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Foreword

Department of Irrigation has been constantly working in irrigation development in Nepal 
since 2009 B.S for increasing agricultural production and productivity by providing irrigation 
facilities. In these six decades, expansion of irrigation facilities which has been largely 
responsible in protecting Nepal from food crisis and have made substantial improvement 
in the available irrigation infrastructures, human resources and institutional built up in the 
public and private sectors. Still lot more efforts is needed in irrigation sector to address the flat 
and fertile land of terai to marginal land in mountains to eliminate the vicious cycle of poverty. 
This calls for coordinated and concrete efforts of all the stakeholders in the process of planning 
and implementation of the forthcoming years. 

To review the achievements and explore future opportunities and challenges in irrigation 
development, Department of Irrigation has been organizing a national level irrigation 
workshop/seminar every fiscal year since last six years. In continuation to it, National 
Irrigation Seminar themed “Irrigation: Climate Change and Food Security” held on 2069, 29th 
Ashar (13 July, 2012)was organized to bring national level stakeholders from Government and 
Non Government sector in one forum to discuss the various issues and aspects of irrigation. 
This proceeding report is a collection of above findings and it is hoped that it will be more 
helpful in fulfilling the future need for planning of irrigation development and management.

On behalf of Department of Irrigation, I would like to thank INPIM-Nepal and IWMI-Nepal 
for being the co-organizer in hosting the seminar. My special thanks go to Hon. Minister Mr. 
Mahendra Prasad Yadav, Irrigation Minister for his support and guidance for overall irrigation 
development and management. I am very much thankful to Mrs. Bindra Hada, Bhattarai, 
Secretary, Ministry of Irrigation for her constant encouragement and support in conducting 
the seminar. Paper presenters are well acknowledged for their valuable technical papers and 
presentation. I am equally thankful to the participants for the active participation and lively 
discussions. 

I would like to thank Er. Uttam Raj Timilsina, DDG, DOI and the members of seminar organizing 
team for their laborious work in organizing the successful seminar. Lastly, I would like to 
extend my appreciation to all who were directly or indirectly involved to make this seminar 
successful.

Khom Raj Dahal 
Director General 
Department of Irrigation
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1. Introduction 

1.1. Background 

Department of Irrigation (DoI) has been organizing National irrigation seminar every 
year since 2007 A.D. The aim of the workshop is to review the achievements and explore 
future opportunities and challenges for the development of Irrigation sector. Senior Level 
offi cials from Ministry of Irrigation and its line agencies participate in the workshop. 
Sixth edition of the National seminar was held on July 13, 2012 in Siddhartha Cottage, 
Dhobighat, Lalitpur. In addition to Department of Irrigation (DoI), International Network 
for Participatory Irrigation Management /Nepal (INPIM/Nepal) and International Water 
Management Institute –Nepal (IWMI-Nepal) were the co-organizers of the seminar. Ten 
technical papers were presented in three different subthemes. The workshop was attended 
by more than eighty experts and intellectuals from Ministry of Irrigation and Water sector.

1.2. Rationale of Workshop 

Agriculture is the backbone of Nepalese economy. The majority of the population is 
engaged in Agriculture. Nepalese agriculture sector provides employment opportunities to 
66 percent of the total population and contributes about 36 percent in the Gross Domestic 
Product. It clearly shows that the majority of poverty is in agriculture sector because there 
is only one-third contribution from this sector in national economy from the involvement 
of two-third population. Therefore, development of agriculture sector is a key factor for the 
development of national economy as well as the achievement of national goal of reduction 
of poverty of the country.  

The availability of new land that can be brought under cultivation for increasing the 
agricultural production to meet the growing gap between production and the needs of the 
expanding population is nearly impossible due to encroachment by human settlements 
and new infrastructure development. The irrigated areas are also declining because of the 
expansion of the settlement. In such a context, there is a pressure to optimally utilize the 
irrigated land to maximize the production, and to enhance the livelihood of the farmers.

Climate change is a hot cake issue in these days in the global as well as in national level. 
Nepal is more susceptible to climate change. This has been producing a severe effect in 
the agriculture production due to the adaptability of the crops, severe draught and fl oods, 
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declined irrigation water etc. To review the state of preparedness of our institutions to meet 
the threats of environment and climate change on agriculture, and identify the way out to 
reduce the pressure on the natural resources.

Because of the increase in population and climate threats, the supply of incremental food 
has to be produced in limited irrigated areas. Nepal is also a food defi cit country. The food 
security situation in the Mid and Far Western Hill and Mountain districts remains of major 
concern. 

1.3. Seminar Objectives 

The overall objective of the seminar was to review the achievements and assess the 
opportunities and challenges in irrigation development. In this context, the specifi c 
objectives of the seminar were to: 

• Critically review the policy and strategic issues for the irrigation development 

• Assessment of the modernization of the irrigation system 

• Impact analysis of climate change on irrigation, exploration of mitigation measures 
and adoption alternatives to minimize its adverse effect. 

• Assess the scope of micro irrigation in enhancing water productivity

1.4. Content of the Seminar 

"Irrigation: Climate Change and Food Security" was the theme of the workshop. It was 
divided into three subthemes to meet the objectives that were set. Three subthemes were: 

1. Policy and Strategy-Irrigation

2. Innovative Irrigation

3. Climate Change and Irrigation

Following eleven technical papers were presented that focused in the above mentioned 
subthemes. 
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S.no Paper Title Author(s)

Subtheme 1: Policy and Strategy-Irriga  on

1. Irriga  on in Agricultural Development Strategy upto 2030 Mr. Indra Lal Kalu

2. Concept and Approach of self sustainable Water User’s 
Associa  on 

Mr. Chetman Budthapa

3. Modeling land use trends in Upper Ganga Basin, India: Past, 
Present and Future

Ms. Pra  bha Sapkota

Ms. Luna Bhara  

4. Assessment of climate change, impact on surface water 
availability in Koshi river basin

Mr. Pabitra Gurung

Subtheme 2: Innova  ve Irriga  on

5. Pond Irriga  on system; a sustainable way to increase 
household income in hills of Nepal

Mr. Binod Kumar Barai

6. From Treadle pumps to Electric pumps: Story of Gradua  ng 
farmers from the Terai Region of Nepal

Mr. Prakash Kafl e

7. U  liza  on of Waste water treatment for irriga  on in 
Kathmandu Valley

Mr. Asutosh Kumar Shukla

Subtheme 3: Climate Change and Irriga  on

8. Climate Change: Adapta  on and Mi  ga  on in Water and 
Agricultural Sector

Mr. Ashish Bhadra Khanal

9. Climate Change adapta  on and mi  ga  on in Agriculture 
and Water management sector

Mr. Krishna Raj Regmi

10. Eff ect of Climate Change on the groundwater u  liza  on of 
Kathmandu Valley 

Mr. Sagar Kumar Rai 

11.  Global Food Security and Irriga  on Coverage Mr. U  am Raj Timilsina

Agenda of the program is attached in Annex 1. 

1.5. Participants 

Irrigation experts and intellectuals from different organizations participated in the seminar. 
They were selected on the basis of the following categories:

• Paper contribution 

• Special invitees
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• Offi cial representation from Ministry of Irrigation (MoI) 

• Offi cial representation from Department of Irrigation 

• Offi cial representation from Department of Water Induced Disaster and Prevention 
(DWIDP) 

• Offi cial representation from  IWMI-Nepal 

• Offi cial representation from INPIM-Nepal

• Offi cial representation from Auditor General 

• Consultants of DoI

• Seminar Management Committee

List of Participant is attached in Annex 2. 
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2. Proceeding 

2.1.  Registration and Opening session 

The seminar was formally inaugurated by Chief guest Mr. Mahendra Prasad Yadav, 
Honorable Minister, Ministry of Irrigation (MoI) on 13th July, 2012 at Sidhartha Cottage, 
Dhobighat, Lalitpur. Mrs. Bindra Hada Bhattarai, Secretary, MoI; Er. Prakash Poudel, 
DG, DWIDP; Mr. Pramod Sharma, ED, GWDB; Er. Pabitra Gurung, IWMI/Nepal and Er. 
Basudev Lohanee, INPIM/Nepal were the special guests. Er. Khom Raj Dahal, Director 
General, DOI chaired the opening session and Er. Basudev Timilsina, SDE, DOI was the 
Master of Ceremony. 

Mr. Uttam Raj Timilsina welcoming participants and paper presenters briefl y highlighted 
the theme of the Workshop. He said that undeniable threat to feed exponentially growing 
population compels everybody to think issues of food security. He added, with limited 
land resources, the only way to address the issues is by agricultural intensifi cation and 
increasing productivity. Thus the theme of seminar emerges from the growing issues of 
food security in country. He highlighted the collaboration with INPIM/Nepal and IWMI/
Nepal will synergize the common objective of the organizations in the fi eld of irrigation 
Development. 

Er. Basudev Lohanee, SDE, DOI in brief presented the design and content of the Seminar. 
Er. Lohanee, representing INPIM also said that INPIM always supports and works for the 
development of the increasing production and productivity through participatory irrigation 
management. He added, through collaborating with DOI in this seminar, INPIM shows its 
solidarity towards the irrigation development. 

IWMI Representative, Mr. Pabitra Gurung said, IWMI/Nepal is hopeful that this coalition 
in National Irrigation Seminar will be fruitful in assessing the burning issues of food 
security in Global and National context. He added that IWMI/Nepal is committed on the 
development of water resources in the country and the collaboration will continue on 
common objectives. 

Mr. Prakash Poudel, DG, DWIDP welcoming all the participants said that this is the 
opportunity for all the decision makers to think about the opportunities and hindrances 
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in irrigation development. Wishing the success of the seminar, he encourage for active 
participation.  

Next Speaker, Mr. Pramod Sharma, ED,GWDB said that fulfi lling irrigation demand is the 
major challenge for all and this kind of workshop will do the assessment of prospects of 
irrigation development.  He added that the conjunctive use of water resources is imperative 
to fulfi ll the aim of year round irrigation. 

Mrs. Brindra Hada Bhattarai, Secretary, MOI said that food security and irrigation is 
inseparable issues in our country where more than 60 % of people still depend on agriculture 
for their living. Increasing population has pressurized to produce more grain in limited 
land resources, thus it has now become important to think about agricultural intensifi cation 
for increasing production and productivity. She said that this workshop will aim to assess 
issues effectively and fruitfully. 

Chief Guest, Hon. Minister, Mr. Mahendra Prasad Yadav, expressed that the alarming need 
to address food security for growing population cannot be overlooked. He casted light upon 
the importance of such seminar to draw useful solutions to improve the adverse situations. 
He wishing the success of the workshop encouraged participants for the fruitful outcomes 
of the seminar. 

The opening session was closed by the Chairperson, Er.Khom Raj Dahal, DG, DoI. He said 
the encouragement and direction has been provided by the chief guest and special guests of 
the seminar and added that the discussion and brainstorming will lead to right track towards 
generating future roadmap of DOI. He highlighted that the need of addressing the issues 
of food security in country. Similarly, he emphasized on giving high priority to the micro 
irrigation to address marginal land and generation of rural employment for marginalized 
population so that the subsistence agriculture can be transformed into commercial one. 

2.2.  Session I: Policy and Strategy- Irrigation

This session was chaired by Er. Kamal Prasad Regmi; Joint secretary, Ministry of Irrigation 
and rapporteur for this session was Er. Min Raj Dhakal, SDE, DoI. Four Papers were 
presented in this session, which were focused mainly on Policy and strategy on Irrigation. 
The fi rst paper highlighted on the Improvement of irrigation sector for the Agriculture  
development of the country while the second paper highlighted the requirements of the 
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Self sustainable Water User's Association for the sustainable Irrigation Management. The 
third paper was focused on the Land Use trend in Upper Gagna Basin. Likewise the fourth 
paper highlighted the impacts of climate change on the availability of Surface water in the 
Koshi River basin.

2.2.1. Irrigation in Agricultural Development Strategy up to 2030 

Dr. Er. Indra Lal Kalu, Irrigation Expert, presented the fi rst paper of Session paper on  
roadmap for Irrigated agriculture and water resources (IAWR) prepared for Agriculture 
Development Strategy (ADS) . Dr. Kalu highlighted on the status of irrigation development 
in the country and described the core problem of agriculture development identifi ed by 
the stakeholders of the four districts: Nuwakot, Kaski, Rupandehi and Kailali. Dr. Kalu 
described  the policy,  institutional , technical and fi nancial gap responsible for agriculture 
development as: Policy gap linked as Lack of adequate irrigation legislation, Separate WUA 
Act or incorporating needs in the Irrigation Act; Institutional Gaps as Improve institutional 
framework for groundwater development, Need for a stronger institutional basis for 
irrigation system management, Empower Water and Energy Commission Secretariat; 
Technical gap-Weak agric extension service, Lack of quality input availability; Financial 
gap-Underfunding of maintenance, Limited collection of ISF by WUAs, Limited budgetary 
allocation to irrigation agencies. He also described about the negative and positive trends 
with and without ADS.

Dr. Kalu highlighted the vision of the proposed Agriculture Development Strategy as: 
“A more productive, commercial and sustainable irrigated agricultural sector, with well-
planned and managed water resources, contributing to increased food and nutrition security 
and higher rural incomes”.

He also focused on the three   key components of strategy as: Expand irrigable area by 
most economic and equitable means, Increase irrigation effi ciency and intensity, Improve 
irrigation management. Dr. Kalu described the different roadmaps included in the proposed 
Agriculture Development Strategy to make the proposed ADS successful. Among them 
are: IAWR roadmap, Investment roadmap, general program road map and policy and 
institutional setup road map. He suggested different objectives of the roadmaps and 
emphasized to follow the road map for the agricultural development of the country.
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2.2.2. Concept and Approach of Self-sustainable Water user's Association (WUA)

Mr. Chetman Budthapa, Senior Sociologist of DoI, presented his paper on Concept and 
Approach of Self Sustained Water Use’s Association in the Context of Participatory 
Irrigation Management In Nepal, following the fi rst paper.

First of all, Mr. Budthapa defi ned the self-sustainability and self-sustained WUA as: Own 
decision, own resources collection and mobilization, own problem/confl ict resolution, 
Service provide to the members , Rules and regulation formulation,  Members grievance 
handling,  Required Physical, Financial, Social  and Human capital generation and 
mobilization. Then, he highlighted the roles and responsibility of the WUA envisaged by 
Water Resources Act (2049), Water Resources Regulation (2050), Irrigation Regulation 
(2056), and irrigation Policy (2060). Mr. Budthapa also described about the relationship 
between self-sustained WUA and participatory Irrigation Management (PIM) and ongoing 
activities of Self-sustained WUA.

To add more, Mr. Budthapa highlighted the Prof. Elinor Ostrom’s eight principles for 
sustainable WUA as: Clearly defi ned boundaries, Each member’ benefi t and contribution 
must be balance, Monitoring and accountability, Violators of rules have to receive gradual 
penalties, Confl ict resolution mechanism, Autonomy to devise their own organization and 
Rules, Rules can be modifi ed by the collective decision of members, Decentralization of 
functions and decisions within the organization.

Mr. Budthapa told that there are three sub-systems in Irrigation system: Physical 
infrastructure, Agriculture Infrastructure, Social Infrastructure. He explained the four pillars 
for the management of a sustainable irrigation system as: technical, Institutional, fi nancial 
and social & environmental and suggested the activities for each type of sustainability.

Mr. Budthapa concluded his opinion focusing on that Sustainable irrigation management 
is only possible if there is self sustain WUA and fi nally, describing the  water speech given 
by Mr. Mikhail Gorbachev.

2.2.3. Modeling land use trends in Upper Ganga Basin (UGB), India: Past, Present 
and Future

Ms. Pratibha Sapkota, International Water Management Institute (IWMI), Nepal, gave a 
presentation on Land use trend and water management in Upper Ganga Basin based on her 



— 17 —

model study. UGB has catchment area of 87000 km2 and has six sub-basins. Ms. Sapkota 
considered the water balance in the basin as: Water supply: Precipitation (1990-2005), 
Groundwater, River fl ow and Water Demands: Domestic, Industrial, Agricultural and use 
the Water Evaluation and Planning (WEAP) model to evaluate the unmet demand of the 
basin considering the Environmental fl ow (EF) as well as climate change scenario.

She highlighted the three scenario of her assumption as: Scenario with 10% reduction in 
water use for agriculture, Scenario with 40% reduction in water intensive crops, Scenario 
with 20% reduction in transmission loss to meet the water demand and unmet demand in 
the basin.

In the conclusion, Ms. Sapkota pointed out that Unmet demands occurred during winter 
months of December, January and February under CC projected data, Adding EF also 
increased unmet demands and planting less water intensive crops and reducing water use 
are effective measures to reduce unmet demands.

2.2.4. Assessment of climate change impact on surface water availability in Koshi 
river basin

The last presenter of this session was Mr. Pabitra Gurung, a Research Offi cer of IWMI, 
Nepal. He Highlighted that the main objective of his study is to quantify the surface water 
availability at the sub-basins of Koshi river using physically distributed hydrological model 
and then to assess the impact of climate change on water availability in future. 

Mr. Gurung described about the basin characteristics of koshi Basin and its sub-basins. 
Further he told that he has been using spatial data and Time Series Data as Input to in his 
model SWAT and also considered climate change data. He has considered three variables 
in his model as: Rainfall, Temperature (Max & Min), Solar Radiation.

Mr. Gurung calibrated and validated his model to change the Flow Volume in the Koshi 
Basin in Pre-monsoon, monsoon and Post-monsoon season.

Finally, he highlighted with conclusion that Annual simulated result shows that very 
small changes in fl ow volume under future climate projection, Seasonal simulated result 
shows that highest fl ow reduction will occur in pre-monsoon (12% to 16%) and highest 
fl ow increase will occur in post-monsoon (7% to 25%), In general, sub-basin wise fl ow is 
decreasing in the period of 2030s and slightly increasing in 2050s whereas sub-basin wise 
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fl ow is increasing in both periods. However, due to disagreement among the projected 
climate under future climate change scenarios, there is still high level of uncertainty in the 
projected fl ow availability.

2.2.5. Discussion session

After presentations, the chairperson opened the fl oor for discussion and comments. 
Superintendent  Engineer Mr. Mahajan Yadav raised the issue about tail race water which 
can be utilized for irrigation by pumping. He suggested that ADS must emphasize for the 
consumptive use of water. He commented that top down planning and budget fl ow on new 
projects or some branch of the existing projects  are  the main causes of failure of projects. 
So, DoI should change this policy. Er. Yadav also suggested for the study of upstream- 
downstream relations of Ganga Basin.

Similarly, S.D.E. Ashish Bhadra Khanal raised the query about the establishment of new 
"Department of Water Management".

Project Director of Bheri Babai Diversion Multipurpose Project, Er. Madhav Belbase 
commented that round the year irrigation area is higher than as presented by Er. Kalu. He 
also commented that there is no investment plan in Proposed ADS. He suggested that ADS 
most focus on the reservoir type multipurpose projects in future due to temporal and spatial 
variation of fl ow of the country. He put a query that what is the base value to measure the 
increases in effi ciency?

In response to the raised issues, Dr. Kalu thanked for suggestion and assured to address 
the issues in the proposed ADS. He also requested more comments so that the ADS can 
be made very realistic and useful. Likewise Ms. Sapkota and Mr. Gurung clarifi ed that 
accuracy of the results depend on the availability of enough data. 

2.3. Technical session II: Innovative Irrigation

This session was chaired by Er. Sushil Chandra Tiwari, Joint secretary of MoI and rapporteur 
was Er. Sarita Dawadi, SDE CIDD-6. Three papers ware presented in the session. 1st paper 
highlighted on pond Irrigation System: sustainable way to increase household income in 
hills of Nepal and 2nd paper elaborated the issues of adaptation and mitigation in Water and 
Agricultural sector with increasing climate change effects. Last paper was on utilization of 
waste water treatment for irrigation in Kathmandu Valley. 
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2.3.1. Pond irrigation system;  sustainable way to incase household income in hills of 
Nepal. 

Mr. Vinod Kumar Barai, Senior social development offi cer LILI was the presenter of this 
paper. Initially, Mr. Barai introduced LILI projects and their scope of works. He briefl y 
highlighted the different components of pond Irrigation System, ie. Physical component, 
social component and utilization component. Then he had discussed about the use plastic 
membrane in pond irrigation and he also analyzed the overall project cost of pond irrigation 
system.

Pond irrigation systems are almost new irrigation schemes which comprises intake at the 
water sources, pipe lines and pipes from intake site to near the pond sites, fl ow regulating 
chambers to distribute the water proportionately to different ponds, ponds 2-5 in number 
as per the need, one pond among 10-12 HHs and, water distribution post and garden pipe 
to carry the water from the pond to the individual farmers fi eld. Since the technology is 
simple, affordable and this works best in hilly areas because the fl ow of water from source 
to pond is gravity-fl ow and is conveyed by means of pipe.

2.3.2. Climate change: Adaptation and Mitigation in Water and Agricultural Sector 

Er. Ashish Bhadra Khanal, SDE, DoI was the presenter of this paper. Mr. Khanal started 
with causes of climate change and then the effects of carbon emission. He highlighted 
adaptation and mitigation strategies forward by IPCC in agricultural and water sector. 
He that emphasized on National Adaptation Program of Action (NAPA) and its policy in 
addressing the climate change issues. He also gave overview on Climate Resilient Planning, 
2011 and on Climate Public Expenditure and Institutional Review (CPEIR). 

2.3.3. Tradition, Practices and Potential of Wastewater Irrigation in Kathmandu 
Valley

Mr. Asutosh Kumar Shukla, Professor, Nepal Engineering College presented the fi nal 
paper of the session. He started with discussed of the traditional practices of using waste 
water for the agriculture where he highlighted the wastewater as a resources rather than 
environmental nuisance if handled properly. He added that people in Kathmandu valley 
have knowledge, systems and practices for resource recovery from solid and liquid wastes. 
He added the estimated area under waste water irrigation and agricultural productivity. He 
said the water quality of Hanumante River. He also discussed the water Quality Analysis 
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in Fanga Phuku and Gaa Phuku Network Systems in Khokana. He had pointed out that the 
electrical conductivity and focal coli form exceed the limit. Lastly, he emphasized the need 
of wastewater treatment before use in irrigation.  

2.3.4. Discussion session

Floor was opened for the comments and queries by the chairperson. Er. Shiv Kumar Sharma 
raised the issues of production using Bagmati River water and  added that the effective 
treatment procedure is need to be developed rather than direct use of waste water. 

Similarly, Er. Madhav Belbase queried about the success of pond irrigation and its extension 
programs. Er. Surendra Kumar Joshi asked about the possibility of geo membrane instead 
of  Plastic membrane. Similarly, Mr. Belbase suggested incorporating the effect of climate 
change on irrigation to Mr. Khanal on his paper.  

Finally chairperson thanking paper presenters said that all three papers were fruitful in 
irrigation development. He suggested that DOI should play major role in promoting the 
pond irrigation. He also said that pond irrigation can be useful in harvesting the rainfall 
in water scares areas. He summarizing the climate change issues said that it’s high time to 
assess the effect of climate change in our irrigation system and develop policy to address 
the issues and possible threats. He said, the ratio of generation of waste water is very high 
in valley and its management is equally diffi cult so he recommended studying further on 
the treatment of waste water and utilizing it in irrigation. Finally concluding the session, he 
thanked all for active participations. 

2.4. Technical Session III: Climate Change and Irrigation

This session was chaired by Er. Shiva Kumar Sharma, DDG, Department of Irrigation 
and rapporteur was Er. Hari Ram Shrestha, SDE, DoI. Four papers were presented in this 
session viz  Bheri Babai Diversion Multipurpose Project, Climate Change adaptation and 
mitigation in agriculture and water management sector, Effect of climate change on the 
groundwater utilization of Kathmandu Valley, and Global Food security and Irrigation 
coverage.
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2.4.1. Bheri Babai Diversion Multipurpose Project (BBDMP)

Er Madhav Belbase, Project Director of BBDMP has presented about the Bheri Babai 
Diversion Multipurpose Project. He initially explained about the contribution of agriculture 
in GDP of the country and therefore agriculture being the most prioritized sector. He 
informed that now the main focus is on the development of infrastructure for year round 
irrigation and necessity of water transfer from water surplus to water defi cit basin. He 
said that the main objective of BBDMP is to provide year round irrigation to 60,000 ha in 
Banke and Bardiya district and generate 48 MW of fi rm hydropower energy. There are two 
components: Component A consisting of Infrastructure development to expand command 
area and Component B consists of headworks, headrace tunnel and the powerhouse. He 
also informed that TBM is being used for the construction of tunnel. He also talked about 
the key problems/ challenges of the project. He mentioned that the right equipment, right 
people to run it, adequate funding and the positive attitude are the key to success of the 
project.

2.4.2. Climate change adaptation and mitigation in agriculture and water management

Mr. Krishna Raj Regmi,National Expert, FAO/Nepal  had presented the paper on the above 
topic. In the beginning he discussed about the causes of climate change and the impacts of 
climate change in irrigation. He said that this paper is based on the FAO/ UNDP research 
fi ndings. He discussed about the various techniques for rainfed stress condition like drought 
tolerant high yield varieties, locally adapted landraces and germplasm, multiple cropping 
system/ SALT technology, water effi cient rice crop management practices, water effi cient 
nurseries. Finally his recommendations were to develop program based on community 
needs/interests, short term, midterm and long-term actions for improving food security, 
awareness raising, capacity building activities, institutionalization of adaptation and 
mitigation practices and adopting a shift from reactive emergency approach to proactive 
preparedness approach.

2.4.3.  Effect of Climate change on the groundwater utilization of Kathmandu Valley

 Mr Sagar Kumar Rai, Director, Groundwater Irrigation Project-Chitawan was the presenter 
of the paper. He began with discussion on the geological succession and the hydrogeology 
of the Kathmandu valley, availability of groundwater and the present application of ground 
water in Kathmandu valley. He mentioned that 50 % of the population of Kathmandu is 
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dependent on groundwater. He said that there are about 500 Deep tubewells in Kathmandu 
valley and the status of groundwater balance overdrafting or mining. The negative 
consequences of overdrafting of groundwater are drying up of stone spouts, lowering of 
piezometric level, drying up of shallow aquifers, highly polluted shallow groundwater and 
effl uent behavior of river. He explained that increased exploitation of groundwater, land 
subsidence, poor people being adversely affected due to drying up of shallow aquifers and 
lack of irrigation due to effl uent behavior of rivers are some of the impacts of climate change. 
He also discussed about the various aspects of managing these problems. He emphasized 
on utilizing the spring water from hard rock in solving the problem of Kathmandu valley.

2.4.4.  Global Food Security and Irrigation Coverage

Er. Uttam Raj Timilsina, DDG, DOI has presented the paper on global food security and 
irrigation coverage. In the beginning he discussed about the global scenario of population, 
food security and irrigation coverage. He said that present global population of 7 billion is 
expected to increase to 9 billion in 2050 AD and to feed this population food production 
should increase globally by 70%. As the potential expansion of arable land is limited and 
therefore productivity increase of existing agriculture land with land and water management 
is a prerequisite for food security. Since the 55% of food production comes from only 20% 
of irrigated land and 45% of food production from rainfed land, and majority of world's 
poor live in rural area and depend on rainfed agriculture therefore there is a strong link 
between irrigation, poverty alleviation, food security and food right. He stated that the 
productivity improvement of irrigated areas with better water management, water use 
effi ciency and water productivity has better scope than the irrigated area expansion with 
higher cost requirement for new irrigation development. It is also realized that climate 
change/climate variability and uneven rainfall pattern has adverse effects on agriculture 
farming, dry season availability. The irrigation sector also suffered from varieties of 
problem including poor irrigation practices, weak institutional management and lack of 
capital resources etc. In the Nepalese context, he recommended to adopt participatory 
development approach, modernization of existing irrigation system for capacity 
improvement, effi ciency improvement. He emphasized that the national focus should be on 
narrowing the gap between irrigation potential creation and created potential utilization for 
sustainable irrigation service delivery.
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At the end of the session, the chair thanked all the presenter and participants and closed the 
session with his concluding remarks.

2.5. Closing Session 

The workshop concluded on the evening of the 13th july, 2012. Er. Khom Raj Dahal was the 
chairperson of the session and Mrs. Bindra Hada Bhattarai , Secretary was the chief guest 
of the session. IWMI/Nepal and INPIM/Nepal representative, Er. Pabitra Gurung and Er. 
Basudev Lohanee were the special guests of the session. 

Er. Kishor Kumar Bhattarai, SDE, DOI summarized the workshop and conveyed the vote 
of thanks to all paper presenters and participants for the active and fruitful participation. He 
highlighted the key points raised in the group discussion. 

Er. Pabitra Gurung thanked DOI for collaborating IWMI/Nepal in seminar and said that such 
collaboration strengthens the efforts to achieve the common goal on water management. He 
assured that IWMI/Nepal will always be eager to collaborate in future. 

INPIM/Nepal representative, Mr. Lohanee said that this seminar was successful in assessing 
the issues of food security through increasing production and productivity. He added that 
the seminar gave platform to express views and queries on opportunities and scope in 
addressing the burning issues. 

Mrs. Bindra Hada Bhattarai congratulated the DoI for successful organization of the 
program. She showed appreciation towards the efforts of organizing team and paper 
presenters to exercise on the national issues of climate change and food security. She 
added that similar program should be constantly organized and also emphasized on making 
necessary changes in the policy and strategies as according to the valuable conclusions 
made in the seminar and their timely implementation in the coming activities in the future. 

The chairperson, Er. Khom Raj Dahal appreciated the organizing committee for the 
successful program organization and thanked paper presenters for highlighting on the 
issues of food security and role of irrigation in addressing it. He also thanked participants 
for active participation and said that the workshop was successful in generating conclusion 
to address the objectives. 
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3. Conclusions and Recommendations 

The highlight of the sessions and the recommendations made during the discussions are 
presented in the following sections. 

3.1.  Highlights of the sessions 

Session I: Policy and Strategy- Irrigation 

• The main constraints facing the Irrigation sector in decreased production and 
productivity are  identifi ed as :

 Government Support Services for Irrigation: Limited capacity of national and 
local government to support irrigated agriculture.

 Irrigation System Operation & Management: Poor management and 
maintenance of irrigation systems by government and WUAs.

 Irrigated Agriculture:  Low productivity and profi tability of irrigated 
agriculture.

 Women in Irrigated Agriculture:  Discrimination against women in the village, 
district and irrigation system.

• The IAWR vision is suggested as “A more productive, commercial and sustainable 
irrigated agricultural sector, with well-planned and managed water resources, 
contributing to increased food and nutrition security and higher rural incomes”. 

• The vision anticipates that by 2030, the irrigated agriculture sector will have 
expanded in terms of production by 150% over 2011 levels (5%/year), reducing 
food insecurity by 75% (in terms of the number of food insecure households) and 
increasing household income for rural Nepalis by over 50% in real terms.  

• Three key components of the strategy can be identifi ed:

 Expand irrigable area by most economic and equitable means
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 Increase irrigation effi ciency and intensity 

 Improve irrigation management

• Self regulating, self governing, Self controlling, self Motivating, Self fi nancing , Self 
Supporting  and  Self  mobilizing  are the main thrust of Self Sustain WUA and thus 
achieve the goals of PIM.

• Four approaches for the capacity development of WUA:

 Institutional capacity Building Approach

 Technical capacity Building Approach 

 Financial Capacity Building Approach, and 

 Social and Environment  Capacity Building Approach

• Environmental fl ows (EF’s) are the fl ows required to maintain a river  in accepted 
ecological condition.

• Under the living Ganga program, coordinated by WWF-India, EF assessments were 
carried out under the current as well as future projected climate systems. 

• The Water Evaluation and Planning (WEAP) model was used to examine the impact 
of current cropping patterns on downstream fl ows and run various scenarios to assess 
basin-wide water use effi ciency in Upper Ganga Basin (UGB).

• Tentative results show that by changing cropping pattern, fl ows in downstream can 
be increased.  

• Quantifi cation of the surface water availability at the sub-basins of Koshi river using 
physically distributed hydrological model and then to assess the impact of climate 
change on water availability in future using Soil and Water Assessment Tool (SWAT) 
Model.

• Annual simulated result shows that very small changes in fl ow volume under future 
climate projection
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• Seasonal simulated result shows that highest fl ow reduction will occur in pre-
monsoon (12% to 16%) and highest fl ow increase will occur in post-monsoon (7% 
to 25%). 

Technical Session II:  Innovative Irrigation

• Pond irrigation system is benefi cial to increase the income and food security through 
increasing the access of sustainable irrigation facility for small and marginalized 
farmers in the hills. It is best option for bariland in uphill for planting cash crops 
where surface irrigation is not possible.

• According to monitoring survey of 10 pond farmer managed irrigation systems of six 
LILI working districts, the results shows that the pond irrigation system contributed 
signifi cantly to increase the cropping intensity upto 39%, change in cropping pattern 
by 23 times increasing the coverage of vegetable crops. 

• The past record has showed that the earth's mean temperature is gradually rising. 
This changing phenomenon has affected the nature in many ways such as cloud 
burst, fl ash fl ood, drought, cyclone etc. 

• Changing climatic conditions causing soil moisture reduction, thermal and water 
stress etc are putting the whole agricultural sector at serious risk.

• Least developed countries (LDCs) and small island developing states (SIDS) are 
likely to be most affected as they have least capacity to adapt and Nepal also comes 
under the same category.

• Tradition of resource recovery from solid and liquid wastes is rooted to agricultural 
based livelihood among traditional Newar community in Kathmandu valley as a 
resources’.

• Current practice of wastewater use for irrigation is unsafe, creating high health risk 
for irrigators and consumers of wastewater irrigated vegetables.

• Decentralized wastewater treatment, if integrated with irrigation use, could be 
effective solution to the promotion of safe use of wastewater.

• Future of agricultural water security in Kathmandu lies on our abilities of integrated 
management of wastewater and promotion of safe use of wastewater in agriculture. 
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Technical Session III: Climate Change and Irrigation

• A climate change adaptation and disaster risk management project was implemented 
during 2008 to 2011 sponsored jointly by FAO and UNDP.

• The climate change events such as increased intensity of erratic rains in short spells, 
trend of prolonged drought, gradual rise in temperature in the higher elevations and 
occurrence of cold and hot waves in Terai have led to fl ash fl oods, massive erosion 
in the hills particularly in Churia range and drying of water sources.

• About 65% of the cultivated land in Nepal is rainfed with drought-prone characteristics 
and stabilization of agricultural production and productivity thus adaptation and 
mitigation technologies and options identifi ed for soil erosion, fl ash fl oods and 
landslide control are on-farm watershed management, SALT technologies, agro-
forestry practices, agri-silvi-pastoral management, hedge-row contour planting, 
bio-engineering along slopes and river banks, plantation of multi-purpose trees and 
management of degraded waste land including sandy fl ood plains.

• Promotion of awareness raising and capacity development (technical and institutional) 
activities and networking on water-induced disaster and climate change risks such as 
training, visits and knowledge sharing workshops, dissemination of technical know-
how and technologies, conduct of FFS, development of extension materials and their 
displays need to be adopted.  

• 71 million liter groundwater is being utilized in the Kathmandu valley in each day.

• The annual recharge of groundwater is about 14.6 million cubic meters (40 MLD) 
and this much amount is very lesser than the recharge of groundwater. 

• There is over extraction (mining) of groundwater resources in the Kathmandu valley.

• Threat of Land subsidence in future in Kathmandu Valley. 

• By diverting and transferring 40 m3/s of water from a snow-fed Bheri river to 
water defi cit Babai River, Year round irrigation to 60,000 ha of land in Bardia and 
Banke Districts will be assured through Bheri Babai Diversion Multipurpose Project 
(BBDMP). 
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• Generate 48 MW of fi rm hydropower energy with about 150 m head available. 

• Tunnel Boring Machine (TBM) is to be used for excavation and also for lining the 
total 12 KM long BBDMP tunnel (4.2 m fi nished diameter). 

• The present world’s population of 7 billion is expected to increase to 9 billion by 
2050 A.D. with the addition of 2 billion; to feed this population food production 
should increase globally by 70%. 

• The potential expansion of arable land is limited therefore productivity increment 
of existing agricultural land with land and water management is a pre-requisite for 
food security. 

• About 45% of total food production comes from 80% rain-fed cropland whereas 
55% of food production comes from only 20% irrigated land. 

• The productivity improvement of irrigated areas with better water management, 
water use effi ciency and water productivity has better scope than irrigated areas 
expansion with higher cost requirement for new irrigation development.

• In context of Nepal, 

 Government  has to adopt participatory as well as partnership  development  
approaches

 Modernization of Existing Irrigation Systems

3.2. Recommendations:

The recommendations forwarded by the technical papers and on plenary discussion are 
enumerated below: 

• To meet the IAWR vision of increased food and nutrition security and higher rural 
incomes, the road map is developed in three sections: (i) Investment, covering 
substantial specifi c projects or investments often requiring support from donors, (ii) 
Program, mainly including aspects to be covered by the operating and capital budgets 
of agencies, and (iii) Policy and Institutional, including policy and institutional 
development needs.
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• Institutional capacity Building Approach, Technical capacity Building Approach, 
Financial Capacity Building Approach, and Social and Environment Capacity 
Building Approach can be adopted for developing self sustainable WUAs. 

• The impact of the climate change is becoming more visible; therefore, effective action 
must be taken to mitigate the effect of climate change.  With growing population, 
and ever increasing food demand a sustainable action would ensure food security for 
future in Ganga Basin.

• Pond Irrigation technology is simple, affordable and can bring signifi cant difference 
in the livelihood of small farmers especially in hilly areas, local government bodies 
has shown interest to adapt pond technology.

• To upscale, this technology should be incorporated in governments’ plan and policy. 
Trainings related to technology should be provided to concerned stakeholders 
(Government, local service providers, community and private sectors and funding 
agencies).

• Poor farmers also often lacked confi dence to adopt new technologies even though 
they can afford such technologies. In such cases, ensuring irrigation through easy 
and cheap technology like Treadle pump can act as entry point activity for poor 
farmers for their food and livelihood security.

• The effect of climate change can be abated in Nepal by following the adaptation and 
mitigation measures that are recommended by IPCC, NAPA, climate change policy 
and climate resilient planning of Nepal. DoI also needs to entail climate change 
adaptation and mitigation measures in its annual program addressing the critical 
issues in water and agriculture.

• Up-scaling, replication and adoption of innovative adaptation options, practices 
and technologies and integrating coordination, linkage and networking among 
multi-disciplinary stakeholders is also imperative to address climate change effect, 
adaptation and mitigation. 

• The groundwater resources of the valley should be managed all technically, socially, 
institutionally, politically and legally.
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3.3. Identifi ed themes for the next workshop/Seminar 

Some of the themes identifi ed for the next workshop/Seminar are: 

• Paradigm shift in irrigation management 

• Economics of Irrigation Management 

• Year Round Irrigation 

• Irrigation Modernization 

• Participatory Irrigation Management

• Climate change effect on irrigation 
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Annexes 

Annex – 1 
Program Schedule 
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Na  onal Irriga  on Seminar 2012
“Irriga  on: Climate Change and Food Security”

Program Schedule
Venue: Siddartha Co  age, Dhobighat, Lalitpur
Date: 2069.03.29 Master of Ceremony:  Mr. Basudev Timilsina

08:30-09.30                                  Registra  on of Par  cipants and Breakfast 

Inaugural Ceremony

Chairperson: Mr. Khom Raj Dahal, DG, DOI

Chief Guest:  Hon. Minister Mahendra Prasad Yadav, MOI

Special Guest: Mrs. Bindra Hada Bha  arai, Secretary, MOI

Special Guest: Mr. Pramod Sharma, ED, GWDB

Special Guest: Mr. Prakash Paudel, DG,DWIDP

Special Guest: Ram Prasad Meheta, President, NFIWUAN

Special Guest: IWMI Representa  ve 

Special Guest: INPIM Representa  ve

Seminar Coordinator: Mr. U  am Raj Timilsina, DDG,DOI

09:30-09:40 Welcome Address Mr. U  am Raj Timilsina, DDG, DOI

09:40-09:45 Introduc  on to the seminar design 
and content

Mr. Basudev Lohanee, SDE, DOI 

09:45-09:50 Few words from Special guest INPIM Representa  ve

09:50-09:55 Few words from Special guest IWMI Representa  ve

09:55-10:00 Few words from Special guest Ram Prasad Meheta, President, 
NFIWUAN

10:00-10:05 Few words from Special guest Mr. Prakash Paudel, DG,DWIDP

10:05-10:10 Few words from Special guest Mr. Pramod Sharma,ED, GWDB

10:10-10:20 Few words from Special guest Mrs Bindra Hada Bha  arai, Secretary, 
MOI

10:20-10:30 Few words from Chief guest Hon. Minister Mahendra Prasad 
Yadav, MOI

10:30-10:40 Closing of Inaugural ceremony with  
few words from Chairperson

Mr.  Khom Raj Dahal, DG, DOI

Tea Break 10:40-11:00  

Technical Session I   (Policy and Strategy-Irriga  on)

Chairperson:    Mr.  Kamal Regmi, Joint Secretary, MOI
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Rapporteur: Mr. Min Raj Dhakal, SDE, DOI

Time Ac  vi  es Resource 
Persons

11:00- 11:20 Irriga  on in Agricultural Development Strategy upto 2030 Mr. Indra Lal Kalu

11:20- 11:40 Concept and Approach of self sustainable Water User’s 
Associa  on 

Mr. Chetman 
Budthapa

11:40-12:00 Modeling land use trends in Upper Ganga Basin, India: 
Past, Present and Future

Ms. Pra  bha 
Sapkota

Ms. Luna Bhara  
12:00-12:20 Assessment of climate change, impact on surface water 

availability in Koshi river basin
Mr. Pabitra 
Gurung

12:20-12:35 Discussion on the session

12:35-12:45 Concluding remarks from the chairperson

Lunch Break 12:45-13:45

Technical Session II (Innova  ve Irriga  on)

Chairperson: Mr. Sushil Chandra Tiwari, Joint Secretary, MOI

Rapporteur: Mrs. Sarita Dawadi, SDE, CIDD-6

Time Ac  vi  es Resource Persons

13:45- 14:05 Pond Irriga  on system; a sustainable way to increase 
household income in hills of Nepal

Mr. Binod Kumar 
Barai

14:05- 14:25 From Treadle pumps to Electric pumps: Story of 
Gradua  ng farmers from the Terai Region of Nepal

Mr. Prakash Kafl e

14:25-14:45 U  liza  on of Waste water treatment for irriga  on in 
Kathmandu Valley

Mr. Ashutosh 
Kumar Shukla

14:45-15:00 Discussion on Session 

15:00-15:10 Concluding remarks from the chairperson

Break 15:10-15:25
Technical Session III (Climate Change and Irriga  on)

Chairperson:   Mr. Shiva Kumar Sharma, DDG, DOI

Rapporteur: Mr. Hariram Shrestha, SDE, DOI

Time Ac  vi  es Resource Persons

15:25- 15:45 Climate Change: Adapta  on and Mi  ga  on in Water and 
Agricultural Sector

Mr. Ashish Bhadra 
Khanal

15:45- 16:05 Climate Change adapta  on and mi  ga  on in Agriculture 
and Water management sector

Mr. Krishna Raj 
Regmi
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16:05-16:25 Eff ect of Climate Change on the groundwater u  liza  on 
of Kathmandu Valley 

Mr. Sagar Kumar 
Rai 

16:25-16:40 Discussion on Session 

16:40-16:50 Concluding remarks from the chairperson

Tea Break 16:50-17:10

Closing Session (17: 10-18:00)

Chairperson:  Mr. Khom Raj Dahal, DG,DOI

Chief Guest :  Mrs. Bindra Hada Bha  arai, Secretary,MOI

Special Guest : IWMI Representa  ve

Special Guest :  INPIM President

17:10-17:30 Conclusion remarks of the seminar and Vote of 
Thanks

Mr. U  am Raj Timilsina, 
DDG, DOI /Mr. Kishor 
Kumar Bha  arai, SDE, DOI

17:30-17:35 Few words from  special guest INPIM  Representa  ve

17:35-17:40 Few words from  special guest IWMI Representa  ve 

17:40-17:50 Few words from  Chief  guest Mrs. Bindra Hada 
Bha  arai, Secretary,MOI

17:50-18:00 Seminar closing from Chairperson Mr. Khom Raj Dahal, 
DG,DOI

Dinner 18:00 onwards 
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List of Participants 
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Irrigation in the Agriculture Development Strategy to 20301

Mr. Indra Lal Kalu
Irrigation specialist, ADS

Abstract

This paper presents the roadmap for Irrigated agriculture and water resources (IAWR) 
prepared for Agriculture Development Strategy.  Here assessment of Irrigation sector 
status, constraints and solutions was made through stakeholder consultation.  The 
strategies to address the need were developed as:  Expand irrigable area by the most 
economic and equitable means, Increase irrigation effi ciency and intensity and Improve 
irrigation management. Then accordingly the road map has been prepared describing 
activities categorizing the road maps into investment road maps, general program road 
map and policy and institutional road map.

This paper is presented to seek comments and suggestions.    

Introduction

Need of Irrigation has been realized since the past and has become more essential now 
for the commercial agriculture aggravated due to climate change.  The statistics currently 
available on the sector are limited, with a total irrigable area estimated at around 1.28 
million ha, of which around 1 million ha are irrigated in the monsoon season and around 
300,000 and 150,000 ha in winter and spring respectively.  Most irrigation continues to be 
supplementary, though irrigation is highly desirable for monsoon crop production in dry 
years in many areas.

The main constraints facing the Irrigation sector identifi ed in four regional stakeholder 
consultations (Nuwakot, Pokhara, Butwal and Dhangadhi) and identifi ed core problems 
are:

• Government Support Services for Irrigation: Limited capacity of national and 
local government to support irrigated agriculture.

• Irrigation System Operation & Management: Poor management and 
maintenance of irrigation systems by government and WUAs.

• Irrigated Agriculture:  Low productivity and profi tability of irrigated agriculture.

1 Th is paper is summary of “IRRIGATED AGRICULTURE VISION, STRATEGIES & ROADMAP (FINAL DRAFT)” Prepared by Jon 

Cook, Indra Lal Kalu & Deepak Lochan Adhikari and is presented to seek suggestions and comments. 
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• Women in Irrigated Agriculture:  Discrimination against women in the village, 
district and irrigation system.

Policy and institutional gaps or needs 

Policy

• Lack of adequate irrigation legislation
• Need of developing a separate WUA Act or incorporating needs in the Irrigation 

Act
• Lack of a non-conventional irrigation policy
• Need to introduce IWRM

Ins  tu  onal

• Empower Water and Energy Commission Secretariat
• Improve institutional framework for groundwater development
• Need for a stronger institutional basis for irrigation system management 
• WUAs unable to assume full responsibility for medium to large system management 

Technical

• Weak extension service
• Lack of quality input availability

Financial

• Underfunding of maintenance
• Limited collection of ISF by WUAs
• Limited budgetary allocation to irrigation agencies

Trends with/without ADS.

Positive trends without ADS

• Increasing high value crop production.  

• Potential irrigation area will expand slowly 

• NCI Development is expected to continue slowly by government, NGO and private 
Improving communications and market information

Negative trends without ADS

• Ongoing deterioration of irrigation systems 
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• NCI systems may not function fully. Limited development of commercial pockets.
• Groundwater development willl lag due to a lack of commercial agricultural 

development.  
• Increasing dependency of irrigation farmers
• Limited ISF collection
• Lack of effective operation of many WUAs 
• Water resources are becoming scarcer 
• Changes in river bed characteristics will adversely affect irrigation
• Continuing migration to the cities is reducing and changing the farm labor force
• Loss of irrigated land to urban development

Trends with ADS

• Improved application of participatory irrigation management
• Re-establishment of user pays through ISF collection 
• Rapid non-conventional irrigation/multiple use system expansion 
• Move towards system of rice intensifi cation, wet and dry and aerobic rice
• Commercializing of agriculture
• Improved seasonal water distribution

Vision

The IAWR vision necessarily contributes to the overall ADS vision and is suggested as: 
“A more productive, commercial and sustainable irrigated agricultural sector, with well-
planned and managed water resources, contributing to increased food and nutrition 
security and higher rural incomes”. 

The vision anticipates that by 2030, the irrigated agriculture sector will have expanded in 
terms of production by 150% over 2011 levels (5%/year), reducing food insecurity by 75% 
(in terms of the number of food insecure households) and increasing household income for 
rural Nepalis by over 50% in real terms.  This will be achieved mainly by:

• At least 75% of irrigated areas in the hills and valleys will be capable of supporting 
at least 2 crops per year

• 90% of irrigable land in the Terai, will be able to support at least 2 crops per year, 
from surface, groundwater or conjunctive use

• Water availability increased in lower valleys and the Terai by inter-basin transfer 

• Irrigation in the Terai will expand to cover at least 90% of the available area through 
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groundwater development and surface water schemes whichever is feasible and 
cost effective in a given area.

• By 2030, an additional 70,000 ha of cultivated land will be irrigated by non-
conventional irrigation, benefi ting at least 450,000 farmers 

• Irrigation system effi ciency to exceed 40% for large schemes, 45% for medium and 
50% for small

• Water user associations will be running all medium and small irrigation systems, 
and (at least) participating in the management of large systems

Policy Option 

The targets can be achieved by a number of pathways.  In many cases, clear options exist – 
whether to rehabilitate tubewells or build new, whether to expand irrigation in the Terai with 
tubewell or surface irrigation, whether to increase year-round supplies to Terai irrigation 
with inter-basin transfer or high dam construction, whether to establish a new Irrigation 
Management Department.  Many preferred options are self-evident, due for example to 
the low cost per hectare of shallow tubewell (STW) development compared to surface 
irrigation.  

The roadmap/action plan fully follows the proposed strategy matrix.  Overall, three key 
components of the strategy can be identifi ed:

1. Expand irrigable area by the most economic and equitable means

2. Increase irrigation effi ciency and intensity 

3. Improve irrigation management

IAWR  Roadmap

This proposes a draft roadmap to give effect to the policies, strategies and activities.  Policy 
needs, projects and programs are described together with indicative timing and costing.  
Each of the agencies involved in the strategy matrix should review the recommendations 
and give detailed consideration to the activities and programs suggested.  

1. The roadmap is developed in three sections: (i) Investment, covering substantial 
specifi c projects or investments often requiring support from donors, (ii) Program, 
mainly including aspects to be covered by the operating and capital budgets of agencies, 
and (iii) Policy and Institutional, including policy and institutional development 
needs.

2. Under the investment roadmap, there are two major outcomes (numbers 1 to 2) and 
four main projects/programs: (i) completion of already commenced surface schemes, 
(ii) development of non-conventional irrigation, particularly in the hills, but also in 
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appropriate areas of the Terai, (iii) completion of STW development in all suitable 
areas of the Terai, and (iv) inter-basin transfer systems to provide additional water to 
water-poor valleys, allow increased irrigation intensity and generate electricity.  

Investment Roadmap

Objective 1: Already commenced surface scheme development projects completed by 
2020

Proposed Strategies/
Ac  vi  es

Outputs

New 
irrigable 

area (ha)

Indica  ve

Cost 

($ mil)

Agencies
Start

year

End

Year
Descrip  on/Comment

1.1 Ongoing surface 
irriga  on 
developments 
completed

Including only major 
(>5000 ha) schemes.

1. Rani, Jamara, Kulariya 
Irriga  on System 9,400 120

GON/

World Bank
2010/11 2014/15 1st phase by 2015

2. Babai Irriga  on Project 5,000 41 GON 1988/89 2016/17
This will integrate with 
the Bheri Babai IBT 
project

3. Bagma   Irriga  on 
Project 12,000 28 GON/Saudi 

fund 1988/89 2013/14

4. Mahakali Irriga  on 
Project Stage 3 33,500 113 GON/Donor 2006/07 2019/20 Resump  on program 

now making progress

5. Sikta Irriga  on project 36,000 169 GON 2002/03 2018/19 To be completed with 
GON

6. Dang 10,000 50 GON Cost est Rs450k/ha, 
diffi  cult terrain

Total 105,900 521

Objective 2: Irrigable area expanded

At least 75% of irrigable areas in the hills and valleys capable of suppor  ng cropping 
intensity of at least 200%

Irrigation in the Terai expanded to cover at least 90% of the available area through 
groundwater development and/or surface water schemes whichever is feasible.  Of this 
area 90%, will be able to support at least 2 crops per year
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Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

Cost 

Agencies Start

year

End

Year

Descrip  on/Comment

2.1  Develop NCI in 
Hills and Terai

Including construc  on of 
small scale li   irriga  on 
schemes nearby 
perennial rivers and 
treadle pump system 
development.  Farmers 
would need to be 
organized in groups if 
seeking support

1.1.1 D e l i n e a t e 
areas (survey of 
districts)

Survey of 75 
districts

$250,000

see Annex 2

DOLIDAR/DDCs

DADO/DOA/ DOI 
Donors/NGOs

2012 2013 The survey is suggested 
to be undertaken with 
assistance from a 
bilateral donor.  It will 
include areas suited to 
gravity and small pump 
irriga  on including 
treadle

WRPPF will update the 
Irriga  on Master Plan 
and prepare inventory

1.1.2 A p p r o v e 
funding including 
donor

D e s i g n e d 
projects

No cost NITP/DOI/MOF 
DOLIDAR/DDCs 
NGOs/Donors

2013 2030> DOI/DOLIDAR to discuss 
with MOF poten  al for 
GON funding.

Donors/NGOs to assess 
poten  al investment

1.1.3 Defi ne and 
implement projects

4000 ha/ year

70,000 ha 
total

$1500/ha in 
fi eld + source 
development

$3000/ha

DOLIDAR NITP/
D O I / N G O s 
Donors/Private 
sector

2013 2030> The high cost of this 
program (es  mated 
at $18 million/ year) 
will likely limit rapid 
implementa  on in the 
early years.  The cost 
of around $400 million 
over the ADS period may 
be compared to a cost 
exceeding $1 billion for 
a main river high dam. 
Though high, the returns 
are also high o  en with 
a pay-back period of less 
than 2 years (Assessment 
Report Table A5.6))

Program will include NGO 
projects and investments 
by private farmers and 
groups

2.2 D e v e l o p 
new surface irriga  on 

New systems should 
only be considered on 
perennial rivers, where 
cropping intensity can 
exceed 200% 
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Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

Cost 

Agencies Start

year

End

Year

Descrip  on/Comment

2.2.1 D e l i n e a t e 
areas

Survey  by DOI 
offi  ces

no cost DOI 2013 2013 Regional and district 
irriga  on offi  ces 
requested to iden  fy 
poten  al new gravity or 
li   irriga  on systems in 
their areas.  

2.2.2 Defi ne and 
implement projects

1000 ha/y $ 5 0 0 0 / h a 
average

DOI, bilateral 
donors

2014 2030 Systems in the Hills 
normally more expensive 
than Terai.  High cost 
means that high cropping 
intensity will be required 
for schemes to be 
economic

2.3 C o n s t r u c t 
new shallow tubewells

2.3.1 D e l i n e a t e 
and publicize area 
for new STWs and 
conjunc  ve use

Survey $50,000 GWRDB or 
s u c c e s s o r 
ins  tu  on/DOI

2013 2013 Terai districts

2.3.2 S e e k 
expressions of interest

n/a Farm groups 2014> Costs of this program will 
be covered by normal 
GWRDB (or successor 
organiza  on budget)

2.3.3 Implement 
program

150,000 ha $30 mil DOI/Donors 2014>

2.4 Defi ne IMT 
project

2.4.1 D e f i n e 
schemes with capacity 
for IMT 

Survey R e g i o n a l 
I r r i g a t i o n 
Divisions, 

I r r i g a t i o n 
D e v e l o p m e n t 
Division

2013 2013 Demonstrated ability to 
manage lower canals, 
collect reasonable levels 
of ISF.  

WUAs should be running 
all medium and small 
irriga  on systems by 
2020

ADB’s Water Resources 
Project Prepara  on 
Facility project is 
expected to design IMT 
project

Some surveys already 
completed

2.4.2 C o n d u c t 
studies of rehabilit-
a  on requirements for 
suitable schemes

Survey

P r o g r a m 
defi ned and 
implemented

DOI IMT should only be 
considered for systems 
which have adequate 
infrastructure

Consider IMT before 
system upgrading so that 
WUAs are fully involved 
in the design of rehab 
program
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Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

Cost 

Agencies Start

year

End

Year

Descrip  on/Comment

2.4.3  P i l o t 
f a r m e r - o w n e d 
irriga  on management 
c o m p a n i e s / 
c o o p e r a t i v e s .  
Undertake pilot 
program to introduce 
f a r m e r - o w n e d 
irriga  on management 
companies (on perhaps 
2 schemes of 5000 to 
10,000 ha)

DOI, donor 2015 2019

During the design 
process for the proposed 
IMT project, detailed 
evalua  on of the 
technical, management 
and legal aspects of 
company establishment 
and opera  on will be 
necessary.  

2.4.4 I r r i g a t i o n 
Management Transfer 
Design and implement 
a project for full IMT 
on medium to large 
systems, 

Survey

IMT project 
defi ned and 
implemented

$40 million

To discuss 
with DOI

See IWRMP

IMD 2014 2019 PPTA to be undertaken 
in 2013

Schemes to be selected 
on the basis of demand 
and poten  al, involving 
WUA management.  

Where budget is 
provided to rehabilitate 
schemes, encour-age 
and support WUAs to 
take full management 
responsibility

P o s s i b l e 
f o l l o w - o n 
project

$50 million 2020 2026 A follow-on project to 
complete IMT on AMIS 
will be required

2.5 I n t e r - b a s i n 
transfer schemes

2.5.1 Review East 
West water transfer 
project 

Report n/a, in-house DOI 2012 2015 To assess feasibility 
and (if feasible) ensure 
compa  bility with other 
IBT and dam schemes

2.5.2 C o m p l e t e 
designs of 7 IBT systems

In-house n/a DOI/DOED 2012 2013 An implementa  on 
mechanism involving 
both DOI and DOED will 
need to be designed.

2.5.3 O r g a n i z e 
funding for viable 
schemes

D O I / D O E D / 
donors

2013 2020 It is not expected 
that mul  lateral 
agency fi nance will be 
forthcoming for IBT, 
though some aspects 
such as safe-guards 
may be funded.  Indian 
government or private 
capital is likely to be 
required, repaid by 
electricity sale

2.5.4 C o n s t r u c t 
schemes

$700 million 
per scheme

DOI/DOED 2014 2025 Bheri Babai cost of 
tunnel and hydropower 
$200 million

Irriga  on development 
est $110 million
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General Program Roadmap

A number of the required developments, relating for example to increases in system 
effi ciency in hills and Terai, upgrading of damaged schemes, and institutional reorganization 
can be considered as program items, to be undertaken under normal annual budget.  Some 
aspects may be included in specifi c donor funded projects, but it is diffi cult to defi ne which 
at this stage.  The General Program Roadmap has three major outcomes (numbers 3 to 5).

Objective 3:  Damaged irrigation systems repaired

Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

cost 

Agencies Start

year

End

year

Descrip  on/comment

3.1 Damaged surface 
schemes in 

 Hills and Terai 
repaired

There is need to defi ne the 
extent of damage to schemes to 
be supported.  Maybe less than 
50% irrigable of design command 
area due to intake or canal 
problems

3.1.1 Prepare inventory Inventory n/a DOI, DFIWUA 2013 2014 IDD/IMD should be able to 
defi ne needs on AMIS.  On AAIS, 
inventory of needs could be 
taken in associa  on with WUA 
registra  on process

To be covered by WRPPF

3.1.2 Seek expressions 
of interest

List of 
projects

n/a WUAs 2013> An ongoing system should be 
developed, resul  ng in a register 
of systems requiring repair, 
updated regularly.

3.1.3 Defi ne program.  
approve funding 
and implement

Est 
4000ha/y

$1000/ha DOI/DOLIDAR 2014> WUA should contribute at least 
10-15 % total budget.

3.2 Damaged shallow 
and deep tubewells 
repaired

3.2.1 Prepare inventory Inventory GWRDB or 
successor 
ins  tu  on

2013 2014 Of the DTWs developed, around 
28% are reported to be non-
operable requiring support 
for rehabilita  on (incl.  new 
transformer, well development, 
conveyance improvement).  Of 
the ADPJ developed DTWs the 
percentage of non-operable is 
about one third, and another 
third not operated though 
operable leaving about one third 
in opera  on.  Of STWs, only 
about 5 % of DOI developed wells 
are reported to be non-operable.  

3.2.2 Seek expressions 
of interest

In house GWRDB or 
successo

2013>
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Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

cost 

Agencies Start

year

End

year

Descrip  on/comment

3.2.3 Defi ne program.  
approve funding 
and implement

Program/ 
projects 
defi ned

about 

$200/ha 

GWRDB or 
successor

2014> An ongoing fi nancing program 
could be considered, with WUAs/
landowners able to access 
fi nance at reasonable cost for 
tubewell repair or rehabilita  on

3.3 Headworks and 
main canals 
improved on 
around 7000 FMIS

Average size es  mated at 30 ha 
(check)

3.3.1 Iden  fy cri  cal 
schemes requiring 
support, implement 
rehabilita  on 
program

Survey IDD, Regional 
Irriga  on 
Departments

2014 Seek EOIs from FMIS with NGO 
assistance

3.3.2 Promote WUA 
development 

Trained 
WUA 
staff 

IMD 2014>

3.3.3 Prepare and implement 
projects

Upgraded 
systems

$10,000/ 
scheme

DOI

Donors

2015> WUA contribu  on should be 
increased to 20-25% 

Objective 4: Irrigation system effi ciency exceeds 40% for large schemes, 45% for medium 
and 50% for small

Proposed Strategies/Ac  vi  es Outputs Indica  ve

Cost ($ mil)

Agencies Start

year

End

year

Descrip  on/comment

4.1 Irriga  on effi  ciency 
on exis  ng schemes 
improved

4.1.1 Develop irrigated 
agriculture extension 
program

Program 
designed

IMD 2013 2014 Mainly to support WUAs in their 
a  empts to improve effi  ciency 
and provide water to tails of 
canals and systems

4.1.2 Defi ne par  cipa  ng 
schemes

Defi ne 
survey

program

Survey of AMIS and larger AAIS to 
defi ne needs and costs

4.1.3 Implement program 

 rehabilita  on and 
moderniza  on 
of canals and 
structures

10,000 
ha/y

Est $100/ha 2014 2030 Total cost of upgrading water 
management in the lower 
level canals and paddies is 
es  mated at $100/ha of which 
approximately 50% would be 
farmer contribu  on
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4.2  Water courses/fi eld 
canals constructed 
to improve fi eld 
effi  ciency and 
minimize percola  on 
and run-off 

10,000 
ha/y

Est $100 
/ha

IMD/ 
DOLIDAR

2014 2030 Field to fi eld water distribu  on 
will be reduced through 
construc  on of improved control 
structures at all levels in a 
majority of schemes.  

Support to farmers defi ned 
in Ac  vity 6.8.  Farmers to 
contribute land + 50% of cost in 
kind

4.3  Land leveling and 
introduc  on of 
improved irriga  on 
methods

Pilot area 
200 ha.  
Larger 
areas if 
viable

Around 
$200/ha

DOA Eng 
or ADPJ

2014 2014 Promote land remodeling, where 
appropriate involving group or 
collec  ve farming.  Improved 
water distribu  on would be a 
signifi cant benefi t of remodeling.  

Introduce pilot laser leveling trial 
in the Terai

4.4 Volumetric water 
alloca  on and 
payment will 
be introduced 
progressively

Introduce 
pilot, eg 
under IMT 
project

No separate 
cost

DOI 2015 2030 May not be feasible within life of 
ADS.  Alterna  vely a rota  onal 
system with area propor  onal 
distribu  on to secondary or 
ter  ary canals should be possible.

Objective 5: Irrigation management systems improved

Proposed Strategies/
Ac  vi  es

Outputs Indica  ve

Cost ($ mil)

Agencies Start

year

End

year

Descrip  on/comment

5.1 Establish 
equitable system 
for funding 
maintenance of 
main and lower 
systems.  

Equitable 
funding 
system

Na Proposed IMD 2015 ongoing Possibly O&M support 
as matching grant to ISF 
collec  on

Mainly for AMIS and maybe 
larger FMIS
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5.2 Adap  ve research 
and extension 
program defi ned 
and implemented

Research 
reports 
linked to 
extension 
program

Not 
es  mated

NARC

Universi  es

NGOs

Interna  onal 
Water 
Management 
Iins  tute

2015 ongoing Examples: NCI

Surface water harves  ng, 
large drip systems

Systems for irriga  on of 
dry areas near canals, 
Appropriate Irriga  on 
solu  ons for riverbed 
farming 

Conduct study and maintain 
sta  s  cs of tubewell drillers 
and drilling techniques 
employed in various hydro-
geological situa  ons across 
Terai. 

Rehabilita  on and upgrade 
of sub-func  onal/non-
func  onal piped water 
system for mul  ple use 

Surface schemes

Ways to improve irriga  on 
effi  ciency

Use of piped water 
transmission

Drip and sprinkler irriga  on 
in surface schemes

Watershed improvement, 
reduc  on of sedimenta  on, 
increase in fl ow

5.3 Strengthen WUAs 
by providing 
expanded training 
of WUA offi  cers 
and extension to 
members

Extension 
materials 
and 
training 
programs

NFIWUAN, 
IMD

2012 Ongoing Establish WUA training 
ins  tu  ons probably inside 
regional agriculture training 
centers

Develop training courses, 
based on materials 
developed under previous 
projects with WUA training 
components



— 59 —

Policy and Institutional Roadmap

Objective 6: Irrigation sector institutions operating effectively and accountably to 
support irrigation sector

Proposed Strategies/Ac  vi  es Agencies Start 
year

End 
year

Descrip  on/comment

Policy

6.1 Irriga  on Legisla  on

6.1.1 Develop Irriga  on Act

MOI

Other 
concerned 
government 
departments

2012 2014 Include ability for the 
government to pass ownership 
of appropriate schemes to their 
WUAs

Assess desirability of 
developing a separate WUA Act 
or incorpora  ng needs in the 
Irriga  on Act

Include ISF payment as 
prerequisite for paying land tax 
in irrigated area.

Land use policy in irrigated area 
to stop urbaniza  on

6.1.2 Mul  -purpose WUAs

 

DOI 2012 2013 Redra   irriga  on rules to 
allow the establishment of 
mul  -purpose WUAs, with the 
ability to provide a full range of 
services to their members, such 
as fi nance, extension, input 
supply and marke  ng.  This may 
require their establishment as 
coops.

6.1.3 Irriga  on policy 

 Finalize the dra   prepared in 2010 using 
a consulta  ve approach, involving key 
stakeholders

DOI, 
DOLIDAR, 
DOA

2012 2012

Policy needs to be expanded 
to include a substan  al sec  on 
on NCI, making use of relevant 
material from the dra   NCI 
policy prepared in 2008, but 
not fi nalized.

6.1.4 IWRM policy

 Finalize the dra   prepared in 2010 using 
a consulta  ve approach, involving key 
stakeholders

WECS/ MOI 2012 2012

  Introduce IWRM in water-short basins and 
sub-basins

WECS/ MOI

DOI/DDCs

2013 2030

Ins  tu  onal

6.2 Water Sector Peak Body

 Move WECS to be an autonomous agency 
a  ached to Na  onal Planning Commission 
or PM’s Department

MOE, WECS, 
NPC

2012 2013 Strengthen WECS’ ability to 
analyze and provide policy 
advice to government and all 
stakeholders
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Proposed Strategies/Ac  vi  es Agencies Start 
year

End 
year

Descrip  on/comment

6.3 DOI strengthened

 DOI will have been transformed into a 
broadly based irriga  on service provider, 
with capacity in the so  er aspects of 
irriga  on development and management as 
well as in design and construc  on

2012 ongoing Government will need to decide 
whether to leave irriga  on 
support (for AAIS and FMIS) 
with MOI or move it to MOAC.  

6.3.1 Groundwater Directorate established

 Establish a new Groundwater Directorate 
under MOI.  Transfer development ac  vi  es 
of GWRDB to the new unit, also the staff  
and func  ons of DOI’s Groundwater 
Division

MOI 2012 2013

Tubewell development should 
be completed in around 10 
years, This leads to conclusion 
that it is unnecessary to 
establish a groundwater 
development department.  All 
development func  ons should 
be managed by a directorate, 
leaving regula  on and planning 
with GWRDB.

6.3.2 Irriga  on Management Department 
established

 Create a new Irriga  on Management 
Department, (IMD) based on the exis  ng 
Division of DOI, with stronger capacity 
to support par  cipatory irriga  on 
management, and irriga  on management/ 
ownership transfer.

 IMD will assist AMIS and FMIS to improve 
their management systems and skills.  It will 
also facilitate command area development, 
integrated crop water management 
programs in both surface and groundwater 
schemes in coordina  on with DOA.  

MOI

MOAC

2012 2013 A separate Irriga  on 
Development Department 
would look a  er new projects 
including IBT and storage 
schemes and the rehabilita  on 
of FMIS

Main role would be in the 
so  er aspects of system 
management.  Also command 
area and on-farm development

Detailed study will be required 
(perhaps by NPC) of whether 
IMD is best located in MOI 
or MOAC.  The ADS team 
considers that both have 
advantages – notably in the 
case of MOAC the need for 
far be  er linkage between 
irriga  on and agricultural 
ins  tu  ons

6.4  Small-scale irriga  on supported by 
DOLIDAR /DDC/DTO/DADO 

DOLIDAR

DDC/DTO

DOA

2013 2030 Agencies will have well 
developed capacity in most 
districts to design and 
implement small-scale surface 
and NCI systems, including MUS
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Proposed Strategies/Ac  vi  es Agencies Start 
year

End 
year

Descrip  on/comment

6.5 Irriga  on sta  s  cs improved to provide 
reasonably accurate informa  on on 
command area and areas irrigated by 
season.

DOI 2013 2030 Develop mechanism for 
collec  on of improved 
irriga  on sector data.  Op  ons 
include (i) requiring WUAs to 
register annually, including 
cropping informa  on as part 
of the registra  on process 
(ii) assigning DFIWUA to do 
the job.  (iii) satellite image 
interpreta  on which may be 
feasible for winter and spring 
irrigated area es  ma  on and 
(iv) involvement of VDCs/
DDCs in data collec  on.  A 
combina  on of these may be 
required.

Technical

6.6 Village extension system

 Develop village extension program

 Pilot in four districts/irriga  on areas with 
donor funding

DOA, donor 2014 2019 This is discussed in detail 
elsewhere in ADS.  The key for 
irrigated agriculture will be to 
ensure adequate linkage to 
local irriga  on systems

Financial

6.7 Increase collec  on of Irriga  on Service 
Fees

6.7.1 Establish equitable system for funding 
maintenance of main and lower systems 

WUAs, DOI, 
IMD

6.7.2 Increase collec  on of ISF and budget 
alloca  on

6.7.3 Require ISF to be paid before land tax 
payment can be made, or other land 
transac  ons completed

MOI, DOLR Exis  ng policy prevents sale 
of land prior to full payment.  
Proposal is to extend this 
to include annual land tax 
payment

6.7.4 Defi ne a new system for budget alloca  on 
 ed to ISF collec  on on agency-managed 

schemes 

DOI, IMD, 
MOF

2013 2013 This may severely disadvantage 
the poorest WUAs and areas, 
and would need to include 
safeguards to protect them 
and prevent collapse of their 
systems.  
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Proposed Strategies/Ac  vi  es Agencies Start 
year

End 
year

Descrip  on/comment

6.8 Defi ne regime and mechanism for 
providing fi nancial support to capital 
investment by irriga  on farmers

DOI/
DOLIDAR/

DOA /MOF

2012 2012 There is a need to develop 
a consistent approach to 
suppor  ng irriga  on sector 
investment costs.

Support for NCI should cover 
eg, 85% of water source 
development, conveyance 
and storage, and perhaps 50% 
of irriga  on equipment.  It 
would probably be  ed to 
group forma  on and cover a 
maximum of say 0.5 ha per 
group.  Increased subsidy could 
be considered for the poor and 
disadvantaged.  Up to 90%) 
could be made for rainwater 
harves  ng systems.

For STWs, continuation 
of systems developed and 
implemented for the APP 
shallow tubewell program 
in 2011 is suggested.  A 
mechanism to require groups 
to invest in pump, motor and 
layfl at hose is needed.  

ADPJ = Agriculture Development Project, Janakpur, DADO = District Agriculture 
Development Offi ce, DOA = Department of Agriculture, DOAExt = Directorate of 
Agriculture Extension, DOI = Department of Irrigation, DOLIDAR = Department of 
Local Infrastructure Development and Roads, GON = Government of Nepal, GWRDB = 
Groundwater Resources Development Board, IBT = inter- basin transfer, IMT = irrigation 
management transfer, IS = irrigation system, ISF = irrigation service fee, MOAC = Ministry 
of Agriculture & Cooperatives, MOF = Ministry of Finance, MOI = Ministry of Irrigation, 
MUS = multiple use water system, MW = megawatt, NCI = non-conventional irrigation, 
NITP = Non-conventional Irrigation Technology project, O&M = operation & maintenance, 
WECS = Water and Energy Commission Secretariat, WRPPF = Water Resources Project 
Preparation Facility (ADB), WUA = water user association

Source: ADS team.
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Concept and Approach of Self Sustained Water User's 
Association (WUA) in the Context of Participatory 
Irrigation Management in Nepal

Chetman Budthapa
Senior Sociologist, DOI

When you put your hand in a fl owing stream, you touch the last that has gone before and 
the fi rst of what is still to come."

Leonardo da Vinci

Abstract

Participatory Irrigation Management (PIM) has been conceived as the thrust of 
effective irrigation management through involving and associating farmers in planning, 
operation and maintenance of irrigation system since 1980. The prime objective of PIM 
is contribution, organization and empowerment of water user's association in irrigation 
development and management.  In this regards, Government of Nepal has been adopted 
various legal provisions like Water Resources Act -2049, Water Resource Regulation -2050 
and Irrigation Regulation -2056. Besides, we have been conceived Irrigation Policy-2060 
for the further direction of irrigation development and management in Nepal.  The numbers 
of WUA are registered and limited capacity development activities are initiating for WUA 
under the existing legal arrangements for the aim of sustainable development of irrigation. 
The aim of sustainable irrigation development and management could not achieve without 
sustainable WUA. In this connection, the majorities WUAs are very poor status and few 
are proceedings their activities for being sustainable and   very few WUA are sustainable 
all over the country. Defi nitely, this situation is not good for PIM and need to reform 
and change in our approaches of WUA capacity development to achieve the goal of self 
sustainable WUA. In my opinion, there are four approaches for the capacity development 
of WUA and these approaches have to have adopted in every irrigation system for PIM 
success. These are:

I. Institutional capacity Building Approach

II. Technical capacity Building Approach 

III. Financial Capacity Building Approach, and 

IV.  Social and Environment  Capacity Building Approach
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1.  Background of The Issue:

Participatory Irrigation Management (PIM) is promoted as the thrust to effective irrigation 
management by involving and associating farmers in planning, operation and maintenance 
of irrigation system since 1980. The prime objective of PIM is towards the insurance of 
contribution of the users, strengthening the organization of the users and empowerment 
of water user's association (WUA) in irrigation development and management.  In this 
regards, Government of Nepal has introduced various legal provisions like Water Resources 
Act -2049 (BS), Water Resource Regulation -2050 (BS) and Irrigation Regulation -2056 
(BS). Besides, the Irrigation Policy-2060 (BS) has further streamlined the participatory 
irrigation management in Nepal.  Many WUAs are registered. However, only limited 
capacity development activities were undertaken by DOI to make self-supporting, self-
governing and self-regulating WUAs under the existing legal arrangements towards 
development of sustainable irrigation systems. The pre-condition of PIM for sustainable 
irrigation development and management is the establishment of sustainable WUA with the 
features as mentioned as earlier. 

2. Defi ning Self Sustain WUA: 

The self sustaining WUA means a condition of WUAs where they take decisions by the 
members of WUA for the benefi t of the members of the WUAs in order to better manage 
the irrigation systems.  WUA stake collective responsibility of resource generation and 
mobilization for the better management and maintenance of the irrigation system. The WUAs 
also take initiative for confl ict resolution when such situation arises. Confl ict management 
is one of the important tasks of WUAs. WUAs make effort to provide irrigation and 
agriculture related services to the members by WUAs. WUAs would have their own rules 
and regulation formulated by the general assembly of WUAS regarding the mechanism to 
address the grievance of the members. The rules and regulations thus formulated by the 
WUAs would have provision of rewards and punishment and also provisions for physical, 
fi nancial, social and human capital development for the better management of the system 
and effective service distribution.

3. Legal and Institutional Arrangements and provisions for self Sustained WUA: 

After the paradigm shift from government management to participatory irrigation 
management, Government of Nepal (GoN) adopted various legal arrangements. 
Institutional changes have been adopted corresponding to participatory irrigation 
management.  Currently we have various legal documents to address the issue of PIM 
along with self sustained WUAs. Water Resources Act – 2049,Water Resource Regulation 
-2050, Irrigation Regulation-2056, Irrigation Policy-2060, National Water Plan-2005 and 
Water Resource Strategy-2002 are the major legal, institutional  and planning  documents. 
These documents are approved by GoN. They are now the guiding principle of irrigation 
management and development of DOI for self sustained WUAs .The following section 
highlights the components of sustained WUAs as envisioned in these documents. 
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3.1 Water Resources Act-2049 has following provisions regarding WUAs

• WUA would be formed to use the water resources for communal purpose and 
need to register at the government agency or offi ce as prescribed

• WUA is to be corporate and autonomous entity with perpetual succession.

• It may own, sell, mortgage or manage any movable and immovable assets.

• It may sue or may be sued in the court of law

3.2 Water Resource Regulation– 2050 has following provisions: 

• Users Association formation  consisting of at least seven members committee 
for the use of water resources

• WUA  has to  apply to District Water Resources Committee (DWRC) for  
WUA registration

• WUA constitution is to be included in the application of  WUA registration 

3.3 Irrigation Regulation-2056 has mentioned the following roles and responsibilities 
of WUA

• O& M and management of their  irrigation system

• To provide irrigation water to their members in right time and appropriate 
quantity  as per the need of crop and land

• Promote farmers participation  and  mobilization of resources  for O&M of  
irrigation system 

• Collection of Irrigation Service Fee (ISF) and deposit ISF prescribed  by 
Irrigation Offi ce

• Construction of additional structures to increase the command areas

• Suspend  the irrigation service  to defaulters  of ISF and  impose the  delay 
fee  

• To report the  Irrigation Offi ce in the case of damaging , changing and 
obstructing  the irrigation structures and services

3.4 Irrigation Policy- 2060 has focused the following issues of WUA which are 
important for the future of PIM and WUA in Nepal.

• The objective of irrigation policy is to  develop institutional capacity of WUA 
for sustainable management of existing system 
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• User’s Association shall be organized at different levels of project or system and 
the organized WUA shall be involved in different  activities of implementation 
and management of the project /system

• User’s Association shall be constituted and their capacity building program 
shall be conducted from the very beginning  of physical construction of the 
project to make more effective  process of the system  and  management thereof 
to  User’s Association

• User’s Association shall be organized in the integrated watershed framework 
.National level WUA shall be promoted for sustainable development of 
irrigation systems in the country. WUAs would be encouraged to participate in 
different levels of policy formation and implementation thereof.

• User’s Association shall be composed of with at least 33 % of women 
representative as well as  there shall be representation of Dalit ,downtrodden 
and indigenous  ethnic communities in such association

• The maintenance, rehabilitation and improvement of the system constructed 
or operated by User’s Association or traditional irrigation system managed 
by farmers shall be constructed or rehabilitated through people’s participation 
upon their request. User’s Association shall be strengthened for sustainable 
management of such systems.

The thrust of above institutional arrangements is sustainable irrigation management 
throughout the country through the participatory irrigation management model. The goal 
of PIM can be achieved when there is self sustained WUA established and activated.

4 Relation of  Self Sustained  WUA and PIM : 

 The major thrust of PIM is to be self sustain WUA.  Without self sustain WUA, the 
achieving goal of PIM is not possible. Thus, thrust of PIM and prevailing laws of 
irrigation s sector are expected to be SS WUA. SS is the process and method also 
to achieve the target and objective of the PIM. Self regulating, self controlling, self 
governing, self fi nancing, self supporting and self mobilizing are the core principles of 
SS WUA which are the important and essential ground of PIM.  Without the prevailing 
these situation in WUA, we cannot say that this WUA will performed the effective role. 
It means that PIM is not going as per the philosophy of PIM and irrigation physical 
infrastructure sustainability is not possible. Thus, Self sustain WUA is the condition 
where PIM’s success can be measured.

5. Expected results of PIM:

 The PIM has been adopted  as working modality of irrigation management and 
development to achieve  these results- Improve the quality of irrigation service , 
Improved maintenance of irrigation facilities, Improve the agricultural production, 
Financial viability of WUAs  and Increase Service  fee collection as per  irrigation 
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O&M and WUA offi ce operational  expenses . These results can be achieved through 
Self sustain WUA. It cannot be thought or imagined to achieve these expected results 
of without better and effective performance of WUA which means self sustain WUA 

6. DOI efforts for making Self Sustained WUA as an input:

 DOI  has very limited inputs for WUA. DOI has very little relation to FMIS. Most of 
WUAs of FMIS are seeking the monetary assistance for physical improvement. DOI 
is providing some fi nancial support to improve their systems.  WUA capacity building 
and technical support parts are almost neglected due to human and fi nancial resources 
scarcity.DOI provides certain supports in the project mode or at project implementation 
stage. DOI has regular attachment with agency managed large irrigation systems and 
these systems are called joint- managed irrigation systems (JMIS). WUAs of JMIS 
are getting various supports on regular basis.  In totality, following are our inputs for 
WUA. They are given below.

• 4 Packages training on different subject-matters during project implementation 
(What are they?)

• Limited consultations and information disseminations

• Exposure and Observation Tour 

• Limited participation in Decision Making Process

• Construction works allocation on payable and non payable mode   

• More focus on physical  development rather than management

• An  Association Organizer  for one  district as the key person of WUA(  But 
they   are deputed as storekeeper and others   are not even accepted as the 
worker for WUA)

7. Prof. Elinor Ostrom’s Eight Design Principles of WUAs for Self Sustained 
organization:

 She has developed eight design principles for common resource management sector.  
It can be related with self sustainability of WUAs .If we do not take into consideration 
these points, WUAs shall not be able to attain the self sustain position. Ostrom’s design 
principles are very relevant to make   WUAs self sustainable. 

 They are as follows: Clearly defi ned boundaries (members, water right and responsibility 
of the WUA members and offi cers are to be clearly defi ned in the WUA bylaws.

• Each member’s benefi t and contribution must be even. 

• Monitoring and accountability is another mechanism for making WUA self 
sustain.  Provision of monitoring  of  WUA  activities in the regular basis shall 
be established in the WUA institution and  every performed activities are to be  
regularly monitored by  certain body of WUA and
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• Violators of rules have to receive gradual penalties

• Confl ict resolution mechanism

• Autonomy to devise their own organization and Rules  

• Rules  can be modifi ed by the collective decision of  members

• Decentralization of functions and decisions within the organization

8. Irrigation is a system 

  Irrigation is a system. It means it has various components. Sociologically speaking, 
there are several sub-components which are interrelated and interdependent. They 
have reciprocal relationships among themselves. To be a system, the every sub- system 
is  to be activated   as per the assigned functions as prescribed by the norms and values 
of the system.  If the sub -system is unable to perform its functions, the system shall 
be interrupted and as a result, the whole system will be collapsed or dysfunctional.  To 
internalize this philosophical ground, the process is called ‘System’. Thus, irrigation is 
called to realize this philosophical   theme. As other system, irrigation can be identifi ed 
as composition of sub- systems. These are as follows

• Physical infrastructure

• Agriculture Infrastructure

• Social Infrastructure 

9. Relation of irrigation sub-systems for better Performance of the system

 The sub-systems have to work to perform as designated.. Naturally, some components 
are more important and others are less. Some are to be vital and other may not be 
more vital. But every component has functions to perform to run the system. In 
this connection, in order to get better results from irrigation system, these whole 
components have to be equally responsible.. Hence, the system and sub- systems 
have to have Interdependent and reciprocal relationships for the system’s effective 
performance.  Every sub- system is equally indispensable and important for the whole 
system. Every part of the system is equally responsible for the sustaining the system. 
Single component of the system cannot run the whole system and it is not possible to 
bring change in community through single component of the system.  Thus, the sub- 
systems have to perform effi ciently to run whole system in a better way.

10.  Few questions:

 As per the system theory, every system has various sub–systems.. These components 
are assigned different types of roles, responsibilities and functions by the system .All 
components are equally responsible for the system. To assess the system performance, 
we have to have to look into these following questions;

• Is there balance relation between three sub-systems?
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• Are we equally focusing these sub-systems?

• Are we providing equally inputs to these three components?

• Are we making all sub- systems equally responsible for the system betterment?

 In the irrigation realm of Nepal, defi nitely the answers to questions raised earlier 
are’ NO”.  The situation is not very compatible as per the system theory. There is no 
balance relationship among those sub- systems. Only single component of physical 
infrastructure is in the top priority and approximately 99 % of the total inputs are 
invested in irrigation management whereas other components of the sub-systems are 
ignored.

11. WUA status in the context of Self Sustainability:

 As a sociologist with 15 years long career in the Department of Irrigation (DOI), I 
visited more than 500 irrigation systems.  I was associated with agency -managed large 
irrigation systems, irrigation management transfer project, Second irrigation Sector 
Project and currently Irrigation and Water Resources Management Project. I have not 
come across the application of concept of system management .There are vast gaps 
between concept and policy, policy and programs, programs and implementation. 
What is agreed is hardly translated. As the results, we can fi nd following status of 
WUA in the context of self sustainability which is very unpleasing situation for PIM in 
Nepal. These are:

• Very Few WUAs are self sustaining mostly farmer managed irrigation systems

• Few WUAs are proceeding for Self Sustaining

• Signifi cant numbers of WUAs are not anywhere and the WUAs  born during 
irrigation project development and die  after completion of irrigation project or 
majority  of WUAs are neither  living and nor dyeing  condition

12. Alternatives to cope with the existing Issues of irrigation sector:

 In order to understand the status of the WUA, we have to think critically about PIM 
in Nepal. We are not in the position to say that our irrigation systems are running in 
a proper way. Investments are made for participatory irrigation management through  
various projects  by various donor agencies as well as by the government of Nepal . The 
problems of yesterday still exist today and today problems are going to continue again 
a tomorrow. The GON is allocating fi nancial resources for the irrigation development 
but irrigation systems are deteriorating day by day. The WUAs of these systems are 
deviating from assigned roles and responsibilities of PIM. The WUA committees are 
heavily criticized by the water users.  Service delivery is not up the mark. Our focus 
is more on the physical improvement of irrigation systems rather than management. 
Efforts of DOI toward PIM implementation are in the least priority. Time has come 
for serious consideration regarding the future of the irrigation development in Nepal. 
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Hence we have to take crucial decisions for the improvement of the agriculture 
sector in Nepal, therefore, propose following alternatives for the future of irrigation 
development in Nepal. These are:

• Option 1: Government of Nepal has to change existing Irrigation paradigm and 
concept of PIM. Reorganize the DOI for  conventional irrigation administration 
approach or establish single  agency- managed irrigation administration   modality 

• Option 2: Promotion of Privatization of Irrigation Systems, The role of the GON 
shall be only for monitoring of the performance of the system.

• Option 3: Transferring agency managed irrigation systems to local government. 
The DOI shall be undertaking only monitoring role. Local body can chose the 
irrigation management modality

• Option 4 :Enhancing the existing mode of participatory irrigation management

 The fi rst option favors for the  existing construction oriented mentality of DOI 
.Resource constraint and external infl uence on irrigation management do not allow 
DOI to revert back to agency managed operational mode Second option, there is  lack 
of  policy arrangement. Private sector has not shown positive signs towards undertaking 
such responsibility. The third option is not feasible due to lack of capacity of local 
government. Thus, fourth option is more appropriate due to our socio-economic and 
political environment of the country. It is necessary to enhance the existing activities 
of PIM in the proper manner.

13. Integrated Approach with four  major pillars  for  WUA Self -Sustainability:

The best option of irrigation management in Nepal would be promotion and enhancement 
of PIM. PIM can be promoted through integrated system approach of irrigation. We have 
to accept irrigation as a system and we have to accept its sub- systems. Our behavior has to 
confi rm with activities relating to the system approach.  In the irrigation system, there are 
four pillars of the integrated irrigation management system. They are as follows:

• Technical  sub- system ( physical infrastructure )

• Institutional sub- system( WUA and  stakeholders and  users)

• Financial  sub- system ( different types of resources  collection and mobilization)

• Socio and environmental sub- system (social capital development for 
sustainable irrigation  system)

14. Proposed Activities as per the Integrated Approach:  

 Taken for the irrigation system as a system of integrated whole with four pillars, they 
have to perform different activities component wise. The objective of this working 
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paper is to identify the activities of the irrigation systems for making self sustained 
WUA towards PIM in Nepal. These proposed activities of different sub-systems are 
given below:

14.1. Proposed Activities for Technical Sustainability: 

 The technical aspect of irrigation is defi nitely very important and it is the heart 
of the system. Thus, the proposed activities of this sub-system are given below;

• Selection of  technically viable irrigation systems

• Emphasis has to be given to use maximum local resources, ideas and 
technologies  during the construction of the project

•  There should be WUA friendly or simple design of irrigation systems. There 
should be regular consultation with the WUAs during design of the system.

•  Preparation of canal O &M guidelines and its effective implementation 
procedures.

• To promote appropriate  agriculture  technologies and coordination with line 
agencies for increasing production and productivity 

• Training  and exposure/observation tour  on canal design,  O & M of canal 
and agriculture development programs  are to be conducted during  project 
implementation

• Assurance of good quality   physical facilities /infrastructure  and transferring 
these facilities  to the WUAs in the functional condition

•  To assure  regular technical supports from DOI

• Adhere the provisions of the updated  irrigation policy 

• Technical knowhow are to be transferred to the WUAs in the context of design 
matter 

14.2 Proposed Activities for Institutional Sustainability: 

 It is important aspect of irrigation system management. The irrigation systems 
are for the welfare of the people. The users of the systems have to operate, 
maintain, protect and promote canal system through the organized group of 
users. It is called Users Association or WUA. Institutional sustainability relates 
with WUA which is the main player of PIM. It can be called as the organization 
sustainability also.  These are the activities to make WUA self- sustained 
organization.  Some of the features are as given below;
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• The projects are to be  selected on the ground of  viability of WUA

• Information dissemination and proper  communication mechanism (Mass 
meeting) has to established 

• Dissemination of  right to information to WUA is very essential 

• Appropriate WUA by-laws formulation as per the need of WUA and it should 
be compatible with local environment   

• Institutional Development Plan has to prepared  by DOI and its proper execution

• Preparation of WUA Inventory and collection of right information during the 
project preparation phase

• Encourage  information dissemination, and promote leadership selection by 
the users through democratic process

• Good orientation and exposure have  to be given to the WUA leaders in order 
to make them to be  good and effective leader

• To establish WUA offi ce 

• Proper Record Keeping and  account keeping systems are to be established  in 
WUA offi ce

• Mechanism of Communication and interaction between WUA and users and 
other line agencies is to be established 

• WUA rules on various aspects has to be  developed and implemented them

•  Develop and  implement the code of conduct for WUA offi cer

• Organizational Accountability and transparency are to be executed by both 
parties(DOI and WUA)

• Reward and punishment provision 

• Grievance handling and proper confl ict resolution  mechanism should  be  in 
place in  the WUA 

• Fair and proper attitude of WUA leaders are to be encouraged through 
appropriate training programs

• Capacity Development program for the members

• There should  be creation of the environment where members can trust  to 
WUA and WUA offi cer
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•  WUA leader should be able to kindle the ‘Hope “in the mind of the users.

•  DIO has to conduct frequent Monitoring and Evaluation of the system and 
institutionalize the system of reward and punishment in the system.

•  DOI  has to conduct capacity building program for WUA regularly

•  Performance Survey of WUA has to be conducted by DOI through independent 
or third party and based on the result of survey, DOI /MOI has to declare 
attractive fi nancial reward .This reward is to be awarded by the head of state. 

1.2 Financial Sustainability:

An organization should be grounded on sound fi nancial arrangements. Due to change in the 
system management, there is now the practice of cash transaction for construction material 
procurement. Labor mobilization has limited scope due to professionalism in the irrigation 
management and change in the life pattern in the rural life.

• DOI has to fi x the WUA capacity expenditures as the percentage basis of total 
cost of irrigation system

• The cost of WUA capacity building activities has to  included in the project 
document

• WUA has to prepare resource generation and mobilization strategy. It has 
to be approved by General Assembly of WUA  and this strategy has to  be  
implemented

•  ISF collection as per the irrigated land and penalties to the defaulters

• Collecting  kind like food grains as  ISF would be more appropriate 

•  Rate of ISF  shall be determined as per the need of O & M and WUA offi ce  
operation  and management of other activities of WUA 

•  DOI has to encourage to WUA to make fund for  emergency period

•  WUA contribution shall be regulated and contribution part of WUA shall be 
completed as per the agreement between WUA and DOI

• Payable part of WUA work  should  be regulated by DOI and it should be used  
for WUA  benefi ts

• Activities  of social  auditing, auditing and disseminating fi nancial  statements  
to the stakeholders  are to executed as major action of WUA

• WUA has to prepare fi nancial guidelines and code of conduct.

• WUA has to give the fi nancial reward and punishment to their members
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• Program based budget system has to be  introduced

1.3 Proposed Activities  for Socio – Environmental Sustainability: 

If development will not be able to create social integration, cohesion and harmony 
among the members of the society, such development naturally will not be sustainable. 
The development activities which create the social confl ict, that development shall not 
able to deliver benefi t to the people. Thus, every implementer of development activity 
has to internalize the social norms and values of society by which social integrity of the 
community shall be retained after the project implementation. The following activities are 
suggested for achieving socio-environmental sustainability in the WUA. They are given 
below;

• Activities to increase social cohesion and harmony among the  WUA and 
community are to be carried out 

• Confl ict resolution of irrigation has to be solved as per  social norms and  
tradition by the WUA

• Activities to increase social cooperation and coordination among community 
members  are to encouraged

• Promote activities which would  help increase social capital

• Social integrity shall be taken as an indicator of Development success

• Respect and execute  social safeguard  provisions and  social inclusion process 

• Identify the environmental issues of irrigation project in the phase of 
preparation, implementation and O &M and avoid, minimize and mitigate the 
identifi ed issues as per the need of community.

15. Conclusion:

Self-sustained WUA is the key element of PIM. Without Self- sustained WUA, irrigation 
system cannot be sustainable. Sustainable irrigation management is possible if there is self-
sustained WUA. Thus, we should focus on social infrastructure development along with 
physical infrastructure development and management. Now time has been come to change 
our working modality and mentality of single management approach as per the prevailing 
rules and regulations of Department of Irrigation and Ministry of Irrigation.

 Lastly, I would like to  mention here the quotation “Water, like religion and ideology, has 
the power to move millions of people.    Since the very birth of human civilization, 
people have moved to settle close to it. People move when there is too little of it. People 
move when there is too much of it. People journey down it. People write, sing and 
dance about it. People fi ght over it. And all people, everywhere and every day, need 
it‘’ Mikhail Gorbachev,
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Abstract: 

The Ganges River Basin covers 981,371 km2 shared by India, Nepal, China (Tibet) 
and Bangladesh. The River originates in Uttar Pradesh, India from the Gangrotri 
glacier, and has many tributaries including the Mahakali, Gandak, Kosi and Karnali 
which originate in Nepal and Tibet. The focus of the present study is on the Upper 
Ganges - the upper main branch of the River extending from Gangotri to Kanpur. 
The study river stretch is highly regulated with dams, barrages and corresponding 
canal systems. The two main dams are Tehri and Ramganga. The Upper, Madhaya 
and Lower Ganga canals irrigate 2.5 million ha of agricultural area. In recent 
years, water demand for agriculture, domestic, as well as industrial purposes has 
increased. In this study, the WEAP (Water Evaluation and Planning) model was 
used to examine the impact of current cropping patterns on downstream fl ows and 
run various scenarios to assess basin-wide water use effi ciency in Upper Ganga 
Basin (UGB). Tentative results show that by changing cropping pattern, fl ows in 
downstream can be increased.  

Introduction
The Ganges River Basin covers 981,371 km2 shared by India, Nepal, China (Tibet) and 
Bangladesh. The River originates in Uttar Pradesh, India from the Gangrotri glacier, and 
has many tributaries including the Mahakali, Gandak, Kosi and Karnali which originate in 
Nepal and China. The focus of the present study is on the Upper Ganges - the upper main 
branch of the River. The Upper Ganges Basin (UGB) was delineated by using the 90m 
SRTM digital elevation map with Kanpur barrage as the outlet point (Figure 1). Various 
canals such as upper Ganga canal, Madhya Ganga canal and lower Ganga canal takes off 
from river Ganga and these canals are major sources of water for supporting livelihoods. 
Recently, farmers have started planting high water intensive crops such as sugarcane instead 
of low intensive crops (Kaushal at el., 2010). Also, cropping areas in upper Ganga has 
increased and increasing amounts of water is also withdrawn for domestic and industrial 
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purposes. This has put immense pressure on canals supplying water downstream to maintain 
fl ows during lean months. Decrease in river fl ow levels also is affecting the in-stream biota 
as well as the river ecological system.  Furthermore, the impacts of Climate Change (CC) 
will also add further challenges to the management of the river system.

Under the living Ganga program, which was a collaboration between WWF-India, IWMI, 
IIT Delhi, IIT Kanpur and PSI(People Science Institute)environmental fl ows assessments 
were carried out under the current as well  as future projected climate systems (WWF, 
2012, Bharati, 2011). The purpose of Environmental fl ow (EF) assessments are to quantify 
water requirements to maintain river ecosystem at the accepted level to support livelihoods 
and conserve biodiversity.  In the living Ganga program, a more holistic approach using 
the Building Block Methodology rather than pure engineering approach was applied for 
determining the environmental fl ows in the upper Ganga (Keeffe et al, 2012).Among 
various measures that can be taken to increase river fl ows, one way is to change the current 
cropping pattern. The present study aims to create a more comprehensive understanding of 
past cropping trends and current cropping trends. The study analyzes the effect of climate 
change in water demands in UGB. Also, the research highlights the changes in unmet 
irrigation demands with incorporation of environmental fl ows. 

Methods

Basin-wide water use and availability

In the present study, Water Evaluation and Planning Model (WEAP) were used to evaluate 
the impact of land use change on the hydrology of the UGB. 

The Water Evaluation and Planning Model (WEAP), developed by the Stockholm 
Environmental Institute (SEI) ,was used to represent the hydrological behavior of Upper 
Ganga Basin (UGB).  WEAP is a hydrological modeling package that operates on the basic 
principle of water accounting and determines the optimal allocation of water according to 
demand priorities.

WEAP was selected among other models because it address a wide range of issues such 
as water conservation groundwater and streamfl ow simulations, reservoir operations, and 
project benefi t-cost analyses. The main aspect of WEAP model is a water balance equation 
that includes components such as catchment-scale evaporation demands, rainfall-runoff 
processes, groundwater recharge, and irrigation requirements. These are linked to the stream 
network and water allocation components (demand sites) via the WEAP 21 interface, where 
a stream network keeps track of water allocations and accounts for streamfl ow depletion 
and addition (Yates et al., 2005). All demand sites are assigned a priority between 1 and 
99, where 1 is the highest priority and 99 is the lowest. When water is limited, the model 
progressively restricts water allocation to demand sites with lower priority. More details of 
the model are available in Yates et al. (2007) and SEI (2001).
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Figure 1. Schematic from the WEAP model showing water demand sites at sub-basin 
levels for the UGB
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WEAP set-up for the Upper Ganga Basin (UGB)

The Schematic diagram for the UGB is shown in Figure 1. In the current model UGB 
is divided into six sub-basins. The UGB mainstream encompasses numerous dams and 
barrages which have also been incorporated in the WEAP model. The main dams/barrages 
along the Bhagirathi and Ganga River are Tehri, Bhimgoda barrage, Narora barrage, and 
Kanpur barrage. Whereas the main dam in the Ramganga river is the Ramganga dam.  Tehri 
and Ramganga are the largest dams with storage capacities of 3540 and 2450 Mm3 and 

became operational in 2007 and 1988 respectively (Jain et al., 2007). 

Three main divergence canals originate from the river Ganga. The Upper Ganga canal 
starts from the right bank of river Ganga at Bhimgoda Barrage, and irrigates over 2 million 
ha area, whereas eastern ganga canal, a kharif irrigation system originates from left bank 
of Bhimgoda Barrage and irrigates 105 ha area. Similarly, Lower Ganga canal starts from 
Narora barrage and irrigates over 0.5 million ha and the Madhya Ganga canal provides 
irrigation to 178000 ha (UP Irrigation Department, http://idup.gov.in).

 In the model setup, Environmental fl ows (E-Flows) requirements are also added. E-Flow 
requirement defi nes the minimum monthly fl ow required along a river to maintain the river’s 
ecology. The E-fl ows were entered in monthly basis and were assigned higher priorities 
than agriculture. Irrigational water demands along with unmet irrigational demands are 
also analyzed.

Defi ning supplies and demands

In WEAP, water supply includes river fl ow, precipitation and groundwater. The supply is 
gradually depleted through demands and other natural processes. Three demand sites were 
created in each sub-basin, representing irrigation, domestic, and industrial requirements. 
The input parameters for domestic and industrial demand sites were obtained from 
Amarasinghe et al. (2007). 

Table 1. Annual demand requirements

Number Sub-basin
Demands(Mm3/year)

Domes  c Industries

1 Tehri dam 17 12

2 Haridwar 55 37

3 Narora 140 103

4 Ramganga dam 21 14

5 Ramganga River outlet 391 292

6 Kanpur 753 573
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Input parameters for irrigational demands are irrigated area, crops, precipitation and 
monthly reference evapotranspiration and groundwater contribution for irrigation.  The 
major crops in Upper Ganga in 2003-2004 are listed in Table 2. Data on irrigated area 
and crops (2003-2004) and (2007-2008) were obtained from http://eands.dacnet.nic.in/
and IndiaStat.com. Crop coeffi cient values were acquired from FAO (FAO, 1998). Crops 
planted in 2007 were same as 2003 but farmers planted more pulses, sugarcane, cotton, 
fruits and vegetables.

Table 2 Major crops sown in Upper Ganga Basin in 2003-2004

Cereals Rice, Wheat, Bajra, Sorghum, Barley, Maize, Ragi, small millets

Pulses Bengal gram, Arahar

Oil Groundnut, Seasum ,mustards, soyabean, linseeds,coconut, 

Other crops Sugarcane, co  on, fodder, fruits and vegetables, spices

Reference evapotranspiration requires data such as temperature, humidity, wind speed and 
sunshine hours. Data for the stations were obtained using New_LocClim (Local Climate 
Estimator) Grieser et al. (2006). LocClim is used to estimate climatic conditions for data 
stations where no observations are available. For the current study, LocClim was used 
to estimate data such as vapor pressure, wind speed and sunshine hours. A study such as 
Diodato et al. (2010) has used this method for estimating parameters such as precipitation. 
After acquiring these data, Eto Calculator software was used to estimate reference 
Evapotrasporation (ETo).

Eto Calculator is a user friendly software developed for estimating Eto according to FAO 
recommendations (Smith 1992, Smith et al., 1996). For the current study, Penmann-Monteith 
Method was selected among others for ETo calculation. Monthly observed precipitation 
and temperatures are other input parameters in the model. Groundwater withdrawal and 
storage data for each district in Uttar Pradesh were obtained from Uttar Pradesh Ground 
Water Department website (http://gwd.up.nic.in/status3.htm). Similarly, groundwater data 
for Uttarakhand was obtained from Central groundwater department website http://cgwb.
gov.in/gwprofi les/Uttarakhand.htm. Thereafter, each groundwater source in each subbasin 
is connected to the irrigation demand sites via transmission link. Demand sites namely 
domestic, industrial, and irrigational sites are assigned priorities between 1 and 3, where 
domestic demands are of the highest priority whereas irrigational demands are of the lowest 
priority.

The input parameters for dams an d canals are shown in Table 3. Simulations were conducted 
over the period of 36 years i.e. from Jan 1971 to Dec 2005.
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 Table 3. WEAP input data for the dams and barrages in the UGB and their sources

Dams/Canals Features Data Source
Ramganga Dam

UpperGanga Canal

Ramganga Canal

Storage Capacity: 2,448 Mm3

Maximum diversion: 297 m3/s

Maximum diversion :151 m3/s

UP Irriga  on 
Department, h  p://
idup.gov.in

Tehri Dam

Lowerganga Canal

Storage Capacity:3,540 Mm3

Maximum diversion :156 m3/s Jain et al., 2007

MadhyaGanga Canal Maximum diversion: 122 m3/s IWMI

Climate data from PRECIS model were used as input to the WEAP model in order to 
estimate future water demands. PRECIS is an atmospheric and land surface model 
developed at the Meteorological Offi ce Hadley Centre, UK, for generating high resolution 
climate change information for many regions of the world (Jones et al. 2004). Climate data 
from GCM were downscaled with PRECIS for the UGB with Special Report on Emission 
Scenarios (SRES) A2 and B2 scenarios. More specifi cs about PRECIS and downscaling are 
described in Bharati et al, 2011.  A2 relates to high population growth with slower per capita 
economic growth and technological change, and B2 relates to moderate population growth 
and economic development with less rapid and more diverse technological change. The 
time series climate data were obtained for the period of 2071-2100 and include variables 
such as precipitation and mean temperature.

Analysis using WEAP

The WEAP model allows analysis of various water management settings. The following 
scenarios were simulated using WEAP 

Table 4. Simulated Scenarios Description

Land use Climate data
Past -land use  (as of 2003-2004) Observed data 1971-2005
Intensive-land use (as of 2007-2008) Observed data 1971-2007
Past (as of 2003-2004) PRECIS data over period of 2071-2100 under A2 

scenario
Past (as of 2003-2004) PRECIS data over period of 2071-2100 under B2 

scenario
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Model Validation

Streamfl ows at Bhimgoda, Narora, and Kanpur barrages were validated against observed 
data available from Jan 2000 to Dec 2005. The model performance was determined by 
calculating the coeffi cient of determination (R2) and the Nash-Sutcliffe Effi ciency (NSE). 

R2 describes the proportion of variance in measured data explained by the model. R2 ranges 
from 0 to 1, with higher value indicating less error variance. R2 values greater than 0.5, are 
generally considered acceptable (Santhi et al., 2001). Similarly, NSE indicates how well the 
plot of observed vs. simulated data fi ts the 1:1 line. NSE ranges between -∞ and 1 where, 
NSE which equals 1 is the ideal value. According to Sevat et al., 1991, NSE is the best 
function for refl ecting the overall fi t of a hydrograph. Moriasi (2007) also concluded that 
the model simulation can be referred as acceptable if NSE is greater than 0.5. Therefore, for 
validating the current model R2 and NSE are calculated and the values for each simulation 
are presented in Table 5.

Table 5. Model performance statistics for the WEAP model

Sta  on Valida  on period Sta  cs Value Ra  ngs(Sevat et al., 
1991)

Bhimgoda Apr 2002-Dec 2005

R2 0.82
(0.65 – 0.85)

Very Good

NSE 0.75
(0.65 – 0.85)

Very Good

Narora Jan 2000- Jun 2005

R2 0.89
(> 0.85)

Excellent

NSE 0.87
(> 0.85)

Excellent

Kanpur Jun 2003-Oct 2003

R2 0.71
(0.65 – 0.85)

Very Good

NSE 0.66
(0.65 – 0.85)

Very Good 
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Results and Discussion:

Rainfall under Past and future Climate change

Figure 2 shows the average monthly rainfall from baseline (1961-1990) and from future 
(2070-2100) using A2 and B2 scenarios in Tehri Subasin (one of the six subbasins (Fig 1)) 
in UGB. Under past climate, the average monthly rainfall during March, April, and May is 
65 mm. The monthly rainfall during July and August increased to 350mm. In September, 
the rainfall again decreased by 55%. During lean months i.e. from October to December 
the average rainfall was 30mm.

Under the future climate change scenario, rainfall during March, April and May conferring 
to A2 scenario is 85mm and according to B2 scenario it is 100mm. During monsoon season, 
according to both A2 and B2 scenarios, the rainfall increased by 55% compared to past 
climate. Similarly, the increase in rainfall with A2 and B2 scenario in September was 20% 
compared to past.

The result from  PRECIS model shows that, there will be more rain in monsoon in future, 
whereas, during other months the future rainfall pattern will almost remain same as of past 
rainfall  pattern.

  

                                Figure 2: Monthly rainfall in Tehri Subasin

Water Demands from Agricultural sector

Monthly water demands from agricultural sector under past (2003-2004) and future climate 
(A2 and B2) scenarios are shown in Figure 3. 
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Under the past climate, average water demands during March, April and May was 4000MCM. 
In June water demands decreased by 32%. The water demands further decreased by 80 
% i.e. 500 MCM during monsoon. Again, from October to December the average water 
demand increased to 2000 MCM.

Under future climate, the average water demand from March to May is 4300MCM. Water 
demands during monsoon decreased almost by 90%. In comparison to past climate, the 
decrease in water demands during monsoon was 70%. 

Because of high water volume during monsoon season, irrigational water demand under 
CC considerably drops during monsoon whereas irrigation demands remain the same as of 
past climate during other months. 

Figure 3: Water demands in past (2003-2004) and CC scenarios

Unmet Irrigational Demands in UGB

Under the past (2003-2004) water usage, monthly unmet irrigational demand is shown in 
Figure 4. Domestic demands and industrial demands are fulfi lled in all months whereas 
irrigational demands are not fulfi lled during lean months. 

Unmet demands are very high during dry months, topping to 3000 MCM in April and May, 
whereas, the unmet demands decreases by almost 50% during June. The unmet demands 
occur in all months except July and August i.e. peak of monsoon. 

With Climate change, the unmet demands are around 3000 MCM during April and May. 
The unmet demands decrease immensely in June by 85%. In Comparison to unmet demands 
with past climate, unmet demands with future climate decreased by 70% in June.  Also, 
with CC average unmet demands from October to December were 40 % higher than with 
past climate change scenarios.
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Figure 4: Unmet demands in past (2003-2004) and CC (2070-2100) scenarios
Unmet demands under 2003 and 2007 cropping pattern

Figure 5 shows unmet agricultural water demands under 2003-2004 and 2007-2008 
cropping pattern in the districts of Kanpur basin. The increase in water demands in Kanpur 
basin is mainly due to increase in the cropping area and land use change. The growing of 
cereals dropped from 72 % to 69 % in Kanpur basin from 2003 to 2007, whereas, crops 
such as sugarcane, fodder, fruits and vegetables increased signifi cantly.
The increase in unmet demands from 2003 to 2007 during lean months was 15%. Due to 
abundant water supply in western Uttar Pradesh, agriculture is fl ourishing, and farmers are 
planting more water intensive crops.  

Figure 5 : Unmet demands with change in cropping pattern from 2003 to 2007
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Effect of Adding E-fl ows in divergence canals of river Ganga 

Figure 6 shows unmet fl ows in divergence  canals  with  and without Efl ows in river Ganga. 
With fl ow requirements, unmet demands  in these canals  increased. For e.g. with EFs,  the 
average increase in unmet demand in lowerganga canal during dry seasons i.e. January 
to May is more than 23%. Similarly, unmet demands with EF’  during wet season (June-
October) was 8 MCM.The unmet demands were highest in Januray  and Decemeber.

Also, in Upper Ganga canal, with EFs,  the unmet demands during January increased 
considerably from 15 MCM to 90 MCM. 

 
Figure 6: Monthly unmet fl ows in divergence canals from river Ganga

Upper Ganga and Lower Ganga are the main divergence canals taking off from river Ganga 
and these canals are responsible for irrigating thousand hectars of land. With E-fl ows’s in 
the main river the unmet demands increases tremendously. In order to maintain current 
E-fl ows at the specifi c sites and to reduce unmet demands, one option is to change the 
current cropping pattern. For e.g, planting less water intensive crops rather than sugarcane, 
fruits and vegetables would help reduce unmet demands and another option is to reduce 
cultivated area.

Conclusions 

The impact of the climate change is becoming more visible; therefore, effective action 
must be taken to mitigate the effect of climate change.  With growing population, and ever 
increasing food demand a sustainable action would ensure food security for future.

As water is a valuable resource, therefore, it is necessary for resource managers and 
policy planners to weigh the importance of water for agriculture and river fl ows and plan 
accordingly. 
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The results of the present study detailed the existing cropping trends and its impact on 
water demands in Upper Ganga Basin according to past climate and future climate. The 
study also analyzed the changes in water demands with and without environmental fl ows 
in Ganga River. 

The results obtained from the present study will provide information to policy makers and 
water resources planners to improve land and water management.
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Abstract

This paper refl ects the importance of the pond irrigation system to increase the income 
and food security through increasing the access of sustainable irrigation facility for small 
and marginalized farmers in the hills. It is best option for Bariland in uphill for planting 
cash crops where surface irrigation is not possible. The increased production and income 
is achieved due to change in the existing cropping pattern, increment in the area of cereal 
crops and increased cropping intensity on the prerequisite of sustainable operation and 
management of the pond irrigation system with equitable contribution and benefi t sharing 
policies adopted among the users.

This study is based on production and income study and outcome monitoring survey of 
10 pond farmer managed irrigation systems of eight LILI working districts. The results 
show that the pond irrigation system contributed signifi cantly to increase the cropping 
intensity upto 39%, change in cropping pattern by 23 times increasing the coverage of 
vegetable crops. The overall net benefi t was increased to NRs 2191 per Ropani Meantime, 
the study showed that the farmers of all schemes have been adopting equitable contribution 
and benefi t sharing policies and 90% of the pond irrigation systems are well maintained 
and operational. In addition to that those pond irrigation systems have been a common 
platform for collaboration and connected local development among the local stakeholders, 
mainly DDC & VDC, DADO and local NGOs to bring a synergetic impact.

This pond irrigation system has been well accepted by the local stakeholders and farmers 
as it is cost effective (average per Ropani cost NRs 7710.0), sustainable and easy to 
construct for the community. It has a growing demand among the rural small farmers and 
needs strategic wider collaboration among other stakeholders. The study also revealed 
that proper fencing and care is crucial to avoid sudden incidents of children falling into 
the pond.

Keywords

LILI, pond irrigation system, pond sealing membrane, operation and maintenance system, 
cropping pattern, cropping intensity, equitable benefi t sharing, Ropnai.
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1. Introduction

This paper describes the importance of pond irrigation system to increase the income and 
food security of the small land holding and marginalized farmers having ~ 5 to 9 Ropani 
of cultivable land and living below six months of food suffi ciency. Pond irrigation system 
provides access and opportunity for sustainable income in the hills where there exists 
predominantly scattered settlement. It is best option for Bariland in uphill for planting cash 
crops where surface irrigation is not possible.  

The pond irrigation system contributes to a better agricultural performance resulting into 
increased production and income. With pond irrigation system, the farmers change their 
existing/ traditional cropping pattern, mainly the cereals are replaced by off-seasonal 
vegetable crops or improved varieties of cereals, and the number of crops grown in a year 
i.e. cropping intensity is also increased resulting into higher yield and income. Regular 
operation and maintenance is the prerequisite of the pond irrigation system with equitable 
contribution and benefi t sharing policies adopted among the users.

This paper is based on the result of outcome monitoring survey conducted by Local 
Infrastructure for Livelihood Improvement (LILI) in eight working districts viz, Accham, 
Dailekh, Kalikot, Jajarkot, Khotang, Okhaldhunga, Ramechhap and Dolakha. LILI was 
conceived in 2003 by Helvetas Nepal launching a “build-up phase” in 2004. Under bi-
lateral agreements between the Governments of Nepal and Switzerland, Swiss Agency 
for Development and Cooperation (SDC)/Helvetas funded a fi rst implementation phase in 
2006 followed by a second four year phase in 2009. LILI’s main aspiration is to improve 
food security and income by providing better access to water for irrigation to poor farmers 
with predominantly marginal landholding in selected food defi cit areas in Nepal’s central-
eastern and mid- & far-western Regions (Ref# http://www3.helvetas.ch/nepal/wEnglish/
projects/LILI) . 

The strategic actor at the central level is Department of Local Infrastructure Development and 
Agriculture Roads (DoLIDAR) under Ministry of Federal Affairs and Local Development 
of Government of Nepal.  At the district (local) level, District Development Committee 
(DDC), Village Development Committee (VDC), Local service providers (NGOs) and 
User Committee are the main actors.

2. Pond Irrigation system

Pond irrigation systems are almost new irrigation schemes which comprises intake at the 
water sources, pipe lines and pipes from intake site to near the pond sites, fl ow regulating 
chambers to distribute the water proportionately to different ponds, ponds 2-5 in number as 
per the need, one pond among 10-12 HHs and, water distribution post and garden pipe to 
carry the water from the pond to the individual farmers fi eld. A pond irrigation system has 
mainly following components.

2.1. Physical component s of pond irrigation system

 » Water sources and intake at the water sources, 
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 » pipe lines and pipes 

 » Valve chamber

 » Pond (2-5 in a system, capacity>  15 to 60 cubic meter)

 » fl ow regulating chambers 

 » Water distribution post & garden pipes  

Figure # 01. A typical layout of pond irrigation system

2.2. Social aspects  of pond irrigation system

 Public Audit Practices: before, during and after accomplishment  of the 
construction works

 User committee: an inclusive user committee is formed and capacitated on 
construction, operation and maintenance of FMIS

 Operation and Maintenance system: regular fund raising and assignment of 
caretakers.

 Equitable policies for labor contribution, repair and maintenance and for 
water sharing among all users

 Capacity building of users: training to users on construction management 
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and operation and maintenance including safety measures, confl ict resolution 
and equitable water and agriculture plan preparation

 Coordination with agri-service providers, SSMP, VSP, HG, DADO

 Registration of schemes in District Water Resource Committee, DADO and 
NIFUWAN

In pond irrigation system water is collected in ponds covered with SILPAULIN membrane 
sheet. The water is conveyed to pond from spring or stream by means of HDE pipes. Once 
the water is brought to farmers' land from distant water sources, the farmers can utilize 
it as per their agricultural plan and water sharing policies. The pond irrigation systems 
can be easily constructed at the regular but small water sources.  To make effi cient and 
equitable use of the available irrigation water, farmers develop water use policy and 
practice distribution of water on equal basis, provide labor force equally for construction 
and contribute to operation and maintenance fund equally. The size of pond practiced 
are 15, 30, 45 and 60 cubic meters which depends upon available water and proposed 
command area. The strength used for the pond irrigation is generally 200 gsm (Ref. http://
www.madrascanvasco.com). 

3. Importance of Pond Irrigation System in the hills

Pond irrigation system has following importance mainly for the hilly regions. 

3.1 Utilization of smaller sources and sub-sources of water: Water with minimum 
fl ow of 0.5 liter per second can be utilized to convey and store in silpaulin 
covered ponds. 

3.2 Effi cient utilization of available water: use of plastic pipes from water source 
to pond and to farmers’ fi eld reduces the chances of water loss on the way from 
water source to the farmer’s fi eld.   

3.3 Reaching targeted benefi ciaries (Small landholding farmers, poor, scattered 
settlement): generally the small land holding farmers are living in a scattered 
settlement and it is diffi cult to serve them with canal irrigation system. However, 
pond irrigation system can serve them easily.

3.4 High Value crops: An earning upto 75,000.0 annually was reported in Garidhara 
gale Pond Irrigation Scheme, which is possible with off-season vegetable or cash 
crops cultivation by the utilization of pond water. 

4. Support from LILI for promoting pond irrigation system

LILI provides following supports for the construction and implementation of pond irrigation
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4.1 Technical Assistance: Technical assistance includes support to survey design and cost 
estimate, technical support during construction, support to develop and implement 
equitable policies. 

4.2 Funding support: Funding support includes, skilled and unskilled labor payment, 
cost of Local Service Providers, training to community, procurement of non-local 
materials and fi tting

4.3 Materials support: Material support includes procurement and supply of non-local 
materials which are not easily available at the district level, like, Silpaulin sheet 
membrane of 200gsm (http://www.madrascanvasco.com), HDE pipes. 

Figure#  02 & 03,  sample of pond and water distribution tap

    

The plastic sheet is water proof, resilient to harsh weather conditions, less affected by 
earth-movements, affordable for small farmers,   easy  to repair in case of small tears and 
replaceable in case of damage. Life of the silpaulin membrane sheet is generally claimed to 
be at least 10 years. Certain cautions are needed to avoid too much exposure of the silpaulin 
membrane o the sun which causes damage; in addition care from damage caused by hitting 
the solid objects to the empty pond is also a factor. The punctured silpaulin membranes can 
also be mended by sticking pieces of similarly sheets with adhesives supplied.

5. Cost of Pond Irrigation Systems 

The construction of Pond Irrigation System tentatively includes a total cost of NRs. 
1100,000.0 on an average and about NRs 150,000 per hectare. The cost is spent on several 
headings mainly on; detail survey design and cost estimates NRs 65000, mobilization of 
Local Service Provider NR. 85, 000.0, cost of non-local materials NRs. 560,000.0, cost of 
skilled and unskilled labor NRs. 240,000.0 and for community training NRs 60,000.0 per 
scheme on an average.

Laikunaidekhli Pond Irriga  on system, Buipa-6, Khotang
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Table# 02: Cost of implementation

S.N. Par  culars Cost NRs

01 Detail survey Design, Cost Es  mate 65,000

02 Local service Provider 200,000

03 Non-local materials (cement, pipes, silpaulin membrane and 
fi   ngs. 550,000

04 Skilled and unskilled labor 250,000

05 Community training 35,000

Total provisional cost per schemes 11,00,000

Average cost per Ropani 7,270

Average cost  per HHs 20,922

(Source: Annual Report LILI, April 2011) 

6. Status and contribution of pond irrigation system

6.1 Construction of pond irrigation systems: LILI has supported to more than 100 
pond irrigation systems since 2006, which contributed in irrigation facility to 
more than 750 hectare of land of 5’000 small farmers. 

6.2 Targeting and inclusive 
development: Pond irrigation 
system provide more space to 
target socially discriminated 
groups like of women, Dalit, 
Janjati and other minority 
community as these schemes 
can be built utilizing smaller 
regular sources of water. The 
data among the 68 completed 
pond irrigation schemes 
shows that out of total 3099 
benefi ciaries, there are 29% Dalits, 34% Janjati and 36 % BCTN. Further the 
user committees are proportionately inclusive with at least 40% of women 
(Ref: Annual Report LILI, April 2011). There are at least one woman, one from 
discriminated caste and ethnic group’s member at the key position of UC. For 
operation and maintenance about 3% of construction cost of scheme is raised 
in more than 80% schemes. There are one–two caretakers assigned to support 
in technical maintenance, water distribution and information the benefi ciaries on 
schemes related issues if any. Such pond irrigation system has increased demand.  
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6.3 Agricultural performance: After the availability of irrigation water the agricultural 
performance was improved, mainly due to changes in cropping intensity, cropping 
pattern and yield. Cropping Intensity is a parameter to calculate the intensity of 
crops on a particular piece of land in a year. Cropping Intensity is measured by 
dividing the total cropped area with total command area in year and multiplied 
by 100. The Outcome Monitoring Survey, conducted randomly in 10% of the 
schemes revealed that the cropping intensity increased by 32 to 39% and the 
income increased by NRs 2191 to 3047 per Ropani among the pond irrigation 
users (Ref: Annual Report, LILI, Nov. 2010 & April-2011).  

Figure#  04 utilization of the pond irrigation

Table#03:  Comparison of cropping intensity and income in PI

Cropping Intensity (%)

Assessed in baseline

survey (DFS)

Cropping Intensity (%)

Achievement during OMS

Increment in the

income (Rs/ Ropani)
Year

187% 227 (39%) 2'191 2010/11
218% 250 (32%) 3,047 2009/10

Source: Annual Report, LILI, Nov. 2010 & April-2011.

7. Sustainability of the pond irrigation schemes 

Outcome monitoring and function and quality inspection reports show that 80% completed 
schemes are practicing equitable water distribution mechanism, More than 80% schemes 
are functioning after three years of completion and Operation and maintenance funds are 
contributed proportionately as per the volume of water sharing. Meantime, Farmers have 
expressed satisfaction from the constructed ponds and the consumption of vegetable at 
HHs level has increased.

Vegetable Farming with 
Khanikhola Pond Irriga  on 
System in Fediguth VDC-1, 
Okhaldhunga



— 98 —

8. Contribution to a sustainable livelihood of the poor household 

Comparing with the sustainable Livelihood Framework, the pond irrigation system supports 
to assets development, mainly the human (UC are trained, caretakers skills enhanced), 
physical (pond irrigation system), fi nancial income through agricultural enterprises, 
creation of Operation maintenance fund), social (User committee, registration in DWRC, 
DADO, NFIWUAN) and protection of nature by reduced landslides as well. 

Similarly, the policies, processes and institutions are also created and or best utilized like; 
the registration in District Water Resource Committee, District Agriculture Development 
Offi ce and NIFUWAN provides plenty of space to ensure the right of the users and to take 
advantage of those institutions. Thus, all these contribute to a better livelihood outcome with 
increased food production and income and social security, mainly for the poor household 
and individuals (the senior citizens, women and children)

Figure#  05:  Contribution to a sustainable livelihood of the poor household

9. Key learning to implement pond irrigation schemes

9.1 Farmers need more orientation initially to convince on such pond technology 
having doubt on the durability of SILPAULIN plastics. Generally, they 
imagine the concrete ponds only. 

9.2 SILPAULIN plastic’s advantage over concrete ponds are: The plastic is water 
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proof, resilient to harsh weather conditions, less affected by earth-movements, 
affordable for small farmers and can be easily repaired or replaced in case of 
damage.

9.3 Discussion on possible confl ict and adopting appropriate mitigation process 
since the beginning, participation of all concerned stakeholders. As social 
cohesion is very important to implement irrigation schemes. 

9.4 Public Audit Practices are a good contributor for the successful implementation 
of pond irrigation system which supports to reduce internal tensions and 
increased transparency.

9.5 Water distribution policies should be discussed and agreed among users to 
ensure equitable water benefi t sharing among all benefi ciaries. 

9.6 Proper survey and design of the proposed irrigation schemes is crucial, mainly 
the location of the pond and locations of water distribution outlets should be 
acceptable to all users.

9.7 Intake should be constructed in safe location, safe from landslide and fl ood.

9.8 Pond location area should be geologically stable and if the proposed land for 
pond is private land, should be discussed and agreed beforehand with the land 
owner.

9.9 Establishment and follow-up on appropriate operation and maintenance 
practices like; regularization of operation maintenance fund and, mobilization 
of caretakers is crucial for sustainability of the system. 

9.10 Fencing of ponds is necessary as, the depth of water in pond can drown 
children because they tend to swim in the pond or play around.

9.11 Inclusive user committee and participatory decision making process.

10. Further scope of pond irrigation system

10.1 Widely applicable in the hilly areas because the fl ow of water from source to 
pond is gravity-fl ow and is conveyed by means of pipe. 

10.2 Collaboration for agricultural services and marketing networks: The hilly 
climate of Nepal is suitable for both season and off-season vegetable farming. 
Farmers with small land holding can be best benefi tted with this technology, 
provided agricultural services and market linkages are there. 

10.3 It can generate local livelihood options and opportunity for income to 
contribute reduction of seasonal migration. 
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10.4 It should be focused by governments’ plan and policy to upscale this 
technology. Trainings related to technology should be provided to concerned 
stakeholders (Government, local service providers, community and private 
sectors and funding agencies). 

10.5 Working together:  A harmonized planning process and implementation 
modality should be agreed among major stakeholders to ensure that supports 
are received by the needy ones.  

11. Challenges

1.1 People’s Awareness about the use of silpaulin plastic membrane

1.2 Durability of the silpaulin plastic membrane, to prevent from direct 
exposure to sunlight and physical damage.   

1.3 Continuation and adoption of operation and maintenance system.

1.4 Agricultural extension services and marketing opportunities (a major 
driving factor for increased income) 

Abbreviations

APR Annual Progress Report of LILI

BCTN Brahmins, Chhetri, Thakur, Newar 

DADO District Agriculture Development Offi  ce 

DAGs Disadvantaged Groups (Socially discriminated and economically poor)

DDC District Development Commi  ee

DFS Detail Feasibility studies 

DoLIDAR Department of Local Infrastructure Development and Agricultural Road

DSDCE Detail survey Design and Cost Es  mate

DTO District Technical Offi  ce 

DWRC District Water Resource Commi  ee

ESP External Service Provider 

gsm Gram per square meter

Ha Hectare 

HHs Households 
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LILI Local Infrastructure For Livelihood Improvement
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PAP Public Audit Prac  ces 

SDC Swiss Agency for Development and Coopera  on 
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Abstract

Practical Action Nepal implemented a four-year livelihood security project entitled 
Improving Livelihood Security of Socially Excluded Communities in Nepal (ILISSCON) 
from April 2006 to March 2010 in six districts of Nepal namely: Nawalparasi, Rupandehi, 
Banke, Surkhet, Kailali and Doti. Out of six project districts, four districts-Nawalparasi, 
Rupandehi, Banke and Kailali are in Tarai region (southern plain) of Nepal. The activities 
of the project were training to farmers on different aspects of commercial vegetable 
production, technical follow-up and agricultural input support on selected sub-sectors 
such as off-seasonal vegetable production, mushroom production, river bed farming and 
goat keeping. The target groups of the project were land-limited families having less than 
600 square metres of land, the so-called dalit (untouchable) farmers and women headed 
households. A total of 1,407 farmers from four Tarai districts of Nawalparasi, Rupandehi, 
Banke and Kailali were involved in commercial vegetable production. Each farmer was 
supported with a set of treadle pump for irrigating their vegetable plots. It was one-time 
grant support however a small contribution in the form of unskilled labour was made by 
benefi ciaries. A survey conducted in late 2009 revealed that out of 1,407 vegetable farmers, 
1,124 farmers (around 80%) had replaced treadle pump by electric pump. The survey was 
followed up by focus group discussions with farmers groups, semi-structure interview with 
key informants and direct observation to fi nd out the reasons of shifting to electric pumps. 
With the increase of household income through commercial vegetable farming, farmers 
shifted to less labour-intensive micro-irrigation technologies such as electric motor pump 
and diesel pump. Farmers were found expanding the cultivation area. In such cases, 
human-feet driven treadle pumps were not suitable to irrigate larger area of land. However 
treadle pump as an entry point intervention is suitable for land-limited small farmers for 
improving their livelihood. 

Introduction

Nepal is classifi ed as a least-developed country and ranks 138 out of 169 in UNDP’s Human 
Development Report 2010 (UNDP, 2010). Even though the national fi gure has shown that 

1  Th e author is Project Manager in Practical Action Nepal and can be reached at Prakash.kafl e@practicalaction.org.np or, kafl e.prakash@

gmail.com 
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poverty in Nepal has been reduced from 42% in 1996 to 25.9% in 2009, disparity between 
rural and urban areas is still a persistent problem. Urban poverty was 10% in 2004, while 
rural poverty was 35%; now it is 8% and 22% respectively (GON, 2010). Land ownership 
in Nepal is highly skewed. In 2003/04 nearly 73 % farm households (HH) owned less than 
one hectare (ha) of land to cultivate (almost 45% having less than 0.5 ha only) accounting 
nearly 37% of the total agricultural land. While 1% of rich HHs with more than fi ve ha 
of land held nearly 10% of the country’s total agricultural land (CBS, 2004). Of the 2.60 
million ha of land under cultivation in Nepal, 1.80 million ha is irrigated, of which 1.40 
million ha lies on the Tarai. The remaining 0.40 million ha is in river valleys, upland valleys, 
and terraces on hills and mountains. A study in 2005 on irrigation and poverty showed that 
the incidence of poverty in irrigated areas is half than that of rain-fed areas and that access 
to irrigation water mitigates poverty. Moreover, small irrigation systems are more effective 
than medium-sized or large systems in helping poor communities (IWMI, 2007). 

The International Development Organisation (IDE), which has popularized treadle 
pump (TP) in Nepal, defi ned micro-irrigation as slow and regular application of water 
directly to the root zone of plants through a network of economically designed plastic 
pipes and low discharge emitters (IDE, n.d.). However a range of water acquisition 
and application methods ranging from drip irrigation as described above to electric 
operated pumps fall under the broad category of micro-irrigation technologies (MIT). 
The widely available MITs in Nepal are TP, simple drip irrigation system, micro-
sprinkler system, modifi ed Thai jar and Ferro-cement water harvesting tank (Sharma 
and Colavito, 2011).  TP is a human-powered irrigation device that sits on top of a well. 
Pumping is activated by stepping up and down on treadles which drive pistons, creating 
cylinder suction that draws groundwater to the surface. It frees farmers from dependence 
on rain-fed irrigation, provide capacity to raise crops in two growing seasons per year, and 
help farmers maximize return on their small plots of land (IDE, n.d.). 

TPs are used mainly for irrigating vegetables. It is suitable for small and marginal farmers 
as the technology is inexpensive and simple. Basic TPs can lift water from depths of up to 
seven meters. Although the depth of water, diameter of cylinder and strength of operator 
determine the output of TPs, it varies from 34 to 90 litres per minute. In an ideal situation, 
it requires 50 to 70 minutes to irrigate 200 square metres of land (Sharma and Colavito, 
2011). As the lack of irrigation is number one bottleneck of improved crop/vegetable 
production TP is suitable for increasing farm production of small and marginal 
farmers. It has widely served as a means of income generating to small farmers of Tarai 
areas of Nepal, where large scale surface and ground water irrigation can’t reach to poor 
farmers’ land due to technical and management reasons. Despite its enormous benefi ts, 
farmers often complained lots of hard work in operating TP (Rajshekar, n.d.). 

Practical Action Offi ce in Nepal implemented a four year project entitled Improving 
Livelihood Security of Socially Excluded Communities in Nepal (ILISSCON) in six districts 
namely; Nawalparasi, Rupandehi, Banke, Surkhet, Kailali and Doti since April 2006 to 
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March 2010. The project was co-funded by European Union (ONG-PVD/2005/95-462). The 
overall objective of the project is to enhance livelihood security of vulnerable and socially 
excluded communities in confl ict areas of Nepal with a focus on enhancing socio-economic 
status of so-called low-caste and marginalized rural communities. The major activities of 
the project were training, inputs and material support and regular technical backstopping 
on commercial vegetable production on leased land and farmers’ own land, goat farming, 
mushroom farming, river-bed vegetable production and bee-keeping. However, main thrust 
of the project was on commercial vegetable production. Leasehold vegetable farming was 
used as a strategy to help communities access to productive resources. Besides training, 
agriculture inputs and regular technical backstopping, farmers were provided with a set 
of treadle pump for each two kaththas of land (around 600 metre square). It was one-shot 
grant support however the recipient farmers contributed a small portion in the form of 
unskilled labour. TPs were provided in two lots: one in 2006 to 300 farmers and another in 
2007 to 1,107 farmers. A total of 9,213 farmers were directly benefi ted from the project.

Materials and Methods

The study used both conventional and non-conventional methods of data collection. A pre-
tested questionnaire was administered to all TP users (1,407 in total from four Tarai districts 
of Nawalparasi, Rupandehi, Banke and Kailali) to know reasons for continuation and/or 
discontinuation. A total of four focus group discussions (one in each district) were done with 
the farmers to cross check information obtained from survey and project progress reports. 
The FGD was participated by 84 farmers who used TP to irrigate their farms. Besides direct 
observation of farms of benefi ciaries, a total of 15 benefi ciaries as key informant were 
interviewed using pre-tested check-lists. The outcome assessment of the project carried out 
by Practical Action Nepal in 2009 was also reviewed. 

Result and Discussions

Contribution of TP on income of small holders

TPs are mostly used in irrigating vegetables; however a limited use is done in irrigating rice 
seed beds (Field Survey 2009). The average annual income of TP users ranged from NRs 
30,000 (USD 384.6) to NRs 40,000 (USD 512.8); with a majority of farmers earning NRs 
35,000 (USD 448.72) from two kaththas of land (FGD, 2009a, DWO, 2009). Off-seasonal 
vegetable production was the main choice of farmers because of its remunerative market 
price. A more comprehensive outcome assessment of ILISSCON project substantiated this 
fi nding as the report documented an increase of income by 49.2% compared to baseline 
(Adhikari et al 2009). However, it was not due to TP alone, the combined approaches 
and strategies adopted by the ILISSCON project such as provision of good quality seeds, 
fertilisers and training has also contributed to increase the income of small holders. With 
the increase of income, vegetable growers started accumulating household assets such as 

2  One US dollar is equivalent to NRs 78
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cycle, television, roofi ng sheets and toilets etc. and productive assets such as buffalo, goats 
and cow etc. (FGD, 2009b). Studies done elsewhere about the contribution of TPs found 
the same result, for example Mangisoni (2006) demonstrated from Malawi that TP is a key 
to generation of income, reduction of poverty and maintenance of food security among 
small holders. 

Reasons for replacement

A survey conducted in 2009 found that out of 1,407 farmers, around 80 % farmers replaced 
TP by electric pump (EP). Some of the farmers have started replacing TPs since 2008 itself, 
after one and half years of project support. Farmers who replaced TPs cited the following 
reasons; expansion of vegetable production area after receiving income followed by high 
labour consuming nature of TPs, comparatively lower price of EPs and low operating 
cost of EPs as compare to income of farmers (Table 1). The recent advancement in rural 
electricity and subsidised electricity tariff in agriculture were also the driving force behind 
replacement. The electricity tariff for irrigation is half (NRs 3.60 per KWh) than that of 
domestic use (NRs 7.20 per KWh).

Table 1: Reasons for replacement 

Reasons Number (percentage)

Expansion of produc  on area 693 (49.25)

Compara  ve lower price of EPs 162 (11.51)

Low opera  ng cost 61 (4.34)

High labour consuming 491 (34.9)

Total 1407 (100) 

Source: Field survey, 2009 

The project provided seeds, fertilisers, pesticide and other inputs to participating farmers 
on cost-sharing basis. Accordingly, the project provided seeds of vegetables, fertilisers and 
pesticide free of cost in fi rst year. The TP was installed in the fi rst year of the support itself. 
In second year, the project provided 75% of the total cost followed by 50% in third year 
and 25% in fourth year. This material support was supplemented by training, retraining 
and regular technical backstopping by agriculture technicians. With the increase in 
income, farmers expanded production areas by leasing more land and increasing vegetable 
cultivation areas on their land. After expanding production areas, farmers installed EPs 
on the well by replacing head of TPs. They continued using galvanized iron (GI) pipes 
that were inserted for TPs. High labour consuming nature of TPs prompted farmers with 
alternatives. Given the relatively cheaper price of Chinese EPs, they replaced TPs with EPs 
and in some case with diesel pumps. The price comparison was done with dominant Indian 
EPs.  The recently arrived Chinese EPs can be operated in a single phase electricity line 
whereas Indian major EP requires three phase electricity line. 
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Human labour was used in operating TPs. This is both opportunity and constrains for its 
continuation and/or adoption. The survey revealed the use of human labour was a constrain 
rather than opportunity for continuation and/or adoption of TPs as around 40 % respondents 
opined that labour consuming nature of TPs as one of the reasons to jump for more user 
friendly pumps. Unavailability of labour force and time consuming nature of work made it 
diffi cult for farmers to operate TPs. During dry season when water table depletes, it took 
six to eight hours in a day to irrigate two kaththas of land (FGD, 2009c). Even though 
operating cost of TP is more than that of EP and diesel pumps, farmers preferred EPs 
and diesel pumps because of TP’s time consuming nature makes it unfi t for commercial 
vegetable production (FGD, 2009d). 

 Box 1: Case Study: A Story of Phool Kumari 

Phool Kumari lives in Bankatuwa VDC-8, Guruwagaon village where many people have 
benefi ted from vegetable farming. Today, Phool claims to have a regular source of 
income. She said that she had diffi  culty providing two meals a day to her family and that 
le   her and her husband guilt ridden. They have two children and her husband’s sister 
to look a  er. Earning to provide all four meals, proper clothing and adequate shelter 
seemed more like a distant reality. Un  l ILISSCON project intervened and helped them 
lease land to grow vegetables and diversifi ed crops. “The project provided us training 
on nursery management, seasonal and off -seasonal commercial vegetable produc  on 
and group management. We also received seeds, fer  lisers, water cane and other 
suppor  ng materials. They installed a treadle pump in my farm,” she explains. 

“With vegetable farming we earn around NRs 20,000 per season. With this income I 
am paying for my children’s and my sister in law’s tui  on. We are able to buy enough 
food and clothes. We even bought an ox.” The project also installed a treadle pump that 
provides water to Phool’s farm. The treadle pump is suitable for irriga  on purpose as it 
pumps more water than a hand pump. The treadle pump has boosted Phool’s vegetable 
produc  on. “The leased land has given us a lot. Before we used to sell wooden logs and 
earned very less. But now we have made so much profi t that we have leased another 
piece of land where we have planted paddy. The treadle pump is exactly what we 
needed to boost our produc  on, she claims.”  Phool is now building a new house for 
her family. “I am relieved because of the sustainable income. We cannot wait to move 
into our new home,” stated Phool.

Source: Final Report of ILISSCON Project (PAN, 2010) 

TPs as an entry point activity

Creating volumes through commercialisation of production by forming association of 
small and marginal producers is a strategy for poverty reduction. Leasehold farming could 
be an alternative for improving livelihood and food security of poor, marginal and land-
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limited farmers of Tarai districts. Lack of irrigation is often cited by farmers as number 
one bottleneck of agriculture production. Initially, poor farmers can’t invest on irrigation 
technology and it is diffi cult for an ideal irrigation system to cover isolated lands of poor 
farmers. Poor farmers also often lacked confi dence to adopt new technologies even though 
they can afford such technologies. In such cases, TP can act as entry point activity for poor 
farmers for their food and livelihood security. In recent years pumps sets have become 
popular but the treadle pump is lower cost and represents an effective stepping stone to 
bring smallholders into commercial crop cultivation as they graduate to utilizing pump sets 
(Sharma and Colavito, 2011) .
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Abstract

Over the last two decades, climate change has become one of the hot topics to be discussed 
in global forum. All the scientist and scholars involved in this fi eld agree that green house 
gas emission, presumed as main factor of global warming, needs to be reduced. However 
economic development and greenhouse gas emission are linked to each other and the 
developed countries do not want to make compromise on its economic activities by cutting 
green house gas emission. Likewise the developing countries are also in the race to boost 
its GDP by industrial and agricultural revolution eventually emitting additional green 
house gas in the nature. 

The past record has showed that the earth's mean temperature is gradually rising. This 
changing phenomenon has affected the nature in many ways such as cloud burst, fl ash 
fl ood, drought, cyclone etc. Changing climatic conditions causing soil moisture reduction, 
thermal and water stress etc are putting the whole agricultural sector at serious risk. FAO 
states that the world’s poor and food insecure are the most vulnerable to the potential 
impacts of climate change and have the least capacity to adapt. They are often highly 
exposed to natural hazards, greatly dependent on climate-sensitive resources and have 
limited economic and technological resources. Least developed countries (LDCs) and 
small island developing states (SIDS) are therefore likely to be most affected and Nepal 
also comes under the same category.

 Climate change has directly affected the Himalayas and many people living the downstream 
of the river originating from the Himalayas. The higher rate of snow melting, the threat 
of glacial lake outburst fl oods will have tremendous effect on habitation and physical 
infrastructures. Similarly higher temperature may lead to widespread livestock decline and 
crop failures. Realizing the inevitable fact of global warming, the immediate step of way out 
is to adapt and mitigate the impact of climate change at national and local level. This paper 
has tried to cover some of the adaptation and mitigation measures that are prescribed by 
IPCC in international level and NAPA in national level in water and agriculture sector. 
Similarly at the end of the paper it discusses little about EIA and the past environmental 
experience of irrigation projects.

Introduction

Climate change is a long-term change in the statistical distribution of weather patterns over 
periods ranging from decades to millions of years. It may be a change in average weather 
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conditions or the distribution of events around that average (e.g., more or fewer extreme 
weather events). Climate change may be limited to a specifi c region or may occur across 
the whole Earth1. 

In the context of climate variation, anthropogenic factors are human activities which affect 
the climate. The scientifi c consensus on climate change is "that climate is changing and that 
these changes are in large part caused by human activities, and it is largely irreversible."  
Carbon emissions from fossil fuel burning and industry reach six billion tonnes per year in 
1989 which was only one billion ton in 19272.

The effect of climate change on the natural and managed systems vis-à-vis forest, wetland, 
coral reefs, agriculture, and fi sheries is conspicuous. It will depress agricultural yields 
in many regions making it harder to meet the world's growing food needs. It comes as 
the world faces intensifi ed competition for land, water, biodiversity, fi sh and other 
natural resources. At the same time societies will be under pressure to reduce the 30% of 
greenhouse gas emission that comes from agriculture, deforestation, land-use change, and 
forest degradation (WB, 2010).

To meet the competing demands and reduce vulnerability to climate change, societies will 
need to balance producing more from their natural resources with protecting their resources 
like land, water and forest. In the water resources sector managers need to think on basin-
wide scales and to devise effi cient and fl exible ways to allocate water among competing 
quantity and quality demands for human use (such as energy, agriculture, fi sheries and 
urban consumption) and for healthy ecosystems (such as forests, wetland and oceans) 
(ibid.).

Changing climatic conditions causing soil moisture reduction, thermal and water stress, 
fl ood and drought etc are putting the whole agricultural sector at serious risk. FAO states 
that the world’s poor and food insecure are the most vulnerable to the potential impacts of 
climate change and have the least capacity to adapt. They are often highly exposed to natural 
hazards, greatly dependent on climate-sensitive resources and have limited economic and 
technological resources. Least developed countries (LDCs) and small island developing 
states (SIDS) are therefore likely to be most affected (FAO, 2009a).

As a LDC, Nepal is also not isolated with this global phenomenon of climate change. 
Floods, heat wave, crop failure and glacier retreats are the common effects of climate 
change in Nepal.

Impact of climate change in Nepal  

In Nepal, observed data indicate consistent warming and rise in the maximum temperatures 
at an annual rate of 0.04-0.06°C (NAPA, 2010). Analysis of recent climatic trends reveals a 
signifi cant warming trend in recent decades which has been even more pronounced at higher 
altitudes. Climate change scenarios for Nepal across multiple general circulation models 

1   http://en.wikipedia.org/wiki/Climate_change

2   http://www.bbc.co.uk/news/science-environment
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meanwhile show considerable convergence on continued warming, with country averaged 
mean temperature increases of 1.2°C and 3°C projected by 2050 and 2100 (OECD, 2003).

Similarly it is projected that the temperature rise in Nepal by 2050 will be 1.7°C with 2000 
level which brings change in precipitation and its intensity by 3.6% and 4.9% respectively. 
Owing to temperature rise, agriculture yield will be decreased by 10.6% (WB, 2010). A 
reduction in agricultural production would have signifi cant impact on the food security and 
livelihoods of the subsistence farmers, who make up the majority of the Nepal’s population.

Annual precipitation data show a general decline in pre-monsoon precipitation in far- and 
mid-western Nepal, with a few pockets of declining rainfall in the western, central and 
eastern regions. In contrast there is a general trend of increasing pre-monsoon precipitation 
in the rest of the country (NAPA, 2010).

Warming trends have already had signifi cant impacts in the Nepal Himalayas – most 
signifi cantly in terms of glacier retreat and signifi cant increases in the size and volume 
of glacial lakes, making them more prone to Glacial Lake Outburst Flooding (GLOF). 
Continued glacier retreat can also reduce dry season fl ows fed by glacier melt, while there 
is moderate confi dence across climate models that the monsoon might intensify under 
climate change. This contributes to enhanced variability of river fl ows (OECD, 2003). 
Consequently fl oods and landslides during the rainy seasons because of too much water, 
whereas there is a common problem of droughts during the dry seasons because of too little 
water. Climate change would further increase this seasonal imbalance of water in Nepal.

Coping with a changing climate

Responding to the challenge of controlling climate change will require fundamental changes 
in energy production, transportation, industry, government policies, and development 
strategies around the world. These changes take time. The challenge today is managing the 
impacts that cannot be avoided while taking steps to prevent more severe impacts in the 
future.

Reducing emissions of greenhouse gases, also called greenhouse gas mitigation, is a 
necessary strategy for controlling global warming. Despite knowing the fact it is always 
debatable to reduce greenhouse gases between developed nations and developing nations. 
Developing countries portrayed themselves as victimized once again by the wealthier 
industrialized nations. On one hand, these countries believe they have the most to lose 
from continued global warming. Because much of the developing world occupies warmer 
regions, where many species of crops and domesticated animals live at the upper limit of 
their natural temperature tolerances, higher temperatures could lead to widespread livestock 
declines and crop failures. Moreover, unlike the industrialized world, most developing 
nations lack the capital and infrastructure to develop new varieties of heat-tolerant crops 
and animals, build fl ood control systems, and deploy disaster relief when needed (Encarta, 
2009).

On the other hand, global emission reduction targets also hurt developing countries because 
such reductions interfere with their plans for economic development through inexpensive, 
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carbon-based energy sources. Indeed, many representatives of developing countries see 
global warming advocates as part of a conspiracy to maintain the economic advantages of 
industrialized nations at the expense of poorer nations. Thus, developing countries argued 
that they be exempted from emission reductions until their economies approached the 
strength of those in developed nations (ibid).

The famous Kyoto Protocol, 1997 could not go into effect due to debate between 
industrialized nations and developing nations. US withdrew support of the treaty in 2001 
and lately, Canada withdrew from Kyoto Protocol3. 

In the mid of pro and anti argument of greenhouse gas emission, adaptation and 
mitigation of climate change is most for survival. 

Adaptation and mitigation of climate change in water and 
agriculture sector 

Regarding adaptation to global warming’s impacts on agriculture, fi sheries, forestry, health, 
public safety, and food security, some of the most important factors are the expected changes 
to the rates at which various key aspects of climate change – rainfall, temperature, relative 
humidity, cloudiness – and at which evapotranspiration, the process by which moisture is 
exchanged between the atmosphere and vegetation and soils, occurs. If the rates change 
incrementally and societies are aware of those changes, those societies may be able to 
adjust human activities accordingly. Within limits, some ecosystems will likely also be able 
to adjust to incremental changes. If, however, the rates of change are too rapid to be viable 
for adjustments like shifting agricultural practices, changing crop rotations, developing 
new fodder regimes for livestock as grasslands dry out, then societies will be unable to 
escape with minimal impacts to their climate-sensitive activities and to the ecosystems on 
which those activities depend (FAO, 2009b).

The following two tables developed by Intergovernmental Panel on Climate Change 
(IPCC) explain the adaptation and mitigation measures against climate change in water 
and agriculture sector. 

Table 1: Adaptation

ADAPTATION OPTION/ 
STRATEGY

UNDERLYING POLICY 
FRAMEWORK

CONSTRAINTS OPPORTUNITIES

Expansion of rainwater

harves  ng; water 
storage and conserva  on 
techniques; water reuse; 
desalina  on; water-use 
and irriga  on effi  ciency

Na  onal water policies 
and integrated water 

resources management; 
water-related hazards 

management

Financial, human 
resources and physical 

barriers

Integrated water 
resources management; 

synergies with other 
sectors

3  http://www.bbc.co.uk/news/world-us-canada-16151310
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Adjustment of 
plan  ng dates and 
crop variety; crop 
reloca  on; improved 
land management, e.g. 
erosion  control and soil 
protec  on through tree 
plan  ng

R&D policies; 
ins  tu  onal reform; land 
tenure and land reform; 

training; capacity 
building; crop insurance; 
fi nancial incen  ves, e.g. 
subsidies and tax credits

Technological and 
fi nancial constraints

Access to new varie  es; 
markets; longer growing 

season in higher 
la  tudes; revenues from 

‘new’ products

Table 2: Mitigation

KEY MITIGATION TECHNOLOGIES 
AND PRACTICES

POLICIES, MEASURES 
AND INSTRUMENTS

SHOWN TO BE 
ENVIRONMENTALLY

EFFECTIVE

KEY 
CONSTRAINTS

KEY

OPPORTUNITIES

Improved crop and grazing land 
management to increase soil 
carbon storage; restora  on of 
cul  vated peaty soils and degraded 
lands; improved rice cul  va  on; 
techniques and livestock and 
manure management to reduce 
CH4 emissions; improved nitrogen 
fer  lizer applica  on techniques to 
reduce N2O emissions; dedicated 
energy crops to replace fossil fuel 
use; improved energy effi  ciency; 
improvements of crop yields

Financial incen  ves 
and regula  ons 

for improved land 
management; 

maintaining soil carbon 
content; effi  cient use of

fer  lizers and irriga  on

May encourage 
synergy with 

sustainable

Development 
and with reducing 

vulnerability 
to climate 

change, thereby 
overcoming 

barriers to 
implementa  on

Aff oresta  on; reforesta  on; 
forest management; reduced 
deforesta  on; harvested wood 
product management; use of 
forestry products for bioenergy to 
replace fossil fuel use; tree species 
improvement to increase biomass

produc  vity and carbon 
sequestra  on; improved remote 
sensing technologies for analysis of 
vegeta  on/soil carbon sequestra  on 
poten  al and mapping land-use 
change; Landfi ll management and 
monitoring

Financial incen  ves 
(na  onal and 

interna  onal) to 
increase forest area, to 

reduce deforesta  on 
and to maintain and 

manage forests; 
landuse regula  on and 

enforcement

Constraints 
include lack

of 
investment 
capital and

land tenure 
issues

Can foster 
poverty allevia  on

Source:  (FAO, 2009b)
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Nepal's effort for adaptation and mitigation of climate change

1. National Adaptation Program of Action (NAPA)

Ministry of Environment, Nepal promulgated National Adaptation Program of Action 
(NAPA) September 2010. The followings are the main objectives of NAPA;

• Assess and prioritize climate change vulnerabilities and identify adaptation 
measures;

• Develop proposals for priority activities;

• Prepare review and fi nalize the NAPA document;

• Develop and maintain knowledge management and learning platform; and

• Develop a multi-stakeholder framework of action on climate change.

The NAPA identifi es following six major areas that are impacted by climate change.  

1. Agriculture and food security;

2. Water Resources and Energy;

3. Climate induced disasters;

4. Forests and biodiversity;

5. Public health;

6. Urban settlement and infrastructures;

Adaptation and mitigation measures recommended by NAPA in water and agriculture sector 
are given in table 3. Before the promulgation of NAPA, Climate change adaptation has not 
been mainstreamed in Nepal. Government of Nepal was limited to Environmental Protection 
Act, 1997 and Environmental Protection Rule 1997 with regard to environmental issues. 
The realm of these documents is focused in project level. Any infrastructure development 
in irrigation sector also needs to follow environmental examination either in the form of 
Environmental Impact Assessment (EIA) or Initial Environmental Examination (IEE) as 
per the rule mentioned. Irrigation Water Resources Management Project (IWRMP) funded 
by the World Bank has made it mandatory for any irrigation sub-projects below the scale 
of EIA and IEE to carry out the study of Social and Environmental Management Plan 
(SEMP). The efforts of EIA, IEE and SEMP are to mitigate the impact of environmental 
degradation due to new construction at local level that might be attributable to climate 
change or attributable to human made intervention in nature. The recommended mitigation 
measures of these kinds of studies are very useful for the safeguards of nature which on 
one hand prevents the infrastructure from climate change impacts, on the other hand help 
community for sustainable development.
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Table 3: Adaptation and Mitigation measures recommended by NAPA 

SN Area Impact Adapta  on Mi  ga  on
1 Agriculture and 

food security
• Changes in crop produc  vity  due 

to delays in cropping cycle;
• Upward shi   in agro-ecological 

zone;
• Increase in crop diseases and pests;
• reduced water availability;
• Decline in livestock produc  vity 

due to increase in incidences of 
disease including sterility and 
decreases in fodder species;

• Loss of crop and forest diversity, 
e.g. Jaluka 'wild sag', local rice 
varie  es, wild mint, local cucumber 
and bi  er gourd have disappeared.

• Introduc  on of be  er 
suited crop varie  es;

• Adop  on of organic 
farming techniques;

• Community based 
on-farm water 
management;

• Local level accessibility 
to seeds, technology 

and market

Improve access to 
irriga  on.

2 Water Resources 
and Energy

• Decreased access to water supplies;
• Increase in surface run-off  leading 

to erosion and diffi  culty in capture 
and storage of water;

• Increased frequency of fl ood and 
drought leading to adverse impact 
on infrastructure.

• Be  er and more 
accessible informa  on 

and technology;
• Effi  cient and 

mul  purpose use of 
water resources;

• Conserva  on of 
watershed areas;
• Upgrading and 

expanding of 
hydrological-

meteorological 
sta  on. 

3 Climate induced 
disaster

• Increase in fl ood/landslides;
• Increase in drought and dryness;
• Thunderbolt/hailstorm/windstorm;
• Increase in Forest fi re;
• Outbreak of certain diseases;
• Confl ict over natural resources; 
• Displacement and migra  on.

• Discouraging and 
restric  ng se  lements 

in high risk areas;
• Strengthen early 

warning system and 
forecas  ng;

• Promo  on of 
reforesta  on and 

aff oresta  on program;
• Rainwater harves  ng 

and soil moisture 
reten  on through 

conserva  on farming;
• Capacity building 
programs for forest 

managers;
• Promo  on of proper 

agriculture prac  ce;

• Flood mi  ga  on 
by crea  ng river 

embankments, 
plan  ng bamboo 

and fodder/
forage grass, 

and slope 
stabiliza  on and 
management by 
plan  ng fodder 

trees, coff ee 
on terraces 

and hedge row 
plan  ng. 

Source: NAPA, 2010
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2.  Climate Change Policy of Nepal:

In order to face the challenges and solve the problems of climate change GoN has approved 
climate change policy in January, 2011in order to cope with new environmental problems. 
The detailed impacts from  climate change on agriculture, water resources, forests and 
biodiversity, public health, disaster incidence, tourism and other related sectors has yet 
to be assessed. Similarly, programs for avoiding, minimizing or adapting to the changing 
climate by developing appropriate technologies for risk reduction and disaster preparedness 
have also yet to be implemented. However GoN has initiated new endeavor by setting out 
roadmap for climate change.

The main objectives of the policy are as follows;

1. To establish a Climate Change Center as an effective technical institution to address 
issues of climate change and also strengthen existing institutions;

2. To implement climate adaptation-related programs and maximize the benefi ts by 
enhancing positive impacts and mitigating the adverse impacts;

3. To reduce GHG emissions by promoting the use of clean energy, such as hydro-
electricity, renewable and alternative energies, and by increasing energy effi ciency 
and encouraging the use of green technology;

4. To enhance the climate adaptation and resilience capacity of local communities for 
optimum utilization of natural resources and their effi cient management;

5. To adopt a low-carbon development path by pursuing climate-resilient socio-
economic development;

6. To develop capacity for identifying and quantifying present and future impacts of 
climate change, adapting to climate risks and adverse impacts of climate change; 
and

7. To improve the living standard of people by maximum utilization of the opportunities 
created from the climate change-related conventions, protocols and agreements. 

In order to fulfi ll these objectives the policy has given the goals as follows.

1. Establishment of a Climate Change Center within one year for conducting climate 
change research and monitoring, and regularly providing policy and technical 
advice to the Government of Nepal;

2. Initiation of community-based local adaptation actions as mentioned in the National 
Adaptation Programme of Action (NAPA) through managing fi nancial resources 
by 2011.

3. Preparation of a national strategy for carbon trade in order to benefi t from the 
Clean Development Mechanism by 2012.
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4. Formulation and implementation of a low carbon economic development strategy 
that supports climate-resilient socio-economic development by 2014.

5. Assessment of losses and benefi ts from climate change in various geographical 
areas and development sectors by 2013.

6. Promotion of climate adaptation and adoption of effective measures to address 
adverse impacts of climate change through technology development and transfer, 
public awareness raising, capacity building and access to fi nancial resources. 

7. Development of a reliable impact forecasting system to reduce the adverse impacts 
of climate change in vulnerable areas of the mountain, hill, Churiya, and Terai and 
in natural resources and people's livelihood. 

Although the policy recognizes the role of communities, the private sector, civil society 
and the media in ensuring multi-stakeholder participation in climate change initiatives and 
envisions the development of various incentive mechanisms to facilitate their participation 
and partnership, some NGOs accuse Government that the voices of national organizations 
are not properly recognized in the present debate on the national response to climate change 
– rather decisions are made under the infl uence of international organizations.

3. Climate Resilient Planning

National Planning Commission of Nepal has developed this document as a tool for long 
term climate adaptation to facilitate ministries, departments and developed organizations 
in analyzing sector issues climatic issues with a greater understanding of climate variables 
at the local level and in adopting measures to reduce the emerging and anticipated climate 
threats which face development plans and programs. 

This document has developed the climate framework strategy with a vision "Achieving 
a society and economy that is resilient to a changing climate". It has also explained 
screening method to identify the climate risks. Screening a plan or programs promotes 
climate adaptation therefore three screening format vis-à-vis core system, support systems 
and institutional systems are proposed in the document. The adaptation and mitigation as 
proposed by the climate framework strategy are given below.

Adaptation: Vulnerability assessment, integrated ecosystem-based management, climate-
responsive infrastructure, climate-responsive agriculture, water management, disaster risk 
reduction and management.

Mitigation: Energy effi ciency and conservation, sustainable infrastructure etc.  

4. Climate Public Expenditure and Institutional Review (CPEIR)

This CPEIR reviews the fi nancial management systems as well as the institutional 
arrangements and policy directives for allocating and spending climate change-related 
fi nance.
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The study entails:

• An assessment of current policy priorities and strategies as these relate to climate 
change;

• A review of the institutional arrangements for promoting the integration of climate 
change policy priorities into budgeting and expenditure management;

• A review of the integration of climate change objectives within the budgetary 
process, including as part of budget planning, implementation, expenditure 
management and fi nancing.

This study has clearly analyzed the institutional response to climate change. It says that 
although Ministry of Environment (MoE) leads on climate issues and coordinates donor 
funded at the national level there is visible gap between national level and VDC level. 
The existing institutional structure does not support VDC level climate programs. Besides 
the NGOs implemented activities that address climate change issues at local level are not 
refl ected in the regular government programs.

It has also mentioned the challenges of institutional collaboration to overcome. For example, 
Department of Watershed management implements activities in priority sub-watersheds. 
In the current Third Year Plan the department intends to implement programs based on 
the river basin approach. However, it has no working relationship with the Ministry of 
Irrigation, which also wants to develop river basin programs. Forests and agriculture are 
also closely linked within any one geographical area, but none of the offi cial programs 
of these sectors have a common thread that would help build synergy while addressing 
climate change.

This study has done profound analysis on climate change expenditure by GoN. Within the 
government classifi cation chart there is little explicit recognition of climate change-related 
expenditure. Nevertheless this study has identifi ed 83 budget line codes with government's 
red book as being relevant to climate change; 33 of these codes are highly relevant. It 
further says that there is no common reporting system or budget/expenditure classifi cation 
between central government, local government and donors. 

Environmental issues in irrigation projects
The degradation of land and shortage of water are major environmental problems in Nepal. 
So far DoI has not classifi ed climate change activities and environmental risk management 
activities. In the past all activities related to protect disaster in irrigation sectors were 
covered under environmental headings.  Now the time has come to identify climate change-
related program activities in irrigation. However it is worth mentioning here some of the 
relevant environmental issues that have been experienced from the past irrigation projects 
(ISEA, 2006).
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Second Irrigation Sector Project/ Community Managed Irrigated Agriculture Sector 
Project (SISP) – 2004

• Landslides and canal bank erosion was quite common in the hill schemes. Due 
to the project activities, canals widened in most cases thus destabilizing the hill 
slopes and causing erosion and landslides.

• Most FMIS in the Terai have spring sources whose catchment extend into the 
foothills of Churiya, which were once covered with vegetation and are now 
completely denuded. This will inevitably affect the discharge of these spring 
sources.

• The river control works in the rivers which are dry during winters and causing 
fl ooding during monsoon must start from the source of the river; any protection 
work done downstream would only be a temporary solution.

• Drainage issue has not been properly considered in the design of the terai 
irrigation sub-projects.

• As a general rule, the tree planting should be confi ned to the outer slopes of canal 
banks only.

Mahakali Irrigation Project – 2001

• Problems of sandy sediments deposited onto the fi elds with the irrigation water, 
reducing the fertility of the land have increased in the last few years.

• Poorly fi nished borrow-pits used during the construction of the embankments 
have been a breeding ground for mosquitoes, as the water in these pits is stagnant, 
causing malaria and encephalitis.

• Due to the inspection road along the Main-2-Canal in Mahakali Irrigation Project 
Stage-II area, that runs though the Shuklaphanta Wildlife Reserve, the reserve has 
become easily accessible. Cattle from the Beldani are entering the forest along 
the canal, forcing the wild life deeper into the forest and reducing the forest 
undergrowth, while the local population collects fodder and fi rewood.

• The side-escape at Beldani spills sediment-laden water into the Kalikitch Lake 
causing the bottom of the lake to rise hence reducing its capacity and the water 
quality. It has a negative impact upon waterfowl nesting in the lake area and also 
on the crocodile population.

These lessons learned from the past projects are very imperative in further EIA and IEE 
study. Professionals engaged in irrigation sectors need to ponder climate change globally 
and its potential impact that may bring environmental degradation locally in order to 
address the potential hazard in irrigation projects.  



— 122 —

Conclusion

The most critical impacts of climate change in Nepal can be expected to be on its water and 
agriculture sector. Irrigation infrastructure and facilities are at risk from increased fl ooding, 
landslides, sedimentation and more intense precipitation events (particularly during the 
monsoon) expected to result from climate change. Greater unreliability of dry season 
fl ows, in particular, poses potentially serious risks to water diversion in irrigation systems 
during lean season. Therefore, increased climate variability, which can affect frequency 
and intensity of fl ooding and droughts, could affect irrigation sector severely eventually 
decreasing agricultural productivity. The effect of climate change can be abated in Nepal by 
following the adaptation and mitigation measures that are recommended by IPCC, NAPA, 
climate change policy and climate resilient planning of Nepal. DoI also needs to entail 
climate change adaptation and mitigation measures in its annual program addressing the 
critical issues in water and agriculture. Similarly professionals engaged in EIA and IEE 
study of projects related to irrigation needs to differentiate the local environmental issues 
and issues created by climate change. 
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Abstract

A climate change adaptation and disaster risk management project was implemented 
during 2008 to 2011 sponsored jointly by FAO and UNDP. The paper is based on the 
results and fi ndings of the joint pilot project. The climate change events such as increased 
intensity of erratic rains in short spells, trend of prolonged drought, gradual rise in 
temperature in the higher elevations and occurrence of cold and hot waves in Terai have 
led to fl ash fl oods, massive erosion in the hills particularly in Churia range and drying 
of water sources. These recurring natural and climate-induced disasters are causing 
heavy damages through sedimentation and inundation of the agricultural lands, crops, 
livestock, infrastructures and settlements in the downstream plains and thus undermining 
agriculture productivity and food security in the country. About 65% of the cultivated land 
in Nepal is rainfed with drought-prone characteristics and stabilization of agricultural 
production and productivity in these tracts will be possible through adoption of rainfed and 
drought-tolerant technologies by the local communities. The adaptation and mitigation 
technologies and options identifi ed by the project for soil erosion, fl ash fl oods and landslide 
control are on-farm watershed management, SALT technologies, agro-forestry practices, 
agri-silvi-pastoral management, hedge-row contour planting, bio-engineering along 
slopes and river banks, plantation of multi-purpose trees and management of degraded 
waste land including sandy fl ood plains. The stress tolerant technologies with respect 
to drought, fl oods and temperature stress for effi cient utilization of nutrient, water and 
other resources for increased productivity are adoption of stress tolerant crop varieties 
and breeds of animals, indigenous proven technologies, mixed and inter-cropping systems, 
system of rice/wheat intensifi cation (SRI/SWI), direct rice seeding, double transplanting of 
rice, off-season vegetable production and regular management of nurseries, orchards and 
animal sheds. The alternate energy use options and resource conservation practices for use 
by local communities are installation of bio-gas plants for mitigation of GHG emissions, 
use of organic manures and pesticides, jatropha cultivation, green manuring in rice fi elds 
and minimum tillage practices for marshy lands. The effi cient water management practices 
for increasing productivity of crops and livestock are use of micro-irrigation practices 
(drip, sprinkler and treadle sets), construction of water conservation and water harvesting 
ponds (earthen, plastic and concrete), use of overhead water tanks and Thai jars for rain 
water harvesting and rehabilitation of on-farm irrigation systems. Initiation of some 
works on community-based early warning system (river fl ood monitoring), strengthening 
of met stations (Banke and Surkhet) and disaster database formats has made efforts in 
providing disaster tailored early warning, meteorological and insurance services to the 
local communities. Contingent planning is recommended to develop coping strategies and 
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capacities of the communities to adopt necessary changes in the cropping patterns and 
practices in relation to adverse climatic conditions. At the end, promotion of awareness 
raising and capacity development (technical and institutional) activities and networking 
on water-induced disaster and climate change risks such as training, visits and knowledge 
sharing workshops, dissemination of technical know-how and technologies, conduct of 
FFS, development of extension materials and their displays need to be adopted.  There 
is need of strong coordination and linkage required between agriculture, environment, 
forestry, meteorology, irrigation, water-induced disaster prevention and research 
sectors at the ministry, department and district level for up-scaling, implementation 
and institutionalization of climate change and disaster risk management activities and 
adaptation mitigation options.

1. Introduction

Nepal possesses diverse altitudinal, geo and agro-climatic variations such as fragility, 
marginality, verticality, deforestation, and population pressures on agriculture. 80% of the 
rain that occurs in monsoon has been causing water-induced disasters like fl oods, landslides 
and water-borne diseases. Drought is generally noticed during winter and spring all over 
the country and as slow on-set of monsoon during summer and in rain shadow areas as 
well.  In Nepal, there is a trend of severe and prolonged winter drought and delayed or slow 
on-set of monsoon noticed generally in alternate years or after 2/3 years due to impact of 
climate change and global warming. Far and mid-western region are generally receiving 
less rainfall than the east and smallholder farmers are more adversely affected by climate 
change extremes and thus more vulnerable. Disadvantaged poor and women, children and 
aged are more vulnerable to climate change impacts due to lack of resources and assets to 
cope with hazards/disasters. An annual mean temperature increase by 0.060C (0.410C per 
decade) is observed as a result of global warming in Nepal which is more pronounced in 
higher altitudes/high hills and in winter than Terai and summer. These events are pushing 
biomes and vegetations growth gradually northwards changing cropping patterns and 
farming systems and enhancing crop phenology (fl owering/maturing) as well making 
double cropping possible in the high hills: However, impact of global warming has affected 
crops and soil moisture more negatively in Terai. There is decrease in number of rainy 
days but increase in intensity of rain noticed. Due to climate change, global warming and 
increased intensity of monsoon for short intervals, there is increase in snow melting causing 
intense fl ash fl oods, surface run-off and gradual reduction in water levels in the rivers and 
hydrological fl ows. Expansion, outburst and melting/retreat of glacial lakes due to increased 
temperature are increasing fl ash fl oods and run-off leading to variable and reduced river 
fl ows causing water-borne disease and malnutrition. As a result, it has been causing fl ood 
problems in the lower plains and drought phenomenon and hailstorm occurrence in the 
mid-hills and high hills. Drought is reducing water source in the springs, rivers and ground 
water level and on-farm moisture content required for arable agriculture. The fl ash fl oods 
and run-off are causing landslides, erosion and depletion of surface soil and soil fertility 
in the upstream hills particularly more pronounced in the Churia range and causing heavy 
sedimentation and inundation in the downstream plains (Terai) causing heavy damage to 
agricultural land, crops and settlements. Rapid population growth, shrinking farm size, 
increased cropping intensity and other anthropogenic activities are increasing exposure and 
vulnerability of the local communities to climate change risks and hazards. These events 
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are reducing food, feed, fuel, and fi bre in terms of production and productivity ultimately 
leading to distress, misery, poverty, food insecurity and malnutrition of the communities. 

World Bank (2005) classifi ed Nepal as one of the global “hot-spots” for natural disasters. 
The Disasters Inventory System (DesInventar, 1971-2005) shows the increasing trend of 
number of disaster events and number of deaths in Nepal. The recurring natural disasters 
undermine agriculture productivity causing poverty and food insecurity. The major disasters 
are fl oods, land slides, hailstorms and drought spells that are almost regular phenomena. 
Floods and landslides alone were claiming on an average of about 211 lives annually in the 
past ten years (MOAC). The poor, marginalised and disadvantaged groups of people are 
hardest hit by natural calamities that occur in the country. 

2. Impact of Climate Change and Disasters on Agriculture, Food Security and 
Irrigation

About 65% of land in the high hills and mid-hills particularly that in the Mid-and Far-
western Regions are rainfed and hence characterized by drought-prone characteristics. 
Majority of the farmers are reliant on rainwater for irrigation as the country lacks 
irrigation facilities while supplementary irrigations through traditional surface irrigations 
are practiced in irrigated conditions. Farmers prepare their cropping calendar according 
to their past experience on both intensity and time of rainfall. Field crops differ in their 
consumptive use of water and irrigation water requirement. Some crops like paddy, jute, 
maize, vegetables and wheat comparatively require more water compared to millet, barley, 
buckwheat and grain legumes. Crops like lentil, linseed and buckwheat can be grown 
with residual moisture in the post-rice environment. Prevalence of inadequate irrigation 
facility is the number one problem as claimed by majority of farmers in these areas.  
However, other problems associated with inadequacy of irrigation water are lack of modern 
technology, poor dissemination of technical know-how, lack of quality seeds of desired 
location specifi c crop varieties, limited availability of fertilizers in required quantity and 
time and lack of proper market outlets and marketing system. These are some of the reasons 
for low production and productivity of crops. Natural as well as climate-induced disasters 
are also greatly contributing to reduction in water management, consumptive use of water 
by crops, irrigation effi ciency and ultimately to irrigation facilities. Floods and inundation 
have been causing damage to stranding crops while sedimentation and siltation has been 
converting agricultural lands into barren and degraded waste lands. Drought has reduced 
the irrigation water availability in various sources like springs, rivers and under ground. 
The anthropogenic activities such as deforestation, harvesting of forest resources (fi rewood, 
NTFPs etc) without sound afforestation program, stone mining, cultivation of crops and 
settlements in the steep slopes and marginal lands, over-grazing by animals and increased 
population pressures for livelihoods are increasing land degradation and desertifi cation 
problems at an alarming rate. These activities are decreasing production and productivity 
of crops leading to food insecurity, vulnerability and poverty in the disaster-prone tracts of 
the country.

In the last twenty three years (1983–2005), an average of nearly 1 208 million Nepalese 
rupees per year were lost due to disasters. According to crop yield forecast report from 
the Ministry of Agriculture and Cooperatives (July 2007), the crop area affected by fl ood, 
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land slides and drought in 2007 was at 120 000 ha. Worst winter drought of 2007 and 2008 
forced people to take irreversible coping strategies like selling land, permanent assets/
properties and resorting to migration. Emergency food supply every year in response to 
disasters is not a sustainable solution in the long term Reasons for the losses are attributed 
to insuffi cient public awareness, inadequacy in preparedness, lack of coordination among 
intergovernmental agencies and inadequate fi nancial resources. So there is need of focusing 
pro-active disaster and climate risk prevention, mitigation, adaptation and preparedness 
approach following on-farm watershed perspectives for ensuring food security and 
sustainable community livelihoods rather than river-basin approach having indirect long-
term benefi ts. Some major groundwater aquifers, a source of irrigation water, are projected 
to dry up in coming decades from continuing overuse and lead to food shortages. However, 
irrigation is supposed to modify the micro-climate in the localized areas. 

3.0 Materials and Methods

The formulation of national DRM strategy (NSRDM) and National Adaptation Programme 
of Action (NAPA) created a strong demand for technical assistance to the MoAC and the 
DOA/DLS in building the technical and institutional capacities on CCA and DRM. As a 
result, the Government of Nepal requested FAO for an urgent assistance in preparing a 
sector specifi c proposal and plan of action for disaster preparedness and climate change 
adaptation in agriculture. In this context, the TCP and UNJP projects entitled “Strengthening 
Capacities for Climate Change Adaptation and Disaster Risk Management for Sustainable 
Livelihoods in Agriculture Sector” were designed to implement ground actions at the 
community level and establish a learning platform in the six pilot project districts. The 
TCP program was implemented in the four districts, Arghakhanchi, Kapilvastu, Udaiyapur 
and Siraha from April, 2008 to December, 2010 while UNJP programs were carried-out in 
Banke and Surkhet districts from January 2010 to December 2011. 

The project objectives were to i) assist in testing and operationalizing the process of 
shifting from a reactive emergency response approach towards a pro-active disaster risk 
preparedness approach ii) demonstrate viable climate change adaptation practices in the 
pilot districts iii) address impacts of climate variability and climate change and increase 
awareness and resilience on CCA and DRM. The project envisaged accomplishment 
of three major outputs on CCA and DRM in agriculture as i). Enhancing technical and 
institutional capacity within Govt line agencies ii). Strengthening basic support services 
for CCA and DRM and iii). Identifying suitable location specifi c technologies for CCA and 
DRM in agriculture sector. The activity results described in this paper are mostly directed 
in achieving output three that focused on identifi cation of location specifi c technologies and 
good practices through fi eld demonstrations in the selected sites (VDCs) of the pilot project 
districts on crop varieties for biotic and abiotic stress tolerance, mixed and intercropping 
practices, soil and water conservation techniques, alternate energy use options, resource 
conservation, management of degraded resources and social mobilization processes. The 
results and fi ndings as described below are mainly based on the outcomes of the project 
activities carried out under the FAO-UNDP joint project on CCA and DRM.



— 127 —

4.  Results and Discussion

1.1. Varietal Technologies for Rainfed Stress Conditions

a). Varieties for Biotic and Abiotic Stress Tolerance

Indigenous and local landraces are found more adapted to climate change and disaster risk 
conditions. So it is suggested to use locally popular and ecosystem based landraces in the 
breeding programs to develop crop varieties. However, some improved varieties have also 
been found suitable to certain agro-climatic conditions and are recommended accordingly. 
The improved varieties of rice, wheat and maize that performed well under rainfed farmers’ 
fi eld conditions were, 

Rice : Hardinath-1, Radha-4, Mithila, Barkhe 3019. Sukhha 1, 2, 3, 
Khumal 4, Ghaiya, Radha 4, 7, 11, 12, Loktantra, Bindeswori, 
Janaki, Makwanpur -1

Wheat : Gautam, WK 1204, Bhrikuti, Achyut and BL series 

Maize : Deuti, Manakamana-1, 3 and 4, Rampur Composite and Arun 2, 4 

Pigeonpea - Pusa 9 and 14 for maize-pigeon pea system

Soybean -  PK for intercropping with maize

Tomato - Lakshmi for rainy season

Chickpea - Alternate to lentil for drought

Colocasia - tolerant to drought

b). Locally Adapted Landraces

Locally adapted indigenous and under-utilized crop species/landraces being grown by the 
local communities in the mid-hills and high hills are barley, uwa, buckwheat, (panicum), 
kagunu (foxtail/porso millet), grain amaranth, fi nger millet, naked barley (uwa), chayote, 
local marshi (rice), Jumli bean, Pyuthane radish, colocasia etc.. These crops used to 
stabilize production and maintain food security in the districts even under stress conditions. 
However due to distribution of rice and wheat grains to the vulnerable households in 
combating disasters, the local communities have changed their food habits and are found 
always dependent on external food supplies. Thus farmers gradually gave up growing of 
these indigenous and under-utilized crop species and land races. Thus there is creation of 
a dependency syndrome to external food supplies. So it is necessary to encourage farmers 
participate in the community seed production of the locally adapted landraces/crop varieties 
and store the seeds in community seed banks as a preparedness for any possible disaster 
and climate change impacts. 
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1.2.  Multiple Cropping and Farming Systems 

a). Multiple Cropping Systems

Associated crops under mixed and inter cropping systems utilize moisture, nutrients and 
other resources from different layers of the soil and are found having mutual synergistic 
effects. They protect crops from pests, diseases and frequent crop failures and provide 
additional bonus yield advantage in rainfed condition. The practices are able to control soil 
erosion and stabilize production under rainfed/drought condition.  The successful mixed/
inter cropping practices are maize based (with soybean, fi nger millet, cowpea, ginger, 
radish, upland rice, black gram), wheat-based (with rapeseed, mustard, pea, lentil, linseed) 
and sequential (Rice-wheat and rice-mustard in Terai and maize-fi nger millet in the hills).

b). Agro-Forestry Systems

The multi-storied cropping, agro-forestry and agro-silvi-pastoral practices have been able 
to contribute to soil and water conservation against land degradation. Under these systems, 
one or many rows of crop and grass species are planted between tree species making effi cient 
utilization of resources and ameliorating micro-climatic condition. They provide fuel wood, 
fodder, fi bre, timber, fruits, and cereals and thus assisted to raise income of the farmers. 
Crops used in the system are citrus, coffee, banana, pineapple, cardamom, turmeric, maize, 
legumes, fi nger-millet, and vegetables in the mid-hills and apple, walnut and beans in the 
high hills. The systems provide protective vegetation cover against detrimental impacts of 
fl oods, landslides and droughts and maintain natural ecosystems.

4.3 Water Effi cient Rice Crop Management Practices 

a) Double Rice Nursery and Transplanting under Drought/Floods

Under drought or fl ooded condition, transplanting of rice seedlings is normally delayed and 
farmers are bound to transplant aged seedlings reducing crop yields drastically. Transplanting 
of rice seedlings from one nursery to another nursery bed or thinned and transplanted 
from one main fi eld to another main fi eld allows normal growth of rice seedlings and thus 
protects from the vagaries of drought and fl oods. Under such conditions, rice seedlings can 
be transplanted to another slightly raised nursery bed having proper water and drainage 
facility and slightly wide spacing. Thus rice seedlings can be successfully transplanted to 
the main fi eld whenever the land is free from fl oods or drought. Farmers of Triveni VDC of 
Udaipur are found transplanting rice seedlings even with tillers thinned-out from the main 
fi eld to the land vacated after maize harvest even late in the season. This practice allows 
producing good rice yields even under fl ood and drought condition.

b). System of Rice/Wheat Intensifi cation

Under SRI technology, 9-14 days old rice seedlings are transplanted in well puddled soil. 
Water is drained-out after establishment of seedlings for about a month and then re-watered 
to a shallow depth of about 2 cm. Thus alternate wetting and drying is practiced under SRI 
technology that allows production of increased effective tillers and crop yields (7-10 tons/
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ha). Though water and weed management is the limiting factor for the success of SRI, 
even adoption of some components of SRI technology (e.g. young seedlings or rotovator 
weeder) can contribute to increased yields. SRI technology makes use of reduced inputs 
and organic resources like seeds, fertilizers, chemicals and irrigation water and hence is 
economical than normal transplanting

c). Direct Seeding of Rice

The direct seeding of rice under rainfed lowland condition with less water availability 
generally allowed timely planting of rice. It can be done effi ciently using a locally made 
drum seeder/seed drill which can effi ciently plant seeds in 6 rows at a time. Direct seeding 
practiced in puddled fi eld was found having less weed problems. The practice was 
found economical by reducing production cost and producing good yields compared to 
transplanting. The rice varieties suitable for direct seeded condition are Ghaiya 1, 2 and 3, 
Sukhha 1, 2 and 3, Hardinath-1, Makwanpur-1, and Barkhe-3019 

4.4. Resource Conservation Practices

Zero or minimum tillage practice has made timely planting of wheat crop possible in marshy 
land with excessive moisture conditions. A seed cum fertilizer drill attached to Chinese 
power trailer is used to just open the furrow and plant the seeds and fertilizers in the furrow 
so opened.  The rice stubbles and crop residues are left in the fi eld that act as mulching 
materials to conserve moisture in the fi eld. Conservation tillage enhances crop production 
system involving management of surface residue and minimal soil disturbance. Likewise, 
green manuring of rice fi elds through incorporation of tender Dhaincha (Sesbania rostrata) 
plants has been able to augment N-fertilizer economy in rice wheat system to the extent of 
50 kg N/ha. These practices improve soil physical properties and reduce production costs 
due to effi cient utilization and conservation of resources. These practices are successfully 
demonstrated by the CCA/DRM and CSISA project and NARC in Bhairawa, Chitwan and 
Siraha districts.

4.5.  Water Effi cient Nurseries, Orchards and Vegetable Production  

a). Off-season Vegetable Production under Controlled Conditions

Farmers have been able to grow off-season vegetables (e.g. tomato, cucurbits) through 
use of plastic tunnel farming under controlled condition. The practice will hasten crop 
growth under severe cold (low temperature stress) and also protect young seedlings and 
crops against cold, wind, frost, heavy rain and other external factors. Drip and treadle 
pump irrigation greatly facilitated off-season vegetable production in Surkhet and Banke 
districts. Likewise, oyster mushroom production technology has been found most profi table 
(500 gm of mushroom/kg of straw). and popular among the marginal poor farmers of Terai 
region (e.g. Banke) during winter. These practices do not need much land and water and 
can be practiced under stressful conditions (e.g. drought, fl oods and cold waves) even by 
marginal farmers. Farmers have derived increased income from the production of off-
season vegetables and mushroom.
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b). Management of Nurseries and Orchards for Water Use Effi ciency

Due to lack of proper after care and management practices (e.g. pruning, training etc), most 
of the orchards and nurseries are in miserable condition due to pests, diseases and climate 
change impacts. Currently efforts are directed to promote management through timely 
pruning, training, irrigation and fertilization of the nursery and orchards of fruits, multi-
purpose trees and vegetables in the districts. These practices have increased production and 
productivity of nurseries and orchards through increased effi ciency of water, nutrient and 
other resources. It will allow production and distribution of healthy and diseases resistant 
fruit/tree/vegetable saplings at local level in the potential pockets and along the high way 
corridors. 

4.6.  Soil and Water Conservation and Managing Degraded Waste Land

a). Soil and Water Conservation 

Generally soil erosion such as sheet and gully erosion and land slides are gradually 
depleting the on-farm soil fertility and crop productivity. Plantation of fodders, forages, 
multi-purpose trees and fruits along on-farm bunds/ridges and crops in terraces/contours 
following agro-forestry, hedge-row contour and SALT technologies has been able to control 
soil erosion and landslides. In addition, they provide continued supply of green fodders/
forages to livestock in dry season and raise crop productivity and income of farmers. These 
technologies (planting of grasses/herbs) control fl ow of run-off water and soil erosion in 
the terraces and slopes by slowing down the water velocity and lead to slope and terrace 
stabilization in the mid-hills. These practices have also improved rehabilitation and 
reclamation of degraded and waste lands under community and leasehold forestry

b). On-Farm Soil Moisture Conservation Practices

Farmers have initiated plantation of jatropha along degraded river bank in Banke district 
(Mankhola) on community basis. Farmers belonging to CFUG have planted lemon grass 
saplings (17000) in denuded forest land in Maintada VDC of Surkhet district.  Farmers of 
Udaipur district have cultivated pineapple in place of maize in rainfed tracts of Bengri VDC 
and also adopted bio-engineering practices to protect land from Khahare streams. Local 
communities have planted fast growing plants (fodder, grasses, and bamboo) along Kamala 
River banks and managed forest (NTFPs etc) along Churia range to control fl ood risks and 
erosion problem. Cultivation of fi nger millet, sugarcane and pigeon pea has shown rays 
of hope in drought-prone areas of Terai and inner-Terai. Farmers are also using mulching 
materials (leaves, grasses and straw) to retain soil moisture in drought-prone areas (e.g. 
under maize-zinger) in Arghakhanchi and Surkhet. These practices are improving on-farm 
soil moisture, soil erosion and landslide control and income of farmers.

c). Plantation of cucurbits along river bank fl ood plains 

Poor farmers of Dhankauli VDC in Kapilvastu have maintained their livelihoods through 
cultivation of cucurbits along Banganga river bank fl ood plains.
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d). Strengthening River Embankments through Bio-Engineering

The occurrence of torrential rainfall, run-off and fl ash fl oods are causing heavy soil erosion 
and landslides in the upstream hills and Churia range. These events are leading to heavy 
sedimentation load in the river beds causing river cutting problems, water inundation and 
loss of agricultural land, crops, livestock, infrastructures, food stores, and properties in the 
downstream lowland plains. The gradual deposition of sand, silt, clay and boulders has 
converted the productive agricultural land into barren Bagar. Thus local communities are 
mobilized for the strengthening of the river bank embankments and controlling soil erosion 
and river cutting through regulations, river training and bio-engineering works such as 
plantation of fast growing live fence (e.g. bamboo, fodder, bains, epil epil, Sisso, Khayar, 
bakaino) and establishment of revetments/retaining walls. 

4.7. Rain Water Harvesting and Water Management Practices

a) Rain Water Harvesting and Conservation

Lack of irrigation is the number one problem reported by farmers of pilot project districts. 
Farmers in the project areas including some at the base of Churia range (e.g. Udaipur, 
Arghakhanchi, and Surkhet) are highly motivated and have initiated construction and use 
of water storage tanks, plastic Bhakari, Thai jars and conservation ponds individually as 
well as on community basis for rain water harvesting on cost sharing basis with the project. 
The rain, run-off or fl ood water is collected from the roof, catchment area and watershed 
and fi lled in the storage tank or conservation pond during monsoon season. The water 
thus collected is utilized during winter and dry seasons for growing vegetables, potato and 
wheat crop and drinking water to animals. These water harvesting practices (e.g. Contour 
bunding, ridging and conservation furrows or ditches or ponds) have contributed to ground 
water recharge and reduction in soil erosion, land slides and land degradation. The success 
of farmers of Madan Pokhara VDC of Palpa district behind profi table and commercial 
farming is mainly the adoption of rain water harvesting practices. 

b). Rehabilitation of Existing On-Farm Irrigation system 

The existing and traditional on-farm irrigation system of farmers need rehabilitation as they 
are not working due to damage and leakage of water. The local irrigation system with use 
of dund or channel along streams in Maintada VDC was repaired by the project increasing 
fl ow of water and thus productivity of cropas.

c). Effi cient Micro-Irrigation Technologies

The project has supported distribution of drip, sprinkle and treadle sets to the farmers. 
These micro-irrigation practices are being used by farmers for high-value crops like fruits 
and vegetables for effi cient utilization of water. Treadle pumps are used by resource poor 
farmers of Terai (e.g. Banke district) mainly for vegetable production on small scale. The 
water harvested and stored in storage tanks (e.g. Thai jars, plastic, concrete tanks) are 
connected to drip and sprinkle sets for their effi cient utilization. These practices have greatly 
facilitated production of vegetable/fruit seedlings in the nursery, off-season vegetables and 
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fruit production normally or using plastic tunnel farming. Farmers in drought-prone areas 
(e.g. Terai) have switched over to vegetable production from the cereals that occasionally 
suffer from various stresses and strains. Farmers have been able to raise their income from 
production of off-season vegetables.

4.8. Livestock and Fodders/Forages Management 

a). Production of Fodders/Forages

Distribution and plantation of seeds and saplings of forages/fodders in the project districts 
has increased availability of green forages and fodders for livestock all the year round 
particularly during the dry season. They reduce livestock production costs, runoff, soil 
erosion, and nitrate accumulation but increase physical properties of the soil, moisture 
conservation, soil fertility, environmental protection and animal productivity. Nepal has a 
unique system of planting fodder trees and grasses in the on-farm funds and ridges. Project 
has also supported improvement of animal shelters/housing (e.g. in Banke) that has been 
able to reduce adverse impacts of climate risks through improvement in feed conversion 
and animal productivity. Some improved breeds of cattle (e.g. Jersey and Holstein), buffalo 
(e.g. Murrah), sheep and goat (e.g. Kambule, Rambule), pigs and poultry have successfully 
adapted to the local conditions of Nepal making effi cient conversion of water and feeds. 
However due to climatic and environmental impacts, these breeds have deteriorated 
genetically and nutritionally over time. Hence it is necessary to either replace them or 
improve them through breeding and management for increased effi ciency of inputs. 

b). Composting and use of organic manures and pesticides

Support to bio-gas plant, proper composting and effi cient use of organic manures/FYM/
urine and organic pesticides have reduced deforestation, environmental hazards and 
methane emission but improved water and fertilizer use effi ciency and crop yields. Use of 
organic pesticides and manures will conserve soil moisture and moderate soil environment 
under rainfed and drought condition compared to inorganic source.

4.9. Contingent Planning and Capacity Building of Concerned Stakeholders

a). Contingent Planning under Adverse Weather Conditions  

Contingent planning is growing of suitable crops and adopting change or alteration in 
management practices in place of normal crops and practices in response to adverse weather 
conditions and climatic variability such as changed rainfall, temperature and drought 
pattern. In rainfed condition, the need to grow another crop in place of normally grown 
crops arises due to delay in on-set of monsoon, prolonged drought or dry spell during the 
crop season and early cessation of monsoon. Flooding and submergence are another type 
of disaster during monsoon mostly prevalent in lower plains and Terai belt. The contingent 
planning reduces the risk of crop failure and negative impacts on the vulnerable households
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b). Capacity Building of Concerned Stakeholders and Institution

The project has supported following programs (e.g. training, visit and workshops) for 
technical capacity development of farmers and Government offi cials on CCA and DRM in 
agriculture through raising of awareness, knowledge and skills.

• Visit to model farms/demonstration sites within and outside the districts. 
• District and central level in-country training and workshops including 

e-learning training 
•  Technology dissemination through extension materials and farmers’ fi eld 

schools (FFS) 
The Capacity of institutions can be developed through following measures. 

• Strengthening community-based early warning system and services (e.g. 
drought, fl oods)

• Hazard and vulnerability assessment and DRM planning involving local 
communities

• Strengthening disaster impact data base management tailored to EWS
• Developing insurance policy on crops and livestock damages and loss 

In this direction, the project has supported baseline survey, documentation of existing 
good adaptation practices and development of hazard and vulnerability analysis technique 
and preparation of district disaster risk management plan (DDRMP) for the districts.. The 
project has supported preparation of NAPA priorities and ten years’ Priority Framework of 
Actions (2011-2020) to improve the capacity of concerned line agencies. 

5. Conclusions and Recommendations

Dissemination and adoption of the participatory learning by doing community-based 
adaptation and mitigation approaches and measures to climate-change and disaster-induced 
risks in agriculture and irrigation systems is vitally important. Since depletion and ineffi cient 
utilization of moisture and nutrients are the limiting factors for increased productivity of 
crops and livestock under climate and disaster risk conditions, the proper adoption and 
management of climate-resilient and environment-friendly practices, adaptation mitigation 
options and technologies need to be promoted and further up-scaled. So strengthening 
of basic infrastructures, facilities and capacities of the local communities and concerned 
institutions will be necessary for institutionalization of the adaptation mitigation options as 
recommended below.  

• Developing programs based on community needs, interest and constraints
• Short-term, medium-term and long-term actions for improving food security 

caused by climate and disaster impacts
• Awareness raising and capacity building activities on CCA and DRM
• Mainstreaming of gender and inclusive participation for integrated approach
• Enhancing technical and institutional capacity of concerned stakeholders
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• Developing disaster data base management and community-based early 
warning system

• Operationalization and institutionalization of adaptation mitigation options in 
the regular Government programs

• Up-scaling, replication and adoption of innovative adaptation options, 
practices and technologies

• Integrating coordination, linkage and networking among multi-disciplinary 
stakeholders 

• Adopting a shift from reactive approach to pro-active adaptation and 
preparedness approach

• Integrated infrastructure development, investment and resource mobilization
• Implementing Priority Famework for Actions and Follow-up Projects on 

CCA and DRM
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Abstract

Now, about 71 million liter groundwater is being utilized in the Kathmandu valley in each 
day. It covers about 50% of daily consumption and remaining amount covers from surface 
water. Currently, the total demand of water for Kathmandu valley is about 320 million liter 
per day (MLD). However the daily supply is about 140 MLD. The present population of the 
valley is about 4 million. The previous hydro geological studies of the Kathmandu valley 
has shown that the annual recharge of groundwater is about 14.6 million cubic meters (40 
MLD) and this much amount is very lesser than the recharge of groundwater. The fi rst case 
revealed that there is high water defi ciency in the valley and in the same way the second 
case revealed of over extraction (mining) of groundwater resources in the Kathmandu 
valley. Indeed yes, the Kathmandu valley is considered as a water stress zone at present. 
Besides, about two dozens of traditional stone spouts including famous historical Golden 
Stone Spouts (Sun Dhara) are being dry due to drying of shallow aquifer. Similarly, some 
artesian wells of center region of the valley are being stopped due to decline of piezometric 
head of deep aquifer. One of the studies has shown that the annual decline of piezomtric 
head is about 2.5 m. Now, the trend of groundwater abstraction is increasing day to day 
in the valley since of rapid growth of population, urbanization. In addition, most of the 
sources of the existing surface water will be decreased or completely dry in near future due 
to the effect of the climate change. In this case, the people who have been depending upon 
the surface water should also depend upon the groundwater resources. The groundwater 
consumer of the valley may abruptly increase from present i.e. 50 %. It may be 70% or 80% 
also in the future. Because there in no another way to do except this. The groundwater is 
only the reliable alternative sources for the valley. To address and minimize the negative 
situations which will appear in near future, some effective and urgent activities should be 
done presently in all technical, social, legal and institutional sectors. Otherwise, people of 
the valley especially low income people will be seriously suffered from the water problem. 
Similarly, the Kathmandu city will be fall in the risk for land subsidence as well.

Introduction:

The Kathmandu is a capital city of Nepal. It is an intermountain basin which covers an 
area of about 500 sqkm. It is 25 km long in east-west and 19 km width in north-south. It is 
centered on 27o42' N to 85o22 'E. The average altitude of the valley fl oor is about 1350 m 
and surrounding hills are about 2800 m above sea level. As the valley dips centripetally, the 
lowest region of the valley is the axial region where the Bagmati River fl ows. The valley 
has temperate climate. The minimum temperature varies from 2 o to 6o and maximum 
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varies from, 18 o to 31 o. The relative humidity varies from 68% to 94 %. The average 
annual rainfall is about 1750 mm. The annual evapotranspiration is about 961 mm. Drainage 
system is centripetal and drains through single Bagmati River.

Fig-1: Physiographic Regions of Nepal 

Geology:

The Kathmandu is a tectonic valley. It is formed by two distinct geological successions. 
In which the lower basement part is made up of Pre-Cambrian to Devonian hard rock’s 
of Phulchoki and Bhimphedi Groups of the Kathmandu Complex. The main rock types 
of basement part are quartzite, phyllites, gneiss, schist, slates, limestone and marbles 
with intrusion of some acid and basic rocks. The basement rocks are overlain by slightly 
consolidated to unconsolidated sediments of Tertiary to Quaternary Group (Tab-1). 

Figure 2: Geological map of Kathmandu Valley 
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Geological Succession of Kathmandu valley (Stocklin & Bhattarai -1972)

Quaternary Period Holocene  Fan Deposit: gravel, sand, silt

   Pleistocene Lake Deposit: gravel, sand, silt, clay, peat, lignite

--------------------------------------- (Unconformity) ----------------------------------------------

   Devonian Godawari limestone: Limestone, dolomite

Phulchoki Group  Silurian  Chitlanf Forma  on: slate

   Ordovician Chandragiri Limestone: limestone, phyllite

   Cambrian Sopyanf Forma  on: slate, calcarious phyllite

   Early Cambrian Tistung Forma  on: metasandstone, phyllite

----------------------------------------- (Unconformity) ---------------------------------------------

Bhimphedi Group Pre- Cambrian Markhu Forma  on: marble, shist

     Kulekhani Forma  on: quartzite, schist

     Sheopuri Granite: pegma  te, granite, gneiss, 

Hydrogeology:

In ancient period the Kathmandu valley was a lake and the washed materials from 
surrounding mountains were fi lled up. The materials on the base of surrounding hills are 
courser and they become gradually fi ner and fi ner towards the centre region. The study has 
shown that the most of the sediments of the valley has derived from northern part i.e. hills 
of Sheopuri region as compare to other three directions. Therefore, the northern region of 
the valley has considered as a main recharge zone for groundwater. 

There are mainly two aquifers are present in the valley in which one is present in the upper 
level of the valley and it is shallow and unconfi ned type. It belongs to the Late Pleistocene 
to Holocene. It is about 20 to 50 m thick and made up of course to medium sand.  Another 
deep confi ned type of aquifer is present about 200 m below of the surface. It is made up of 
sand and gravel intercalated with clay, peat and lignite layers. It belongs to the Pliocene. It 
is about 100 to 200 m thick and this deep aquifer is more important regarding water supply 
in the urban area of Kathmandu. Most of the confi ned aquifers contained groundwater was 
in high artesian pressure at the beginning. In the middle portion of the two aquifers there is 
a very thick aquitard layer of black clay with peat and lignite bands. It belongs to the Late 
Pliocene to Early Pleistocene. This aquitards is well developed on the western side of the 
valley where it is more than 200 m thick. Therefore, the region is name as Kalimati (Black 
clay). 
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Figure 3: Hydrogeological Map of Kathmandu Valley 

Some studies have concluded that the groundwater below the thick black clay is stagnant 
type (Trapped Water) and could not recharge it again and it is about 0.2 million years old 
(JICA- 1990). The deeper sedimentary succession about 549 m of alluvium was intersected 
at Bhrikutimandap, Kathmandu valley during the exploration of methane. In 1990 the JICA 
has divided the Kathmandu Valley into the three hydro geological divisions, which are as 
given below.

1. Northern Groundwater District (NGD)

The northern groundwater district is the main source of water supply in the Kathmandu 
valley. Its total area is 156 sqkm. It is characterized by good shallow and deep aquifers. The 
sediments of deep aquifer are characterized as unconsolidated, highly permeable micaceous 
sand and gravels. It is about 60 m thick. The transmissivity (T) of the main aquifer ranges 
from 83 to 1963 m2/day. Some deep tube wells were in artesian during the construction 
periods.

2. Central Groundwater District (CGD)

It is also a main source of water supply in the Kathmandu valley. Its total area is 114 sqkm. 
It is characterized by good shallow and deep aquifers. The main deep aquifer consists of 
unconsolidated, highly permeable sand and gravels. It is about 100 to 150 m thick and it 
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is covered by an impermeable thick layer of black clay (Kalimati Formation) which is 
about 200 m thick. The transmissivity (T) of the main aquifer ranges from 32 to 960 m2/
day. Many deep tube wells were in artesian during the construction periods but water level 
has gone down now in all wells. The methane gas of deep aquifer has indicated that the 
groundwater is stagnant type rather than renewable.

Figure 4: Groundwater District in Kathmandu Valley 

3. Southern Groundwater District

It is characterized by aquifers with low trannsmissivity.  The deep aquifers are covered 
by thick impermeable clay formation. The aquifers are not well developed except some 
regions (Chobhar, Pharping and Bagmati regions). The total covered area is 116 sqkm.

Present status of groundwater resources 

About 4 million people inhabitation in the Kathmandu valley now and the total water 
requirement for this population is about 320 mld. However, about 160 mld (50%) water is 
being able to supplied and the water defi ciency is about 160 mld. Out of these, about 78.5 
MLD (56%) water is supplying from the groundwater resources and rest of 61.5 MLD 
(44%) is from surface resources (KWSMB 2010). Thus valley is considered as water 
defi cit or water stress zone. The deep tube wells are the main medium of groundwater 
abstraction though there are a lot of private dug wells, rower pumps and hand pumps in the 
valley. Now, 492 deep tube wells of depth more than 150 m are in the Kathmandu valley in 
which 194 are in NGD, 257 are in CGD, 18 are in SGD and 23 are in other zone (Table-1). 
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Table-1

S.No Zone
Number of Tube wells Func  onal Total Extrac  on

Total Opera  onal (%)  (MLD)
1 Northern Groundwater Zone 194 133   
2 Central Groundwater Zone 257 180   
3 Southern Groundwater Zone 18 13   
4 Other Zone 23 17   
 Total 492 343 70 78.49

Source: KVWSMB, 2010

Figure 5: Distribution of Deep tubewells 2010

The main stockholders of groundwater extraction are both government and private sectors. 
In which KUKL, government hospitals, embassies and government offi ces are the main 
government agencies. Similarly, the private hospitals, School/College, hotels, industries, 
apartments and water industries are the main private agencies (Table-2).

Source: KVWSMB, 2010
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As per the hydro geological studies carried out in the Kathmandu valley, the annual 
recharge of groundwater is about 14.6 million cubic meters or about 40 mld (Binnie & 
Partners, 1989) while the amount of the abstraction is about 78.49 mld. It indicates the 
discharge of groundwater is rather higher than the recharge. Consequently, about 38.5 
million liters groundwater is being over extracted or being mined from 0.2 million old 
fossils or stagnant water of the Kathamndu valley.

In addition, the microbiological indicators show that the shallow aquifers have excess 
coliforms. In the same way, the other chemical parameters like iron, chloride, fl uoride, 
ammonia, and lead of shallow are also higher amount than the limit of WHO (Table 3, 4). 
Therefore, the shallow aquifer of the Kathmandu valley is highly polluted while the deep 
aquifer is comparatively less contaminated (ADSS/GBRDB 1996).

Present Impacts of over extraction

Numerous dug wells, rower pups and hand pumps and about two dozens of traditional stone 
spouts including famous historical Golden Stone Spouts (Sun Dhara) and the Twentytwo 
Stone Spouts (Bais Dhara) of Balaju are the best examples of this situation. They have been 
completely dry up now. In the same way the water level of Rani Pokhari has also decline 
1.52 m from normal level (Metacalf & Eddy, CEMAT, Feb-2000).The cause behind of 
dryness of all stone spouts including Rani Pokhari are due to the continuous decline of  
water level of shallow aquifers.

a) Dry Historical SUNDHARA of  CGDa) Dry Historical SUNDHARA of  CGD

(c) Dry Historical BAIS DHARA of Balaju, NGD(c) Dry Historical BAIS DHARA of Balaju, NGD

(b)  Historical  RANIPOKHARI of  CGD(b)  Historical  RANIPOKHARI of  CGD

(d) Dry Historical SUN DHARA of Patan, SGD(d) Dry Historical SUN DHARA of Patan, SGD
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As per the study in the Kathmandu valley about 10 to 15 mld water is supplying from 
the stone spouts, dug wells, rower pumps and hand pumps. After dry up of these wells 
and pumps about 0.1 million poor people who were depending upon these structures have 
directly affected. Besides, most of the artesian wells (deep tube wells) of center region of 
the Valley are being dried since of deep decline of piezometric level. The present declining 
rate of piezometric head in NGD, CGD and SGD are 1 m, 0.86 m and 0.56 m per year 
respectively (Table-3).

Table- 5 Decline of piezometric head

S. No Loca  on Year
SWL 

(m)
Year

SWL 

(m)

Decline 
(m) Period (Yr)

1 Northern  Groundwater District 1984 -15 1999 -30 -15 15

2 Central  Groundwater District 1976 Artesian 1999 -20 -20 23

3 Southern Groundwater District 1976 Artesian 1999 -13 -13 23

Source: Metacalf & Eddy, CEMAT, Feb-2000

Future Impact

In 1991 the population of the Kathmandu Valley was around1571583 and it was around 
2500000 in 2001 and again around 4 millions in 2010. In the someway, the numbers of 
houses were around 104993 in 1971 and it was increase around 525000 in 2010 Table-6. 
Likewise, the built up area have increased from 3330 to 33100 hectors from 1965 to 201 
Table-7. The data from KWSMB indicts that not only the population and urbanization is 
increasing but trend of groundwater abstraction is also rapidly increasing in the Kathmandu 
Valley Table 8.

Source: Urban Growth and its impact on the livelihood of Kathmandu Valley, NepalFeb-2005
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Source: URNAP-2005

Trend of groundwater extraction in the Kathmandu Valley

Source: NWSC (KUKL)

In order to fulfi ll the demand of water for the Kathmandu valley the government of Nepal 
has started the Melamchi Water Supply Project (MWSP) under the fi nancial (US$ 531 
million in 2005) assistance of ADB in 2002. Its main object is diversion of about 170 mld 
water from Melamchi River of Sindhupalchok district to Kathmandu Valley through a 26.5 
Km tunnel. Its target of completion was in 2009 but its progress is very slow due to the 
various social and environmental issues raised by local people. Perhaps, it takes another 
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more 10 years for completion and about other 1 million populations would be increased 
within the period.

To meet the water requirement of increased people, most of the private or public sectors 
will attack on groundwater resources since of low cost and easy excess. As a consequence, 
the physical as well as chemical structure of the groundwater resources of the Kathmandu 
valley will be so worse even the condition of land subsidence may also occur. 

The capacity of the MWSP is about 170 mld and it may takes another 10 years to complete 
since of its 2605 km long tunnel and social confl ict in the intake are i.e. Melamchi river. 
The total population of the valley will be about 5 million at the end of the MWSP and the 
requirement of water will be also increased from 320 to 400 mld. While the total water 
that will able to be supplied at the end of the project is around 330 mld only. Thus around 
70 mld water will still be defi cit in the Kathmandu valley. What does it means is that the 
MWSP will support in some extent but it is not a fi nal solution of the problem. The price of 
potable water from MWSP will be very costly once a foreign private management handles 
the water supply system and there is no provision yet on how water will be made available 
to poor population of the valley. So these are also a highly sensitive matter for MWSP. 

Further impact of climate change

• Reduce the existing sources as well as the volume of the surface water.

• Increase the attack or encroachment in the sources of groundwater (> present 50%).

• Further depletion of the Piezometric heads in deep aquifers - Land Subsidence 
Problem.

• Negative impacts on existing irrigation activities ( Manohara, Bagmati and 
Hanumante Phants) 

• Dry of shallow aquifers – Especially poor people will be directly suffered.

How to overcome the increasing problems of groundwater resources 

The problems can be solved by implementing the different activities in all technical, social, 
political, legal and institutional sectors.

Technical

• Construction of infi ltration and reservoir damps in the foothills surrounding of 
Kathmandu and in plain part.

• Conservation of water shed areas specially the peripheral hilly region of the valley.

• Construction of rooftop water harvesting and injections

• Conservation and rehabilitation of traditional ponds
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• Artifi cial recharge both in shallow and deep aquifers

• Control of the built up activities especially in the recharge zones i.e. northern part 
of the valley.

• Explore the hard rock aquifers specially,  south part of the valley

• Improve present drilling and well construction techniques.

Social and political

• Create of social and political awareness about the all technical activities which 
should be done for the management of water for the valley

• Control or remove the  high water consuming industries and institutions

• Control the  pollution sources specially  industries , hospital and nursing homes

• Classify the commercial and individual uses 

• Control and management of internal migration

Legal, and institutional 
• Provision of act for well licensing and tariff should be done for sustainable use of 

the groundwater. 

• Responsible and authorized organization should be established for study, 
investigate, control, regulate and management of the groundwater resources. 

Existing Provision

In order to establish of responsible organization and formation of groundwater act 
following legal and policy provisions are existed in Nepal.

1. Water Resources Act  1992 (2049)

i. The ownership of water resources available in Nepal shall be vested 
with state

ii. No person shall be entitled to utilize the water resources without 
obtaining a proper license.

iii. No license shall be required for the following uses of water resources 
for individual  or collective drinking, domestic, irrigation and small 
cottage industries purpose.
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2. Nepal  Supreme Court, Jan 2008

Ordered No. 5

"Established an authorized organization for looks, study, investigation, 
management, regulation, and controlling of groundwater resources so that 
sustainable use of groundwater resources could be used sustainable way”.
Ordered No. 8
“The provisions made in Act of Kathmandu Valley Drinking Water Board 
could not incorporated the all kind of utilization of groundwater resources 
of entire nation, so it should be established the Groundwater Resources 
Development Board (established in 1974) having professional experts and 
long experiences in relevant subjects as in an authorized organization by 
providing required legal authorities. "

3. Natural Resources Committee of the Constitutional Assembly, May 2010 
“Revise the existing Water Resources Acts within a month to make the 
Groundwater Resources Development Board (established in 1974) as a 
responsible organization for study, investigation, conservation, management 
and licensing of groundwater resources of Nepal including Kathmandu 
valley.”

Conclusion 

The Kathmandu valley is a capital city of Nepal where about 4 million people are inhabitation 
now. The main sources of potable water in the Kathmandu valley are both surface as well 
as groundwater. In order to meet the demand of water the groundwater is being abstracted 
by both private and public sectors. The studies show that the annual recharge amount of 
the Kathmandu valley is lower than the annual amount of abstraction and it shows the 
over extraction of groundwater.  Due to this, the water table and piezometric level of the 
groundwater has been deeply declined. As a result about two dozens of traditional stone 
spouts including historical SUN DHARA and the BAIS DHARA have been completely 
dry up now. In addition, shallow aquifer of the Kathmandu valley has been highly polluted 
as well. These are the negative impacts of the groundwater resources in the Kathamndu 
Valley. However, no anyone is caring about it since of lack of responsible government 
organization and legislation in the country.

 In spite of this, the trend groundwater abstracting is rapidly increasing since of the effect 
of climate change and the rapid growth of population and urbanization of the Kathmandu 
valley. Due to these activities additional serious negative impact like land subsidence 
and water defi cit problems may also occur in the near future.  Therefore, the groundwater 
resources of the valley should be managed all technically, socially, institutionally, politically 
and legally. For this, an authorized and responsible government organization and a proper 
legislation should be formed soon in the country. 
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Annex – 4 
Photos of Workshop
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