (11.71±2.67), tomato (9.20±4.56), lady's finger (6.94±1.86), 

cucumber (6.54±4.66), cowpea (5.82±3.06) and bitter gourd (5.40±3.14) during a single crop 

growing season. Eco-friendly methods need to have devised for more climate resilient plant 

protection measures.  

 

 

Key words: vegetable crops, climate change, pesticide sprays, active ingredient 

 

1. Introduction 
Agriculture is the mainstay of Nepalese economy as about 60.43% of its active population is 

engaged in the Agriculture. Still we are in food deficit and  hunger is one of the major challenge 

as the number of underweight children below five is still 38.6 percent, 47 percent are stunted and 

36.15 percent of the population is still deprived of the minimum food requirement (CBS, 2014). 

As we know, food we consume is synthesis of soil, sunlight and rain. Climate change has 

produced shorter and warmer winters, longer droughts, larger and more frequent storms, 

increased rainfall with the effects on plant growth (Bursell, 2006 &Baile, 2008). Thus climate 

change has a number of effects in agriculture production and food security. Current estimate of 

warming in climate have a number of implications in temperature-dependent pests and disease 

outbreak (Palikhe, 2007). Insect pests are predicted to spread by taking the advantage of global 
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warming (Karuppaiah & Sujayanad, 2012). All these changes have led to increase in doses of 

chemical pesticides, rise of plant protection cost, increased cost of illness and residue levels of 

pesticides in consumables (Ghimire, 2007). 

 

The global food demand accompanied the increased use of pesticides in agriculture (Tilman et al, 

2001). In Nepal, the number of registered pesticides is 1561 and the consumption of pesticides is 

reported to be 396 gm/ha (PRMD, 2014). The use of pesticides in Nepal is very low as compared 

other countries like India (500 gm/ha), USA (4.5 kg/ha), France (5.8 kg/ha), Korea (6.6 kg/ha), 

Holland (10.5 kg/ha), Japan (12 kg/ha) and Taiwan (17 kg/ha). But, the field observation, residue 

tests, media reports and consumers' expression claim higher doses of pesticides in vegetables 

grown commercially (Dhungana, 2014, Kunwar 2014 & Oli, 2014). The vegetable farmers in 

commercial areas are using higher doses of pesticides causing problems to environment and 

human health (Palikhe, 2007). The incurred costs for sustainable production are the major threats 

which are not estimated in Nepalese condition (Atreya, 2007).    

 

The consumption of pesticide is increasing over the years with the increased use of chemical 

fertilizers and climatic change impact on pest resurgence and occurrences (Regmi, et. al. 2011). 

The increased number of registered pesticides, import and use depicts the increased trend of 

pesticide consumption (PRMD, 2014).  The vegetable production pockets nearby to capital, big 

cities, district headquarters, small towns and road corridors are major areas of higher pesticide 

consumption (Guragain, 2012). The easy availability of pesticide has exaggerated haphazard use 

and incidents of intentional, incidental and occupational pesticide poisoning (Sharma, 2012). 

There are other similar reports that support the heavy use of pesticides in vegetables. CBS, 2014 

shows the production of vegetables over the years increased from 1343 tons in 1998/99 to 3302 

tons in 2012/13. Similarly the increase in the number of registered vegetable varieties from 22 in 

1997 to 333 in 2013 shows the subsequent demand of vegetable seeds.  

 

Makwanpur is one of the major suppliers of fresh vegetables to Kathmandu valley and use of 

pesticides in vegetable production was assumed to be very high. Similarly, Parsa district in the 

terai belt of the country and also bordering India produces vegetable, cereal and cash crops. 

Against the backdrop of the higher level of pesticide residues in vegetables, a study was 

conducted to know the actual status of pesticide use in farmers' field condition in major 

vegetable pocket areas of the districts.  

 

 

2. Methodology 

 

Six commercial vegetable pocket areas three each from terai and high hills were purposively 

selected. Pakaha Mainpur of Parsa, Handikhola and Hatia of Makawanpur were from terai 

condition and Daman, Palung and Bajrabarahi of Makawanpur were hilly pocket areas. Women 

vegetable growers were face-to-face interviewed by using structured pre-tested questionnaire. 

Ten farmers growing different vegetables from each of the pocket areas were randomly selected 

so to make the total of 60.  The data obtained from the field survey was analysed by using MS 

Excel sheets and SPSS. 
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3. Result and discussion 

 

a. Demography and family size of farmers 

The average family size of respondents was 6.14±2.92 with 18 members as the maximum and 3 

as the minimum. The average family size was more to national which is decreasing over the 

years from 5.3 in 1961 to 4.88 in 2011 (CBS, 2014). The average age of respondents was 39.88 

years and the maximum and minimum age of respondent was 65 and 19 years respectively. In 

this study, all the respondents were female though the national percentage of female headed 

household is just 25.3 (CBS, 2014). 

 

b. Cropped area and economy of the farmers 

The average annual cropped area for vegetables was 16.65 Kattha per farmer. The expense on 

external inputs on vegetable production is 22.86% of total gross income. The average gross 

income of a respondent's family from vegetable production was NRs. 258,971.67±149,244.65 

and net income was NRs 199,763.33±115,337.43. The average family size was 6.14 means per 

capita vegetable income per year was US$ 325 in the commercial vegetable pocket areas of the 

districts.   

 
Table 1: Total cropped area, external input costs and income of respondents by vegetable crops (n=60) 

Attributes Total Average  Standard deviation 

Vegetable cropped area
1
 (Kaththa

2
)                  999.25               16.65                  9.22  

Operational cost
3
  (NRs)      3,552,500.00       59,208.33       37,140.68  

Gross income (NRs)     15,538,300.00     258,971.67     149,244.65  

Net profit (NRs) over operational 

cost    11,985,800.00     199,763.33     115,337.43  

 

c.  Farmers problems prioritization  
The number of farmers' problems and their priority were changed over the years. Among many, 

vegetable growers' ten problems were identified important and considered for the study. The 

respondent farmers were asked to rank those problems in between the first and the tenth based on 

their situation.  Weighted mean was calculated by giving weights in reverse order to the total 

number of ranks. In this case, rank first received the highest score as ten and the others 

successively decreasing in order by one means as 9, 8, 7, .......... and 1.  

 
Table 2: Ranking of vegetable production and marketing related problems by the respondents (n=60) 

SN Problems Total weighted 

score Weighted mean Ranks  

1 Pest-diseases and their management 568 10.33 I 

2 Seed quality and reliability  420 7.64 II 

3 Irrigation and watering 412 7.49 III 

4 Draught and weather conditions 394 7.16 IV 

5 Appropriate farm technology and 

techniques 

303 5.51 V 

                                            
1
 Overall yearly vegetable grown area  

2
 Kaththa is a local unit of area measurement and equals one-thirtieth of a hectare   

3 Includes cost only incurred in seeds, pesticides, fertilizers, micronutrients and vitamins used in vegetable production 
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6 Fertilizers and fertility 285 5.18 VI 

7 Transportation and marketing 279 5.07 VII 

8 Credit facilities 225 4.09 VIII 

9 Machines, tools and equipments 211 3.84 IX 

10 Accessories, staking  208 3.78 X 

 

Vegetable growers mentioned changes in climatic conditions were the major problems. Three 

problems among five: disease and pests (10.33) ranked first, irrigation facilities (7.49) ranked 

third and the drought and weather conditions (7.16) ranked fourth problems were directly related 

to the changes in climatic condition. The availability of water for irrigation was reduced over the 

years due to drought conditions and frequent adverse weathers in recent years (Tilman, 2001). 

Farmers mentioned seed quality and reliability (7.64) as the second serious problem and lack of 

appropriate farm technology and techniques (5.51) as the fifth. Pests and disease problems urged 

the heavy use of pesticides in commercial areas. On the other hand, farmers used hybrid seeds 

produced in different part of the world. They mentioned there was greater chance of complete 

crop failure due to poor seed quality. 93.33% of the farmers claimed the price of seeds was very 

high. The farmers regarded machines tools, equipments and availability of staking and 

accessories were less important with the access of credit facilities in the areas. 

 

d. Pesticide use in vegetables 

With the increased complexity of pests and disease problems, farmers were applying higher 

number of sprays and heavier doses of pesticide in major vegetables. Further, 91.66% of the 

respondents also mentioned pest and disease problem was increasing over the years. Some 

vegetable crops found more prone to insect attacks and others with diseases.  The highest number 

of pesticides sprays was in brinjal (23.6±5.44 sprays) which was mostly against insect pests. The 

other crops followed were sweet pepper (17.34±3.95), tomato (13.63±6.75), ladies finger 

(10.28±2.37), cucumber (9.68±6.90), cowpea (8.61±4.54) and bitter gourd (8±4.65). Similar 

trend was observed in the use of quantity of active ingredients (a.i.) in different vegetables. 

Brinjal received the highest amount of a.i. (15.93±3.67 kilogram per hectare) mostly against 

insect pests followed by sweet pepper (11.71±2.67) and tomato (9.20±4.56) were sprayed against 

diseases;  ladies finger (6.94±1.86), cucumber (6.54±4.66), cowpea (5.82±3.06) and bitter gourd 

(5.40±3.14) mostly against insect pests during a single crop growing season. The situation urges 

the need of eco-friendly methods for more climate resilient and sustainable plant protection. 

Tilman et al, 2001 similarly suggested for significant scientific advances and regulatory, 

technological, and policy changes needs to mitigate the impacts of pesticides. 

  

 
Table 3: Average times of pesticide sprays and amount of active ingredients used in different vegetables 

crops. Values after ± are standard deviations 

SN Crops 
No. of 

farmers 
Times of spray Active ingredients (kg/ha) 

1 Brinjal 15 23.60±5.44 15.93±3.67 

2 Round fruited sweet pepper 26 17.35±3.95 11.71±2.67 

3 Long fruited sweet pepper 6 16.00±2.76 10.80±1.86 

4 Tomato 19 13.63±6.75 9.20±4.56 
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5 Lady's finger 7 10.29±2.75 6.94±1.86 

6 Cucumber 16 9.69±6.9 6.54±4.66 

7 Cowpea 13 8.62±4.54 5.82±3.06 

8 Bitter gourd 11 8.00±4.65 5.40±3.14 

9 Bottle gourd 8 7.50±3.89 5.06±2.63 

10 Cauliflower 51 7.43±3.4 5.02±2.30 

11 Peas 5 6.40±2.88 4.32±1.94 

12 Sponge gourd 8 6.00±1.6 4.05±1.08 

13 Chili 12 5.83±3.13 3.94±2.11 

14 Cabbage 36 5.69±2.58 3.84±1.74 

15 Beans 3 3.33±2.31 2.25±1.56 

16 Onion 6 2.83±1.72 1.91±1.16 

17 Coriander 5 2.60±1.52 1.76±1.03 

18 Radish 6 2.00±0.89 1.35±0.60 

19 Balsam apple (Barela) 2 2.00±0 1.35±0.00 

20 Potato 40 1.93±1.53 1.30±1.03 
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Abstract 

In the aftermath of traumatic events situations like the onslaught of Supertyphoon Yolanda 

(Haiyan) that ravaged several regions of the Philippines in November 2013, survivors may 

experience positive and negative psychological changes, referred to as posttraumatic growth and 

posttraumatic decline, respectively. This study aims to identify the presence of posttraumatic 

growth, and or posttraumatic decline, among survivors of Supertyphoon Yolanda in Estancia, 

Iloilo 11 months after the disaster. The descriptive cross-sectional study adapted. the Changes in 

Outlook Questionnaire by Joseph et al. (1993) to gauge the level of posttraumatic growth and 

decline, A researcher-made questionnaire was  used to determine the demographic variables. 

Both dialect-translated questionnaires were utilized as an interview guide. The study population 

was determined through stratified random sampling. The 99 study participants exhibited 

posttraumatic growth but did not show posttraumatic decline as an entire group. No significant 

differences in the mean posttraumatic growth were observed when grouped according to sex, 

age, civil status, monthly family income, and educational level. Likewise, no significant 

differences were noted in posttraumatic decline, except that participants who have primary level 

of education differed significantly with their tertiary level counterparts. There was presence of 

posttraumatic growth and absence of posttraumatic decline among survivors of Supertyphoon 

Yolandain Estancia, Iloilo 11 months after the disaster. 

 

Keywords:Posttraumatic growth, Posttraumatic decline, Estancia, Supertyphoon Yolanda 

(Haiyan) 

 

 

 

1. Introduction  

It is not unusual for the Philippines to experience natural calamities year in and year out. In fact, 

in 2011, it was reported that the country topped the list of Asian countries hit by disasters.
1
 But it 

appeared that despite the nation’s being accustomed to natural disasters (e.g. floods, 

earthquakes), the country was extremely devastated when Supertyphoon Yolanda (international 

code name Haiyan), said to be the strongest typhoon in the world in 2013, made landfall on 

November 8, 2014 and ravaged several regions.
2,3

. According to the Provincial Disaster Risk 

Reduction and Management Council, the town of Estancia, a second class municipality, suffered 

95% total damage in household and recorded, as of November 15 of the same year, 86 casualties, 

9 missing persons, and 462 injuries
4
. Approximately 80% of its fishing livelihood also got wiped 

out. Aggravating the problem was as oil spill in the area leading to forced evacuation of 600 

families The Typhoom wrought havoc not only in terms of infrastructure or property, but more 

so in the lives of those who were affected. However, there is already an increased expression and 

recognition in the literature of people exposed to highly traumatic situations who perceive 
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positive changes from struggling with those events. Tedeschi and Calhoun relate this as 

posttraumatic growth and define it as “the experience of positive psychological change, reported 

by an individual as a result of the struggle with trauma or any extremely stressful event”.
6
 

Researchers point to the opportunities inherent in trauma to build new and improved life 

structures resulting in positive changes in self-perception, interpersonal relationships and life 

philosophies.
 
However, a number of researchers point out the need for a balanced assessment of 

the changes experienced by survivors by also determining posttraumatic  decline or depreciation 

to address inherent issues that go along with a one-sided measure of the survivors’ trauma 

experience.
7
Posttraumatic depreciation is best understood as the opposite of growth; it is a 

reduced or impaired sense of psychological adjustment, cognitive development and emotional 

awareness.
8
Some researches point out that, together, growth and decline are able to give a clearer 

picture of the experiences of the survivor and are more predictive of well-being or psychological 

adjustment.
7,8

But while many issues remain open for further inquiry, it is equally vital to 

understand the positive and negative experiences of people who have survived a disaster as there 

is very little knowledge about a balanced evaluation of posttraumatic growth and decline in the 

aftermath of natural catastrophes like typhoons across cultural groups. This study, therefore, aims 

to identify the presence of posttraumatic growth, posttraumatic decline, or both among survivors of 

Supertyphoon Yolanda in Estancia, Iloilo 11 months after the disaster. Furthermore, it aims to 

determine the significant differences in posttraumatic growth and decline among the survivors when 

classified according to age, sex, civil status, monthly family income, and educational level. 

 

Trauma as a concept 
The Diagnostic and Statistical Manual of Mental Disorders, 4

th
 Edition Text Revised (DSM-IV-

TR) defined trauma as a personal experience of a certain event involving any of the following: 

serious injury, threat to one’s physical integrity, or actual or threatened death.
15

 Literatures 

support that individuals who are survivors of a natural disasters have experienced a traumatic 

event.  

 
 

Posttraumatic growth (PTG) as a concept 

Post-traumatic growth (PTG) is an emerging area of research concerned with the positive 

psychological changes that follow one’s experience of traumatic events.
10 

According to Tedeschi 

and Calhoun, it is influenced by the culture, beliefs, priorities and experiences of an individual 

prior to experiencing the trauma.
11

 These ways can include more appreciation of life in general, 

changed priorities, and richer spirituality, among others.
12

 This construct is also referred to as 

adversarial growth and stress related growth
13

. Posttraumatic growth, in contrast to concepts like 

resilience, hardiness, and sense of coherence, refers to a change that goes beyond the ability to 

resist damage brought about by highly traumatic situation. PTG is not returning back to the 

baseline condition but it is the experience of personal improvement as a result of the trauma.
14

A 

study by Joseph in 2009 revealed that various researches have three broad dimensions of growth. 

First, one may report an improvement in interpersonal relationships with friends, family, even 

towards others. Second, survivors develop an enhanced perspective of themselves; they may feel 

a greater sense of confidence, intellect, or strength. Third, survivors report a greater appreciation 

of the simple things in everyday life, or re-evaluation their life priorities.
15

 

   

Posttraumatic decline/depreciation (PTD) as a concept 

Depreciation is best defined as the contradictory of growth. It is a reduced or impaired sense of 

psychological adjustment, cognitive development and emotional awareness.  It serves as an 
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important predictor of negative posttraumatic experiences and is positively associated with 

distress and other negative effects
8
. Several published studies point out that posttraumatic decline 

is an independent construct from posttraumatic growth, such that both outcomes could co-exist in 

post-trauma survivors. In a study by Cann, PTD was positively related to intrusive rumination 

but negatively related to quality and meaning of life, signifying that PTD may separately 

contribute to current well-being together with PTG
16

.  

 

2. Methods
 

The study utilized a descriptive cross-sectional research design and was conducted in Estancia, 

Iloilo last October 16 to 20, 2014.Using stratified random sampling, the researchers divided the 

municipality into barangays/villages as strata and the sample populations were randomly and 

proportionately drawn from each stratum. The sample size of this study was computed using 

Sloven’s formula. Of the 99 randomly selected participants, 17 were not available during the data 

collection period. Random determination of participants via random number generator was used 

to replace the remaining 17 participants. The dialect-translated survey questionnaires were 

utilized as an interview guide which included the Changes in Outlook Questionnaire and a 

researcher-made questionnaire to determine the demographic variables. The Changes in Outlook 

Questionnaire (CiOQ) by Joseph et al. (1993) is a tool used to assess changes in outlook of an 

individual after a traumatic or life-changing event and to generate separate scores for positive 

and negative changes.  It is a 26-item questionnaire having 11 CiOP (Changes in Outlook 

Positive) items and 15 CiON (Changes in Outlook Negative) items.
16

Each item is rated in a 6-

point scale, with strongly disagree having a score of 1 and strongly agree having a score of 6. 

Statistical analyses were carried out using the program Statistical Package for Social Sciences 

(SPSS) v.17. A level of p < 0.05 was accepted for statistical significance. For the descriptive 

analysis, statistical tools such as frequency, percentage, mean, and standard deviation were 

utilized. On the other hand, for inferential analysis, T-test for two independent samples was used 

to determine the significant association of the demographic variable, sex, to posttraumatic 

growth and decline. In determining the significant association of the remaining demographic 

variables (age, civil status, monthly income, and educational level) to posttraumatic growth and 

decline, One-way Analysis of Variance (ANOVA) was utilized.  

 

3. Results
 

 

Table 1 shows that study participants exhibited posttraumatic growth as an entire group 

(m=5.068 +0.482). However, no significant differences in the mean posttraumatic growth were 

observed when the survivors were grouped according to sex, age, civil status, monthly family 

income, and highest educational attainment.  

 
Table 1 - Posttraumatic growth experienced by survivors of Supertyphoon Yolanda 

Category Mean SD Description p-value 

Entire Group 5.068 0.482 Growth  

Sex 

Male 

Female 

 

5.072 

5.066 

 

0.479 

0.488 

 

Growth 

Growth 

 

0.958 

Age 

Young Adult (18-25y.o.) 

Middle Adult (26-40y.o.) 

 

4.873 

4.942 

 

0.691 

0.450 

 

Growth 

Growth 

 

0.850 
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Late Adult (41y.o. and above)                                     5.152 0.470 Growth 

Civil Status 

Single 

Married 

Separated 

Cohabitated 

Widow 

 

4.886 

5.103 

5.000 

4.740 

5.121 

 

0.653 

0.493 

0.417 

0.294 

0.443 

 

Growth 

Growth 

Growth 

Growth 

Growth 

 

0.359 

Family Income per Month 

P2,500 and below 

P2,501-P5,000 

Above P5,000 

 

4.921 

5.143 

5.179 

 

0.443 

0.449 

0.55 

 

Growth 

Growth 

Growth 

 

0.216 

Highest Educational Attainment 

Primary level 

Secondary level 

Tertiary level 

 

5.050 

5.088 

5.064 

 

0.399 

0.498 

0.546 

 

Growth 

Growth 

Growth 

 

0.949 

Legend: 

Scale of Means 

1.00-3.50 

3.51-6.00 

 

Description 

No Growth 

Growth 

  

Table 2 shows that no posttraumatic decline was exhibited by the study participants as an entire 

group and when classified into variables such as sex, age, civil status, monthly family income, 

and highest educational attainment. No significant differences were noted in the mean 

posttraumatic decline of the survivors when grouped according to sex, age, civil status, and 

monthly family income. However, significant difference was observed in the mean posttraumatic 

decline of the survivors when grouped according to highest educational attainment (p-value = 

0.005).  

 

 
Table 2 - Posttraumatic decline experienced by survivors of Supertyphoon Yolanda 

Category Mean SD Description p-value 

Entire Group 2.681 0.650 No decline  

Sex 

Male 

Female 

 

2.651 

2.696 

 

0.586 

0.683 

 

No decline 

No decline 

 

0.745 

Age 

Young Adult (18-25y.o.) 

Middle Adult (26-40y.o.) 

Late Adult (41y.o. and 

above)                                     

  

2.240 

2.699 

2.707 

 

0.308 

0.484 

0.736 

 

No decline 

No decline 

No decline 

 

0.300 

Civil Status 

Single 

Married 

Separated 

Cohabitated 

Widow 

 

2.200 

2.661 

2.489 

2.991 

2.828 

 

0.317 

0.592 

0.713 

0.686 

0.954 

 

No decline 

No decline 

No decline 

No decline 

No decline 

 

0.320 
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Family Income per Month 

P2,500 and below 

P2,501-P5,000 

Above P5,000 

 

2.816 

2.647 

2.538 

 

0.653 

0.562 

0.725 

 

No decline 

No decline 

No decline 

 

0.053 

Highest Educational Attainment 

Primary level 

Secondary level 

Tertiary level 

 

2.972 

2.637 

2.459 

 

0.714 

0.614 

0.530 

 

No decline 

No decline 

No decline 

 

 0.005* 

* significant if p<0.05 

Legend:Scale of Means 

1.00-3.50 

3.51-6.00 

 

 

Description 

No decline 

Decline 

  

4. Discussions 
The present study revealed the presence of posttraumatic growth and absence of posttraumatic 

decline among survivors of Supertyphoon Yolanda in Estancia, Iloilo 11 months after the 

disaster. The results give valuable contribution to our understanding of the consequences of 

trauma as it is able to present a two-sided view of the psychological changes that may be 

expected following a traumatic experience. A considerable amount of studies was conducted to 

explore these changes such as in cancer patients, survivors of sexual abuse and occupational 

hazards, among others but this investigation adds distinct value to our existing knowledge on 

both accounts of posttraumatic growth and decline as it examines these phenomena after a 

natural disaster such as a typhoon, which is surprisingly a rarely discussed event in the existing 

literature. The achievement of posttraumatic growth by the survivors may be attributed to 

existent opportunities that were effectively taken upon by the respondents to overcome 

consequent challenges and accommodate in a positive direction the meaning of this new 

experience over time. It is crucial to note that posttraumatic growth is influenced by the culture, 

beliefs, priorities and experiences of an individual prior to experiencing the trauma as cited by 

Tedeschi and Calhoun.
11

 Although these factors were not assessed in the present study, they are 

very much attributable to a people known for their resilience, optimism, religiosity, and regular 

exposure to tropical storms. On the other hand, the absence of posttraumatic decline in the study 

population suggests that the respondents were able to successfully come through this highly 

challenging circumstance without experiencing remarkable disruptions in their psychological 

adjustment, cognitive development and emotional awareness
8
. The differences in the study 

variables in relation to posttraumatic growth and decline were also determined. There have been 

inconsistent findings in terms of age accounting for differences in posttraumatic growth levels. 

Like the results of this study, several studies showed no significant difference when 

posttraumatic growth is classified according to age
17, 18

. However, Cordova et al. revealed 

significant findings in that younger age is significantly related to posttraumatic growth for breast 

cancer survivors
19

. Some studies support the results of this study by also showing no significant 

difference in terms of sex in survivors of law enforcement officers killed in the line of action and 

couples facing cancer diagnosis.
20, 21

 On the other hand, two studies measuring posttraumatic 

growth revealed significant effects for gender, with women showing higher Posttraumatic 

Growth Inventory scores than men in a sample of cancer patients
49

. The present data, moreover, 

indicated that civil status did not account for differences in posttraumatic growth which are in 

line with those of Svetina and Nastran, and Heidarzadeh et al
22

. A study by Harding et al., 

however, showed that marriage and cohabitation directly correlate with the level of posttraumatic 
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growth
23

. Although the present study found out that income did not reveal any difference in 

accounting for posttraumatic growth, some studies would prove otherwise. Tomich and Helgeson 

reported a relationship between lower socioeconomic status and increased benefit-finding for 

breast cancer survivors.
17

 Income was also a significant predictor of meaning and vulnerability 

among breast cancer survivors
24

. The level of educational attainment, as a demographic variable, 

has shown discrepancies in several studies done to assess posttraumatic growth. While two 

separate studies by Urcuyo et al. and Widows et al. revealed that the lower the individual’s 

educational attainment the higher is his/her level of growth
18,25

, one study supports our findings 

that educational level does not relate to posttraumatic growth
20

. Finally, with the seeming lack of 

existing literature on posttraumatic decline, the researchers are precluded to cite studies that 

support our findings of posttraumatic decline not having significant differences in terms of age, 

sex, civil status, and monthly family income. However, of all the tested variables in the present 

study, only educational level accounted for differences in posttraumatic decline, showing that 

respondents who have primary level of education differed significantly with their tertiary level 

counterparts. This result is contradicted by a study by Tomich and Helgeson
26

, where instead of 

lower levels of education relating to higher levels of posttraumatic growth, the current datum is 

being related to posttraumatic decline. We could possibly argue that between respondents with 

primary and tertiary level of education, a considerable difference in the awareness and use of 

coping strategies, as having a potential role in psychological distress, among other factors, 

exists
27,28

.  
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Abstract 

A detailed analytical study of the physico-chemical parameters of meltwater draining from 

glaciers of Langtang Valley with an elevation ranging from 1395 m.a.s.l. to 4200 m.a.s.l. in 

Rasuwa district, Nepal is carried out in order to study the seasonal and altitudinal variation in 

Hydro-chemistry along the Langtang River and Glacial melts from the Lirung and the 

Khyimjung Glaciers. The study is carried out during 6-10 April and 30 June- 3 July, 2014 at 11 

sites. A total of 22 composite samples are collected. The concentration of cations and anions of 

the Langtang Valley are in the order Ca
2+

 >>K
+
>Na

+ 
>Mg

2+ 
and HCO3

-
>>Cl

-
>SO4

2-
> NO3

-
> TP-

PO4
3-

, respectively. Significant seasonal (EC, Turbidity, DO, Ca, Na, Mg, Cl, SO4 and TP) and 

altitudinal (EC, TDS, DO and Na) variation is seen. The concentrations of the heavy metals (As, 

Al, Mn, Zn, Cd, Cr) are below detection limit except Fe (0.5 to 18.1 mg/l), which is highly 

variable. The study shows an increase in the concentration of cations as compared to previous 

studies, which could be attributed to increasing weathering rates due to temperature increase. 

Elevated concentration of nitrates and total phosphates compared to previous studies show the 

effect of human impact in the region. Calcium carbonate weathering is the major source of 

dissolved ions in the region. Differences in the melt water composition between the debris 

covered and clean type glacier is seen. 
 

Keywords: Hydro-chemistry, Langtang River, weathering process, glacier melt water 
 

Introduction 

Glaciers form one of the components of the hydrological budget playing an important role in 

buffering stream flow (Barry and Seimon 2000), acting as water storage over a range of temporal 

and spatial scales (Jansson et al., 2003; (Schaner et al., 2012) and providing water to downstream 

users and communities during periods of low precipitation as well (Kaser et al., 2010; Viviroli et 

al., 2011). The Himalayan region, encompassing the Hindu Kush mountains and the Tibetan 

Plateau, spanning Afghanistan, Bhutan, China, India, Myanmar, Nepal, and Pakistan are rich in 

glaciers (ICIMOD 2011).  
 

Melt waters from mountain glaciers of the Himalayas are one of the dominant water resources for 

Nepal along with rainfall and ground water (Bhatt et al., 2000) on which the country depend for 

drinking water, irrigation and hydropower (WECS 2011). However, anthropogenically induced 

climate change causing glacial retreats can have serious impacts on hydrological cycles resulting in 

decrease in water resources (IPCC 2007; Moore 2009), quality and quantity. A recent study in the 

Himalayas has indicated an annual increase in the Nitrogen and Phosphorous concentration in the 

high altitude river system (Ghimire et al., 2013). Moreover, the growing demand for freshwater in 

downstream stretches and the geological setting has made the hydro chemical study of Himalayan 

glaciers highly imperative (Singh, et al. 2012). Therefore, chemical characteristic of melt waters 

from the glaciers is extremely important to find out the weathering reactions, anthropogenic and 

climate change impacts on the water resources which can contribute in entire river basin 

management.  
 

Study area 

The study is carried out in the Langtang River basin which lies in the Langtang National Park, 

Nepal. It is a sub-basin of Ganges River basin and lies in between the longitudes 85
o
 15’ to 86

o
 E 
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and latitude 28
o
 to 28

o 
20’ N. The basin has as area of 353.59 km

2 
(based on ASTER GDEM V2, 

2009). The Lirung glacier is the fourth largest debris-covered glacier in this valley  (Asahi 1997) 

with a basin area of 13.8 km
2
 whereas; the Khyimjung glacier is the clean type glacier and is a 

smaller watershed glacier located at the right bank side of the Langtang River with area of 6.6 km
2
  

(Fukushima, et al. 1987).  Water samples for the analysis of major cations (Ca, Mg, Na, K), major 

anions (HCO3
-
, Cl, SO4, NO3

-
, TP-PO4), heavy metals (Fe, As, Al, Mn, Zn, Cd, Cr) and total silica 

are sampled in Langtang region in Pre-monsoon season (6-10 April, 2014) and Monsoon season (30 

June - 3 July, 2014) at 11 sites. Therefore, a total of 22 composite samples are collected and 

analyzed for different parameters. The samples are collected, preserved and analyzed following 

standard procedures (APHA 1998) at Department of Environmental Engineering and Science (DESE 

laboratory) at Kathmandu University and ENPHO within 2 weeks of sample collection.        
 

One way ANOVA and Mann Whitney tests are performed to see the seasonal and altitudinal variations of 

the parameters using SPSS 15.0 and Rock Works 16 is used to create the Piper plot diagram (Piper 1944) to 

find out the relationship between water composition and rock type.                                                                          

             
Figure 1: Map of Langtang Valley showing sampling station         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Location of sampling stations 
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Results and discussion 

The chemical characteristics of glacial meltwaters draining from Langtang Valley are given in 

Table 2.  The charge balance error (TZ
+
 − TZ

−
/ TZ

+
+TZ

−
 × 100)  (Freeza and Cherry 1979), 

are ~10% confirming the reliability and quality of the analytical results. The average pH 

indicates the alkaline nature of the surface waters of the Langtang Valley. Previous studies in 

the Langtang Valley (Bhatt et al., 2008; Reynolds et al., 1998) also show pH within the same 

range indicating that the surface waters are still characteristically well buffered. The average 

conductivity shows a high degree of variability ranging from 8.67 µScm
-1

 (KP, July 2014) to 

163.33 µScm
-1

 (L6, April 2014). Mann Whitney test shows conductivity is significantly (p < 

0.05) lower during monsoon and at higher altitude. 
 

Similarly, Mann Whitney test reveal that TDS shows a significant variation in altitude (p<0.05) 

with higher values in lower altitude ranging from  4 ppm (KO, July 2014) to 80.33 ppm (L6, 

April 2014); whereas turbidity shows a significant variation with season (p < 0.05) with higher 

values during Monsoon. Decrease in TSS and turbidity with distance from glaciers is seen in 

pre-monsoon season, where they are higher near glaciers, with highest at the KO (24.67 NTU 

and 180 mgL
-1 

respectively) attributing to glacial silt, and lowest at L5 (4 NTU and 40 mgL
-1

 

respectively).  
 

The DO ranged from 7.7 mgL
-1

 (LP, April 2014) to 11.43 mgL
-1

 (L4, April 2014). One way 

ANOVA reveals a significant seasonal and altitudinal variation in DO (p < 0.05). DO was 

significantly higher during Monsoon and at lower altitudes. The decrease in DO during the pre-

monsoon season is due to decrease in water levels resulting in less mixing of air with water 

(Murphy 2007). The decrease in atmospheric pressure with increasing altitude, and the 

resulting low partial pressures of oxygen and carbon dioxide are recognized as possible 

limiting factors for low DO at high altitudes (Halloy 1989; 

Navas 2003).  
 

The concentration of the major cations in the Langtang 

valley are in the order of Ca
2+

 >>K
+
>Na

+ 
>Mg

2+
. Ca

2+
 is 

significantly (p < 0.05) lower during monsoon season; 

whereas Na
+ 

is significantly (p < 0.05) lower in monsoon 

season and at higher altitude. The dominance of the major 

anions in the Langtang valley is in the order of HCO3
-

>>Cl
-
>SO4

2-
> NO3

-
> TP-PO4

3-
. SO4

2- 
is significantly (p < 

0.05) higher during pre-monsoon season; whereas Cl
-
 and  

 

 

 

 

 

 

 

 

 

TP-PO4
3- 

are significantly (p < 0.05) higher during monsoon season. HCO3
- 
is significantly (p < 0.05) 

higher at lower altitude. Significant seasonal variation (p < 0.05) in heavy metals is not seen, except for 

Fe, with higher concentrations during monsoon. Fe ranges from 0.5 mgL
-1

 (L1, April 2014) to 18.10 

mg/L (L1, July 2014) 
 

Table 2: Chemical characteristics of 

Langtang Valley meltwaters (Unit: EC in 

µScm
-1

; TDS in ppm; Turbidity in NTU; 

DO to Cd in mgL
-1

; TZ+,TZ- in meqL
-1

) 
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Weathering of rocks is the dominant mechanism controlling the hydrochemistry of drainage 

basins which occur when water flows at the ice-rock interface (Garrels and Mackenzie 1971). 

The variation in the conductivity and most of the major ions, with higher values in the lower 

elevation sites (Fig. 2) may be due to rapid dissolution, higher temperature, high erosion, mixing 

of tributaries and enhanced weathering along the distance downstream. 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 (a) Relationship between Conductivity and Altitude. (b) Relationship between Sodium and Altitude. (c) 

Relationship between Bicarbonate and Altitude. 
 

The Piper plot (Fig 3) show that the majority of samples fell into the category of Ca-HCO3 and 

Mg-HCO3 types of water indicating Ca dominance and weak acids (HCO3 and CO3) dominance 

over strong acids (SO4 and Cl). Cation and anion analysis also show that Ca and HCO3 are indeed 

the most dominant cation and anion respectively. The Pearson's r value shows that calcium has 

positive significant (p < 0.05) relationship with bicarbonate. These results confirm that the 

calcium carbonate weathering is the major source of dissolved ions in the region. Correlations 

among the divalent cations and HCO3 probably reflect common geologic sources  (Saunders 

1989) of these ions. 
 

In general, concentration of major cations 

(particularly Ca), anions (NO3 and TP-PO4) 

and total silica shows an increasing trend 

compared to the previous studies 

(Reynolds et al., 1998; Bhatt at al., 2008). 

It may be due to increase in chemical 

weathering from temperature increase in 

the basin.  The maximum temperature in 

the Nepal Himalayas is increasing by at 

least 0.06ºC per year (Shrestha, et al. 

1999). Also, the rates of chemical 

weathering mainly depend on temperature 

(Brady and Carrol 1994; Lami et al., 2010). 
 

Figure 3: Piper plot diagram of the Langtang 

Valley 
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The NO3 and TP-PO4 concentration are higher in monsoon season than pre-monsoon. Nutrients, such as 

nitrogen and phosphorus, are supplied onto the glacier surface by dry and wet depositions (Takeuchi, 

2011). The comparatively variable concentration of NO3 may be due to a larger atmospheric deposition in  

 

 

 

the higher altitude as findings of the similar studies done by 

Reynolds et al., 1998. Other sources of NO3 and TP-PO4 

may arise from human impacts. 

 

 
 

The chemical characteristics of meltwater draining from the 

Khyimjung and Lirung glacier of Langtang Valley are given 

in Table 3. The average concentrations of most of the 

cations and anions are comparatively higher in Lirung 

Glacier than Khyimjung Glacier. This suggests that the 

contact time of meltwater with sediment beneath the glacier 

and rate of weathering of Lirung Glacier is higher compared 

to Khyimjung glacier, resulting in higher solute 

concentration. Moreover, with higher catchment size and 

area covered by the glacier, the debris cover in the Lirung Glacier (Fukushima, 1987; Kohshima et al., 1993) 

could provide more interaction of solutes with water thereby resulting in rapid dissolution. 
 

Conclusion 

Hydro-chemistry of glacial meltwaters of the Langtang Valley is studied. Calcium and bicarbonate ions are the 

dominant cation and anion respectively. Calcium carbonate weathering is the major source of dissolved ions in 

the region. There has been an increase in the concentration of cations from the past few years, which may be due 

to increase in chemical weathering due to temperature increase in the basin. Elevated concentration of nitrates 

and total phosphates are seen compared to previous studies, the effect of human impact in the region. The 

average concentrations of most of the cations and anions are comparatively higher in Lirung Glacier than 

Khyimjung Glacier.  
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Abstract 

Climate change is one of the biggest environmental challenges. It has become a major concern to 

society because of its potentially adverse impacts worldwide. It also affect those farmers depends 

on livestock farming. This research aims to study people’s perception on climate change its 

impact and adaptation measures adapted by farmers to livestock. Questionnaire survey was 

conducted to collect people’s perception on climate change and its impacts. Temperature and 

precipitation data from 1981 to 2012 of climatological stations of the three districts (Dhading, 

Syangja and Kapilvastu) were taken to analyze the trend analysis. Logistic regression analysis 

was used to determine livestock holders’ decision on adaptation. From the temperature trend 

analysis it was found that temperature change was increasing significantly at highland than low 

land in GRB and rainfall trend analysis showed irregular trend in the GRB region which 

resemble with people perception. Average temperature trend was found increasing with 0.028
o
C, 

0.016
o
C and 0.001

o
C/year from Dhading, Syangja and Kapilvastu respectively. People perceived 

changes in climate which impacted their livestock farming directly or indirectly. Unavailability 

of fodder and increased of disease and external parasites were common impact due to such 

changes. The people used the traditional short term adaptation measures which they have learn 

from their farming experience. Determinant factors for decision on adaptation strategies were 

education, access to credit, having means of communication etc. This paper help to find the 

people perception towards climate change, its impact on livestock and adaptation measures they 

followed with determinant for adaptation decision among farmers. 

Keywords: Climate change, Adaptation, Livestock 

1. Introduction 

There is a worldwide consensus that global warming is a real, rapidly advancing and widespread 

threat facing humanity this century. Scientists have presented evidence and tested models to 

substantiate this truly alarming fact (Chaudhary 2009). Available data show that air temperature 

near the earth surface rose by 0.74°C from 1906 to 2005 and scientists estimated it could be 

increased as much as 6.4°C on average during the 21
st
 century (IPCC 2007). Temperature 

observations in Nepal from 1977 to 1994 showed a general warming trend and increased in 

average annual maximum temperature was 0.06
o
C (Shrestha et al. 1999). Climate change 

scenarios for Nepal showed considerable convergence on continued warming, with country 

averaged mean max temperature increases of 1.2°C and 3°C projected by 2050 and 2100 

(Shrestha et al. 1999). Past emissions are estimated to involve some unavoidable warming (about 

a further 0.6°C by the end of the century relative to 1980-1999) even if atmospheric greenhouse 

gas concentrations remain at 2000 levels (IPCC 2007). 

FAO (2007) & Jianchu et al. (2007) reported that as climatic patterns change, so also do the 

spatial distribution of agro-ecological zones, plant habitats, and distribution patterns of plant 
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diseases and pests, which can have significant impacts on agriculture, livestock and food 

production. The increase in temperature has both negative and positive impact on agriculture as 

IPCC (2007) has projected that the potential food production to increase with warming of 1 to 3 

°C, but above this it is projected to decrease. 

Increase in temperatures induces heat stress on livestock. A study conducted by Kumar et al. 

(2011) in tropical livestock revealed that increased temperatures affected health and performance 

together with productive capacity of livestock. Heat stress lowered feed intake of animals which 

in turn reduced their productivity in terms of milk yield, body weight and reproductive 

performance. Heat stress also reduced libido, fertility and embryonic survival in animals. 

1.1 Study area 

Gandaki River Basin lies between latitudes 27°21’3.4’’ N to 29°19’51.53” N and longitudes 

82°52’54.45” E to 85°47’45” E (DDC 2007).  Altogether, the Gandaki River Basin drains about 

32104 km square in Nepal, comprising nearly 21% of the 

countries areas. The catchment area of the Gandaki River 

Basin in Nepal ranges in altitude from 89 meters above 

sea level in the Terai to over 8,100 meters in the high 

Himalaya (DDC 2007). Three districts Dhading, Syangja 

and Kapilvastu were selected as research area according to 

elevation, available of livestock service centers and 

different category of livestock. Three VDC from each 

district were selected representing whole district with city 

center to remote village. The elevation of sampled VDCs 

of Dhading, Syangja and Kapilvastu districts are Baireni 

412-2147m, Nilkantha 557-1752m, Darkha 606-2615m, 

Chapakot 338-934m, Tindobate 690-1466m, Setidovan 852-1668m, Jayanagar 96-156m, 

Hariharpur 90-131m and Shivapur 110-746 meters above sea level respectively. Data were 

collected from September, 2013 to November, 2013.       

      

1.2 Methodology 

Primary data was collected by questionnaire survey in the household of the nine VDC of three 

districts Syangja, Dhading and Kapilvastu. Random sampling was done to represent the whole 

VDC, among the livestock keepers. Generally the head of the household was interviewed, but if 

s/he was not available, the elder spouse was interviewed and so on but spouse below the age of 

20 was not interviewed because it was assumed that they do not have a long historical record in 

memory. In all together there were 543 household questionnaire survived which was derived 

from the sample size formula by (Arkin & Colton 1966) at the 95%, confidence interval, 10% 

precision and 10% of the desired error. National census 2011 data that specified the total 

household in each VDC and the percentage of people engaged in farming occupation were used 

to calculate the sampling frame.  

1.3 Analysis of data 

Data was analyzed both quantitatively and qualitatively. The data was categorized and variables 

were formulated. The data was interpreted through simple tables, charts and graphs. Mainly 

Statistical Package for Social Science (SPSS16) and Microsoft-Excel work sheets were used to 

analyze the information. Daily temperature and Daily rainfall data from 1981 to 2012 of 

Figure 1: Map of the study area 
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Taulihawa station of Kapilvastu, Syangja station of Syangja and Dhunibesi station of Dhading 

districts were collected from Department of Hydrology and Meteorology (DHM). The obtain 

data was thoroughly check and screen. The trend of temperature and rainfall was analyzed using 

linear regression. Least square curve fitting technique was used to fit linear trend in the data 

(PAN 2009). The linear trend between the time series data (y) and time (t) is given in the 

equation below. 

Y= a+ bt 

Where, 

Y= temperature or rainfall 

T= time (Year) 

“a” and “b” are constants estimated by the principle of least 

squares 

 

The binary logistic model was applied to analyzed the determinants of livestock holders’ 

decision of adaptation measures (Yi=1) in the study areas. The binary logistic regression model 

was expressed as; 

P (Adopt=1) =                                                   
                                                                     

                                                      
  ………………………………………………………………………...3 

Where, β0 = Constant 

β1, β2, β3, ………., β13 =Parameters to be estimated 

 I = Error factors 

2. Results and discussion 

2.1 Temperature trend analysis  

The average monthly maximum and minimum temperature trend of all three districts were 

analyzed for the period of 1981 to 2012.  It was found that maximum temperature trend was 

found increasing for Dhading and Syangja by 0.0267 and 0.0073
o
C per year and decreases for 

Kapilvastu by 0.022
o
C per year. Minimum temperature trend was found increasing in all three 

districts by 0.099, 0.259 and 0.024
o
C per year in Dhading, Syangja and Kapilvastu respectively. 

Analysis of significance test it was found that minimum temperature changes were found 

significance at 5% level for Dhading and Syangja. Maximum temperature change was 

significance at 5% only in Dhading. This shows that average and minimum temperature was 

increasing more in higher region than lower region.  Table one show more information on 

change in temperature. 

 
Table 1: Changes in temperature in the study area 

District Change in Tmax 
o
C/year Change in Tmin 

o
C/year Change in Tavg 

o
C/year 

Dhading 0.0267 (p=0.034) 0.0299 (p=0.019) 0.0283 (p=0.006) 

Syangja 0.0073 (p=0.509) 0.0259 (p=0.011) 0.0166 (p=0.016) 

Kapilvastu -0.022 (p=0.111) 0.024 (p=0.086) 0.001 (p=0.918) 
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2.2 Precipitation trend analysis 

The total change in annual and monsoon rainfall trend with number of rainy days of all three 

districts were analyzed for the period of 1981 to 2012. Total change in annual and monsoon 

rainfall was found increased for Dhading and Syangja but the parameters were failed to reveal 

significance increase at 5% level. Total change in annual and monsoon rainfall was found 

decreased for Kapilvastu along with numbers of rainy days. It was also found that change in 

annual rainfall and number of rainy days was significance at 5% level whereas change in 

monsoon rainfall fails to reveal significance change. Rainfall data shows irregular trend in GRB 

region. Table two describes more about change in rainfall in all three districts. 

 
Table 2: Changes in rainfall and rainy days  

District Change in total annual 

rainfall (mm/year) 

Change in  monsoon 

rainfall (mm/year) 

Change in number of 

rainy days 

Dhading 4.614 (p=0.579) 5.606 (p=0.444) 0.202 (p=0.443) 

Syangja 9.869 (0.275) 8.873 (p=0.311) -0.227 (p=0.469) 

Kapilvastu -15.116 (p=0.034) -9.698 (p=0.146) -0.598 (p=0.029) 

 

2.3 Impacts of climate variability and change on livestock 

The climate change impact is widely felt and its effect is experienced across all the regions of the 

Nepal. Livestock is the most sensitive farming system felt due to climate change but its 

adaptation strategies is least been applied due to various obstacles related to it Table three shows 

the impact on livestock due to climate variability within study area.  

 
Table 3: Impact on livestock due to climate variability and change in three districts 

Impacts Gandaki River Basin Regions 

Dhading (%) Syangja(%) Kapilbastu(%) 

Unavailability of feed and grass 29.1 37.3 39.5 

Increase in incidence of disease and 

external parasite 

25.9 21.3 38.4 

Decrease in milk production 32.7 31.7 16.0 

Sudden death of animal 9 7.0 4.0 

 

2.4 Adapted adaptation measures in the study area 
From the survey it was obtained that most of the farmers have livestock farming since their 

parents’ times, so have local knowledge to overcome the adverse condition of temperature and 

precipitation change depending upon their habitat region. Some examples of local knowledge 

were use of boras (sac), giving hot water, provides bedding, bathing livestock according to the 

weather condition. Some adaptation measures farmers started to use were growing fodder and 

forage in their land and community forest area, use of drip irrigation in the field, uses mineral 

block to their livestock etc. 

The result from logistic regression analysis indicates that most of the explanatory variables affect 

the probability of adaptation. Among the variables eight variables were found significance in 

adaptation decision. Education, size of family, farming experiences, having means of 

communication, access to veterinary services, saving services, credit services  and climate 

information had positively determined the adaptive capacity of livestock holders. 

266 



 
 

3. Acknowledgements 

This paper is the outcomes of dissertation of masters from central Department of Environmental 

Science, so acknowledge goes to CDES for their help in preparing the dissertation. Acknowledge 

goes to The Small Earth Nepal for the thesis Grant from the project supported by the USAID 

Feed the Future Innovation Lab for Collaborative Research on Adapting Livestock Systems to 

Climate Change also acknowledgement goes to Jeeban Panthi (SEN) and Nir Krakauer (CUNY) 

who have helped to refining this paper along with those friends helped in survey. All statements 

made are the views of the authors and not the opinions of the funders or the project. 

4. References 

 

1. Arkin, H. & Colton, R., 1966. Table for Statisticians, New York: Barnes and Nobles. 

2. Chaudhary, P.& A.K.P., 2009. Global Warming in Nepal: Challenges and Policy 

Imperatives. Journal of Forest and Livelihood, 8(1), pp.5–14. 

3. DDC, 2007. District profile of Syangja, Syangja: District development committee, 

Syangja. 

4. FAO, 2007. Adaptation to climate change in agriculture, forestry and fisheries: 

Perspective, framework and priorities, Available at: 

http://www.fao.org/NR/climpag/index_fr.asp. 

5. IPCC, 2007. IPCC Fourth Assessment Report (AR4). IPCC, 1, p.976. Available 

at://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-spm.pdf. 

6. Jianchu, X., Shrestha, A. B., Vaidya, R. A., Eriksson, M., & Hewitt, K. (2007). The 

Melting Himalayas. Development (p. 15). International Centre for Integrated Mountain 

Development. 

7. Shrestha, A. B., Wake, C. P., Mayewski, P. A., & Dibb, J. E. (1999). Maximum 

Temperature Trends in the Himalaya and Its Vicinity: An Analysis Based on 

Temperature Records from Nepal for the Period 1971–94. Journal of Climate.  

8. Kumar Sunil, Kumar Ajeet, & Kataria Meena. (2011). Effect of Heat Stress in Tropical 

livestock and differentStrategies for its Amelioration. Journal of Stress Physiology & 

Biochemistry, 7(1), 45–54. 

267 



 

Studying changes trend on frequency of days with pervasive and semi-

pervasive frosts in Iran 

Peyman Mahmoudi
  

Department of Physical Geography, Faculty of Geography and Environmental Planning, University of Sistan 

and Baluchestan, Zahedan, Iran. 

Correspondence: p_mahmoudi@gep.usb.ac.ir 

Abstract 

Daily minimum temperature data from 663 synoptic and climatology stations for the period 1962 to 

2004 and for the months of October to April from country's meteorological Organization was 

received. After receiving the data and preparing the database for minimum temperature, the 

isothermal maps for each day from 1/1/1962 to 31/12/2004 was interpolated for 9116 by Kirging 

method. In accordance with a spatial principal of frost into three categories: pervasive frost (occurring 

simultaneously in more than 65% of the total area), semi-pervasive frosts (frost ages occurred 

simultaneously in 25 to 65 percent of the total area) and the local frost (simultaneous occurrence of 

frost in an area of less than 25%) were classified. Then, using two methods of linear regression and 

Sen's Slope Estimator, frequency of days with frost pervasive and semi-pervasive scales at three 

monthly, quarterly and annually reviewed. The results showed that the frequency of days with frost 

pervasive trend in the months of December, January, and annual winter has been a statistically 

significant decline. But there were plenty of days with frost semi-pervasive trend were significant 

only in January and it was positive for the changes. It means during the 43 years of the study the 

number of days with semi-pervasive frosts has increased. So while the number of frost masses has 

decreased in January the number of part-pervasive frosts is added. The same rule for other measures 

of monthly, quarterly and annual is also there.  
 

Keywords: Pervasive Frost, Semi-Pervasive Frost, Sen's Slope Estimator, Linear Regression, Iran, Trend  

1 Introduction 

Changes in extreme climatic events can affect human societies, ecosystems and wildlife in 

many ways (Parmesan et al., 2000). One of these extreme events has different horrible effects 

on human activities, plants, and animal life is the nightly below zero degrees Celsius 

temperatures, which is often referred to as frost days. So studying the changes trend of this 

climate extreme event and detection of change direction ahead of it can be helpful a lot in 

policy making of future agriculture sector. Several researchers have been studying the 

changes trend of this extreme climate event in cast of frosting days, growing season duration, 

daily minimum temperatures, first and last days of frost replacement, and extreme colds and 

have reached different results too (Heino et al., 1999; Easterling et al., 2000; Menzel and 

Fabian, 1999; Zhai et al., 1999; Jaagus and Ahas, 2000; Salinger and Griffiths, 2001; 

Schwartz and Reiter, 2000: Baron et al., 1984). 

 

In Iran in recent years, extensive studies on the effects on the behavior of long-term climatic 

changes were undertaken. So most of these studies have acknowledged the trend of minimum 

temperatures rising (Jahanbakhsh and Torabi, 2004; Rahimzadeh and Asgari, 2004; 

Mohammadi and Taghavi, 2005; Azizi and Roushani, 2008; Alijani et al., 2011), But it 

should be pointed out that this increase trend in minimum temperatures wasn’t in a size and 

shape. Furthermore, a shift in the core area of the cold waves has been observed in the west 

and north west of Iran, as displacement of latitude about 35 degrees has been toward the 

higher latitudes of 36 degrees (Alijani et al.. 2011).  
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Several statistical methods for analysis of time series trends has been presented that can be 

categorized in two groups of parametric and nonparametric methods. Nonparametric methods 

are based on the difference between the observed data so that this method is independent of a 

statistical distribution, and for those series have much skewness or kurosis is better than 

parametric methods. In this study, using the Sen's Slope Estimator Non-Parametric Methods 

and liner regression method, changes trend of Pervasive and semi-Pervasive Frosts days as a 

marker for the detection of changes in Iran's climate will be discussed.  

2 Datasets 

In this study to identify and detect the frequency changes trend of Pervasive and semi-

Pervasive Frosts data related to daily minimum temperatures of 663 synoptic and climatology 

stations for the period of 1962 to 2004 and for October to April by Iran Meteorological 

Organization were received. After receiving the data and preparing the database for minimum 

temperature, the isothermal maps for each day from 1/1/1962 to 31/12/2004 were updated by 

Kriging Interpolation method for 9116 days. It is noted that the number of stations in each of 

the years studied were different. So that the number of synoptic and climatology stations in 

1962, has been 122 stations (Figure 2), and in 2004, 663 cases (Figure 1), respectively. 

  

Figure 2: Location and distribution of synoptic 

and climatology stations surveyed in 1962 

(number of stations 122 stations) 

Figure 1: Location and distribution of 

synoptic and climatology stations surveyed in 

2004 (number of stations 623 stations) 

 

In the following frosts (i.e. the days with temperatures equal to or less than zero degrees 

Celsius) are divided into three groups: partial frosts, semi-Pervasive Frosts, Pervasive frosts, 

and each one in one of the following three groups are classified as follow: 

 Partial frosts: They are frosts that the percentage of area associated with the frost is equal 

to or are less than 25 percent of the total area of Iran. 

 Semi-pervasive frosts: They are frosts that the percentage of area having frost includes 25 

to 65 percent of the total area of Iran. 

 Pervasive frosts: They are frosts that the percentage of area having frost includes about 65 

percent or more of the total area of Iran. 

In following, the frequency of monthly, quarterly and annual days with ((semi-pervasive 

frosts and pervasive frosts)) was counted. Profile of Independent Monthly, quarterly and 

annual options is as follows: 

 Annual (October to April) 

 Seasonal (Fall] October and November], winter [December, January and February], and 

spring [March and April]) 
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 monthly 

Finally, in order to detect the changes trend of frequencies of days with semi-pervasive frost 

and pervasive frosts the Sen's slope estimator as a nonparametric method (Thiel, 1950; Sen, 

1968) and the linear regression method as a linear method was used. 

3 Results and Discussions 

This study aimed to investigate the detection of changes trend of frequencies of days with 

semi-pervasive frost and pervasive frosts by Sen's slope estimator as a nonparametric method 

and linear regression as a linear method was used. The following is the results breakdown of 

two methods will be provided for semi-pervasive frost and pervasive frosts. 

Trend changes frequency for days with pervasive frosts 

The most frequency in days with frost is observed in January, February and December. The 

results of  Sen's slope estimator method on the time series for these three months showed that 

changes trend associated with frost pervasive days in Iran in these three months was 

negatively associated with the number of frost pervasive days has been declining during the 

last three months. However, this decrease is only significant at level of 95% in two months of 

December and January, and is not significant for February. But in seasonal scale, time series 

of winter shows a reduction trend in the frequency of days with pervasive frost which in level 

of 95% this trend was significant.  

The results of the linear regression on the time series of monthly, quarterly and annual 

frequency of days with pervasive frost was almost similar results of Sen’s slope estimator, 

respectively. In the two months of December and January reduction trend of days with 

pervasive frost is confirmed by the model with the difference that changes the slope of the 

linear regression for the month of December more Sen’s slope estimator. Also decreasing 

trend during winter, with pervasive frost, with decreasing trend of annual scale is approved 

by linear regression is confirmed (figure 3). 

  

  

Figure 3- Graph of changes trend of days with pervasive frost. Top left graph: December, right above 

graph: January, lower left graph: winter and lower right graph: annual. Dark Red Line approximation 

of Sen’s slope estimator and the thin black line is the estimation of linear regression 

 

Changes trend in the frequency of days with semi-pervasive frost 

In monthly scale was observed that changes trend of November and December months was 

negative and the other months had positive changes trend.  In seasonal scale, the trend for 

three seasons of autumn, winter and spring and also, in annual scale the changes trend has 

been positive. But in terms of statistical significance, only the increasing trend of January at 

level of 5% has been significant. And in other measures of monthly, quarterly and annual 
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trends was not significant. By performing linear regression on the time series of monthly, 

quarterly and semi-annual frequency of days with pervasive frost days, it was observed that 

the results are similar to results of execution the Sen’s slope estimator. Therefore, parametric 

method of linear regression such as Sen’s slope estimator proves the incremental trend of 

days with semi-pervasive frosts in January with significantly level of 5 percent. In Figure 4, 

the scatter plot of frequency about days with semi-pervasive frosts of Iran along with the 

trend line of two methods of  Sen’s slope estimator and linear regression for a single month 

whose changes trend was significant i.e. January month has been shown. As can be seen, the 

trend line resulting from the two methods are almost coincided, indicating that the results are 

identical. 

 

Figure 4 – Diagram of changes trend associated with semi-pervasive frost days of January. Dark Red 

Line is the approximation of Sen’s slope estimator and the thin black line is the approximation of linear 

regression 

4 Conclusions 

Based on a local principle, the days with frost in Iran were classified in three categories: 

pervasive and semi-pervasive and locally. The frequency of these days was counted on three 

scales of monthly, seasonal and annual. Then, using statistical methods of Sen’s slope 

estimator and the linear regression the trend changes of pervasive and semi-pervasive was 

studied in Iran. The results showed that changes trend of frequencies of days with pervasive 

frosts of the months of December, January, and winter and annual has statistically significant 

reduced trend. It means during the 43 cases studied, the frequency of days with pervasive 

frost has been reduced. And this could be the result of a direct effect of warming, on reducing 

the number of this feature of frost in Iran. By studying the slope changes was recognized that 

changes trend respectively, in annual scale is much and in December is very less. But for 

frequencies of days with semi-pervasive frosts, it was observed that only in January the 

changes trend has been significant. And the direction of changes has been positive. It purports 

that during the 43 years of study, the number of semi-pervasive days has increased. So while 

the number of pervasive frosts of January has decreased, the number of semi-pervasive frosts 

has been added. For other scales, the same law prevails. Thus the increase in semi-pervasive 

frosts can be the signs of global warming are on Iran. A comparison of two methods of Sen's 

slope estimator and linear regression results also showed that the results of these two methods 

are very close and similar that shows capability of both in detection of changes trend. 
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Abstract 
Nepal has witnessed high climate variability and increased extreme events in recent years and its 

people desperately seeking safety measures. Vulnerability assessment is pre-requisite to address 

these problems. Increasing number of global and local initiatives taken so far to measure the risk 

and vulnerability are found varying according to place and institutions. A pilot study was 

undertaken in Nepal's Darbung village of Gorkha district, which aimed to integrate science and 

community knowledge in assessing the vulnerability. GIS was applied to prepare landslide 

susceptibility map, while community based participatory tools were used to perform 

vulnerability assessment. Weightage method for hazard ranking found, drought as the most 

hazardous event followed by landslide, flood, forest fire, wildlife encroachment, epidemic, 

windstorm, crop disease and thunderbolt. On the basis of six components of damage category, 

the vulnerability ranking found ward no. 7 as the most vulnerable one. Hazard mapping 

identified ward no. 7 covering highest area of landslide. Landslide susceptibility map showed 

ward no. 2 and ward no. 8 located in high susceptible zones. The combined approach using 

science and community knowledge revealed that ward no. 7 was the most vulnerable ward, and 

that the communities have enhanced capacity to reduce the vulnerability due to their direct 

involvement in vulnerability assessment. 

 

Keywords: GIS, Hazard, Participatory tools, Vulnerability 

 

1 Introduction 

Nepal's rugged and fragile geophysical structure, high relief, steep slopes, complex geology, 

variable climatic conditions and active tectonic processes make the country very vulnerable to 

wide range of natural hazards (UNDP, 2004). United Nations International Strategy for Disaster 

Reduction (UNISDR) defines vulnerability as the "conditions determined by physical, social, 

economic and environmental factors or processes which increase the susceptibility of a 

community to the impact of hazards: (UNISDR, 2004). The characteristics and the situations of a 

community or asset that make it susceptible to damaging effects of a hazard is vulnerability. 

Vulnerability of a person or a community remains changing along with the time as well as the 

influencing factors (Cosic, D. et al., 2011). In recent years, an increasing number of global and 

local initiatives have been launched to measure risk and vulnerability with a set of indicators and 

indices (Birkmann, 2006). Identifying and measuring risks and vulnerability before a disaster 

occurs—and also after disasters have happened— are essential tasks for effective and long-term 

disaster risk reduction. In this regard, measuring vulnerability encompasses both quantitative and 

qualitative methods to describe and operationise vulnerability (Birkmann and Wisner, 

2006). Assessing vulnerability of a community beforehand can be considered as the safety 
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measure from probable damage due to disaster. Hence, in line with UNISDR terminology, the 

underlying understanding is that in order to manage risk, decision makers and local communities 

need to understand the threat posed by a hazard, the magnitude of lives and values exposed to the 

threat, the specific susceptibility towards hazards through present vulnerabilities, and the range 

of capacities & measures to protect against risk. This research was performed incorporating both 

science and community base principle for the hazard and vulnerability assessment. 

 

1.1 Study Area 

The study area-Darbung village- is one of the Village 

Development Committee (VDC) of Gorkha District that lies in 

the Western-development region of Nepal. It is one of the 

VDC of Buddhigandaki watershed which runs in the middle 

of Gorkha and Dhading District of Nepal. It comprises an area 

of 22.14 sq km with a population of 3,386. The Darbung 

village extend over the latitude of 27°52'14'', longitude of 

84°44'54'' and elevation of 388masl (Figure1).  

 

 

 

 

1.2 Materials and Methods 

For this study, hazard and vulnerability was assessed through science and community 

perspectives. The community based participatory method was used for hazard ranking and its 

analysis. Matrix was formed on the basis of rank and frequency of thus listed hazard types of 

Darbung VDC. Additionally, weighted values were ranked on the basic of equal interval 

classification and then each weighted were assigned as in Table 2. 

Each hazard was analysed by using the formula: 

        

HT= ∑Fi×Wi 

Where, 

HT=Hazard type 

Fi = Frequency of i
th

 hazard 

Wi = weightage given to  i
th

 ranked hazard  

 

 

For community based vulnerability assessment, community based participatory methods were 

applied in line with Local Disaster Risk management Plan (LDRMP) Guideline, 2011 published 

by Ministry of Federal Affairs and Local Development, Government of Nepal. Six components 

viz. human loss; affected families; household damage; financial loss; damage of arable land and 

forest; and social impact, were used for calculation of vulnerability index. For the analysis, 25% 

weightage was provided to Human loss while all other got each 15% weightage. For science 

based hazard mapping, statistical index method (Van Westen, 1997) was used in GIS 

environment. Six landslide causative factors viz: aspect, slope, flow accumulation, distance from 

road, distance from drainage and landuse, were incorporated for landslide susceptibility mapping 

(Table 3). 

 

Rank (Ri) Weightage (Wi) 

1 3 

2 2.5 

3 1.5 

4 0.75 

Figure 1: Map of study area 

Table 2: Weightage value vulnerability 
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Table 3: Landslide causative factors and their source of extraction 

S.N. factor Source 

1 Aspect DEM generated from topographic map of scale 1:25000, 

Department of Survey, Government of Nepal, 1994 

2 Slope Same as above 

3 Flow 

accumulation 

Same as above 

4 Distance from 

road 

Road network interpreted from Google earth image, 2013 

5 Distance from 

drainage 

Drainage network extracted from topographic map of scale 1:25000, 

Department of Survey, Government of Nepal, 1994 

6 Land use Topographic map of scale 1:25000, Department of Survey, 

Government of Nepal, 1994 

2. Result and discussion 

Hazard and vulnerability ranking  

Weightage method for hazard ranking found, drought as the 

most hazardous event having weightage of 15.8 followed by 

landslide (14.0), flood (13.0), forest fire (11.8), wildlife 

encroachment (5.5), epidemic (5.3), windstorm (2.3), crop 

disease (1.5) and thunderbolt (0.3). Community based 

vulnerability ranking found ward no 7 as the most vulnerable 

whereas ward no 5 as the least vulnerable (Table 4and Figure 

2). 

  

  

 

 

 

 
 

Table 4: vulnerability weightage value 

 

 

 

 

 

 

 

 

 

 2.2 Landslide susceptibility mapping 

The calculated susceptibility weight of some of 

the landslide causative factors oscillated around 

both positive and negative value, which indicates that classes within factors also play an 

important role in causing landslide. For some factors, the estimated susceptibility weight of 

different classes showed the clear pattern of association of landslide and causative factors. For 

Ward no. Weightage Rank 

1 0.15 Fifth 

2 0.25 Third 

3 0.14 Sixth 

4 0.15 Fifth 

5 0.10 Seventh 

6 0.22 Fourth 

7 0.50 First 

8 0.29 Second 

9 0.29 Second 

Figure 2: Vulnerability mapping of 

Darbung VDC Gorkha 

Figure 3: Landslide susceptibility 

mapping of Darbung VDC, Gorkha 
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instance, the susceptibility weight of various classes of a factor map-distance from drainage, 

decreased with increase in distance from drainage line. This showed that closeness to drainage 

line causes landslide in the study area. Which may be due to 

toe erosion or by saturating the toe material or both in the 

region (Gokeceoglu & Aksoy, 1996; Nandi & Shakoor, 

2010). The positive weighted assured by the nearest to road 

i.e with in 50m reflects that proximity to rural road network 

also have detrimental role for landslide occurrence. It is 

noted that landslides occurrence have gradually increased 

with increase on slope gradient above 25
0 

which is coherent 

with other studies (Dai & Lee 2002; Santacana et al.,2003; 

Fernandez et al.,2004; Magliulo et al.,2008). The weightage 

assured by the classes of flow accumulation indicated that 

middle level accumulation is favorable for landslide. Similarly, forest and bush also have 

positive susceptibility weight. Considering the aspect, NE and E acquired positive weighted. The 

susceptibility map of the Darbung VDC is as shown in the Figure 3. 

 

2.3 Landslide susceptibility and physical vulnerability 

To know the physical vulnerability, landslide susceptibility map was classified into four classes 

corresponding to Low, |Moderate, High and Very high susceptibility. A total of 913 houses units, 

obtained by combining digital layers of DoS with addition 

houses unit from recent Google Earth image were considered 

for potential threat assessment. Houses located within very 

high, high, moderate and low susceptibility zone from each 

ward were identified with the help of Arc GIS and result was 

presented in Table 4.A house from each ward 2 & 8 was 

located at very high susceptible zone and nine house units of 

ward 2 were located in high susceptible zone. Similarly 

potential threat on cultivation land was also evaluated and 

presented below in Table 5. The threat in cultivation land of 

ward no 1 and 2 was found more than in other wards. Cultivation land of ward no 6 was 

potentially less threatened to landslide.  

 

3. Conclusion 

In a nutshell, integrating science and community based knowledge for climate induced hazard 

and vulnerability assessment is found significant for effective implementation. Community, 

themselves can reduce the vulnerability in more extent due to their direct involvement in 

vulnerability assessment, and science would be more applied. Hence, if we link science and 

community base knowledge, disaster risk reduction efforts in more extents gain the 

sustainability. 
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Figure 4: Houses located within 

different landslide susceptible zone 

Figure 5: Cultivation land located 

within different landslide susceptible 
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Abstract 
The impact of climate change on rainy days has received a great deal of attention by 

scholars worldwide. Many studies have been conducted to illustrate that changes in 

annual rainy days is becoming evident on a global scale. Bangladesh is likely to be one of 

the most vulnerable countries in the world due to climate change. This study focuses on 

detecting the trend of rainy days for 13 Bangladesh Meteorological Department rain 

gauge stations using Mann Kendall test, which was run at 5% significance level during 

the period 1950-2009. Seasonal and yearly trend of rainy days (greater than 01 mm/day) 

are studied. Variation of three threshold rainy days named: Moderated Heavy (22-44 

mm/day), Heavy (45-88 mm/day) and Very Heavy (greater than 88 mm/day) are also 

studied. The country is divided into two regions named: wet region and dry region. All 

the stations showed increasing trend of rainy days except in Srimongal. The trend of 

Dhaka, Cox’s Bazar, Srimongal and Chittagong stations are not statistically significant. 

All the four seasons (winter, pre-monsoon, monsoon and post-monsoon) showed 

statistically significant increasing trends except post-monsoon. The country’s averaged 

threshold rainy days also showed statistically significant increasing trend except Very 

Heavy rainy days. The yearly rainy days indicate statistically significant increasing trend. 

The yearly rainy days in the wet region (122 days) were higher than that of dry region 

(105 days). The wet (dry) region showed negative (positive) trend of rainy days during 

1950-1979 whereas wet (dry) region showed positive (negative) trend of variation of 

rainy days during 1980-2009. The country’s averaged rainy days showed negative trend 

during 1950-1979 and positive trend during 1980-2009. These changes indicate that the 

climate of Bangladesh is changing. The yearly averaged increase of rainy days was 0.35 

days. 

 

Keywords: Bangladesh, Mann Kendall, Climate change, Trend analysis, Rainy days 

1. Introduction 

Rainfall is the most dominant element of the climate of Bangladesh, which has strong 

impact on life and economy. Excessive of rainfall causes widespread flooding, flash 

flooding and on the other hand its lack leads to drought. Timely and well-distributed 

rainfall is essential for better crop production while the erratic behavior of rainfall has an 

adverse effect. One of the most important parts of the water resource in Bangladesh 

comes from rainfall. It has been well documented that rainfall on the Earth’s surface 

varies greatly in both time and space. The south Asian monsoon system, in terms of 

rainfall, is of great importance to climate researchers for understanding its variability at 

different space and time scales. In recent years interest has increased in learning about 

precipitation variability and predictability. Another important aspects of rainfall is to 

changes in climate extremes (e.g., floods, droughts, etc.) since these events have the 

strongest impact on the society.  

In Bangladesh, the agricultural economy with large growing population is closely linked 

with the behavior of rainfall distribution. The inter-annual variability of rainfall is very 

high, which significantly affects the agricultural activities and other water based 
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enterprises in Bangladesh. Abnormalities of rainfall may be manifest in several forms like 

as less rain, rain not commencing in time due to delay in the onset of summer monsoon or 

early cessation due to early withdrawal of monsoon season. Guhathakurta et al. (2011) 

studied the impact of climate change on extreme rainfall events and flood risk in India. 

They showed that the frequency of rain days and heavy rainfall days showed significant 

decreasing trends over central and many parts of north India; and increasing trends over 

peninsular India. Islam and Uyeda (2005) compared rainfall and rainy days using TRMM 

3B42 and rain gauge data in Bangladesh for the period 1998-2002. Out of 274 days, 

averaged for 5 years rainfall over 31 stations, 97.08% and 98.91% days are detected as 

rainy days by TRMM and rain gauge, respectively. Rainy days detected by TRMM 

matched 95.99% of same detected by rain gauge. However still to date it is not clear the 

long term variability of rainy days and extreme rainy days which are the indicators to 

monitor climate change impact in Bangladesh.  

1.1 Study area 

Bangladesh is situated in tropical Asia within 88.05–92.74°E and 20.67–26.63°N. 

Bangladesh is narrow flat lowland, the Bay of Bengal is located in the south, and the 

highly elevated Himalayas and Tibetan Plateau are situated in the north (Figure 1). These 

geographical features are very favorable for heavy rainfall. Bangladesh receives some of 

the heaviest rainfall in the world (Matsumoto, 1988). Figure 1 shows the study area and 

meteorological stations of Bangladesh Meteorological Department (BMD).  

 

Figure 1 - The names of the BMD observational site over Bangladesh are shown above the 

station location (plus mark). The circles with plus mark indicate the stations which are used 

in detail study, and left side of dash line is dry region and right side is wet region. 

Topography is shown by grey shading. 

 

1.2 Dataset 

In this study daily rainfall data of 13 meteorological stations of BMD named: Comilla, 

Chittagong, Cox’s Bazaar, Khulna, Jessore, Satkhira, Sylhet, Mymensingh, Srimongal, 

Rangpur, Bogra, Dinajpur and Dhaka have been used (Figure 1). The study period was 

1950-2009. 

279 



 

 

 

 

1.3 Methodology 

Variations of rainy days were calculated for individual station from daily rainfall data 

during the period 1950-2009. Rainy days were calculated using command 

=COUNTIF(data range,”>01mm”) in the Microsoft Excel program. Rainy days were also 

calculated for winter, pre-monsoon, monsoon and post-monsoon seasons. According to 

BMD, the moderated heavy rain is defined as 22 mm < M. Heavy Rain ≤ 44mm in 24 

hours. The heavy rain is defined as 45mm < Heavy Rain ≤ 88mm and the very heavy rain 

is defined as V. Heavy Rain >88 mm rain in 24 hours. The whole country was divided 

into two regions named: wet and dry regions (Figure 1), based on humidity anomalies as 

proposed by Islam and Uyeda (2007). The rainy days were also calculated for wet and dry 

regions. 

Mann Kendall test is a statistical test widely used for the analysis of trend in climatologic 

and in hydrologic time series. Software used for performing the statistical Mann Kendall 

test is XLSTAT. The null hypothesis is tested at 95% confidence level for rainy days data 

for the 13 BMD stations.  

2. Results and discussion 

On running the Mann Kendall test for rainy days of 13 BMD stations, it is found that all 

the stations showed increasing trend of rainy days except in Srimongal. The trend of 

Dhaka, Cox’s Bazar, Srimongal and Chittagong stations are not statistically significant.  

Table 1 shows the results of Mann Kendall test of three thresholds, seasonal and regional 

rainy days. Three should rainy days are showed increasing trend but the trend for V. 

Heavy rainy days are not statistically significant. All the four seasons showed the 

increasing trend of rainy days but the trend of post-monsoon season is not statistically 

significant. Wet, Dry and country averaged rainy days showed statistically significant 

increasing trend. 

Table 1- Results of the Mann Kendall test for different threshold, seasonal and regional rainy days. 

Threshold/ 

seasons/ 

regions 

Mann Kendall Test 

Sen’s 

slope 

Mann 

Kendall 

Statistic (S) 

Kendall’s 

Tau 

Var (S) p-value 

(Two tailed 

test) 

Alpha Test 

Interpretati

on 

M. Heavy 0.066 574 0.324 24583.33 0.0003 0.05 Rejected H0 

Heavy 0.042 420 0.237 24581.33 0.008 0.05 Rejected H0 

V. Heavy 0.005 112 0.063 24580.33 0.479 0.05 Accepted H0 

Winter 0.043 433 0.245 24580.33 0.006 0.05 Rejected H0 

Pre-monsoon 0.157 560 0.316 24583.33 0.0004 0.05 Rejected H0 

Monsoon 0.119 541 0.306 24582.33 0.001 0.05 Rejected H0 

Post-monsoon 0.001 6 0.003 24583.33 0.974 0.05 Accepted H0 

Wet-region 0.332 510 0.288 24579.33 0.001 0.05 Rejected H0 

Dry-region 0.388 718 0.406 24581.33 <0.0001 0.05 Rejected H0 
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Country 0.352 677 0.383 24582.33 <0.0001 0.05 Rejected H0 

The wet and dry regions showed positive trend of rainy days with maximum value 146 

and 126 in the year 1988 and 1990 and minimum value 70 and 76 in the year 1971 and 

1957 during the study period 1950-1999, respectively. The increasing trend of rainy days 

in the wet region is less than that of in the dry region. The average rainy days in wet and 

dry regions are 122 and 105 days, respectively. The wet and dry regions showed negative 

and positive trend of rainy days during the period 1950-1979, respectively (Figure 2). 

Whereas the wet and dry regions showed positive and negative trend of rainy days during 

the period 1980-2009, respectively (Figure 2). These changes may be occurred due to the 

climate change impact in Bangladesh. Rahman (2013) also showed a significant 

increasing trend of rainfall in Bangladesh after 1980’s using Cramer test. These indicate 

that the wet region gets more rain whereas dry region gets less rain due to impact of 

climate change in Bangladesh after 1980’s. These changes may affect agriculture sectors 

severely in long run in Bangladesh. The trend of average rainy days is -0.171 and 0.20 

during the period 1950-1979 and 1980-2009, respectively. 

It is apparent that rainy days are changing in different seasons, most of the stations, 

regions and country’s averaged show positive trend which lead to change our climate.  

Figure 2 - Variation of rainy days for wet and dry regions, and country’s averaged during the 

period 1950-1979 (phase I) and 1980-2009 (phase II). 
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Abstract 

A review was done to know the effect of climate change on insect pollinators.Pollinated by 

insects produced higher quality and quantity of crop. Of the total pollination activities, over 

80 percent is performed by insects. Many experiments proved that increased temperature’s 

effects on plants, pollinators and their interactions. Changing climates may cause changes in 

the time of growth, flowering and maturation of crops, with consequently impacts on crop-

associated biodiversity, particularly on pollinators. Key biological events such as insect 

emergence, their foraging behaviour and date of onset of flowering need to occur in 

synchrony for successful pollination interactions. On a larger scale, changes in temperature, 

disturbances on rainfall pattern and other many environmental changes over the entire season 

may alter the abundance, diversity and foraging behaviour of pollinators. Therefore, climate 

change may cause very serious impact on insect pollinators and flowering plants and hence it 

may cause global food insecurity. 

Key words: Climate change, Insect pollinators, Food security 

1. Introduction 

Pollination is a process of transfer of pollen grains from the anther of a flower to the stigma 

of same flower of the same pants or another plant of same species. The process of pollination 

is believed to be basic to the evolutionary history of flowering plants, spanning at least 100 

million years. Pollination is a necessary step in the reproduction of flowering plants and the 

development of fruit and seeds; without pollination, flowering plants are unable to produce 

seeds. Pollination is a prerequisite process to pollen tube development and subsequent 

fertilization of ovules, leading to seed and fruit setting in flowering plants and insect 

pollinators play crucial role in this process (Dhakal 2003). Scientific evidence confirms that 

pollination improves the yield and quality of crops, such as fruits, vegetable seeds, spices, 

oilseeds and forage crops (Partap and Partap 1997; Thapa 2006; Pudasaini 2014). Losey and 

Vaughan (2006) emphasized that insect pollinators provide an important ecosystem function 

to global crop production through their pollination services. Although the roles of insect 

pollinators are very important, they are negatively impacted by different factors. Different 

scientists notice that we may be in the middle of global pollination crisis (Steffan-Dewenter 

et al 2005; Biesmeijer et al 2006). Among them, effect of climate is a major issue nowadays 

which negatively harms the insect pollinators. Climate change may be a further threat to 

pollination services (Memmottet al 2007; Schweigeret al 2010; Heglandet al 2009). But the 

knowledge of the effects of climate change on mutualistic interactions is still limited and 

(Walther et al 2002; Visser and Both 2005). Hence, this paper reviews about the impact of 

climate change on insect pollinators and its consequences in global food insecurity.  

 

2. Methodology  

The effect of climate change on insect pollinators is reviewed in this paper. It is prepared by 

reviewing secondary source of information. The secondary source of information was 

gathered from review the journal papers, proceedings papers, internet sources, concerning 
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books, study/research paper etc. The paper summarizes various literatures explaining the 

negative impact of climate change on insect pollinators and its causes on food insecurity.  

 

3. Result and discussion 
IPCC (1996) predicts that the earth would warm by 1.4 to 5.8°C by the year 2100. It is 

estimated that average global surface temperature will further increase by between 1.1°C (low 

emission scenario) and 6.4°C (high emission scenario) during the 21st century, and that the 

increases in temperature will be greatest at higher latitudes (IPCC 2007). Many observational 

evidences showed that many ecosystems are affected by regional and global climate changes, 

particularly temperature increases (IPCC 2007). 

Different studies suggest that climate change maybe one of the biggest anthropogenic factors 

imposed on ecosystems today (Walther et al 2002; Parmesan 2006). Speculations on the 

disruptions of plant-pollinator interactions due to climate change are often brought forward 

(Visser and Both 2005; Parmesan2006). The impacts of climate change depend upon the 

physiological sensitivity of organisms to change on different environmental factors. Studies 

have shown that both the distribution and phenology of many plants and animals are biased in 

the directions predicted from global warming in the last few decades (Parmesan, 2006), 

indicated by a global advancement of spring events by 2.3 days per decade and a species 

range shift of 6.1 km per decade towards the poles (Parmesan and Yohe2003). Several studies 

noticed as alteration in trophic relationships and energy-flows in both predator-prey and plant-

herbivore interactions as a consequence of rising temperatures (Stenseth and Mysterud 2002; 

Visser and Both 2005; Durant et al 2007). Kudo et al. (2004) reported that from few years 

plants have been flowering much earlier in alpine environments while the time of emergence 

of pollinators may not change resulted in disturbance. Insect-pollinated plants generally react 

more strongly to increased warming than wind-pollinated plants, and species flowering early 

in the season appear to be most sensitive (Fitter and Fitter 2002; Miller-Rushing et al2007), an 

indication that these species have thermal-sensitive phonologies. There is clear evidence for 

prolonged growing seasons in many plant communities in Europe during the last decades 

(Menzel and Fabian 1999).  

Climate change is altering the phenological response of plants and pollinators may be unable 

to alter their life cycles in synchronization with altered pollination timing. In general, the 

onset of flowering appears to be correlated with the mean temperature in the month of 

flowering or the months prior to flowering (Sparks et al 2000; Menzelet al 2006). The 

responses of flowering onset to increasing temperatures were linear in most cases (Sparks et 

al 2000; Fitter and Fitter 2002; Gordo and Sanz 2005; Menzelet al 2006), which could be 

important for plant interactions with pollinators. Also, other potential cues for flowering 

initiation include photoperiodicity, precipitation, soil humidity and snow melt (Inouye et al 

2003; Price and Waser 1998) as well as a particular combinations of cues (Lamberchtet al 

2007). Some species are more mobile or adaptable to change and so the composition of plant 

and pollinator assemblages is likely to change in many locations as species in the tropics 

appear to be living at or near their thermal optimum and further warming may cause some 

species to migrate to cooler areas, or die out (Deutsch et al 2008). With respect to the 

potential effects of future global warming, pollinator behavioural responses to avoid extreme 

temperatures have the potential to significantly reduce pollination services (Corbetet al1993). 

Most pollinators are insects, because insects are small and poikilothermic, it is likely that 

temperature will be critical for their life cycle development and activity pattern. For example 

in a study of butterfly reported that close positive relationship between first appearance date 

and temperature (Roy and Sparks 2000; Forister and Shapiro 2003). The timing of pollination 

284 



is determined by climatic cues such as temperature and water availability (Clelandet al 2007).  

Similarly, the foraging behaviour of insect pollinators such as commencement and cessation, 

number of plants and flowers visits by insect pollinators, number of pollinators per meter 

square area is environmental dependent factors (Pudasaini2014) which is directly disturbs by 

increase on temperature, irregular in rainfall pattern  and other different environmental 

factors.  

Hence, pollination activities, out of total over 80% is performed by insects (Robinson and 

Morse 1989), is directly impacted by climate change which result on lower production of 

crop may lead to serious global food security problem.  

 

 
© 2008 Blackwe;; Publishing Ltd/CNRS 

 
Figure 1.Showing climate warming effect on phenology and distribution of plants (left panel) and 

pollinators (right panel) and thereby creating temporal or spatial mismatches in plant-pollinator 

interactions (Hegland, 2009). 

 

4. Conclusion 

It is concluded that climate change effects on plants, pollinators and their interactions by 

increased temperatures, disturbances on rainfall pattern and other many environmental 

changes. It is also reported that the native biodiversity and trophic relationship also altered. 

This result on lower the production of crops and hence causes global food security.   
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Abstract 

The objective of the study was to investigate the extent of heat stress in Asian elephant under 

different environmental housing conditions of Chitwan National Park. The study was designed as 

a cross sectional study. In total 29 elephants; Sauraha Hattisar (SH), National Trust for Nature 

Conservation (NTNC) and Elephant Breeding Centre (EBC) were filmed 5 minutes each for 4 

days on average temperature of 36ºC. Information such as name, age, sex, ear flapping, 

stereotypic behavior, dust bath, sweating, types of housing, chained or fenced, sunshine or shade 

of each elephant was noted. As a result ear flapping between, shade (93times/5min.) and 

sunshine (145times/5min.) is statistically very significant at SH and EBC, chained under tin 

where as no significance exist in flapping, when chained under a tin compared to chain without a 

tin roof. Youngest and oldest has highest flapping, with large variation. There is more dust bath 

and sweating at SH than EBC. Thus there is positive correlation between flapping and ambient 

temperature. Unchained, trees in enclosure, has less flapping and almost similar when in 

sunshine or shade indicate less stress compared to chained under tin or without tin. Therefore, 

should be housed in a chain free enclosure with trees to mitigate heat stress and climate change 

to some extent, on their own by moving on to shade.Roof should be thatched instead tin to 

reduce direct exposure.Further study is needed to better characterize behavior of elephant in heat 

and its relation to environment component. 

 

Keywords: Heat Stress, Asian Elephant, Ear flapping, Chitwan National Park 

1. Introduction 

For a warm-blooded animal thermal comfort is state in which their amount of energy being 

received equals to being lost, creating a “balance between heat production and heat dissipation” 

(Aschoff, 1982; Kinahan, 2007a). Heat in the body is produced due to muscle activity, 

metabolism and other bodily functions whereas; it is lost through ears, skin and other 

behavioural activities.Elephants have less surface area per body weight as compared to small 

animals leading to lose heat slowly and in hot weather it becomes more difficult to get rid of 

excess heat. Also in captive elephants, which are not genetically domesticated have limited 

ability to regulate their body temperature, so easily suffer from heat stress if cannot go into water 

or shade during warm weather. However, the elephants that are chained in a place where there is 

no roof on them, and no large trees to stand under, probably have the most challenging situation 

with regard to regulating their body temperature. 

Heat stress is likely to be less if large trees are available, and if elephants are in a long chain or 

without chains, so that they can choose where they stand according to how hot they feel. The 
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electric fence enclosure that has been introduced at NTNC in Sauraha may therefore be 

beneficial also with regard to reducing heat stress. 

There has been very little previous research on heat stress in elephants. For this reason, there are 

also no standardized methods to measure heat stress. A research method has been developed 

based on behaviours that an elephant can be expected to show during heat stress. One is an 

increase in direct attempts to lose more heat, which means increased flapping of ears. Another is 

an increase in stereotypic behaviour, also known to be a reaction to a situation in which an 

animal feels it is impossible to cope, and they can therefore be used to detect discomfort in an 

animal. Other behavior exhibited during heat stress in elephants is sweating and dust bath. 

 

1.1 Site of the study 

 
Fig 1:- Map of the buffer zone of Chitwan National Park 

 

The site of study was Chitwan National Park which is situated in south central Nepal, covering 

932 km² in the subtropical lowlands of the inner Terai. The area was gazetted as the country's 

first national park in 1973, recognizing its unique ecosystems of international significance also 

due to the successful conservation of the Asian rhinoceros and elephants UNESCO declared 

CNP a World Heritage Site in 1984.(DNPWC, 2006). Study was conducted from mid May to 

late June,2014. 

 

1.2 Data analysis 

The data obtained was analysed using software SPSS 22 and Microsoft Excel. 

 There are two types of data in this data set: sweating has values of either yes or no the 

appropriate test is the Fisher’s exact test, and the other parameters have numerical values. 

 For tests in which two groups are compared to each other (the effect of dusting in 

sunshine or shade), the proper parametric test in this case is the independent samples t 

test. 

 For those cases when more than two groups are compared (as in all of the other analyses, 

such as comparing three different environments, the proper parametric test is the one-way 

analysis of variance (also known as one-way ANOVA) and the proper nonparametric test 

is the Kruskal-Wallis test. 

 The criterion for a normal distribution was a Shapiro-Wilk value of 0.9 or greater. 

 For multiple comparison and in case of normally distributed parametric data Post-hoc test 

with Bonferroni correction was applied. 
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1.2 Datasets 

Table 1: Mean Ear flapping when elephants are in sunshine and shade 

 

 

 

 

 

Table 2: Ear flapping (/5min.) between sunshine and Shade tested separately for each Location 

Location Mean±Sd F P 

NTNC   

0.020 

 

0.890 Sunshine 102±25.45 

Shade 106.39±42.853 

SaurahaHattisar   

10.514 

 

0.002 Sunshine 135.43±44.425a 

Shade 96.72±31.180b 

EBC   

26.338 

 

0.000 Sunshine 157.25±61.229a 

Shade 75.06±25.320b 

 

Table 3: Mean Ear flapping in different environment type 

Environment type Mean± Sd F P 

Enclosure with tree   

0.020 

 

0.890 Sunshine 102±25.45 

Shade 106.39±42.853 

Chained under tin roof   

35.736 

 

0.000 Sunshine 149.34±55.895 

Shade 86.53±30.210 

Chained   

0.704 

 

0.494 Within tin roof 123.92±56.296 

Without tin roof 135.66±48.547 

 

Table 4: Ear flapping (/5min.) and Dust bath (/5min.) of different attributes 

Attributes Ear flapping Dust bath 

Mean±Sd F P Mean±Sd F P 

Environment type   

 

0.825 

 

 

0.449 

  

 

1.145 

 

 

0.334 
Enclosure with tree 105.95±40.975 3.6±4.309 

Chained under tin roof 123.92±56.296 3.64±3.826 

Chained without tin roof 135.667±48.547 6.33±5.176 

Light condition       

Sunshine 145.296±54.239 2.778 0.050 4.61±4.470 1.688 0.186 

Light Condition Mean± Sd t P 

Sunshine 145.30± 54.240
a
  

5.92 

 

0.000 
Shade 93.40±35.968

b
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Shade 93.40±35.968 3.06±3.466 

Location   

0.879 

 

0.427 

  

7.522 

 

0.003 NTNC 105.95±40.975 3.6±4.309ab 

SH 120.92±43.909 5.89±4.223a 

EBC 129.85±64.887 2.06±2.898b 

Sex   

0.559 

 

0.461 

  

3.822 

 

0.061 Male 127.687±52.108 5.125±4.536 

Female 118.04±54.408 3.06±3.569 

 

Table 5: Testing for stereotype and sweating 

 Null Hypothesis Test Sig(0.05) Decision 

1 

 

The distribution of stereotype(5 

min_mean) is the same across 

categories of 1=NTNC 2=SH 3=EBC 

Indipendent Samples 

Kruskal-Wallis Test 

 

0.198 

Retain the null 

hypothesis 

2 The distribution of 1=sweating,2= no 

sweating is the same across categories 

of 1= NTNC, 2=SH, 3= EBC 

Indipendent Samples 

Kruskal-Wallis Test 

 

0.008 

Reject the null 

hypothesis 

2. Results and discussions 

Difference in Ear flapping between shade and sunshine is statistically very significant. As in 

sunshine they are directly exposed to sunlight and to regulate this excess heat they flap ear 

accordingly. Very significant difference in Ear flapping between shade and sunshine (P=0.002) 

at SH andEBC (P=0.000), whereas there is no such difference at NTNC (P=0.89). This is 

because elephants at SH and EBC are kept chained and cannot move from sunshine to sunshade 

as they want so they have to cope with direct heat and flaps ear to maintain the body 

temperature. On the other hand at NTNC elephants are kept in an enclosure with trees to provide 

shade and elephant can accommodate according to their own desire as in natural habitat. In 

respect to housing environment, the elephants chained under tin roof, which is made to protect 

elephants from rainfall in summer gets more heated and also prevent hot air to escape due to its 

“A” shape leading to very significant difference in ear flapping between shade and sunshine 

(P=0.000) where as no such difference when elephant ischained without a tin roof or in enclosure 

with trees. Frequency of ear flapping had a positive correlation with ambient temperature. To a 

lesser degree, ear flapping was affected by age as it was higher in young and older ones with 

large variation. More dust-bathing and sweating was observed at the SaurahaHattisarthen other 

two locations most probably because of the direction of the housing so elephant gets direct sun in 

the morning to early dawn. 
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Abstract 

Although Nepal's contribution to green house gas emission is negligible, the negative 

impacts of climate change induced effects has been clearly noticed like increasing rainfall 

intensity with decreasing frequency, increasing incidence of pest and diseases. This 

scientific paper is review paper and is presented with all objectives of making public, 

government and international community aware on effect of climate change in 

agricultural production and livelihood of mid hills people. Majority of the Nepalese 

population are subsistence farmer in rural parts of Nepal and has low land holding 

capacity. The rise in temperature, which is felt by indigenous people of mid hills, has 

been declining the yield of major staple crops like rice, wheat, maize and millet. Many 

local varieties are under serious threat of extinction. The declining trends of river 

discharge affected agriculture with inadequate water supply for irrigation.  More erratic 

rain has caused landslides and debris flow which disturbed the irrigation channel and 

moreover there was no rain in winter. Study showed that drought adversely affected the 

winter crop by 70% loss. This problem is becoming severe in foothills of Churiya and the 

middle hills. Cropping pattern of the zone shifted through the migration of crops to the 

higher altitude and production has been decreased due to temperature rise. The Terai crop 

varieties are performing better in mid hills. Study shows that climate change can be 

expected to threaten food production leading to hunger, poverty and malnutrition. It is 

predicted that the level of vulnerability will be higher in high altitude as compared to the 

lower altitude. The agricultural sector is not only vulnerable to climate change but has 

also stressed with problem of rural male exodus, low return which adversely affect 

livelihood of mid hills people. In Nepalese agriculture, time has come to put efforts on 

building climate resilience sustainable farming practices. The concerned authorities 

should find possible ways of adaptive measures to built climate change responsive 

practices for sustainable food production. 

Keywords: Climate change, Agricultural production, Agrarian community 
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1. Introduction  

Agriculture is the mainstay of the economy, providing a livelihood for over 80% of the 

population. Nepal is landlocked country located in between India and China. With 26.6 

million populations (Census 2011), almost 80% reside in rural areas. It provides employment 

opportunities to 66 percent of the total population and contributes about 39 percent in the 

GDP. UNFCCC defines climate change as a change of climate that is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere and that is in 

addition to natural climate variability observed over comparable time periods. Warming in 

the last 100 years has caused about a 0.74 °C increase in global average temperature (IPCC, 

2007). Although Nepal's contribution to green house gas emission is negligible, only 0.025% 

of total emission, the negative impacts of climate change induced effects has been clearly 

noticed like increasing rainfall intensity with decreasing frequency, increasing incidence of 

pest and diseases along with the increase in drought periods. Department of  Hydrology and 

Meteorology (DHM) of Nepal demonstrates that the temperature is increasing by 0.06°C in 

average, 0.08°C in Himalayan and 0.04°C in terai region which is significantly higher than 

the world increasing rate (IPCC 2007). The continued rise in temperature has significant 

impact on agricultural production and livelihood of agrarian community especially in 

subsistence farming.  

2. Discussion 

2.1Climate Change in Nepal 

Nepal total GHGs emission share is negligible compare to global community and is only 

0.025% of total emission irrespective of the population size, yet, Nepal rank 4th position of 

extreme risk of impact of climate change according to climate change vulnerability index 

report (Maplecroft, 2011). The ruling poverty and lowest coping strategies have made Nepal 

more vulnerable to the impacts of climate change. This report discusses some of the major 

threats Nepal faces from climate change, focusing primarily on its impact on the livelihoods 

of rural farmers.  Weather-related extreme events such as excessive rainfall, longer drought 

periods, landslides and floods are increasing in terms of both magnitude, as well as 

frequency. Soil moisture deficit, droughts, fire and possible pest outbreaks will decrease crop 

yields. Climate change impacts such as unpredictable weather patterns, loss of biodiversity, 

water scarcity, spread of tropical disease like malaria and dengue, decreased food 

productivity, and increased intensity and frequency of landslides and flooding are already 

visible in Nepal. Poor people are highly vulnerable to impact of climate change impact since 

they have the lowest capacity to deal with them (CARE NEPAL, 2009). Communities in 

various parts of Nepal have already experienced loss of native plants and species. Anecdotal 

evidences and communities perceptions suggest that the vegetation line has gone up due to 

temperature increase in high mountain zones like Mustang and Manang (Dahal, 2005). 

Between 1977 an 1994, average warming in annual temperature was 0.06°C per year 

(Shrestha et al., 1999) and increases in temperature was more pronounced during 
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the cooler months (0.06–0.08°C per year from October–February, for all of Nepal) than for 

the warmer months (0.02–0.05 °C per year for March–September for all of Nepal) (Shrestha 

and Aryal, 2011). 

2.2 GHGs emission from agriculture 

CO2, N2O and CH4 are major green house gases emitting from agriculture sector. In 1994/95, 

total Methane emissions in Nepal was estimated to be 948 Gg out of which 867 Gg emissions 

came from Agriculture sector, in which enteric fermentation in livestock accounted for 527 

Gg. Also Methane emissions from rice cultivation and livestock manure management were 

estimated to be 306 Gg and 34 Ggrespectively. The major source of Nitrous oxide emission 

in 1994/95 was agriculture soils from where 27 Gg of this gas was released to the atmosphere 

(MOPE, 2004). The increasing trend of Methane emission per year is found to be 2.59 Gg, 

and projection to 2009/10, 2019/20 and 2029/30 is estimated to be 375 Gg, 395 Gg and 430 

Gg respectively using this linear trend (MOPE, 2004). On the one hand agriculture is the 

main source of green house gases emission; on the other hand agriculture itself is being 

affected from the increase level of GHGs in the atmosphere.   

2.3 Climate change impacts on hilly region  

Since 63% of agriculture land is sloping land in Nepal, farming systems in hill region has 

also gone through many changes. Residents of this region observed that rainfall patterns and 

rain distribution have changed.  Correspondingly,  monsoon  does  not  arrive  when  it  is  

expected  and  is  more irregular. Drought frequency is increasing while springs are drying 

up.  Also, people have noticed more landslides occurring. Increased variability would 

severely impact irrigation and the farming livelihoods dependent on it. The land that can be 

cultivated varies by location and season, since the vast majority of surface water irrigation 

systems in Nepal depend on the water flowing at its source (USCSP, 1997). The effects of 

climate changes are multifaceted where increase in dry period, intense rainfall, flood, 

landslides, forest fires, glacial retreats and GLOF threats are already observed (Shrestha, 

2007).  

The Himalayas constitute a threatened ecosystem in the world. Himalayas in Nepal are 

geologically young and fragile and are vulnerable to even insignificant changes in the 

climatic system. This system is threatened through anthropogenic activities such as farming 

practices and natural resource consumption patterns. Weather-related extreme events like 

excessive rainfall, longer drought periods, landslides and floods are increasing both in terms 

of magnitude and frequency. More floods and glacial lake outbursts are expected to destroy 

irrigation and water supply systems, roads, bridges, settlements and productive land (Regmi 

and Adhikari, 2007). 

Hilly region of Nepal is characterized by high mountains deeply dissected by rivers and 

springs. These rivers and springs are source of irrigation and for household purpose. Erratic 
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rainfall has created the negative impact on agricultural livelihood and leads to drought and 

floods. There is high variability in annual and seasonal rainfall between years (Baidhya et al., 

2008, PAC 2009).  Agriculture is more likely to be affected by loss of top fertile soil due to 

soil erosion, landslide and floods associated with climate change (Study Inspection Report, 

2012).  Drought has multiple effects since it affects not only water resources but also 

agriculture and subsequently food security. (Regmi and Adhikari, 2007).  In Nepal most of 

the irrigated terraces are turned into rain fed bariland and due to this, the production is 

decreasing. Decline in food production would lead to more malnutrition and huge 

consequences particularly for children. Climate Change effects more on female and children 

as in hilly region there is problem of rural male exodus which adversely affect livelihood of 

mid hills people.  

2.4 Impacts on livelihood 

Nepal‟s population is primarily concentrated in the rural areas. Poor have no or limited 

commands on resource such as land, irrigation water and capital goods making them more 

vulnerable to extreme weather events and price rise. Increase in population and demand of 

the agricultural land for development purposes is increasing pressure on the farm lands. 

Climate change alters the heat and water stresses to the crops and indigenous farming 

technologies are getting obsolete. Those households particularly with limited land resource 

and those with no enough income to buy required food are food insecure. Such people 

sometimes even cut down their health and education expenditures resulting into low quality 

of life and livelihood (FAO, 2010).The majority of Nepal‟s population depends on 

smallholder farming for its livelihood. Many households operate on landholdings that are 

inadequate to produce enough annual food for survival. Families, particularly those from 

lower caste groups, manage landholdings within the adhiya (sharecropping) system and are 

obliged to turn over a significant portion of their harvest to the wealthier or higher caste 

members holding the land.  

The livelihood is affected through the impact on horticultural crops as well Tropical fruits 

(banana, mango, papaya) and other crop like (croton) has been adopted in mid hills where the 

problem of off-season flowering in high altitudes crops like peach, pear and apple is 

observed ( Malla 2008). 

There is also evidence that the vector borne diseases in livestock are increasing, forcing the 

livestock population to move to higher altitudes (Practical Action, 2008). Similarly, high hill 

animal herders have reported decline in fodder and forage production that have aggravated 

the prevalence of livestock parasites. In the mid hills decreasing soil moisture availability 

(due to changes in rainfall and temperature) resulted early maturation of crops, crop failures 

and reduced agricultural productivity. In addition the decreasing runoff water to feed natural 

systems (used for irrigation) and recharging natural ponds, reservoirs and lakes have been 

reported. 
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2.5 Climate change and agricultural productivity 

A number of reports (Gautam, 2008; Malla, 2008; Chapagain, 2011; Sharma & Dahal, 2011; 

Bastakoti, et al., 2011) have reported existing relationships between rainfall variability and 

rice and wheat productivity. The temperature in 1985 in Doti and Surkhet has increased and 

the rainfall in the same year and in same districts has decreased that negatively affected the 

yield of all the major cereals except wheat. It is because wheat can grow better even if the 

temperature rises and in the presence of minimum irrigation. A study conducted on Doti and 

Accham reveals that a very good relationship between rice yield and rainfall is found, 

whereas maize and wheat showed fluctuating and constant trend with the decrease or 

increase in rainfall (Bhandari, 2013). An analysis done by  Nepal Agriculture Research 

Council (Gautam, 2008) using simulation modeling for major crops such as rice, wheat and 

maize suggested that rice yield might increase under elevate CO2 and 4oC increase in the 

terai (lowland) 3.4 % hills 17.9% , and mountain 21.2% under elevated CO2 but would be 

significantly decrease in production with a 4oC rise. The UN WFP (2009) reports that 2009 

winter crop harvests were reduced by 40% (Mountain), 25% (Hill), and 10% (Terai) 

compared to the previous year due to the dry winter, leading to a national decrease in wheat 

and barley (the two major winter crops) of 15% and 17%, which led to an annual cereal 

deficit of 133,000 mt despite an excellent summer crop harvests. 

In order to combat the climate change impacts, now time has come where adaptive measures 

are need to be adopted.  Some of the adaptation measure that can be adopted even at local 

level in hilly regions includes: Selection of short duration crop varieties, Rain water 

collection and drip irrigation,  Plantations to maintain micro climate, Promote agro forestry, 

Breeding adaptable varieties and breeds, community awareness, crop, livestock  insurance, 

market outlets and Soil conservation works by different approaches ( NAPA, 2010). 

3. Conclusion 

Agriculture is vulnerable to climate change and its impact has been seen in livelihood of mid 

hills of Nepal.  To combat the impacts of climate change, adaptation in a local level is 

important. Increase in temperature and CO2 level can change the cultivation practices of 

many field crops.  The concerned authorities should find possible ways of adaptive measures 

to build climate change responsive practices for sustainable food production. A more holistic 

vision of food security, agricultural mitigation, adaptation and development is needed for 

addressing climate change. 
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Abstract 

Floods are the most widespread climate-related hazards in the world, and they impact more 

people globally than any other type of natural disaster. In Nepal each year, on an average 330 

lives are lost due to floods and landslides and infrastructure and property amounting to more 

than US$ 100 million is damaged causing negative impacts on the social and economic 

development of the country. Structural solutions are mainly preventative and focusing on 

curtailing the magnitude of floods using different methods such as dams, embankment, 

compound channels, widening of river beds, etc. However these solutions have adverse 

environmental, hydrologic, ecologic or economic consequences. The non-structural 

mitigating measure places people away from flood. This method is designed to reduce the 

impact of flooding to society and economy. Rainfall runoff modeling for the flood forecasting 

and warning schemes is a non-structural hydrologic method for mitigating flood damages. In 

this context due to unavailability of detail information of the study area, lumped model NAM 

is used for simulating rainfall into runoff. Due to lack of hourly interval data of rainfall, 

development of synthetic unit hydrograph from Snyder method is done to determine runoff 

hydrograph of the basin. The Snyder coefficients, coefficient of slope (Ct) and coefficient of 

peak (Cp) are calibrated for each sub basins and the values are found to be in the range from 

0.41-0.58 and 0.32-0.43 for Ct and Cp respectively. Mike UHM rainfall runoff model is used 

to incorporate developed unit hydrograph.  

Keywords: Rainfall runoff, Unit hydrograph, Flood forecasting, Snyder method 

1 Introduction 

Floods are the most common natural disasters that affect societies around the world. More 

than one third of the world’s land is prone to flood affecting about 82 percentage of the 

world’s population (Dilley et al., 2005). The study area is located in Terai region downstream 

of sikta dam to the Nepal- India border of Banke district, Nepal in which flood is one of the 

natural hazards. A large portion of the Nepalese territory is inundated every year by the flood 

of Rapti River in the Banke District of Nepal (DWIDP, 2006). In Nepal, like many other 

developing countries, the hydro-meteorological station networks are sparse and rainfall data 

are available only after a significant delay. Precipitation is highly variable in both space and 

time and is an important input in rainfall-runoff modeling. Using hydrologic modeling 

techniques, it is possible to better prepare for and respond to flood events. 

Rainfall-runoff relationship is mostly used mathematical model for water resource 

management planning, flood forecasting and warning schemes. For this purpose, different 

types of models with various degrees of complexity have been developed. They are based on 

empirical, physically-based or combined conceptual-physically-based model. In this context 

due to unavailability of detail information of the study area, lumped model NAM is used for 

simulating rainfall into runoff. Due to lack of hourly interval data of rainfall, synthetic unit 

hydrograph from Snyder method is adopted to determine runoff hydrograph of the basin. 

Mike UHM rainfall runoff model is used to incorporate developed unit hydrograph. 
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1.1 Study area 

The West Rapti River inside Nepalese territory is selected as the study area. The West Rapti 

River (WR) basin is located in the mid-western region of Nepal (Figure 1). Geographically 

the study area extends from 27
0
 56’ 50” to 28

0
 02’30” North latitudes and 81

0
45’ 00” to 

81
0
40’ 00” East longitudes. The length of main stream channel is 257 km. The river 

originates from the middle mountains of Nepal, then enters the lowlands and finally drains to 

the Ghagra (Karnali) River, a tributary of the Ganges River. It has several tributaries. Major 

tributaries are Jhimruk River, Mari River, Arun River, Lungri River, Sit River, Dunduwa 

River, Sotiya and Gandheli rivulets. Downstream of the confluence of the Jhimruk and Mari 

Rivers, the river is named the West Rapti River. The average slope of the basin is 16.8%. The 

source of runoff is due to the monsoon rainfall and groundwater. The drainage network of the 

river basin and telemetry stations are shown in Figure 1. There are four hydrological stations. 

The catchment area of the basins of Nayagaon, Cherneta, Bagasoti and Kusum gauging 

stations are 1980 km
2
, 644 km

2
, 3380 km

2
 and 5200 km

2
 respectively. 

  

 

Figure 1: Location of WR Basin (Left) and Hydro-meteorological stations and sub-catchments (Right)  

While the upper WR basin has a temperate climate, the lower basin including the Banke 

district has a tropical to subtropical climate. The period from March to May is hot and dry, 

June to August is hot and humid, September to October is pleasant, and November to 

February is cool and foggy with occasional rainfall due to westerly winds. The temperature 

reaches 46
o
C in summer in the lower part of the basin and falls below 2

o
C during winter in 

the upper part of the basin. The study area receives summer monsoon rainfall extending from 

June to September, accounting about 80% of the total annual. The average rainfall for WR 

Basin is about 1500 mm. The relative humidity goes as low as about 60% in May to above 

90% in January. (Talchabhadel R, 2012) 
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1.2 Methodology 

Digital Elevation Model (DEM) of study area was downloaded and hydraulic data were 

extracted using spatial analyst of ArcGIS. Precipitation, hydrological and evaporation data 

were acquired from Department of Hydrology and Meteorology (DHM) and were processed. 

For modeling in sub catchment, mean catchment rainfalls were calculated using thiessen 

polygon analysis.  

Table 1- Calculated rainfall depth from thiessen method 

SN 

Station 

No. Station Name Date 

Q Instantaneous 

m
3
/s 

Rainfall 

Depth mm 

1 339.3 Jhimruk at cherneta 29/07/1989 577 26.34 

2 330 Mari at nayagaon 7/9/1984 1240 57.13 

3 350 West rapti at bagasoti 10/8/2000 4170 45.45 

4 375 West rapti at kusum 31/07/2003 5440 53.88 

MIKE NAM was used for rainfall runoff modeling for daily interval data set. The NAM 

model can be characterized as a deterministic, lumped, conceptual model of overland flow+ 

interflow + base flow with moderate input data requirements. Parameters were calibrated and 

validated. Since there is not hourly interval data set of rainfall and evaporation, the simulated 

discharge from daily rainfall runoff model will not take account of extreme discharge so for 

this purpose unit hydrograph for instantaneous discharge was made in event basis. Synthetic 

unit hydrograph method is adopted to determine runoff hydrographs. Unit Hydrographs were 

developed using Snyder method and were calibrated for Snyder coefficients Ct and Cp. S–

curve method was applied to generate 1hour, 2 hour and 3 hour unit hydrograph to determine 

duration of rainfall in each sub basins. 

Mike UHM module simulates the runoff from single storm events by the use of the well-

known unit hydrograph techniques and constitutes an alternative to the NAM model for flood 

simulation in areas where continuous stream flow records are not available or where unit 

hydrograph techniques have already been well established. Duration of rainfall and position 

of rainfall for each sub basins were calibrated and validated with observed instantaneous 

maximum discharge Finally the flood hydrograph was prepared for different scenarios . 

2 Results and discussions 

The study results are from Mike NAM method, Snyder method, Mike UHM model and flood 

hydrograph for various situations. The hydrological model is calibrated based on secondary 

data. The average coefficient of determination for calibration and validation in all four 

stations are tabulated in Table 2 

Table 2: Average coefficient of determination for calibration and validation period  

  Mari Jhimruk Bagasoti Kusum 

Calibration 84.3 81.9 83.4 83.85 

Validation 82.7 81.1 80.8 82.3 
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Figure 2.Calibration plots against discharge at Mari(Left) and Kusum(Right) for the year 2001 and 2002 

The difference between daily Qmax and Q instantaneous is shown in Figure 3. It is clearly 

seen that the instantaneous peaks are missing by the calibrated model from average daily 

discharge. 

 

Figure 3: Daily maximum discharge and instantaneous discharge at Kusum 

Unit hydrographs for the sub basin in event basis from the max instantaneous discharge are 

prepared using Snyder Method and used in MIKE UHM model for rainfall runoff 

relationship. The calibrated value for Snyder method of Ct ranges from 0.41-0.58 and Cp 

ranges from 0.32-0.43 for West Rapti basin. The MIKE UHM model is calibrated and 

validated at each sub basin outlets using observed instantaneous maximum discharge from 

the year 1964-2008. When the position of starting of rainfall at same time for all the sub 

basins, the multiple peaks are seen as in Figure 5 .The maximum simulated discharge at 

Kusum station is found when the position of rainfall intensity in sub basins at Mari, Jhimruk, 

Bagasoti and Kusum is provided at 3hr, 6hr, 5hr, and 1hr respectively. The relative error for 

peak discharge is within 10%. 

 

Figure 4. Runoff hydrograph considering rainfall at the same time(Left) and various starting time (Right)  

From the flood hydrographs at the basin outlet for different scenarios it is found that the 

discharge at outlet of Kusum is higher when peak rainfall is considered in downstream two 

sub basins at Bagasoti and Kusum rather than upstream two sub basins at Mari and Jhimruk. 
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The relationship between rainfall and runoff is an important parameter for flood forecasting. 

For an ungauged basin or lack of availability of hourly data unit hydrograph needs to be 

developed to get runoff hydrograph at the outlet.  
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Abstract 

The hydropower projects are very sensitive to the changing climate as it directly affects runoff. 

This study aims to find out the impact of climate change on runoff pattern and consequent power 

generation. The hydrological model HEC-HMS developed by US Army of Corps of Engineers 

was used to simulate the rainfall-runoff phenomena in Budhigandaki River Basin. The rainfall 

data for projected period was ECHAM05 downscaled by PRECIS model for A1B scenarios. The 

projected rainfall RCM data of the period 2030-2060 under ECHAM05-A1B-PRECIS was used 

to generate future flows using HEC-HMS model. The projected rainfall pattern and runoff at 

Budhigandaki basin was found in increasing trend for the period 2030-2060. The increased 

annual runoff of Budhigandaki River for the projected period revealed the possibility of 

increasing the capacity of the power plant. The design discharge for future can be, thus, 

increased to 466m
3
/s from 430 m

3
/s. The increase in design discharge leads to increase in 

installed capacity that is 600MW to 650 MW. It consequently increases the energy generation 

from the project. 

 

Keywords: Budhigandaki watershed, Climate change, HEC-HMS, Regional climate model, 

Runoff 

 

1. Introduction 

Predicting climate change impacts on hydrology is very important to assess the power generation 

capacity of the hydropower plants, both run off the river and storage types. However, increasing 

variability in rainfall is expected to be a major consequence of climate change. There is much 

uncertainty in predicting changes of different climatic factors as some regions are likely to get 

drier even within relatively short time frame and others are likely to experience increasing 

average precipitation. Hydroelectric plants are highly dependent on predictable runoff patterns. 

Therefore, increased climate variability that can affect frequency and intensity of flooding and 

droughts, could also have similar impact on electricity generation (OECD, 2003). 

 

This study is focusing on the impact of climate change in the proposed Budhigandaki 

Hydropower Project since changes in the quantity and timing of river runoff, together with 

increased reservoir evaporation will have a number of effects on the production of hydroelectric 

power. These include impacts upon system operation, financial effects and impacts on other 

energy sectors. 
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2. Materials and method 

2.1 Study area 

Budhigandaki Hydropower Project is a storage type project located in Central/Western 

development region on the Budhigandaki River of Nepal. It is located at a distance of about 85 

km from Kathmandu. The dam is to be built across the Budhigandaki River some two kilometers 

upstream from its confluence with the Trishuli at Benighat, to create a reservoir with an effective 

storage capacity of 2,755 million cubic meters. 

 
Figure 1: Study Area 

 

2.2 Dataset 
Table 1: Meteorological and hydrological stations 

Station 

name 

Type DHM 

Index No. 

Altitude in 

meter 

Latitude Longitude Data  

availability 

Jagat 

(Setibas) 

Rainfall 801 1334 28
◦
 22' 84

◦
53' 60" 1971-2008 

LarkeSamdo Rainfall 806 3650 28
◦
 40' 84

◦
36' 60" 1978-2008 

Arughat Rainfall 1002 518 28
◦
 03' 84

◦
48' 60" 1971-2010 

Gorkha Bazar Temperature 809 1097 28
◦
 00' 84

◦
37' 00" 1971-2010 

Arughat Discharge 445 514 28
◦
 02' 37" 84

◦
48' 59" 1964-2010 

 

2.3 Methods of data analysis 

Data processing, analysis and interpretation 

The data was logically interpreted along with simple tables, charts, and graphs. The simple 

statistical tools like percentage, mean, multiple regression, was done in Microsoft excel. The 

model for rainfall-runoff was prepared using GIS, HEC-GeoHMS and HEC-HMS. The 30 years 

data of precipitation gauge data (of 3 stations) and discharge data (of 1 station) were imported 

which was stored in HEC-DSS as time series data in HEC-HMS model. 
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3. Results and Discussions 

The study by APN (2007) illustrated that there is no significant change in annual precipitation in 

Nepal. However, this study shows that the annual average rainfall of Budhigandaki is decreasing 

at the rate of about 3.59 mm per year. According to Dhakal (2011), the annual average rainfall of 

Kulekhani is also decreasing at the rate of about 11.5 mm per year. The report published by 

World Bank Report (2009) shows that the average rainfall of Nepal is 1500 mm. But, the average 

annual rainfall in the study area is 1647 mm which reveals that the Budhigandaki basin gets more 

rainfall than the national average rainfall. The annual average rainfall for the projected period is 

1870.5 mm which is greater than the observed data and the average annual rainfall of Nepal. 

According to APN (2007), the annual cycle analysis shows the delay in precipitation peak in 

western Nepal by a month for the projected data and the precipitation peak was found during 

July. This study shows that the precipitation peak is highest in the month of July for both 

observed data and projected period in Budhigandaki watershed which means there is no 

significant change in the time of precipitation peak. Though the annual rainfall was found in 

decreasing trend, the annual runoff of Budhigandaki River was increasing by 0.073m
3
/s per year 

for 1979-2008 which may be due to increased snowmelt contribution. According to Shrestha 

(2005), the annual runoff of Kaligandaki River was increasing by about 1% annually for 1964-

2000. According to Acharya (2010), the mean monthly discharge of Budhigandaki river is 

slightly increased by 0.51m
3
/s per year. For the future period (2030-2060) the annual discharge 

will increase by 1.23m
3
/s per year as the projected rainfall will be in increasing trend. 
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Abstract 

Depletion of fossil fuel and its impact on environment has been raising concern globally for an 

improved and sustainable form of energy development. The raising pellet demand increases the 

production annually in the world. In Nepal, there are unused huge amount of forest residue, 

industrial by-products etc. which are the best sources of raw materials for pellet production. The 

potential of pellet production calculated using the secondary data, first finding the residue 

availability and then raw material available for pellet. The economy of pellet production 

calculated using market value and literature data. About 7.979 Mega ton (Mt) pellet can produce 

using forest-based biomass. Considering the processing capacity of 6 t/h of the pellet plant, the 

total investment cost is about $863,841 and $40.27/t production cost. Brick and cement factories, 

using coal for energy, can replace by pellets, which save the environment and economy of 

countries. The total energy potential from forest-based biomass waste pellet accounts about 28% 

of total energy consumption in 2011/12 in Nepal.  

Keywords: Wood pellet, Forest biomass, Economics, Potential 

 

1.  Introduction 

Energy intensity measured with respect to the Gross Domestic Product (GDP) has more often 

been used as a useful tool to understand the relation between energy demand and economic 

development (Parajuli, Østergaard et al. 2014). The global primary energy consumption between 

the period of 2000 to 2010 was increased by 28% (Word Bank). Biomass covers approximately 

10% of the global energy supply (Vakkailainen et al. 2013). There have been much wider 

interest to increase the share of renewable energy in the world and thus different forms of 

biomass are gaining importance in the thermo-chemical conversion pathways, e.g. to convert into 

heat and power (Parajuli, Løkke et al. 2014). In this context, globally, wood pellet production 

was increased 1.7 million tons (Mt) (in 2001) to 23.6 Mt (in 2013) and it is expected that 54 Mt 

demand will be in 2025 (Mergner 2014). This can be argued due to coupling between the 

demand of renewable energy and 'Kyoto Protocol', for which government subsidy policy and 

other global concern are facilitating. Nepal is a small landlocked country in South Asia, located 

between China and India with the total area of 14.718 Million ha (Mha). About 13.02% of total 

energy depends on import (World Bank). Forest constitutes 5.828 Mha of land, which is equal to 

39.6% of the total land; agriculture lands cultivated constitute 3.091 Mha (21%) (MoAD 2012). 

Out of total energy consumption, 376.3 Million Gigajoule (MGJ) in 2011/12, in Nepal, fuel 

wood covers 71.06 % (WECS 2014). The primary objective of the current paper is thus assessing 

the potentiality of wood pellet production in Nepal using both forest-based biomass, and 

production cost of pellet.   
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2. Materials and methods 

The study was conducted through literature reviews, only few data used in the economic section 

collected from current market. The economics of pellet production were calculated using current 

market values as much as possible.    

2.1 Raw material 

2.1.1 Logging residue 

A 50/50 logging residue ratio, which consists of stump, branches, sawdust etc., and an average 

60% logging residue recovery factor considered (WECS 2010). Annual amount of logs sold by 

the GMF is about 0.034 to 0.040 million m
3
 and 0.16 million m

3
 logs were sold by CMF in 

2009/10 (MoFSC 2014). The average log wood density 900 kg/m
3
 (Engineering toolbox), taking 

this, about 0.034 – 0.040 Mt and 0.16 Mt logs sold from GMF and CMF respectively. Taking 

this into account about 0.017- 0.02 Mt of logging residue can recover from GMF annually and 

about 0.08 Mt from CMF.  

2.1.2 Forest cleaning 

Primary yield of pine needles 1.19 Kg/m
3
 of Pine forest area (0.382 Mha). From the stated total 

pine forest area about 4.5 Mt of pine needles are available as raw material (2014). Litterfall is 

another source for raw material, in tropical forest. Its yield may range as high as 1.53t/ha/yr. 

(Burges 1958). An estimating saal forest area 1.32 Mha, the amount to saal litter available about 

2.02 Mt/year (AEPC 2014). 

2.1.3 Industries residue 

In sawmill, 38% of solid waste 

(e.g. bark, slabs, etc.) and about 

12% sawdust produced (WECS 

2010). It was estimated that in 

2011 about 2.248 million m
3 

timber supplied, about 2.28 Mt, 

taking on average density of sal 

(Shorearobusta) timber about 921 

kg/m
3
 (Hossain and Awal 2012). Assuming all timber supplied through commercial sawmill, 

about 0.27 Mt of sawdust and 0.87 Mt solid wastes produced. From the 200 veneer industries 

about 760 tons of waste generated per day, 3.8 tons per industries per day, 25% of wastes being 

used, and 75% of wastes are still unutilized (AEPC 2014). Assuming 300 days of operation of 

such industries about 0.171 Mt waste unutilized per year.  

 

2.1.4 Invasive plant and trees 

The total area covered by Banmara in Nepal is still unknown. In the three districts (Makawanpur, 

Nawalparasi and Dhading) of Nepal, it was estimated that about 17 t/ha of Banmara are available 

(AEPC 2014). It is necessary to control this plant; the best way is to produce biofuel (pellet) 

using as a raw material. Mikaniamicranthais also an invasive plant. Taking the infestation of 

about 20 districts of Terai approximately, 0.6 Mt of dry Mikaniamicranthacan be available as 

raw material (AEPC 2014).  

 

2.2 Production technology 

The pellet production process involved a lot more to making pellets than simply dropping 

material into pellet mill. It starts with a harvest / collection of raw materials. Crusher is ideal 

equipment for crushing raw materials like square logs with a diameter less than 200mm, after 

Figure 1: Pellet production line 
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milling, the output size can reach the diameter up to 3-5 mm, which is convenient for further 

processing to get dried and pelletized. The best moisture content for pelletizing is about 11-17% 

(Wood pellet plant). After pelletizing process, the temperature of pellet is between 60-80
o
C and 

the moisture content is close to 15% (AMISY Group).  

 

2.3 Economic of pellet production 

The cost of pelleting includes fixed (capital) and operating costs. The purchase cost of different 

equipment was collected from the manufacturers. Following equation for calculating different 

economic parameters were adopted from Mani et al, 2006. 

The total capital cost, Cc ($/y) was calculated using formula: 

Cc = e*Ceq  (1)Where, e = capital recovery factor and Ceq= cost of the equipment ($). 

The capital recovery factor was calculated using equation 2: 

e = [i(1+i)
N
]/[(1+i]

N
-1] (2)Where,  i = interest rate (decimal) and N = lifetime of the equipment 

The total cost, CT, was calculated using formula: 

CT = CC + Cop  (3)Where, Cop = operating cost ($/y). The production cost, Cp = 

production cost ($/kg), it was calculated using equation 4: 

CP = CT/(top*GP)  (4)Where, top = total operating hours (h/y) and GP = production rate 

(kg/h) 

The heat energy cost of the dryer depends on the type of fuel used and the fuel cost. Personnel 

costs were included in pellet production, marketing, and administration. Table 3 shows the pellet 

production cost in general, considering wet (55% MC) and dry (10% MC) raw material (Thek 

and Obernberger 2004). 

  

2.5. Pellet use and environment concern 

In brick factory about 26% of the total energy supplied from coal and in cement factory about 91% 

by coal (2012) (PACE 2012) and mostly are imported from India. Coal import in Nepal was 

0.515Mt (2011) tons, which emits about 1.26 Mt of CO2  which accounts about 31% of total, 

4.06 Mt, CO2 emission (U.S. eia). Coal can replace by wood pellet, it provide an economical and 

sustainable energy source that continues to grow internationally. 

 

3. Pellet potential 

Pellet potential was calculated using formula: 

Pellet potential = TRMA – [(RM-MC/100)*TRAM – (P-MC/100)*TRMA] 

Where,  

TRMA-Total Raw material availability, RM-MC: Raw material Moisture Content, P-MC: Pellet 

Moisture Content  

Calorific value of pellets varies with raw material properties, for the calculation purpose we 

taken as low calorific value, 3500 kCal/kg. The total pellet potential is 7.979 Mt, which is 

equivalent to 106.05 MGJ, which accounts about 28% of total energy consumption (376.3 MGJ) 

in 2011/12 (WECS 2014). 
Table 1 - Raw material availability and pellet potential from forest biomass 

Residue type Raw material availability (Mt) Average MC (%) Pellet potential (Mt) 

Logging  0.12  50 0.072  

Forest 

clear 

Pine needle 4.50  Dry 4.500  

Litter fall 2.02  Dry 2.020  

Industrial Saw mill 1.14  50 0.684  
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waste Veneer 0.17  50 0.103  

Invasive 

plant and 

tree 

Eupatorium 

adenophorum 
NA -   

Mikaniamicrantha 0.60  Dry 0.60  

Total Pellet Potential 7.979  

 

4. Economics of pellet production:  

The installation cost of the equipment is in the range of 40-75% of purchase cost and 

maintenance of equipment cost 2% of capital cost except for pellet and hammer mill, for which 

10% of purchase cost (Mani et al. 2006).  For the pellet production rate calculation, sawdust, 

and very small piece from veneer industries taken, rate of the raw material is $9.1/t and 50% MC 

was assumed. The transportation cost from veneer industries to pellet mill assumed 25% of the 

raw material cost. The raw material cost will be $16/t including transportation and reducing MC 

to 10%. Operating cost for drying was adopted from Mani et al paper $7.84/t taking fuel cost 

$40/t, wood shaving at 10% (wb) MC.  

 
Table 2 - Cost of Biomass pellet production  

Equipment 
PC

1
 

($) 

IC
2
 

($) 

EL
3
 

(y) 
CRF

4
 

ACP
5
 

($) 

SCC
6
 

($/t) 

OC
7
 

($/t) 

TC
8
 

($/t) 

CD
9

% 

Chipping & 

Grinding  
33,213  16,606  15 0.103  5,129.48  0.10  2.38  2.48  6.2  

Drying 107,375  53,688  15 0.103  16,583.44  0.34  7.84  8.18  20.3  

Pelleting 173,775  86,888  10 0.136  35,415.68  0.72  6.00  6.73  16.7  

Cooling and 

screening 
22,776  11,388  15 0.103  3,517.66  0.07  0.08  0.15  0.4  

Packaging 

process 
25,825  12,913  10 0.136  5,263.19  0.11  0.04  0.15  0.4  

Storage bin 8,450  4,225  20 0.087  1,105.06  0.02  0.01  0.03  0.1  

Miscellaneous 

equipment 
60,500  30,250  10 0.136  12,330.02  0.25  0.33  0.58  1.4  

Personnel cost - - -       5.30  5.30  13.2  

Others 143,980  71,990  15 0.103  22,236.87  0.45  0.21  0.66  1.6  

Raw material - - -       16.00  16.00  39.7  

Total 575,894  287,947            40.27  
100.

0  
1Purchase cost, 2Installation cost, 3Expected life, 4Capital Recovery Factor, 5Annual Capital Cost, 6Specific Capital Cost, 
7Operating Cost, 8Total cost, 9Cost distribution 

 

Since the lack of data on transportation cost, we assumed that, from Quindío to Nepal, is about 

25% of equipment cost. Other cost includes front-end loader, fork lifter, dump truck, office 

building, and land use cost, it also adopted from Mani et al. 2006 paper about 25% of total 

purchase cost and expected life 15 years in average, and miscellaneous equipment cost about 14% 

and storage bin cost 2% of total equipment cost respectively. Personnel cost taken 13% of 

production cost as per table 3 for wet raw material. For operating cost of equipment, the 

electricity need was taken from quotation and electrical cost was calculated according to Nepal 

Electrical Authority (NEA) fiscal year 2013/14 review. For the current study, 6% interest rate 

310 



 

 

was assumed; it was assumed that machine operates 24 hrs.Per day and 340 days in a year and 

pellet production rate 6t/h, that is 48,690 t of pellet per year. 

 

5. Summary and conclusion  
In Nepal, there is a huge potential of pellet production. Forest cleaning residue & invasive 

plants are best source of raw material. Invasive plants, which are threats to the forest 

biodiversity, can be harvest and use as a good source for the pellet production. The current 

study has calculated that about 7.979 Mt of pellet can be produce using forest-based biomass. 

Mainly, brick and cement factories in Nepal use coal, a high polluting fuel, about 0.514 Mt coal 

imported annually in Nepal (2011), which emits about 1.41 Mt of CO2. The coal in such 

industries can replace by pellet, which can save the environment and economy of country. 

Considering the processing capacity of 6 t/h of the pellet plant, the total investment cost is about 

$863,841 and $40.27/t production cost. Amount of energy can generate from  total pellet 

potential is about 106.05 Million Giga Joule (MGJ), which is about 28% of total energy 

consumption 376.3 MGJ in the fiscal year 2011/12. 

This reveled that the country should establish a policy to promote such types of industry and 

encourage other industry to process the available biomasses to produce pellets and use 

domestically to maintain their growing energy demand. Further study of economics and micro-

level study to find potential of raw material needed.  
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Abstract 

Dendroclimatology is the science of reconstructing past climate by the use of tree rings. This 

study mainly focuses on ecological and dendrochronological response of Pinus wallichiana 

to different climatic variables. The study was carried out in two forests, namely Thangming 

(northern) and Chhak (southern) of MCA. Vegetation sampling was done by quadrate 

method, and the sample quadrates were located by stratified random sampling technique. 

Four vertical transects were laid along the elevation gradient running parallel to each other 

with 200 m difference. The north facing slope had denser forests (1437.5 no./ha) than the 

south (643.75 no./ha). Tree density of P. wallichiana decreased with increase in altitude in 

southern aspect; however, no such consistent trend was seen in the northern aspect. There 

was significant difference in P. wallichiana density between two aspects (t-statistic 0.37, p< 

0.05). From the tree ring analysis 91 years old tree was recorded from northern aspect of the 

forest. The average annual radial growth was 1.30 mm/yr and 0.90 mm/yr for northern and 

southern aspect respectively. The ring pattern showed the fluctuation in the ring width with 

the temporal change in environmental condition. The growth of P. wallichiana was favored 

by pre-monsoon temperature and monsoon rainfall. This shows that fluctuation in any 

climatic condition in these months will change the growth pattern of the P. wallichiana.  

Keywords: density, tree core, tree ring  

 

1 Introduction 

Climate change is projected to occur at a rapid rate relative to the speed at which forest 

species grow, reproduce and re-establish themselves (IPCC 2007). The effect of climate 

change is already felt in the form of water availability (amounts, seasonality), biodiversity 

(endemic species, predator–prey relations), ecosystem boundary shifts (tree-line movements, 

high-elevation ecosystem changes), and global feedbacks (monsoonal shifts, loss of soil 

carbon) (Xu et al 2009). Paleoecological and paleoclimatic studies are of key importance in 

establishing baselines and are the only means available for determining amplitudes and rates 

of change of vegetation to natural climate variations (Beniston et al 1996). Trees are 

generally considered to be most vulnerable to climatic stresses during the regeneration phase 

(Johnston et al 2009). The annual growth rings of many trees are very important for past 

climatic study. They show climatic variations in the form of narrow and wide rings and such 

recorded information is available in long-lived and fossil trees (Ahmed 2010). Studies on the 

age structure of tree, in combination with tree radial growth and climatic records, will be 

helpful in reconstructing historical climates and increasing our knowledge on plant 

environment interactions (Gaire 2008). P. wallichiana is a suitable species for dendroclimatic 

study for its clear and datable tree-ring sequences and synchronistic growth pattern 

(Bhattacharyya et al 1992; Cook et al 2003; Shrestha 2012).  
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1.1 Study Area 

Manaslu Conservation Area (MCA) lies in an upper region of Gorkha district in between 28
o
 

20’ N- 28
o 

45’ N latitude and 84
o
 29’ E – 85

o
 11’ E longitude. Thangming (northern) and 

Chhak (southern) forest of Prok VDC of MCA, lying across the Budi Gandaki River were 

selected as study area (Figure 1). Field study was carried out in April- May, 2012. 

 

Figure 1: Figure of study area showing Prok VDC with different plots in northern and southern aspect of 

the forest 

 

1.2 Materials and methods 

Four vertical transects were laid along the elevation gradient running parallel to each other 

with 200 m difference  starting from 2,100 m asl to 2,700 m asl in both north and south 

facing slope. In each transect, five square plots (size: 20 m x 20 m) were laid out keeping the 

distance of 150 m horizontally. The sample quadrates were located by stratified random 

sampling technique. Biophysical measurement like Diameter at Breast Height (DBH), basal 

diameter (DB) and height of each individual of Pinus wallichiana occurring in each quadrate 

was measured and ecological analysis was carried out.  

Tree core samples were collected from the breast height (1.37m) with the help of Swedish 

increment borer. The collected samples were air dried and mounting, sanding and polishing 

was done. Then dendrochronological analysis of sample was carried out in tree ring 

laboratory.  

2 Results and discussions 

Six different species were recorded in northern aspect forest with the dominance of P. 

wallichiana whereas only P. wallichiana was recorded in southern aspect forest. Similar 

species variation was found in the research done in Manang valley of Nepal by Panthi et al 

(2007). The study showed that the both study area, were dominated by Pinus wallichiana. 

This showed that the southern aspect was dry and northern aspect was moist and favorable 

for the growth of different species and thus supported the higher species richness.  

There was significant difference in P. wallichiana density between the aspects (t – statistic 

= 0.37, p< 0.05). A trend-line was drawn for both northern and southern density (Figure 2). 

The negative regression equation shows that the density decreases with increase in 

elevation and vice- versa. 
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Figure 2: Figure showing density of Pinus wallichiana along different elevation gradient with different 

aspect 

The reverse J-shaped class distribution of trees in a community indicates the sustainable 

regeneration (Vetas 2000). Hence, the P. wallichiana in both northern and southern aspect of 

the forest indicate unsustainable regeneration (figure 3). Umans (1993) also found an 

unsustainable regeneration of Himalayan silver fir (Abies spectabilis) in lower subalpine zone 

of Nepalese Himalaya. In case of unsustainably regenerating forest, Schmidt-Vogt (1990) 

concluded that this indicated the lack of old large tree.  

  

Figure 3: Figure showing DBH class distribution of northern and southern aspect of the forest 

respectively 

From the present study 91 and 52 years old P. wallichiana was found as the oldest tree in 

northern and southern aspect of the forest respectively. The age of the P. wallichiana showed 

that both the forest were in the stage of development. From the tree ring analysis of P. 

wallichiana, 91 years long chronology dated back 1921 to 2011AD was developed with mean 

sensitivity of 0.26. Due to the false ring, double ring and resin of P.  wallichiana difficulty 

was encounter in dating. Bhattacharyya et al (1992) also encounter problem during cross 

dating primarily due to strong serial persistence in the tree- ring series. Shrestha (2012) also 

developed tree ring chronology of P. wallichiana of Mustang, Nepal back to 1913 AD (99 

years) with a mean sensitivity 0.145.  

The correlation analysis was calculated between the standard chronology and with the 

monthly temperature and precipitation. Radial growth was positively correlated with mean 

temperatures from January (r= 0.11) to June (0.06), November (0.22), December (0.14) and 
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temperature of previous November (0.02) but not significant statistically. Dang et al (2007) 

observed similar positive correlation with November temperature in Qinling Mountain, China 

from Abies fargessi. .The growth of P. wallichiana was favored by pre-monsoon temperature 

and monsoon rainfall. This shows that fluctuation in any climatic condition in these months 

will change the growth pattern of the P. wallichiana. 

 

 

Figure 4:  Tree growth and climate relationship 
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Abstract 

Climate change as a global phenomenon has become an above-the-fold issue and its impact have 

resulted more vulnerability particularly to poor and marginalized communities through a 

multitude of impacts in both natural and social systems. Climatic complexity, agriculture based 

economy, marginality and topographical adversity of Nepal makes it more vulnerable to the 

impacts of climate change. This study links climate change perceptions to the impacts and 

adaptation strategies by analyzing the correspondence of perception of 113 households, 30 key 

informants and focus group discussion with 30 years climatic parameters of meteorological 

stations. The study revealed that maximum and minimum temperature had been increasing with 

the trend of 0.019°C and 0.049°C respectively and average temperature had gone up by 0.034°C 

(per annum). The precipitation of Mangalsen had been decreasing with the trend of 0.251mm. 

Water scarcity, low productivity, increment of invasive species, pest and diseases etc. were the 

major impacts observed. To cope with those impacts, adaptation strategies such as crop 

diversification, improved varieties, water sources conservation, practice of agro-forestry, income 

diversification, etc. have been adopted. Integrated approach by the different stakeholders and 

clusters had helped to adopt and combat with the stress and impacts of climate change. The 

results highlight the importance of integrated approach as a critical response to climate impact 

and the need for more effective, location-specific strategies.  

Keywords: Climate change, Impact, Integrated approach, Adaptation strategy 

 

1. Introduction 

Climate change is a global phenomenon and has become an above-the-fold issue in the last few 

years, garnering wider attention beyond the world of climate scientists and environmental 

policymakers (CRSC/NEFEJ, 2010). Climate change refers to any change in climate over time, 

whether due to natural variability or as a result of human activity (IPCC, 2001 a). The Fifth 

Assessment Report (AR5), published in 2013, considered new scientific evidence, to conclude 

that there is a 95% probability that human action is the dominant cause of climate change (IPCC 

AR5, 2013). Developing countries are the most vulnerable to climate change impacts because of 

fewer resources to adapt: socially, technologically and financially (CRSC/NEFEJ, 2010). Nepal 

is in the fourth position (Maple Croft's vulnerability Index 2011). Metrological data indicates 

consistent warming and rise in the maximum temperature at annual rate of 0.04 
0 

C to 0.06 
0
 C. 

Decade long armed conflict, migration to Terai belt, deforestation and destruction of the local 

infrastructure, cultural taboo, untouchability and superstitious belief etc. had hindered the 

capacity of the locals to combat and cope with the climate change. Similar findings are recorded 

from studies carried out by Mitchell et al (2007) and Gautam et al. (2007).There is no “one size 

fits all” approach to adaptation. The coping and adaptation strategies to climate change, 

therefore, demand integrated approaches, both within and between the natural ecosystem and the 
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socioeconomic system. This paper conducts a quantitative analysis of the climatic data and 

explored the perception and integrated approaches of adaptation to climate change. 

  

1.1 Materials and methods 

The study was carried out in Achham, a remote district of Far-western region. Temperature 

ranges from -5°C to 40°C with mean annual rainfall of 1794 ml. Mangalsen VDC at an altitude 

of 1326m is the districts headquarter. The total population is 10,458 with 1499 HHs. Altogether 

113 respondents were selected. This study was based on both primary and secondary data 

collection. Primary data were collected through FGDs and key informants and secondary data 

were collected through annual reports, policy and other relevant documents. 

 

2.  Results and discussions 

The overall expected outcomes were the exploration of information about general understanding 

and impact on livelihood. The demographic features showed male population was 54%, rich 

classes were 9% and only 5% have food sufficiency for a year. 

Long term climatic data (temperature and precipitation) for the period of 1982 to 2011 was 

collected from Department of Hydrology and Meteorology and analyzed thoroughly 
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rted the consistent warming and rise in the maximum temperature. Similarly, the rainfall is 

decreasing at the rate of 0.251 mm per annum. The pre-monsoon and winter was decreasing and 

monsoon and post monsoon was in increasing trend. (Gentle and Maraseni, 2012), (Dahal, 2008), 

(Sagun, 2010) etchas indicated that people do experience increased temperatures and changed 

rainfall patterns in Nepal. 

 

2.1 Understanding of people on climate change 
Almost all of the local people responded that they were aware of the ongoing climate change 

phenomena and affected by the shocks and stress of the climate change.The perceptions reported 

by communities were based on first hand observations of the weather patterns and natural 

environment upon which their livelihood depends. Majority of the respondents stated that 

climate change led early flowering, change in crop cycle, reduced yield, invasive weeds, 

decreasing citric trees, water scarcity, frequent damage to roads from heavy rainfall. Most of the 

natural springs of the Mangalsen had dried. Kailashkhola hydropower gets damaged every year 

due to flooding/landslide. Study had found that agricultural and biodiversity was under threat due 

to local climate changes (KhattriChhetri, 2009). Historical trend of climatic hazards showed 

water scarcity, prolonged drought, pest and diseases and landslide were major climatic disasters.  

 

2.2 Adaptation to climate change 

The impact of climate changes were already being felt everywhere. Regmiet al. (2009) shows 

that, innovative technologies currently practiced by hill farmers are helping to build resilience of 

communities. New techniques and innovations were increasingly being adopted such as water 

and food harvesting and storage technologies, sustainable soil management practices, using 

improved farmyard manure etc.Community people practiced wide ranges of activities as an 

adaptation measures such as awareness raising, capacity building through IGA, emergency fund 

to relief disasters, natural resource development and management. There were 22 farmers group, 

9 CFUGs, 6 co-operatives and more than12 mothers groups, GaribiNiwaranKosh programs, six 

clusters in Mangalsen till 2068/069 working in co-ordination and acting as an integrated medium 

for the holistic development of the district. The study also assessed barriers to using various 

adaptation measures. The results indicated that lack of farmer’s experience, access to 

information, education and credit facilities were major constraints which limit the ability of 

farmers to adapt to changing climatic conditions. There is a mandatory provision to disburse at 

least 80% of the budget for the implementation of adaptation and climate change activities at the 

Figure 2: a) Respondents perception about climatic variability     b) Adaptation measures.  
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local level (GoN, 2011). Local coping strategies and traditional knowledge need to be used in 

synergy with government and local interventions.Therefore, there is an urgent need for a 

concerted, combined and collaborative effort to support these most vulnerable front line 

communities. Responsive and participatory assistance is required from the GoN agencies, from 

the local and national NGOs, programs and projects involved in rural development, from the 

relevant research institutes and from the donor community to combat the climate change impact. 
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Abstract 

Earthworms improve soil fertility and increase crop productivity through their influence on soil 

physical and biological properties by recycling organic matter, fragmenting and mixing plant 

residues and manure with soil during passage through their gut and redistribution of worm 

casting throughout the soil profile. So, maintaining their population in any agricultural landscape 

is crucial for building resilience of the agricultural system against climate change. Considering 

this crucial role of earthworm, a field study was carried out to analyze the abundance and 

diversity of earthworms in two agroecosystems viz; irrigated lowland and rainfed upland in mid-

hill condition of Nepal. Earthworms were sampled from both of the agroecosystems at monthly 

intervals from September-November, 2011 and in total seventy two samples were taken from a 

soil monolith of 25*25*20cm. Abundance were measured in terms of their density and fresh 

biomass per square meter and diversity by identifying various species. The study showed 

significantly higher density (29.7/m
2
) and biomass (22g/ m

2
) of earthworm in rainfed upland 

compared to that in irrigated lowland. Similarly, rainfed upland harbored nine species while 

there were only four species in the irrigated lowland. This lead to the conclusion that rainfed 

upland could be built into a more resilient agricultural system by encouraging earthworm 

populations through various sustainable soil management practices.  

Key words: Agroecosystems, Earthworms, Irrigated lowland, Rainfed upland, Resilience 

 

1. Introduction 

Earthworms play important role in maintaining soil fertility. They influence soil physical and 

biological properties by recycling organic matter, fragmenting and mixing plant residues and 

manure with soil during passage through their gut and redistribution of worm casting throughout 

the soil profile. Earthworms thus improve the supply of nutrients in the soil by redistributing 

nutrients. Earthworms ingest soil as they burrow and forage on SOM, which in turn   promotes 

the formation of stable soil aggregates (Auke et al., 2011; Fonte, Kong, van Kassel, Hendrix & 

Six, 2007). During the feeding and digestive processes, earthworms also mineralize nutrients 

bound in OM and microbial biomass and thus increase plant availability of nutrients such as 

phosphorus (Bohlen & Edwards, 1995, Sayers & Apringett, 1984, & Suthar, 2007). Moreover, 

earthworms create a favourable environment for other soil organisms (Lapied, Mahmani & 

Rousseau, 2009), which in turn may result in increased addition rates of litter material. Since 

these effects of earthworm activities can contribute to increased crop productivity it is important 

to promote management practices to encourage earthworms (Jordan, Miles, Hubbard & Lorenz, 

2004). Studies have shown that earthworm is capable of sequestering carbon which contributes 

to minimizing global warming. So, increasing soil biota such as the earthworm and their 

diversification increases soil quality and hence make the system more resilient to climate change.  
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Considering the above background, study was conducted to understand the abundance of 

earthworms in the two agro ecosystems (AE) viz; rainfed upland (RU) and irrigated lowland (IL) 

and bring out questions to build more resilient agro ecosystems. The study has also taken account 

of the management practices; fields applied with traditionally managed (TM) Farm Yard Manure 

(FYM) and improved FYM (IM). 

 

2. Materials and methods 

The study was carried out in Tityang Village Development Committee of Baglung; a mid-hill 

district of Nepal. Land topography includes moderately to steeply sloping mountain terrain with 

slopes less than 30 degrees prevailing. Of the total cultivated land, 19% consists of irrigated rice-

dominated land while 81% is rain-fed upland (District Agriculture Development Office [DADO], 

Baglung, 2009/2010). Average temperature for the month of September, October and November 

from 2006 to 2009                                                        e same period was 260.4, 

77.1 and 3.9 mm in September, October and November, respectively.  

 

Earthworms were sampled from both the agro ecosystems at monthly intervals from September 

to November, 2011. In each agro ecosystems six fields were taken from traditionally managed 

fields and six fields from fields under improved management. So, in total there were 24 sampling 

units and from each unit samples were taken three times. So, total samples taken were 72. A soil 

monolith of 25*25*20cm (Sinha, Ramkrishnan, Saxena & Maikhuri, 2003; Bahaduriet al., 1997; 

Joshi et al., 2010) was excavated and earthworms were extracted by hand-sorting. Earthworm 

densities (number per square meter) and fresh biomass per square meter was calculated. 

Earthworms were identified to species level at the Department of Zoology, Tribhuwan 

University referring to Julka (1998).  

 

Data were analysed in SPSS 16 (Statistical Package for the Social Sciences) for windows using 

the following statistical model: 

 

Yijkf=µ+ αi+ βj+ γk+αβij +αγik + βγjk +αβγijk+εijkf 

 

Where, Yijf= density or biomass, µ=constant i = management type (improved or traditional), j= 

agro-ecosystem (IL or RU), k=sampling time (ST), f=farm, ij= interaction effect of management 

(MG) and AE, ik=interaction effect of MG and ST, jk=interaction effect of AE and ST, 

ijk=interaction effect of MG, AE and ST, and εijkf =error term in which farm is nested in 

management 

 

3. Results and discussion 

3.1 Earthworm density and biomass 

Earthworm density was significantly higher in RU fields (29.7/m
2
) than in IL fields (8.7/ m

2
) 

(Table 1). Although density tended to decline over time, particularly in RU fields, this trend was 

not statistically significant.  

 
Table 1: Density of earthworm over the sampling period  

 
Density (No./m

2
) 

MG Improved Traditional 

AE IL RU IL RU 
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ST 

 

   

Sep 27±17.2 29.3±8.0 6.7±3.0 42.7±9.0 

Oct 4.67±3.3 18.7±6.4 18.0±14.4 41.3±15.8 

Nov 2±1.3 16.7±9.6 0±.0 29.3±13.7 

Average 9.2±4.8 21.6±4.6 8.2±4.9 37.8±7.3 

Overview of p-values for main effects and the interaction term 

MG AE ST MG*AE MG*ST AE*ST 

0.1943860   0.0002879*** 0.0583067 0.1064401   0.5839725    0.9072335  

Significance level:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ 

E earthworm biomass was higher in RU fields (22g/m
2
), but the decline in biomass during 

subsequent samplings was significant and the reduction more pronounced in RU than in IL fields 

(Table 2). Highest biomass was recorded in September (19.8g /m
2
). 

 
Table2: Biomass of earthworm over the sampling period 

 Biomass (g/m
2
) 

MG Improved Traditional 

AE IL RU IL RU 

ST 
    

Sep 4±2.3 32.3±9.0 3.7±2.6 34±9.0 

Oct 1.5±1.0 15.8±7.2 9.9±7.7 25.9±10.4 

Nov 1.5±0.9 7.6±3.7 0±0 16.7±7.5 

Average 2.1±0.8 18.6±4.5 4.5±2.7 25.6±5.2 

Overview of p-values for main effects and the interaction term 

MG AE ST MG*AE MG*ST AE*ST 

0.299398   4.325e-06 *** 0.002983 ** 0.354277    0.505581    0.084073 
Significance level:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ 

 

3.2 Earthworm diversity 

A total of nine species of earthworms were identified at the field site. The distribution of species 

did not show any specific trend for difference in management type or agro-ecosystem. However, 

in general the number of species found was higher in rain-fed upland than in irrigated lowland.  

 

Higher density, biomass and diversity of earthworm in RU can be explained by the higher 

application rate of FYM in RU that added of large amounts of fresh organic material to rain fed 

upland fields. Joshi et.al (2010) reported that addition of organic manure twice at the beginning 

of cropping period both in rice crop and finger millet induced an increase of earthworm 

population. Similarly, higher earthworm biomass for RU is explained by the higher density of 

adult earthworms in RU and juveniles in the IL. The biomass of earthworm was lowest in 

November and the decline in biomass from September to November was more pronounced in 

RU than in IL.  The decrease in biomass can be explained by the decrease in the density from 

September to November though the decrease in density was not as obvious. This decline can also 

be explained by the fact that earthworm go deeper to protect themselves from cold, and 
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earthworms below 20 cm depth.  Moreover, it could also be due to the removal of crop residues 

after the harvest of rice in IL and finger millet in RU which tends to decrease soil moisture 

(Bhadauria et al, 1997) whereas tillage operations prior to the planting of the wheat crop might 

also have reduced overall earthworm populations (Koirala, Ramkrishnan & Saxena, 2003). 

Alternately, the immature earthworms could have gone into diapauses  soon after they came out 

of cocoon as the young ones go  deeper earlier than adults (Jiménez & Decaëns, 2000).  

 

The study shows that overall abundance of earthworm is higher in the rainfed uplands owing to 

the application of higher amount of FYM and it can be concluded that rainfed upland has a 

higher potential of harbouring more earthworms and keep the soil more healthy and alive. 

Healthy soils with diversified soil biota will build more resilient agriculture systems. 
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Abstract 

The present study uses the integrated vulnerability approach to assess the climate-induced 

vulnerability to household food insecurity of smallholder farmers in different climate-resilient 

setting of Myagdi district, Nepal. The climate-induced vulnerability assessment included 20 

indicators comprising socio-economic and biophysical indicators. The data were collected from 

in-depth interviews of 180 households to reflect the climate vulnerability components: adaptive 

capacity, exposure and sensitivity. The Principle component analysis (PCA) was used to create 

the weight for the selected indicators and produce vulnerability indices to conduct comparative 

analysis of vulnerability. Finding shows that smallholder farmers of Niskot are more vulnerable 

than that of Ramhee because of greater exposure to climate induced hazards, and low adaptive 

capacity. The low adaptive capacity was primarily due to poor income, and unequal distribution 

of resources or assetswith the limited access to basic facilities and vulnerable livelihood options. 

The study reveals that households with illiterate household head; limited access to infrastructure 

and resources like land, water, and food; less off-farm income; low diet diversity; and less 

knowledge on changing climate and adaptation measures like changing planting and harvesting 

time, substituting crop varieties that are highly vulnerable to climate induced food insecurity. 

Based on the results, the measures such awareness programs for the vulnerable smallholder 

farmers and training programs for capacity building should be emphasized in order to enhance 

their resiliency to climatic stresses and attend food security. 

 

Key words: Climate-induced-vulnerability, Household food insecurity, Integrated vulnerability 

approach, Resilience 

 

1. Introduction 

Increased climatic variation and climate change have been emerging as a serious threat to the 

farming world- one of the highly vulnerable sector-posing severe implication on food security of 

rural people especially in the South Asia. Nepal is ranked world’s fourth most vulnerable country 

to climate change due to fragile topography, and high dependency on climate sensitive 

agriculture sector i.e. rain-fed nature. Thus any changes in climatic conditions, particularly 

rainfall will have an adverse impact on the production, livelihoods and food supply system, 

ultimately affecting the household food basket (Dixit et al., 2013). Many parts of the region have 

suffered a reduction in production of particularly rice, maize and wheat due to the reduced water 

availability, and increases in temperature. Further, increased climate extreme events like 

landslides, and floods have successively reduced the land availability for cropping and hence are 

likely to continue to reduce productivity in the future. It is estimated that Nepal bears net 

agricultural losses equivalent around 0.8% of current GDP per year, or (IDS Nepal, 2014), 

driving to food insecurity along with additional indirect and macro-economic effects. 

Vulnerability varies geographically, spatially and with environmental and socio-economic 
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conditions between individuals and households. Especially poor, marginalized and socially 

excluded smallholder farmers (Pant, 2011) are at the brunt of climate variability, due to their 

subsistence nature of farming practices with very limited livelihood options and poor adaptive 

capacity. 

Over the last decades, most of the scientific 

literature and discourses have concentrated on 

vulnerability measurements at the regional or 

national scale, and identifying resilience-

building strategies that have implication for 

national and regional planning to secure food 

security (Hinkel, 2011). Further, Nepal’s 

climate related policies and plans like LAPA, 

NAPA and Climate Change Policy 2011 fail 

to mainstream small farmer’s issue to climate 

change. Thus, analysis of micro-level 

vulnerability to food insecurity is an essential 

prerequisite for local-level planning and 

prioritization of resilience planning and 

strategies especially among the natural 

resource-dependent communities. This study 

aims to assess the climate induced vulnerability to food insecurity at the household level in 

different climate resilient settings of Mid-hills of Nepal. The findings of this can therefore be 

useful for understanding of vulnerability at micro-level, planning for and adapting to climate 

change. Based on these, households can take advantage of opportunities to achieve the food 

security reducing the risks associated with climate induced stresses. 

 

2. Materials and Methods 

2.1 Study area 

Myagdi district is a highly mountainous district spreads from 83°08'E-83°53'E longitude to 

28°20'N-28°47' N latitude in the Western Development Region of Nepal. Its altitudinal variation, 

ranging from782 to 8167 Masl results in climatic variation in the area. Average annual 

precipitation annual ranges 290 maximum to 407 mm minimum and mean temperature goes 

from 3°C min to 36°C max. The study covered two VDCs located in South East and South West 

parts of Myagdi district: Ramchee and Niskot VDCs. The settlements lie within the VDCs range 

in altitude from 1000 to 2100m, dominated by Indigenous people. Agriculture, the major 

livelihood for majority of households,is mostly rain-fed. This means food security, and 

livelihood of the population are sensitive to climate variables and would under threat of climatic 

stress. Maize, millet, barely and potato are the major agricultural crops, providing the major 

staple food for the population and economy of the place. 

 

2.2 Methods 

This study considered household as a sampling unit. A total of 180 rained farm households were 

selected randomly for a comprehensive structured interview to collect primary level data 

between 5
th

 and 25
th

 June, 2011. In addition Focus Group Discussion (FGD) and Key Informant 

Interview (KII) were conducted to triangulate the data and to supplement the household survey. 

Figure 1: Map showing study location 
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In addition, the datasets on climate parameters i.e. precipitation and temperature data for climatic 

data analysis were obtained from Department of Hydrology and Meteorology (DHM).  

 

2.3 Analytical Approach 

Climate induced vulnerability to food insecurity at household level was assessed by using an 

integrated vulnerability approach as proposed by Madu, 2012. Here, it is assumed that 

households with higher adaptive capacity are less sensitive to impacts of climate-induced 

stresses, thus keeping the level of exposure constant. This approach integrates socioeconomic 

and biophysical indicators of vulnerability and categorized into adaptive capacity, sensitivity and 

exposure. Principal Component Analysis (PCA) was performed to compute the component score 

to weigh the variables to calculate the 

vulnerability indices. Vulnerability index for 

each household was calculated as defined by 

IPCC (2001):  

Vulnerability = (Adaptive capacity) − 

(Sensitivity + Exposure) 

Mathematically, it can be expressed as 

   ∑    
 
       [∑    

 
       

∑    
 
      ]………Equation 1 

Where, 

Vk = Vulnerability index for Kth household; 

Xki =Adaptive ith for kth household; Yki= 

Sensitivity ith for kth household; Zki= Exposure ith for kth household and Wki= Weight 

obtained from first principal component Score of ith variable for kth household using SPSS. The 

values of X and Y are obtained by normalization using their mean and standard errors. 

Altogether 20 socio-economic and bio-physical indicators reflecting the climate variability 

components: adaptive capacity (13), sensitivity (3)and exposure (4) were considered for the 

study. In this study, the households were classified into three categories based on the calculated 

index value: less vulnerable (+1.2 to +9.5), moderately vulnerable (-1.23 to +1.10) and highly 

vulnerable (-1.24 to -8.51). 

 

2.4 Datasets 

The study used three reference meteorological stations for climatic data analysis in the study 

area. For Ramchee, rainfall data (1980-2009) from stations- Beni (ID609) and Ghorepani (ID 

619) while for Niskot rainfall data (1980-2011) from the Darbang station (ID 621) were 

considered. Temperature data (1990-2008) from the Beni station was considered for both areas. 

 

3. Result and discussion 

Result (Figure 1) showed that majority of households (46.5%) of Ramchee fall within the less 

vulnerable category, followed by 37.4%and 16.2% of households within moderately and highly 

vulnerable category respectively. In contrary, in Niskot, majority of households (53.8%) fall 

within highly vulnerable category, followed by 28.7% and 17.5% of households within 

moderately and less vulnerable category respectively. Overall, calculated average index values 

indicated high level of vulnerability in households of Niskot (-1.57) compared to that of 

Ramchee VDCs (+1.45). These findings can be interpreted in light of adaptive capacity of each 
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household to overcome with impacts to their food security resulting from exposure to the 

climatic extreme events in addition of underlying sensitivity. 

  

Exposure and sensitivity to climatic extreme events 

Majority of respondents in the study reported drought, landslides, incidence of pest and disease 

and hailstorm as the major climatic extreme events based on its high severity on their agriculture 

production, supported by the findings of climatic data analysis. Precipitation trend analysis at the 

reference station of Ramchee VDC depicted increase of drought in Ramchee with decreasing 

trend of winter and summer precipitation while increase of drought and landslides in Niskot with 

decreasing trend of winter rainfall and increasing trend of summer rainfall, posing threat to the 

yield of winter and summer crops. Further, extreme precipitation analysis suggested increasing 

trend of extreme events such as landslides, flood and drought. Decreasing trend of rainfall 

intensity (< 1mm) by and increasing trend of no. of rainy days by 0.07 and 0.28 day/yr, 

respectively, showed the probability of increasing intensity of landslides and flood in the areas of 

Ramchee lying closer to the Beni station while increasing trend of rainfall intensity (<1mm) by 

1.04 day/yr with decreasing trend of total rainy days by 0.14 per year suggested high possibility 

of drought in the areas of Ramchee lying closer to Ghorepani station. In Darbang, decreasing 

trend of rainfall intensity (< 1mm) by 1.15 day/yr and increasing trend of no. of rainy days per 

year with a value of 1.38 respectively, indicatedthe increasing possibility of landslides/erosion 

and flood in major parts of Niskot. These results are supported by the findings of Nayava (2004) 

and IPCC (2001b).Despite the prevalence of extreme events in both VDCs, farmers in Ramchee 

reported increase in production of their major crops. More than 50% of households of Ramchee 

reported increase in potato and millet production compared to past 20 years, however the 

condition was found reverse in Niskot i.e. more than 60% of households claimed decline in 

maize, millet and wheat production. This is a significant decrease considering the average 

production in Nepal, which has increased by an average 2.17% during past 24yrs (Thapa and 

Rosegrant, 1955). Reasons might be due to excessive rainfall in summer and inadequate rainfall 

in winter, lack of irrigation, landslides, hailstorms, etc. Further, high mean value of Coping 

Strategies Index (CSI) calculated for Niskot (25.15) compared to Ramchee (12.41) suggested 

adoption of severe coping strategies such as selling of land, eating cheaper food, skipping meal, 

etc., in the Niskot.  

 

Adaptive capacity 

It was found that households with illiterate household head, limited access to 

infrastructure/resources, less off-farm income, poor diet diversity, less knowledge on changing 

climate and adaptation measures like changing planting and harvesting time, substituting crop 

varieties falls are relatively more vulnerable to climate induced food insecurity. Calculated mean 

adaptive index showed higher climate resiliency in Ramchee (+0.71) while lower in Niskot (-

0.88). These findings can be complied with the relative poor assets/resources and income 

distribution of smallholders in Niskot. Average landholdings size in Niskot was determined to be 

0.26 ha, which was quite less compared to that in Ramchee i.e. 0.5 ha, similar in case of 

distribution of livestock i.e. 1.64and 2.34 TLU in Niskot and Ramche respectively. Similarly, 

poor income distribution was observed in Niskot (USD 68/month), compared to Ramchee (USD 

113/month). Other factors inducing vulnerability were determined to be illiteracy, choice of 

vulnerable livelihood options like migration in gulf countries, less knowledge on changing 

climate and adaptation measures like changing planting and harvesting time, substituting crop 
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varieties, etc., which were observed more in Niskot. However, both VDCs were found to be poor 

in these resources i.e. Landholding size and TLUof both VDC is below the value determined for 

national level, and west hills rural areas and monthly income values lie below nominal average 

household income per month (NLSS, 2011). Such results revealed that both VDCs are vulnerable 

to food insecurity in terms of access to food despite of involvement in number of income 

sources. 

 

Potential adaptation strategies 

Existing condition of vulnerability in the area despite farmers effort to combat the climate 

change, suggested the prerequisite of definite planned long term adaptation to secure their food 

security. More than 85 percent of farmers in the area showed willingness to continue farming by 

adopting new technologies, despite the detrimental consequences of climate change in future. 

These included more investment in agriculture with adoption of alternative cropping, diversified 

cropping, use of appropriatecrop varieties, water management, soil conservation practices, and 

technological, social safety schemes and community help schemes and community based risk 

reduction. 

 

4. Conclusion 

Smallholder farmers in the study area are at the brunt of increased climate variability and 

incidence of climate extreme events, while the level of vulnerability varies across the households 

within the VDC boundaries and between the VDCs. This study shows a relative higher 

vulnerability to food insecurity among the smallholder farmers of Niskot resulting from greater 

exposure to climatic induced hazards, and low adaptive capacity resulting from poor income and 

unequal distribution of resource or assets with limited access to basic facilities and vulnerable 

livelihood options. However, both VDCs are at risk. Thus, the measures such awareness 

programs and training programs for capacity building, targeting vulnerable group should be 

emphasized in order to enhance their resiliency to climatic stresses and attend food security. 
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Abstract 

Neotectonic mountain terrains are among some of the most unstable and geomorphologically 

dynamic landscapes in the world where climatic processes such as intense orographic rainfall 

often dictates the occurrence of floods and landslides in small catchments characterized by 

steep and irregular topography. The Dharan-Dhankuta region in Eastern Nepal lies in the 

lower part of the Tamor river catchment that includes the seasonally variable tributaries in the 

Leoti and Dhankuta Kholas. These small river catchments in the Dharan-Dhankuta region are 

characterized by remarkable hydrological and drainage features due to seasonally distributed, 

spatially and temporally discrete storm flows, rapid and unpredictable nature of sediment 

transport which has led to development of flood and mass movement hazards. Based upon 

historical hazard records, the region has been affected by numerous sporadic flash floods and 

landslide events. As the effect of global climate change manifests in the form of changes in 

climatic variables such as precipitation and temperature, it is often argued that the amount, 

intensity and frequency of precipitation will become more erratic with a drastic shift in the 

monsoon pattern, thereby increasing the risk of intermittent geo-hazards. Since there exists 

significant gaps and limited understanding regarding the spatial and temporal dimensions of 

climate induced hazards in the region, partly because of the complexities and challenges 

associated in delineating normal hazard event trends and those arising from climatic 

extremes. This unique research analyzes the critical gaps in comprehending the incidence of 

climate induced hazards in the Dharan-Dhankuta region and consequently examines the long-

term impacts. 

 

Keywords: Climate, Hazards, Spatial, Temporal, Nepal 

1. Introduction 

1.1 Study Area 

The Dharan-Dhankuta region in Eastern Nepal has humid sub-tropical environmental 

conditions which is influenced by the seasonal monsoon and receives average annual 

precipitation greater than 2000 mm (Fookes et al., 1985). This region lies in the lower part of 

the Tamur river catchment that includes the seasonally variable tributaries in Leoti and 

Dhankuta Kholas - often associated with high incidence of sediment hazards (Hearn, 1987). 

The Leoti catchment is long and narrow that has a highly shifting and scouring river bed that 

produces coarse bedload in a constantly varying terrain, while the Dhankuta Khola is a 

compact narrow gorged basin underlain by a rockbound channel, which deposits high angled 

coarse alluvial fans (Brunsden et al., 1981).The rivers in the region are characterized by 

remarkable hydrological and drainage features due to seasonally distributed, spatially and 

temporally discrete storm flows, rapid and unpredictable nature of sediment transport which 
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has led to development of sediment, flood and mass movement hazards (Hearn, 1987). 

Moreover, the region also lies in the tectonically active lower Himalayan orogeny of Eastern 

Nepal, which has high rates of uplift and erosion at 10 - 15 mm/yr (Lave and Avouac, 2001), 

which has been frequently affected by earthquakes as well. The incidence of climate induced 

hazards in this region has increased in magnitude and frequency casing intensive damage to 

the rural infrastructures in the region.   

 

Figure: Location of the Dharan-Dhankuta region in Eastern Nepal (Source: Martin, 2001) 

2. Results and discussion 

The Dharan-Dhankuta region in Eastern Nepal has been been impacted by several geo-

hazards as represented by a timeline in the table below. Although the timeframe is relatively 

short, the timeline attempts to capture the occurrence of major natural hazards in the region 

and to some extent indicates the frequency of seismic and fluvial hazards. 
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Hazard Timeline   Summary of impacts Source 

1974 Leoti Khola 

Floods 

Moderate 1 in 10 year event  

Widespread slope failures such as debris slides in shales and 

phyllites 

33 landslides recorded in lower Leoti Khola side slopes along the 

rejected alignment  

(Brunsden et al., 

1981) 

Localized Storm in 

1984 

Numerous landslides were recorded in the lower valley slopes  

400m road out of 7.4 km in Leoti Khola floodplain lost or severely 

damaged, gabion river training works were partially damaged  

(Hearn 2002, 2004) 

August 1988 

Earthquake 

Severe road damage was confined to the first 26 km on the 

roadline, widespread instability in the cut slopes such as rock falls, 

rock slides and debris slides in brittle fractured quartzites 

 (Boyce, 1995), 

(Martin, 2001) 

September 1988 

Monsoon 

Earlier earthquake had rendered numerous slopes unstable, damage 

was again localized along the Leoti Khola where over 200m road 

was damaged 

River training works and retaining structures were partially 

damaged 

(Boyce, 1995), 

(Hearn, 2002) 

Nepal Floods 

2002/2003 

Data of particular damage not available but literature suggests that 

250 m of road was damaged due to change in direction of Leoti 

Khola  

(Hearn, 2004) 

September 2011 

Earthquake 

Severe damage in the Karkichap area with rock falls and cut-slope 

failures and the stability of slopes in the region has been weakened  

Dugar (2013) 

Floods in Leoti 

Khola 2013/2014 

Recent floods due to localised rainstorms in the Leoti catchment 

has led to damage to the road corridor in the region 

Dugar and Dahal 

(2014) 
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Abstract 

Poultry sector contributes a major role in livestock economy of Nepal, however it facesnumerous 

biological hazards among which gastrointestinal parasitic infestation is one important. This 

research focused on prevalence and extent of gastrointestinal parasites in local backyard poultry 

along Gandaki river basin (GRB). For this, cross sectional study was conducted including 

household from Himalayan (2650 masl),Hilly (1600 masl) and Terai (160 masl) regions along 

GRB to collect data on backyard management, their health and GI parasites. Total of 105 HH 

were selected and 181 fecal samples were collected. Of the total 105 households included, 35 

from each ecological zone, average number of backyard poultry was highest in mountain region 

(12.00±8.10) followed by terai (9.14±6.96) and hilly (7.71±4.84). Of the total 181 fecal samples, 

150 (82.87%) were positivefor gastrointestinal parasites with highest infestation in chicken of 

Terai (94.83%) and the lowest in that of mountain (69.74%). Most chicken (n=112, 61.88%) 

were harboring multiple species (two to six) of parasites. The highest infestation was caused by 

Raillietinatetragona(n=77; 42.54%) followed by Amoebotaeniasphenoides(n= 61; 33.70%), 

Ascaridiagalli (n=55; 30.39%) and Heterakisgallinarum (n=36; 19.89%). Other parasites present 

were Raillietinaechinobothrida (n=34, 18.78%), Subulurabrumpti(n=29, 16.02%), 

Raillietinacesticillus (n=10, 5.52), Davaineaproglottina (n=2, 1.10%). GI parasitic prevalence 

was significantly influenced by agro-ecology showing significantly higher prevalence at lower 

altitude (<0.05) but was unaffected by the age and sex of birds. Emphasis on regular deworming, 

nutrition and sanitation could have important role in boosting backyard poultry production. 

Key words: Gastrointestinal parasite, Backyards, GRB 

1. Introduction 

Nepal has a domestic poultry population of approximately 24 million, 55% as backyard under 

free range system (MOAC, 2010). Free range chickens contribute significantly to the livelihoods 

of poor households economically as starter capital, accessible protein source, and source of 

income (Gondwe, 2004; Muchadeyiet. al., 2007 and van Marle-Kosteret. al., 2008). The 

gastrointestinal (GI) parasitic infestation is thought to be a serious threat to backyard poultry 

production, however, very little is known about them. GI parasites cause direct loss due to 

mortality in case of heavy acute infestation and in chronic cases, economic losses are indirect 

due to poor growth, loss of production and poor feed conversion. Losses due to reduced 

productivity caused by parasites are economically very important to the scavenging chickens and 

very little is known about prevalence of GI parasites in backyard poultry of Nepal. The study 

found species and extent of GI parasites present in backyard poultry in Nepalese context along 

the altitude gradients.This research had its focus on the prevalence of GI parasites and its 

associated risk factors in local backyard poultry at three ecological zones of Nepal. 
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1.1 Study Area 

Three districts, each from three different ecological region, abutting with Gandaki River Basin 

were selected. Three sites were viz: Kunjo (2650 m.a.s.l) and Lete VDCs (2710 m.a.s.l.) from 

Mustang district of Himalayna region; Dana (1600 m.a.s.l.) and Narchyang VDCs (1620 m.a.s.l.) 

from Myagdi district of Hilly region and Sharadanagar (160 m.a.s.l.) and Mangalpur VDCs (164 

m.a.s.l.) from Chitwan district of Terai region. 

 

1.2 Sampling and fecal examination 

A point was set and HHs were selected from within radius of 2 km. All the household selected 

had at least one backyard bird with the age greater than 1month for fecal sampling. The sampling 

frame included 1 bird from 1-3 birds, 2 birds from 4-6 birds, 3 birds from 7-9 birds and so on (3: 

1) for fecal examination. After selection, every selected birds were segregated under separated 

bamboo case (Doko) and fecal samples were collected in the next morning. The total HH number 

was 105 which covered 58 fecal samples from terai, 47 samples from hill and 76 from mountain 

region totaling 181.All the necessary information were taken during sampling.The 

gastrointestinal parasite prevalence was obtained through fecal examination. Identification of the 

parasite eggs was carried out by the identification keys described by Soulsby (1982),Urquartet 

al. (1987), photographs, literatures, and experts in veterinary parasitology. 

 

2. Results & discussions 

Of the 105 households (HH) surveyed, 35 from each ecological zone, average number of 

backyard poultry (mean±SD) was highest in mountain region (12.00±8.10) followed by terai 

region (9.14±6.96) and hilly region (7.71±4.84). Of the total 181 fecal samples from three 

ecological regions, 150 (82.87%) were found to be positive with gastrointestinal parasites. The 

highest infestation was in chicken of Terai region (94.83%) and the lowest was in mountain 

region (69.74%) (Table1 & 2). 

 
Table 1: Gastrointestinal parasites in backyard poultry of three ecological regions  

Name of VDCs Ecological Zones Fecal samples Prevalence 

Sharadanagar-Mangalpur Terai 58 55 (94.83%) 

Narchyang and Dana Hill 47 42 (89.36%) 

Kunjo and Lete Mountain 76 53 (69.74%) 

Total  181 150 (82.87%) 

 

On coprological examination, the highest infestation was caused by Raillietinatetragona(n=77; 

42.54%) followed by Amoebotaeniasphenoides(n= 61; 33.70%), Ascaridiagalli (n=55; 30.39%) 

and Heterakisgallinarum (n=36; 19.89%)(Table 2).  

 
Table 2: Species of parasites in feces of backyard poultry at three ecological zones  

  Prevalence of fecal parasites 

Species of parasite Class Terai Hill Mountain Overall 

Raillietinaechinobothrida Cestode 18 (31.03) 12 (25.53) 4 (05.26) 34 (18.78) 

Raillietinatetragona Cestode 29 (50.00) 23 (48.94) 25 (32.89) 77 (42.54) 

Raillietinacesticillus Cestode 6 (10.34) 3 (6.38) 1 (1.32) 10 (5.52) 

Amoebotaeniasphenoides Cestode 23 (39.66) 24 (51.06) 14 (18.42) 61 (33.70) 

Davaineaproglottina Cestode 1 (01.72) 1 (2.13) 00 (00.00) 2 (01.10) 

Ascaridiagalli Nematode 20 (34.48) 22 (46.81) 13 (17.11) 55 (30.39) 
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Heterakisgallinarum Nematode 19 (32.76) 6 (12.77) 11 (14.47) 36 (19.89) 

Capillariaspp. Nematode 2 (03.45) 1 (2.13) 00 (00.00) 3 (01.66) 

Subulurabrumpti Nematode 13 (22.41) 6 (12.77) 10 (13.16) 29 (16.02) 

Eimeriaspp. Protozoa 7 (12.07) 4 (8.51) 5 (6.58) 16 (08.84) 

Total  58 47 76 181 

 

Value in parentheses indicates percentage. 

The prevalence of cestodes was highest compared to nematodes and protozoa. The highest 

prevalence was that of Raillietinatetragona(n=77, 42.54%) a cestode followed by 

Ascaridiagalli(n=55, 30.39%) a nematode. 

  

Parasitic prevalence based on ecological region 

The prevalence of GI parasites was highest in terai region (94.83%) followed by the prevalence 

in hill (89.37%) and mountain (69.74%). The difference in prevalence of GI-parasites in different 

ecological zones were statistically significant (P<0.05). Most of the samples were having 

multiple species of parasites. 

 
Fig 1: Parasitic prevalence in different ecological zones 

 

2.2 Discussions 

Of total 181 fecal samples, 82.87% (n=150) of the backyard poultry birds were found to harbor 

different GI-parasites which includes one to six types of parasites and most chickens (61.88%) 

had mixed infection harboring more than one type of GI parasites The similar finding was made 

by Eshetuet al. (2001) and Mollaet al. (2012) who reported 91.01% and 79.62% of prevalence of 

helminth parasites in Amhara region and North Gondar of Ethiopia respectively. The findings of 

Eshetuet al (2001) and Mollaet al (2012) support this finding as they reported the prevalence of 

mixed GI parasitic infection being 73.38% and 56.52% respectively.The recording of multiple 

helminth infections in the current study suggests that the prevailing environmental conditions 

and free-range management systems were favorable for simultaneous development of different 

poultry GI parasites.The current study recorded Raillietinatetragona (42.54%) as the most 

prevalent cestode and Ascaridiagalli (30.39%). This is in agreement to Puttalakshammaet al. 

(2008) who reported highest prevalence of cestodes followed by nematodes. Similarly Sonune 

(2012) found highest prevalence of cestodes (52.77%, n= 19) which was followed by nematodes 

(n=11, 30.56%). But Biuet al (2012) reported Heterakisgallinarum as the most prevalent 

nematode and Mollaet al (2012) reported Raillietinaechinobothridia as the most prevalent 

cestode. This is however is in contrast to the finding of Salam et al. (2010). Among nematodes, 

our study found Ascaridiagalli as major nematode which is in line with Dehlawi (2007), but 

contrast to Hussenet al. (2012). Dube et al (2010) from Zimbawe reported other additional gastro 

intestinal parasites Tetrameresamericana, Acuariahamulosa, H. dispar, Allodapasuctoria which 

were additional to our finding. The highest prevalence of cestode might be because of high 
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distribution of parasites eggs in soil and their hardy nature to the environment.The prevalence of 

GI parasites was significantly higher (P<0.05) as the altitude decrease. The prevalence was 

highest in lowland terai (94.83%) followed by midland hill (89.37%) and lowest prevalence in 

highland mountain (69.74%). This was similar to the findings of Eshetuet al (2001) and Mollaet 

al (2012). This indicates that GI parasitic prevalence is influenced by agro-ecology. At higher 

altitudes, lower levels of infestation were observed. This may be because the low temperatures of 

highland areas that inhibit the development and survival of the early infective larval stages and 

hence limit access to the intermediate and final hosts. 
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Abstract 

The temperature in Terai during the summer averages around 30-34 C and can rise as high as 

45C. In the past few decades there is an abrupt change in climate and as a result the summer is 

being more and more warm making its profound influence on the livestock sector. Every summer 

there is a surge in case flow in the Veterinary Teaching Hospital, Rampur with chief problem of 

heat stress and drop in production. Heat stress results a sharp fall in milk production and reduces 

reproductive proficiency. There is lowering of conception rates and prolonged heat stress even 

aborts the pregnant animal. Also there is fall in the reproductive efficiency of male. Nepal where 

agriculture is the main income source for most of the people livestock rearing is an important 

part of the occupation. Knowledge and measures to minimize the problem of heat stress in 

livestock can effectively boost the economy of the farmers and country as a whole. Combating 

the climate change with a national campaign involving both the government and private sector is 

a need. 

Keywords: Heat stress, climate change, Livestock, Nepal 

 

1. Introduction 

Many authors from the last 20 years in their papers have well justified the impacts of heat stress 

on the production and reproductive efficiency of livestock (Fuquay 1981). The world is facing a 

climate change crisis which means in the days to come, temperature is going to be higher than 

the present. In Nepal too, there is a radicle change in the climate pattern where the summer 

temperature soars high above 40 degree Celsius.  Thus this paper reviews on the impacts of heat 

stress on animal production and subsequent effects on the people dependent on livestock for 

living. 

 

1.1 Study Area 

The data collection were made from the direct interviews with the owners of the patients brought 

as Veterinary Teaching Hospital, Rampur, Chitwan and also from the cases record book of the 

hospital. 
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Figure 1: Location of research site showing the Veterinary Teaching Hospital and surrounding communities 

 

 

The data collection period were designated from April to July, 2014 when the temperature of 

Chitwan is highest of all the seasons. A total of 167 cases were registered in Veterinary Teaching 

Hospital in which 102 were cases of poultry and 65 cases being of small and large animals. 73 

cases were from Sharadanagar, 55 from Mangalpur, 16 from Rampur and 23 others. 

 

1.2 Datasets 

 
 

Small and Large Animal Disease Diagnosis in VTH 

Heat Stress

 Bacterial Infection

 Viral Infection

Miscellaneous

343 



 
 

 
 

2. Result and Discussion 

 The quantification of impacts heat stress in animals is really difficult and major 

reviews are made based on qualitative factors. 

 Heat Stress as such imparts problem in diagnosis in large animals and majority of the 

times heat stress is shown by Secondary Bacterial and Viral infections. 

 In poultry, there were significant deaths due to heat stress and the mortality rate went 

as high as 5%. 

 Out of the total income from milking animals, 13% was lost in veterinary professional 

and medicinal costs. 

 Further, the heat stress caused upto 25% drop of milk production in Milking animals 

and around 14% loss in Meat animals. 

 Most of the cases of large animals presented at Veterinary Teaching Hospital 

included Repeat Breeding in which heat stress is one of the causative factor. 
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