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Nepal National Committee of ICID (NENCID): Nepal is one of the earliest members 
joining International Commission on Irrigation and Drainage (ICID) in 1973 and is 
active both nationally and internationally in the fields of irrigation and drainage. 
However, NENCID registered formally as a Non-Governmental Organization in 
2016. Any individual or institution working in the field of irrigation and drainage 
can obtain the membership of the committee. The Annual General Meeting held 
in April 2017, elected a new Executive Committee, which is chaired by the Director 

General, Department of Irrigation and others officials and members are from government, non-
government organizations, academic institutions, etc. The National Committee has been conducting 
various activities to promote policies and programs to enhance sustainable development of irrigated 
agriculture and water management related activities in the country. This international conference is 
being organized by NENCID for the first time in Nepal. .

Department of Irrigation, Government of Nepal: 
Department of Irrigation (DoI) is a government agency 
currently under the “Ministry of Energy, Water Resources and 
Irrigation” . It evolved through different stages working under 

different ministries,  finally ending up as Department of Irrigation in 1987.The department has a 
mandate to plan, develop, maintain, operate, manage and monitor different modes of environmentally 
sustainable and socially acceptable irrigation and drainage systems – from small to larger scale surface 
systems and from individual to community groundwater schemes. Its ultimate aim is to provide year 
round irrigation facilities and increase the irrigable area of the country to highest potential. Apart 
from this, the DoI also has to carry out river training activities to protect the floodways, floodplains 
and agricultural lands in the form of river bank protection such that the loss of properties caused by 
flooding is reduced.

Department of Water Induced Disaster Management, Government of Nepal: Nepal 
suffers from various types of water-induced disasters such as soil erosion, landslides, 
debris flow, flood, bank erosion etc. due to its rugged topographically weak geological 
formations, active seismic conditions, occasional glacier lake outburst floods, concentrated 

monsoon rains associated with unscientific land utilization. These phenomena induce severe impacts 
on the vital infrastructures of the nation such as roads, houses, hydro power, irrigation and drinking 
water facilities, cause loss of agricultural lands, properties and human lives posing a severe threat to 
the sustainable development of the country. In order to mitigate these disasters in Nepal, the then 
Water Induced Disaster Prevention Technical Centre (DPTC) was established under the Ministry of 
Water Resources under an agreement between the Government of Nepal and the Government of 
Japan on 7 October 1991. The DPTC was continued for seven and half years under the participation of 
the concerned agencies of the Government and the Cooperation of Japan International Co-operation 
Agency (JICA).

To institutionalize the objectives and achievements of the DPTC, the Department of Water Induced 
Disaster Management (DWIDM) was established on 7 February 2000 under the Ministry of Water 
Resources. Department of Water Induced Disaster Management (DWIDM) is the lead organization to 
prevent and mitigate water induced disasters reducing the risks of vulnerability by different structural 
and non-structural measures.

ORGANIZERS

Government of Nepal

Ministry of Irrigation
Department of Irrigation
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CO-ORGANIZER

USAID Paani Program (Paani): It is a sister project to the 
USAID-funded Nepal Hydropower Development Project 
(NHDP) and complementary projects funded to the U.S. Forest 
Service and the International Water Management Institute 
(IWMI). The program is part of USAID’s on-going investment in 

strengthening natural resource management in the country. Paani is playing a pivotal role in shaping 
Nepal’s management of critical water resources between now and 2020. A Paani goal is to enhance 
Nepal’s ability to manage water resources for multiple uses and users through climate change 
adaptation and the conservation of freshwater biodiversity. Through activities at the watershed, 
basin and national scales, Paani aims to reduce threats to freshwater biodiversity and strengthen 
the resilience of targeted communities in the Karnali, Mahakali and Rapti river basins to adapt to 
the adverse impacts of climate change through improved water resource management. Paani works 
to raise the profile of freshwater issues through policy engagement, academic research, curriculum 
development, and sponsorship of international forums. The project emphasizes user-centered design 
to analyze how various stakeholders, including fishermen, government officials, and hydropower 
developers, use water resources to better incentivize their engagement in water conservation and 
management activities. Please refer following site for further details:  https://www.usaid.gov/nepal

ASSOCIATES

Asian Development Bank (ADB): The ADB is a multilateral 
development finance institution which aims for an Asia 
and Pacific free from poverty. The Asian Development 
Bank mission is to help developing member countries 
reduce poverty and improve the quality of life of their 

people. It’s headquarter is located at Manila in Philippines and regional offices across Asia and Pacific 
region. ADB assists its members, and partners, by providing loans, technical assistance, grants, and 
equity investments to promote social and economic development. ADB in partnership with member 
governments, independent specialists and other financial institutions is focused on delivering 
projects in developing member countries that create economic and development impact. ADB 
has been working as a key development partner with the Government of Nepal since it joined as a 
founding member in 1966.  The Nepal Resident Mission was opened in 1989 and provides the primary 
operational link for activities between ADB and the government, the private sector, civil society 
stakeholders, and development partners. The resident mission engages in policy dialogue, country 
partnership strategy development and programming, and portfolio management, while also acting 
as a knowledge base on development issues in Nepal. The Nepal government agency handling ADB 
affairs is the Ministry of Finance. Please refer following site for further details: https://www.adb.org/
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International Centre of Excellence in Water Resources 
Management (ICEWaRM): ICEWaRM is recognized globally 
for leadership and innovation in collaborative approaches to 
capacity development for water management and sustainable 
economic development. It was founded as an Australian 

Government initiative and incorporates a charitable trust. ICEWaRM mission is to develop capacity, 
capability and confidence for the sustainable management and use of water resources, and access to 
safe drinking water and sanitation. ICEWaRM is successfully providing a gateway to Australian water 
expertise to support capacity building in the international water sector. As a collaborator and trusted 
partner, ICEWaRM links policy and practice experts with governments and institutions, supports 
the formulation of robust water policies that combine community engagement, integrated water 
resources management, sustainable development and strong transparent governance and regulation 
ICEWaRM is delivering services through advocacy, capacity development (institutions), accredited 
training, short courses and webinars domestically and internationally. ICE Warm works in partnership 
with development  agencies, governments and the private sector for the progressive realization of the 
Sustainable Development Goals. Please refer following site for further details:  https://www.icewarm.
com.au/

International Centre for Integrated Mountain Development 
(ICIMOD): ICIMOD is a regional intergovernmental learning and 
knowledge sharing centre serving the eight regional member countries 
of the Hindu Kush Himalayas – Afghanistan, Bangladesh, Bhutan, China, 

India, Myanmar, Nepal, and Pakistan – and based in Kathmandu, Nepal. ICIMOD mission is to enable 
sustainable and resilient mountain development for improved and equitable livelihoods through 
knowledge and regional cooperation. ICIMOD is committed to bringing about transformative change 
in the region by improving the environmental conditions and livelihoods of mountain and downstream 
communities. ICIMOD serve as a regional knowledge hub, strengthens networking among regional 
and global centers of excellence, supports regional trans boundary programmes through partnership 
with regional partner institutions, and facilitates the exchange of experience. ICIMOD is working to 
develop an economically and environmentally sound mountain ecosystem to improve the living 
standards of mountain populations and to sustain vital ecosystem services for the billions of people 
living downstream now, and for the future. ICIMOD Working together with regional and international 
partners, with a wide variety of institutions, including strategic and policy partners, operational and 
research partners, development partners, and knowledge, science and network partners. Please refer 
following site for further details:  http://www.icimod.org/

International Water Management Institute (IWMI): IWMI is a non-profit, 
scientific research organization focusing on the sustainable use of water and 
land resources in developing countries. It is a CGIAR Research Center and 
leads the CGIAR Research Program on Water, Land and Ecosystems(WLE). It’s 
headquarter is located at Colombo in Sri Lanka and regional offices across 
Asia and Africa. IWMI’s Mission is to provide evidence-based solutions to 
sustainably manage water and land resources for food security, people’s 

livelihoods and the environment. IWMI’s Vision, as reflected in the Strategy 2014-2018, is ‘a water-secure 
world’. IWMI works in partnership with governments, civil society and the private sector to develop 
scalable agricultural water management solutions that have a real impact on poverty reduction, food 
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security and ecosystem health. IWMI targets water and land management challenges faced by poor 
communities in the developing countries, and through this contributes towards the achievement 
of the Sustainable Development Goals (SDGs) of reducing poverty and hunger, and maintaining a 
sustainable environment. IWMI works through collaborative research with many partners in the North 
and South, and targets policymakers, development agencies, individual farmers and private sector 
organizations. Please refer following site for further details:  http://www.iwmi.cgiar.org

World Bank: The World Bank is one of the world’s 
largest sources of development assistance. World Bank 
Group (WBG) is headquartered in Washington, D.C. and 
120 regional offices worldwide. World Bank mission is 

to fight poverty with passion and professionalism for lasting results. The World Bank is a vital source 
of financial and technical assistance to developing countries around the world, a unique partnership 
to reduce poverty and support development. The World Bank is working closely with Nepal to fight 
poverty for lasting results and over the years, the  Bank’s support has evolved in focus and form 
to meet the changing needs of Nepal. The World Bank Group has been a development partner in 
Nepal for almost five decades, providing financing, technical assistance and advice to raise the living 
standards of the Nepali people and reduction of poverty. The WBG is also intensifying its support for 
institutional governance, particularly for fiscal devolution and establishing a new federal government 
structure, for economic sustainability and job creation and for earthquake reconstruction and disaster 
preparedness.  Please refer following site for further details:  https://www.worldbank.org/

Farmer Managed Irrigation System Promotional Trust (FMIST): FMIST 
representing members of different disciplines was formally established on 7 June 
1998 and is recognized as a non-governmental entity under the provisions of the 
Association Registration Act 1977. FMIST mission is to develop human resources and 
knowledge base on FMIST through applied research and training, seminar, workshop 
and contribution in academic papers. FMIST plays a role of advocacy and promotional 

activities of farmer managed irrigation systems of Nepal. It is registered in the District Administration 
Office, Kathmandu of the Home Ministry of Government of Nepal. The Trust is affiliated with the 
Social Welfare Coordination Council. The organization and operations of the Trust are guided by 
the Constitution of the Trust. According to the provisions of the Constitution of the Trust, the Trust 
financial status is audited annually as required by the provision of the Act. Trust is required to renew 
its registration each fiscal year. The organization of FMIST is composed of Executive Committee and 
the Friends of FMIST. The Friends of FMIS is composed of individuals recognized by the executive 
committee decision on the written or verbal expression of interest to be member in the Friends of 
FMIST group. Hence, a person or an organization engaged for development, promotion and research 
of FMIS can be member of the Trust. It acts as General Assembly and holds meeting once a year to 
discuss on organizational, programs and financial matters.  Please refer following site for further 
details: https://fmistnepal.wordpress.com/
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THE 8TH ASIAN REGIONAL CONFERENCE (8ARC)

The global population is expected to grow from current 7.4 billion to 9.1 billion by 2050. The 
proportion of population living in rural areas, in contrast, is expected to decline globally from 
current 3.4 billion people (or 45% of the population) to 3.1 billion (or 34% of the population) 
by the mid-century. In contrast to the global scenario, developing countries have about 75% of 
population living in rural areas, which are dependent on and continue to depend on agriculture 
for their livelihood. Furthermore, growing trend in urbanization may bring up the need for urban 
irrigation in near to mid future. This perspective, therefore, should also be reflected in irrigation 
planning in developing countries.

It is estimated that overall food production would require to be raised by some 70% between 
2005/07 and 2050. In case of developing nations, the food production needs to be doubled to feed 
the growing population. Depletion and degradation of land and water resources is posing serious 
challenges to producing enough food and other agricultural products to sustain livelihoods and 
meet the needs of both rural and urban populations. Since increased food production will have 
to come from the same limited land and water resources, the focus will have to be on increasing 
agricultural and water productivity with efficient and optimal use of available resources. This will 
require adoption of improved agriculture practices, bringing more area under irrigation along 
with modernisation of existing irrigation systems, institutional reforms and strengthening of 
irrigated agriculture. In this connection, the role of more enabled water users’ institutions (WUIs) in 
meeting increasing demands in the face of more competitive and volatile markets and increasing 
(frequencies and intensities) extreme events induced by climate change will be crucial.

In Asia, since the majority of the population still lives in rural areas, it is likely that rural transformation 
and development will be a powerful engine of sustainable development and improving the 
resilience of rural households to cope with emerging challenges. For this purpose, four key issues 
need to be taken into account: i) leveraging the rural-urban nexus for development; ii) promoting 
an empowerment agenda for rural livelihoods; iii) investing in middle and large-scale farming, as 
well as in small scale irrigation for smallholder family agriculture; and iv) promoting the resilience 
of poor rural households. Access to irrigation and drainage will play a significant role to enable 
more resilient household income for farmers, especially the smallholder farmers, since reliable 
access to water for crops can reduce vulnerability to drought, increase the farm yields, and provide 
a mechanism for the utilization of improved inputs leading to evergreen sustainable development.

The International Commission on Irrigation and Drainage (ICID),established in 1950, is the leading 
scientific, technical and not-for-profit Non-Governmental Organization (NGO) that is playing a 
crucial role to address the aforementioned issues. Through its network of professionals spread 
across more than a hundred countries, ICID has facilitated sharing of experiences and transfer 
of water management technology for over half-a-century. ICID supports capacity development, 
stimulates research and innovation and strives to promote policies and programs to enhance 
sustainable development of irrigated agriculture through a comprehensive water management 
framework. It also organizes regional conferences at four regions of the world – Asian Region, 
European Region, African Region, and Pan-American Region. The Asian Regional Conference (ARC) 
was started with the first one held during 16-21 September, 2001 in Seoul South Korea. The second 
to seventh ARCs were held in 2004 (Echuca, Australia), 2006 (Kuala Lumpur, Malaysia), 2007 (Iran), 
2009 (New Delhi, India), 2010 (Yogyakarta, Indonesia) and 2012 (Adelaide, Australia). 
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This 8TH ARC is hosted by Nepal National Committee of ICID (NENCID) during 2-4 May 2018 in 
Kathmandu, Nepal. The 8TH ARC will focus on the theme of “Irrigation in Support of an Evergreen 
Revolution” considering the need to address the aforementioned challenges to increase 
agriculture productivity for ensuring food security for the present and future population in the 
Asian region. Following five sub-themes are envisioned under the theme;

 I. Enabling small holders’ capacity to obviate farmers’ distress: enhancing access 
to appropriate technology and non-conventional banking services; promoting asset 
management of small holders’; innovative and workable financing mechanisms; addressing 
to low productivity and market uncertainty; legal and institutional arrangements for 
collective farming of small holders’ organization; etc.

 II. Coping with recurring droughts and floods in the context of climate change: 
characterizing climate variability/change and climatic extremes; climate change impacts 
on water availability and demand; issues/challenges of land and water management; 
developing resilience to climatic variability and extreme events; crop insurance; etc.

 III. Modernising irrigation systems for better services: multi-perspective evaluation of 
irrigation systems; approaches of irrigation system modernization for achieving Sustainable 
Development Goals (SDGs); innovation and technical advances for water- energy-food 
security; system automation for efficient/effective management options; institutional 
reforms of large scale irrigation systems; cases of modernization as an intervention and 
lessons learnt; mainstreaming modernization process through various reforms; etc.

 IV. Enabling Water Users Institutions (WUIs) for sustainability of irrigation systems: 
performance assessment, enterprising, and sustainability of WUIs; institutional and policy 
landscape of irrigation/drainage sectors; process and procedure of participatory irrigation 
development/operation/maintenance in various countries; role of irrigation/farmers/water 
users’ organization in improved irrigation system performance; etc.

 V. Irrigation, ecosystem services, and aquatic biodiversity: assessment of trade-offs 
between and optimization of consumptive uses of water and environmental flows; water-
related natural infrastructure and ecosystem services in the water-energy-food nexus; 
impact of irrigation on water-related ecosystem services; contributions of traditional 
knowledge and citizen science to understanding and managing irrigation ecosystems; 
using information from valuation and other assessments in decision-making for long-term 
ecological sustainability. 
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Dear Honourable Participants

On behalf of the Steering Committee of 8TH Asian Regional Conference 
of International Commission on Irrigation and Drainage (ICID) jointly 
organized by ICID and NENCID, I am honoured and delighted to 
welcome you to this International Conference. The “Irrigation in Support 
of an Ever Green Revolution” which is rightly selected as Conference 
theme, is quite pertinent at this time where we have to meet challenges 
of increasing population of the world as well as the climate change 
affecting on the food production chains.

I believe we have a venue that guarantees a successful conference amid the unique culture and 
scenery of Kathmandu and Nepal mountains. Those of you who participate in the irrigation 
study tour will have opportunity to visit our farmer managed irrigation systems and beautiful 
scenery and snow clad mountains.

As a Steering Committee Chair, I know that the success of the conference depends ultimately on 
many people who have worked with us in planning and organizing both the technical program 
and supporting social arrangements. In particular, we thank the Organizing Committee Chair 
and Technical Advisory Committee (TAC) Chair for their advice and suggestions on organizing 
the technical program. I would like to thank the Technical Advisory Committee for their 
thorough and timely reviewing of the papers. We recognize the contribution of sponsors who 
have generously made resources available for this important conference.

Finally, I would like to thank to the Local Organizing Committee members who have all worked 
extremely hard for the details of important aspects of the conference programs and social 
activities.

Have pleasant stay and fruitful deliberations in the conference

Barsha Man Pun “Ananta”
Minister, Energy, Water Resources and Irrigation, Nepal
Chairperson, Steering Committee, 8TH Asian Regional Conference

FOREWORD
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Asia, the largest continent has 60% of the population of the world. About 
70% of the world's irrigated area is in Asia and more than 80 percent of 
water withdrawals are used for irrigation. Eight countries (India, China, 
Pakistan, Iran, Indonesia, Thailand, Turkey and Bangladesh) account 
for 82% of the total irrigated land in Asia. ICID had the pleasure of 
supporting the first Green Revolution that has made Asian countries not 
only self-sufficient in food but they are also exporting food and fibre. To 
feed the ever increasing population, we need to find ways to increase 
the productivity of irrigation to produce the food, fibre and fuel needed 
for tomorrow's population. We need an ‘Evergreen Revolution’. 

Nepal is one of the earliest members, joining ICID in 1973 and is very active both nationally and 
internationally in the fields of irrigation and drainage. Members of NENCID play a prominent 
role in the management and leadership of ICID, serving as Office-Bearers and work body 
members. I am extremely pleased that the Nepalese National Committee of ICID (NENCID) will 
be hosting the 8TH Asian Regional Conference in the Himalayan destination of Kathmandu. The 
destination also provides for unique tourism opportunities in form of the highest mountains 
of the world and heritage sites across the country.

The 8TH Asian Regional Conference of ICID will be held from 2-4 May 2018 at Kathmandu, Nepal. 
The theme of the Regional Conference is “Irrigation in support of an evergreen revolution”. The 
topics covered would address the challenges to increase agriculture productivity in order to 
ensure food security for the present and future population in the Asian region. Experts from 
the region and beyond would have an opportunity to discuss and contribute to an upcoming 
evergreen revolution that is the need of the hour to ensure food security in Asia. 

During the Conference, papers will be presented and discuss various aspects of the themes. 
The Conference proceedings would include a printed volume containing ‘Abstracts’ and a USB 
containing all full length papers. These proceedings are a fine collection of technical papers 
which hopefully will be very useful to all delegates during the Conference and many others 
who may refer to it in future.

Yours Truly,

Felix B Reinders
President
International Commission on Irrigation and Drainage (ICID)

FOREWORD
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The 8TH Asian Regional Conference of the International Commission on 
Irrigation and Drainage (ICID) is being held in Kathmandu on 2-4 May 
2018, hosted by its Nepal chapter NENCID. The theme of the conference 
is Irrigation in Support of an Evergreen Revolution.

It is worth a few moments of reflection on why this theme was 
chosen and what it implies. In Nepal, we are living through some 
interesting revolutionary times: the country is undergoing deep-
seated restructuring of our governance system focused around 
decentralization and devolution which will have far-reaching 
consequences for how our resources are managed and mobilized, 

including in the water sector. A major lesson, however, has been imbibed that stems from 
the last half-century of scientific and activist concerns about the nature of development to be 
pursued as revolutionary changes get underway: it is that environment and its sustainability 
matter because without it, economic growth howsoever rapid will neither endure in the long 
run, nor will it benefit the whole society, including its weakest members. Hence the choice 
was made of Evergreen Revolution as the conference theme’s focus, also by keeping in mind 
that other countries too are grappling with similar (maybe less intense) stress of change and 
that this aspect would be of interest to them as well.

The choice of the phrase Irrigation in Support must also be understood in the spirit it was 
intended: irrigation is not an end in itself but an important means to an end, which is increased 
food production. And that does not happen without a wide range of interlinked nexus of 
critical issues coming into play as well. The foremost is to understand that as rice growing 
civilization, Nepal and much of Asia have been home to some of oldest irrigation practices 
known to humankind. This ancient history has defined our land and water management 
institutions that robustly survive to this day as (some still informal) farmer-managed irrigation 
systems. They need to be modernized, but in a manner not by circumventing them but by 
building on their pre-existing strengths.

It is with these concerns in mind that five sub-themes were selected. The first sub-theme 
tackles the problem of small farmers, the silent majority that faces nexused problems of 
access to credit, market assurance and reduction of weather-related risks. Second sub-theme 
realizes that we live not just in a semi-arid zone with four months of floods and eight months 
of drought but that this nature’s reality is made more uncertain by climate change. How 
should we cope with it? Third sub-theme deals with the challenge of modernization and our 
global obligation to address concerns of the Sustainable Development Goals (SDGs). The 
fourth sub-theme is about Nepal’s very rich institutional asset, traditional and modernizing 
farmer-managed water users’ institutions. It is about ancient practices coming to terms with 
modern management in a manner that enriches them both. The fifth sub-theme has come 
from the realization that when we extract water for human needs from a water body, not only 
does it affect aquatic life that also depends upon that very water but also some of the most 
marginalized poor who depend on that aquatic life for their livelihood and sustenance.

The response we received to our call for abstracts was impressive: some 105 abstracts 
were submitted from 22 countries, many of them promising interesting new insights. The 
theme and sub-themes are about serious challenges being faced by irrigation managers in 
developing countries while they seek to balance tradition with change, human needs with 
that of the environment, and traditional certainty of the past with climatic uncertainty of 
the future. It is the hope of the Technical Advisory Committee that the participants of the 8TH 

FOREWORD
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Asian Regional Conference will enjoy the conference intellectually as well as through Nepali 
hospitality in Kathmandu.

Dipak Gyawali
Pragya (Academician), Nepal Academy of Science and Technology
Former Minister of Water Resources and
Chair, Technical Advisory Committee, 8TH Asian Regional Conference
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Human civilization took its first major leap forward by the advent of 
agriculture practices and furthered it by the development of irrigated 
agriculture. Irrigation and drainage interventions lead to multiple 
advantages and opportunities by providing not only adequate 
agricultural water, but also adequate nutrition, employment generation 
and poverty reduction at the rural level especially in the Global South. 
The steady increase in world population, climate change, and frequent 
spells of droughts are some of the factors that need to be addressed in 
order to achieve food security and thus guarantee the very existence of 
human kind. The steady increase in population requires a sustainable 

growth in agriculture output in which the role of irrigation is of paramount importance and 
we need to work hard towards making it more accessible and reliable for the end users. 
Irrigation and drainage policies therefore need to be based upon scientific rationale, wider 
experience sharing and learning from the successful implementations around the world.  

The 8TH Asian Regional Conference (8ARC) is scheduled to convene during 2-4 May 2018 in 
Kathmandu with the theme of “Irrigation in Support of an Evergreen Revolution”. This is a 
great opportunity for the Nepal National Committee of ICID (NENCID) for hosting the event 
in collaboration with Department of Irrigation, the Government of Nepal and other partners.

I have full confidence that this conference will provide an excellent forum for sharing 
experiences from different parts of the world in various fronts such as policy, successful 
practices, technology, scientific researches and awareness. It is expected that the deliberations 
will revolve around the concerns, issues, and challenges pertinent to food security in Asia and 
beyond. The papers cover a wide range of topics namely enabling farmers and water users’ 
institutions, coping with climate change, modernization of irrigation systems, ecosystem 
services and aquatic biodiversity. It is a matter of profound satisfaction that a large number 
of participants from many countries have expressed commitment to participate in the 
conference and more than a hundred abstracts have been received.

I would like to compliment the efforts of all involved in organizing this conference and convey 
my best wishes that the papers and the presentations made during the conference will address 
the dire issues as stipulated in our subthemes as well as our main theme. Moreover, I believe 
that the conference will draw the attention of our policymakers towards the importance of 
irrigation in order to achieve food security and an Evergreen Revolution as the main theme 
suggests. Thank you and once again, my best wishes to all.

    

Saroj Pandit

Director General, Department of Irrigation; Ministery of Energy, Water Resources and 
Irrigation, Government of Nepal
President, Nepal National Committee of ICID (NENCID)
Chairperson, Organizing Committee, 8TH Asian Regional Conference

FOREWORD
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Depletion and degradation of land and water resources is posing 
serious challenges to producing enough food and other agricultural 
products to sustain livelihoods and meet the needs of both rural and 
urban populations. Since increased food production will have to come 
from the same limited land and water resources, the focus will have to 
be on increasing agricultural and water productivity with efficient and 
optimal use of available resources. 

In Asia, since the majority of the population still lives in rural areas, it 
is likely that rural transformation and development will be a powerful 
engine of sustainable development and improving the resilience of 

rural households to cope with emerging challenges. Access to irrigation and drainage will 
play a significant role to enable more resilient household income for farmers, especially the 
smallholder farmers in Asia.  Since access to reliable water for crops can reduce vulnerability 
to drought, increase the farm yields, and provide a mechanism for the utilization of improved 
inputs, it would thus lead to evergreen sustainable development.

In order to address the above challenges and to increase agriculture productivity for ensuring 
food security for the present and future population in the Asian region, the Nepal National 
Committee (NENCID) is organizing the 8TH Asian Regional Conference (ARC) on the theme 
“Irrigation in Support of an Evergreen Revolution” from 2-4 May 2018 at Kathmandu, Nepal.

A large number of participants from across the globe especially from Asia are expected to 
make it to the conference, which will help in enriching our knowledge and expertise in the 
relevant areas through various technical sessions of the conference. 

Ashwin B Pandya
Secretary General
International Commission on Irrigation and Drainage (ICID)
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Irrigation water for an ever green revolution in Pakistan
Izhar-ul-Haq1,*, Maqsood Shafique Qureshi2,  A. B. Sufi2 

1) WAPDA

2) DMC, Lahore, Pakistan

*Corresponding author: advisorwapda707@gmail.com

Abstract
Pakistan has an arid to sub-arid climate with an average rainfall of 240 mm mostly in the monsoon 
months of July to September. The population of Pakistan is 200 million and growth rate is high, 
expected to grow to 227 million by 2025. The total area of Pakistan is 79.6 MHa out of which 29.4Mha 
is cultivable. The irrigated area by canals and Tubewells & Barani (rainfed) is 15 Mha and 4.9 Mha 
respectively. The annual surface flows in the rivers vary from 90-180 MAF. Due to short canal supplies, 
more pressure is on ground water (50MAF). If water is available,9.5 Mha additional, virgin lands can 
be brought under the plough. Agriculture is the mainstay of the economy of Pakistan and contributes 
about 1/4th of the Gross Domestic Product and source of livelihood of over 70% of the population.

Consequent to the Indus Water Treaty, Pakistan built the Mangla and Tarbela Dams and link canals 
to transfer inter river waters for irrigated agriculture in the commands of Ravi, Beas and Sutlej rivers, 
whose waters were allocated to India. This opportunity of assured supplies through building additional 
storages and network of irrigation canals brought about about the green revolution in the 1970s. 
Further productivity was enhanced by adopting better varieties of crops like Maxi Pak wheat, Irri.8 
rice and Baharia Maize along with genetic techniques and cultural practices. With high population 
growth and reduction in storage capacity due to sedimentation of the reservoirs, Pakistan which was 
affluent in water in the seventies, became water scarce by the end of 2000. No mega storage dam was 
built after completion of the Tarbela Dam in 1976. Although the Kala Bagh Dam design was ready by 
1987, it could not be built due to lack of consensus between the stakeholders. Pakistan faces recurrent 
floods and droughts. During the last two decades, three flood diversion canals i.e. the Greater Thal, 
Rainee and Kachhi Canals were completed to irrigate 0.21 Mha area. A few small dams were built; 
i.e.the Mirani, Sabakzai, Gomal Zam and Satpara which irrigate 0.11 Mha area. The Diamer Basha Dam 
with a live storage of 6.4 MAF is being started which would not only meet water shortages in the Indus 
Basin but also supply water to some additional land.

Until now, Pakistan is using mostly the flood irrigation system. Water is diverted from rivers, by 
constructing dams/barrages, into canals, distributaries and water courses leading to the farm. The 
Indus Basin Irrigation system one of the world’s oldest and the largest contiguous irrigation system 
that comprises of 19 barrages, 54 main canals having length over 60,000 kms and water courses length 
of 1.6 million km. Most of the canals built are unlined and about 40% of the diverted water at the 
canal head is lost during conveyance to the farm gate. The new canals and few of the old ones have 
been lined and some are being lined. There has been significant improvement due to OFWM; lining of 
water courses, laser land leveling, low delta crops, salt tolerant varieities, furrow and bed plantation, 
high efficiency drip and sprinkler irrigation techniques. A campaign on the efficient use of water in 
the domestic, industrial and agricultural sector has been launched to disseminate knowledge and 
information to the water users, especially farmers. Rain water harvesting and use of treated water are 
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also being adopted. With additional water availability for irrigation and efficient water use coupled 
with crop management, the country would not only be able to sustain food security but also export 
agricultural products.

Key words: Additional Irrigation; Crop varieties; Efficient use of water.
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Evaluation of irrigation practices in Nigeria: Past, present and future prospects
Bashir Adelodun 1,  Kyung-Sook Choi 2,*

1) Dept. of Agricultural Civil Engineering, Kyungpook National University, 80 DaehakroBukgu,  
    Daegu, 702-701 Korea

2) Dept. of Agricultural Civil Engineering, Kyungpook National University, 80 DaehakroBukgu,     
    Daegu, 702-701 Korea

* Corresponding author:ks.choi@knu.ac.kr

Abstract
This paper reviews the irrigation practices in terms of systems and development in Nigeria from the 
historical point to the present, and also the future prospects. These centres on the policy, practice, 
technology and awareness that are based on the historical backgrounds, current conditions of 
development and its contributions to the national economy, challenges and opportunities, and future 
development perspectives. Irrigation practice across the world is vital to a successful green revolution 
all year round for achieving sustainable development goals in food security and rural development. 
However, irrigation practice in Nigeria has so far not contributed significantly to the national economy 
despite its initiation as far back as 700 AD. Over the years, the Nigerian governments in collaboration 
with other NGOs have tried many policies in the form of financing interventions and provision of 
irrigation infrastructures for the development of irrigation systems, especially on small-scale irrigation, 
but the results are yet to reflect significantly on the agricultural development of the country and 
improvement of the national economy. Presently, most farmers practice rain-fed agriculture, which 
leads to low crop production activities during the dry season and surge in the prices of food items. 
Nigeria with its proven huge water resources has the potential to engage in sustainable irrigation 
systems for agricultural development. It is evident that irrigation will play a significant role in the 
food security enhancement and economic development of Nigeria, provided the proper policy frame 
work, technology and farmers’ awareness are appropriately and efficiently deployed.

Keywords: Economic development; Green revolution; Irrigation practices.
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Dealing with variations in access to water: An assessment of challenges and 
coping strategies in Far-Western Nepal
Ram Bastakoti1,*, Emma Karki1, Bhesh Raj Thapa1

1) International Water Management Institute,Pulchowk, Lalitpur, Nepal

*Corresponding author: r.bastakoti@cgiar.org

Abstract
Water availability in Nepal varies temporally and spatially being highly dependent on the monsoonal 
weather patterns. The Far-Western regional of Nepal is further disadvantaged given the much lower 
rainfall availability making it a particularly sensitive and vulnerable region. Building resilience of the 
farming communities in the Far-West thus calls for efforts at managing water in a range of scales 
from the field to basin level. In this context, this study assessed the temporal and spatial availability 
of water, documented physical, social and economic dependencies supporting or constraining the 
availability and access to water, and analyzed institutional arrangements for water governance at 
local community level. The study covered three locations, the Kuti village of Kailali district, Mellekh 
and Punebata villages of Doti district representing diverse agro-ecological zones and variations in 
water access. Information was collected from focus group discussions and key informant interviews 
at local community level supplemented with the survey conducted at household level.

The observed trends showed annual and seasonal variations in rainfall and temperature, as well as 
extremes such as flooding and long dry spells that affected water availability. Land tenancy was 
common in the study villages as a large proportion of the sampled households were landless, with the 
majority of them having average landholding of less than 0.5 ha though varied across study villages. 
Water access varied including the sources of irrigation. In the hill/mountain villages, mainly stream/
spring contributed but in the Terai village groundwater was the main source of irrigation, surface pond 
being one of the main sources in Punebata village. In the hill/mountain villages, water availability 
declines in stream/springs. In the terai village, access to groundwater is constrained by energy cost/
availability and fragmented land size. Results showed that tube well and pump ownership is very low 
in the terai village indicating the dependency on the rental market.  Overall, the access to irrigation 
water is constrained by several factors such as land tenancy, inadequate collective action due to poor 
local institutions, male outmigration and shift in growing seasons. The findings of this study helped to 
gain insights and plan approaches to alleviate such challenges by developing strategies to optimally 
utilize available water resources through adopting collective approaches as adaptation strategy. 

Keywords: Coping/adaptation strategies; Facilitating/constraining factors; Spatial variability; Water 
access 

Acknowledgements: This study is made possible by the generous support of the American people 
through the United States Agency for International Development (USAID) under Digo Jal Bikas (DJB) 
projected. 
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Paradigm shift in hill irrigation systems: A case study of Dolakha district

Krishna Prasad Rijal1,*

1) Irrigation Development Division, Dolakha; Dept. of Irrigation, Ministry of Irrigation, Nepal.

*Corresponding author:krishnarijal@gmail.com

Abstract
Irrigation system development was the business of solely farmers in Nepal before the eighteenth 
century. Later, the state started intervention in this sector to support farmers and, in the meantime, 
to expedite the rate of agriculture revenue collection which was the main source of income of the 
government at that time. A paradigm shift in irrigation construction has been sought in due course 
of time taught by the practical experience and new technologies developed. The nature of projects 
to be developed in recent days is quite different than those in the past.  Increased hardship and 
challenges in construction of new irrigation projects has come across which needs to be faced with 
the aid of innovation and modern technology developed. To meet these demands and the increased 
expectations of the people towards efficiency, economy and enhanced service delivery, the business 
as usual approach does not suffice. Improvements in system design and service delivery based 
on the footings of innovation and advanced knowledge is the demand of the time in the days to 
come. This paper has made some illustrations on how the Irrigation Development Division, Dolakha 
(IDD,Dolakha), a district based organization of the Department  of Irrigation, Nepal (DOI, Nepal), has 
worked in this line. How some field based innovations and slight modification of project components 
can turn the once impossible-thought projects to be possible and can uplift the livelihood of people 
is mentioned. Also, this paper sheds light on the importance of reservoirs in small scale irrigation 
systems in the hills of Nepal and how IDD Dolakha attempted to enhance their performance in a 
sustainable way.

Keywords: Dolakha; Innovations; Irrigation; Paradigm shift; Reservoir
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Building capacity of smallholder farmers for enhanced adoption of drip 
irrigation: Lessons from Karnataka, India
Priyanie Amerasinghe1,*, Alok Sikka2

1) International Water Management Institute, Colombo, Sri Lanka 

2) International Water Management Institute, Delhi, India

* Corresponding author: p.amerasinghe@cgiar.org

Abstract
The agriculture sector, which is the largest user of water, especially needs innovative ways of increasing 
water productivity in the face of water scarcity. This paper describes the lessons learned during a 
capacity-building program conducted on drip irrigation, which was part of the “Improving Rural 
Livelihoods through Innovative Scaling-up of Science-led Participatory Research for Development 
program (Bhoosamrudhi) in the state of Karnataka.

The studies were carried out in four water scarce districts of Karnataka, namely, Tumkur, Chikmagalur, 
Raichur, and Vijaypur.District-wise baseline studies were carried out to understand the types of crops 
cultivated under drip irrigation, status of coverage and associated subsidy programs, economic 
returns, and gaps in knowledge in the on-going capacity building programs. We focused on the 
needs and perceptions of farmers using drip irrigation, those hoping to adopt drip irrigation, and 
government and non-governmental support providers with a view to increasing water-use efficiency 
in horticultural crop production. 

The field trainings were offered to over 3,000 farmers adopting drip irrigation and other irrigation 
methods in Tumkur, Chikmagalur, and Vijaypur Districts and to around 1,500 farmers in Raichur District. 
Most farmers had land area of 0.5 ha or less under drip irrigation. The field surveys showed that drip 
irrigation adoption was still low at 20-30% on average, despite its popularization. Drip irrigation was 
used for a variety of crops, ranging from oil palms, coconut, arecanut, sugarcane to cereal crops and 
fruits and vegetables. The private large-scale enterprises were managing their systems more efficiently 
than the small holder farmers. In general, the users (n=150) of drip irrigation were not familiar with the 
component parts of the system and were dependent on the vendors for trouble shooting. Many were 
not using any type of filter system, and the use of poor quality material was quite common, which 
was partly linked to farmers aiming to reduce costs. There was a variation in the infrastructure layouts, 
and farmers were not very well educated on the reasons behind it. Hand holding after installation 
was minimal or non-existent, although a number of farmers had attended promotional programs 
conducted in the state. Although irrigation scheduling was adopted, compliance was erratic due to 
the electricity scheduling. Often, farmers let drip systems run beyond their scheduled times resulting 
in the collapse of systems, leading to disappointment and abandonment. Fertigation was not popular, 
as farmers experienced clogging or considered it as an additional burden.

Effective technology adoption can only be achieved if it is focused at cluster level in a watershed or 
district, to capture the needs and capacity of farmers and the total environment. The advice provided 
should be based on the sound understanding of the available water resources, hydrological profile, 
water quality, and types of crops that can be cultivated under drip irrigation. Handholding is an 
important component that should be continued, until farmers gain confidence with the operational 
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aspects of the systems and are capable of managing the systems themselves. Forming microfinance-
based cooperatives for drip farmers may be one way to enhance the technology adoption and mutual 
learning, to improve water productivity/water use efficiency in water scarce areas of Karnataka.

Keywords:Bhoosamrudhi; Capacity building; Drip irrigation; Water use efficiency
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Impact assessment of water savings technologies in livelihood improvement 
of small and marginal farmers of India
Neelam Patel1,*, T.B.S. Rajput1, J.P.S. Dabas2, S.S. Parihar1, Mairaz Hussain1
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Abstract
The annual food grain requirement of India is estimated to be 450 million tons by the year 2050 with 
the annual per capita water availability of 760 m3 against the 6008 m3 in 1947(presently 1250 m3). 
Management of water, may help in savings of significant amounts of water and increase the quality 
and quantity of the produce. With a view to addressing the above issues and to particularly increase 
the water use efficiency and productivity of vegetables at field level through micro irrigation, a study 
was undertaken in the district Alwar, Rajasthan State. The total geographical area of the Alwar district 
is 7, 82,897 hectares which is about 2.5 % of the Rajasthan State. In Alwar district, 68% of the working 
population is employed in the agriculture sector. In this district, 82% of the farmers come under small 
(1-2 ha) and marginal (<1 ha) land holding categories. The main source of irrigation is tube wells. 
The normal rainfall for the district is 657.3 mm. Seventeen villages namely Gujuki, Sunhera, Tilwar, 
Tikri, Salpuri, Sirmaur, Chauma, Nagli, Chidwai, Bamoli, Alawara, Indpur, Pahel, Kalsara, Barodamev, 
Dausa and Kothi ka bas were selected. Participatory Rural Appraisal techniques were employed in 
the selected villages to get an insight in to the farmers’ perceptions. Fields of 187 selected marginal 
farmers covering an area of 69.48 ha were got laser leveled to evaluate its impact on water and labour 
saving and yield increase. The average yield of wheat (5.25 t/ha) was recorded from all the laser-
leveled fields The charges of laser leveling on custom hiring in the area were US$ 8 per hour. The cost 
of precision leveling at farmer’s fields through a laser leveler varied from US$ 56.6 to 75.5 per hectare, 
depending upon the undulations in the field. Significant savings of water (30 %), energy (33.3 %) and 
labour (2 %) with increase in wheat production (18.2 to 25 %) resulted from this intervention in the 
selected villages. This is because of better distribution and less loss of irrigation water as reflected by 
higher irrigation efficiencies. Family drip systems (low cost) for farmers were designed and installed 
in the selected villages with special emphasis to women farmers totaling 40 numbers. Fifteen (15) 
moveable Raingun sprinkler systems were installed for irrigation of wheat crop in the villages. Results 
of family drip systems helped in motivating the farmers to install the drip system in regular fields. 
Consequently, in a span of just four years’ time, 58 farmers came forward and adopted drip irrigation 
in their fields covering about 67.27 ha area (2011-12 to 2014-15). Increased vegetable production 
through drip irrigation in the villages has generated secondary employment for landless women in 
picking, sorting and grading of vegetables. Besides savings of 50-60 % irrigation water, 50 to 60 % 
enhancement in yield was observed in cotton, potato, kharif onion and tomato. The impact of these 
technologies motivated other farmers of nearby villages for adoption of water savings technologies. 

Keywords: Laser levelling; Low cost drip system; Micro irrigation
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Improvement of on-farm management for effective use of water resource from 
small - scale irrigation schemes in northern mountainous areas in the Red 
River basin, Vietnam
Pham Thi Phuong Thao1,*
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Abstract 
Although water for crops has always been considered the decisive factor for the success of agricultural 
production, use of water sources from irrigation systems in the northern mountainous region of 
Vietnam has not been exploited appropriately compared to the potential of the land on hilly slopes. 
The main cause of ineffective exploitation of irrigation schemes in these areas is the lack of scientific 
and technical solutions in water resources exploitation, as well as the nonconformities during 
cultivation.

The purpose of this study is to analyze measures that facilitate the efficiency of water resources 
used for hilly land areas from small-scale irrigation works, as well as identify factors hindering (or 
shortcomings) during the realization processes.

The case studies selected include a model of farmers’ group planting medicinal crop in the Te Le 
commune, Tam Nong district, PhuTho province and another model of farmers’ group planting orange 
trees in the BacPhong commune, Cao Phong district, HoaBinh province. Field surveys combined with 
interviews were conducted in 2016 in these two sites. So far, findings from practical models and desk 
study review have been analyzed and synthesized to achieve the set objectives. 

Advanced irrigation techniques combined with suitable water sources management through the 
operation of farmers’ groups are applied in these case studies. The required amount of water for 
upland crops is less than that needed for rice cultivation (saving 35% of water amount in comparison 
with traditional farming methods); as a result, the existing irrigation system may not provide sufficient 
water for rice cultivation, but it is fully able to irrigate larger areas of upland crops. The efficiency of 
water use from the system increased up to 17%; the income of farmers improved, and they are no 
longer dependent on rain water as before.

The hilly land in Vietnam, accounting for over three-quarters of the natural land area, is a resource 
with great potential for agricultural production. Small-scale irrigation schemes in combination with 
suitable plantation solutions can be applied easily in the sloping farming areas that have irrigation 
systems but inefficiently operated, which support sustainable production, soil conservation and 
erosion control for cultivation on slopes. It can also be applied for various plants.

Keywords: Hillyland; Irrigation; Small - scale irrigation scheme; Upland crop
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Strategic role of drip irrigation in efficient management of water resources 
and enhancing livelihoods: Select case study –India
Teki Surayya1,* 
1) Department of Management Studies,Adikavi Nannaya University,  
    Rajahmundry-533105, India 
*Corresponding author: tekisunny@gmail.com 

Abstract
Fast dwindling water resources are one of the global concerns in the current days. The quest for 
strategies has begun long time ago. Drip Irrigation(DI) system has been emerging as one of the strategic 
options. DI has become a need; because water as nature’s free good to humans is not abundant and 
perpetual. Measures like DI are not only a vivid strategy to manage water efficiently but also results in 
enhancing livelihoods to the poor people and increased food supply to the world. Studies reveal that 
DI increases yield up to 230%; saves water up to 70% compared to flood irrigation, and crops grow 
consistently, become healthier and mature fast, while fertilizer use efficiency increases by 30%.

The present case study deals with a Public, People, Private, and Participation (PPPP) drip irrigation 
project.  In the East Godavari District of Andhra Pradesh State of India, five distant upland villages 
with 540 households below the Poverty Line, scheduled caste (SC) households, had been struggling 
for survival and coping with drudgery for years to bring their dry and degraded land of 730 acres 
into cultivable land, that had eventually materialized with the help of DI.  The project was envisaged 
with a project outlay of INR.50.27 million out of which INR. 37.2 million was allocated for DI. The 
payback period of the project withoutDI was reckoned to be 3 years and 8 months and with DI, 2 
years. NPV without DI was reckoned to be INR. 26.3 million and with DI 68.7 million, whereas theIRR 
without DI was 23.8% with DI at 49.4%.  The cost benefit ratio without DI was 1.69, with DI 2.54 times. 
Multi stakeholders including pertinent government agencies, NABARD, DCCB, corporate sector and 
beneficiaries participated in the project. 

Methodology: Thestudy entailed conduction of a field survey to elicit the necessary data from 
stakeholders through schedules and checklists. Individual interviews, focused group discussions, PRA 
methods have been held to procure data. To choose the respondents, apurposive sampling technique 
was used. The financial viability was studied by employing financial analysis tools including; NPV, IRR, 
Pay-back period and cost – benefit ratio.  It was assumed that the total project life is 10 yearsand 
theNPV discount rate of 12%. 

The impact of the project is multipronged viz. a) improved socio-economic conditions and livelihood 
b) participatory administration c) choice of crop considering financial returns. The project is adding to 
the global food supply, @ 35,040 MT of sugarcane per annum without DI, and with DI it adds 57,670 
MT. The objectives of the paper were: 1) to map out various stakeholders and their roles in the project 
2) to examine the financial feasibility of the project 3) to study the impact of the project on the socio-
economics of the beneficiaries of the project and on global food supply.

Keywords: Drip irrigation; Dry lands; Food supply; Stakeholders; Water resource
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Improving water use for dry season agriculture by marginal and tenant 
farmers in the Eastern Gangetic Plain
Eric Schmidt1,*, Ram C. Bastakoti 2, Michael Scobie.1
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Abstract
The Eastern Gangetic Plains is one of the most densely populated, poverty stricken belts in South 
Asia. Poor access to irrigation water in the dry season, limited irrigation capacity and low agricultural 
innovation combine with entrenched social structures of class and caste which impact many 
marginal farming communities.

A project funded by the Australian Centre for International Agricultural Research (ACIAR) is targeting 
marginal farmers as the primary beneficiaries, to address these challenges, through collective 
farming approaches and improved irrigated agriculture. 

This paper summarises the achievements following the establishment of thirty pilot sites across 
eleven villages in Saptari (Nepal), Madhubani and Cooch Behar (India) and NW Bangladesh. 
Seventeen farming collectives have been established practicing dry season cropping systems 
and improved irrigation practices. There have been significant changes in community knowledge, 
attitude and skills in response to extensive capacity development.

The project recognises the strong interrelationship between energy, water and food production.  
Addressing this nexus is an important global challenge. Traditional rice-wheat cropping systems 
have been supplemented through diversification into high value vegetable crops.  Conjunctive use 
of pond and groundwater as well as improved irrigation practices are limiting the over extraction 
of groundwater and solar pumping has been introduced in response to the expensive diesel and 
unreliable electricity supply. 

A key achievement has been the initiation of collective farms, increasing farmers’ confidence to 
work together for mutual benefit, especially woman farmers who represent 60% of the farmers. 
The importance of local institutions and engagement to realise the potential of new irrigation 
technologies is highlighted. 

The project is a multidisciplinary partnership involving communities, researchers, government and 
non- government organizations.

Keywords: Collectives; Gangetic Plains Irrigation
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Empowering small growers by gravity micro irrigation technology
Dilip Yewalekar1,*, Manisha Kinge1
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Abstract
In third world countries, smallholdings are usually farms supporting a single family with a rural 
lifestyle through a mixture of cash crops and animal husbandry for achieving self-sufficiency for 
their family’s needs. They may be able to supplement their income by selling surplus produce at a  
market. As a country becomes more affluent and farming practices become more efficient, small 
holdings may persist as a legacy of historical land ownership practices. There are @ 500(Wikipedia 
30th June 2017) million smallholder farms in the world, mainly concentrated in Asian (India, Nepal, 
China, Bangladesh etc), African (Kenya, Rwanda etc), Latin American countries supporting almost 2 
billion people and contributing to the economy as well as direct–indirect employment in the country. 
Today some companies try to include small holdings into their value chain, providing agri-inputs like 
seeds, feeds, fertilizers, irrigation, machineries etc to improve the quality yield of produce for mutual 
benefits. Till date, it has been observed that many rural places are lacking with electrical power, water 
facility, infrastructure and advanced technologies. Getting electrical power and irrigation (water) is 
too expensive and not easily accessible and affordable by the small growers. It is the belief that no 
irrigation system could function without electrical power and requires huge investment and water 
and political influences. Somehow it is true up to certain extent. Many countries are suffering with 
shortage of power, water and economy, are not ready to invest money in large irrigation projects 
because of social, political and environmental issues besides financial viability. The Jain Irrigation 
Systems Ltd has innovated affordable advanced technology of gravity micro irrigation for small 
growers with ‘N’ benefits in limited water, powerless area with indirect benefits to nations in terms of 
environment fortification, pollution control and carbon credits. An assortment trials and experiments 
were conducted at various parts of the world and established persuading results by Jain Irrigation. 
This technology has been successfully implemented in African countries and in India too and found 
small growers enjoying the benefits of it with no recurring cost of power. The present article describes 
a proven Advanced Gravity Micro Irrigation technology with algebraic expression, formulae, graphs, 
sketch and case study with financial analysis. The main objective of this article is to encourage the 
small growers to adapt the Advanced Gravity Micro Irrigation system to enhance the agriculture 
productivity and self-reliance of the farmers on quality livelihood instead of waiting for help from 
government.

Keywords: Advanced Micro Irrigation; Environmental; political; Gravity; Small Growers; Small 
holdings
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Feasibility study of rice water management under micro irrigation in Tarai 
condition of Uttarakhand, India
P. K. Singh1,*
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Abstract
Rice as the major contributor of staple food in the world is also the biggest water user. Irrigated 
systems alone use over 70 percent of the fresh water depletion in Asian countries, half of which are 
used in the irrigated rice production system. The water requirement to produce unit kg of paddy is as 
high as 4000-5000 liters under conventional methods of water application (transplanted rice under 
standing water). During the crop growth period, the amount of water usually applied to field is often 
much more than the actual field requirement. One of the demand management strategies is micro-
irrigation which supplies water at the right time and in the desired quantity at the location where 
water is demanded using a pipe network and emitters which result in low conveyance, distribution 
and field application losses and lead to higher water use efficiency. Keeping this in view, a field study 
was undertaken during 2014 - 2016 at G. B. Pant University of Agriculture and Technology, Pantnagar 
(India) to investigate the feasibility of the micro irrigation system for the effective water management 
of rice crop. The study result revealed that the water requirement of drip irrigated direct seeded rice 
(DSR) ranged between 1200 to 1700 liters per kg as compared to over 4000 liters/ kg of transplanted 
rice (TPR) grown under surface basin irrigation.

Keywords: DSR; Micro irrigation; Rice water productivity
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Decentralized approach for waste water treatment and long term effect of 
treated and untreated waste water irrigation on crop and soil quality
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Abstract
Due to rapid industrialization, more use of clean water leads to more generation of waste water and 
because of the lack of adequate treatment of domestic sewage, the use of contaminated water is a 
common practice which sustains farmers’ livelihoods in urban and peri-urban areas. Typically, such 
waters are polluted by excessive quantities of nutrients, plus they are contaminated with pathogens 
and toxic chemical substances that affect both the ecosystem and the public’s health.In many areas, 
these discharges are used by local farmers for irrigating crops, thus introducing these pollutants to 
the crops mainly in peri-urban ecosystems, due to its easy availability, disposal problems and scarcity 
of fresh water. Continuous irrigation of agricultural land with such wastewater may cause heavy metal 
accumulation in the soil and vegetables. Intake of heavy metals through the food chain by human 
populations has been widely reported throughout the world. Due to the non-biodegradable and 
persistent nature, heavy metals are accumulated in the vital organs of the human body such as the 
kidneys, bones and liver and are associated with numerous serious health disorders. Pb, As, Hg, Zn, 
Cu and Al poisoning have been implicated with gastrointestinal (GI) disorders, diarrhoea, stomatitis, 
tremor, hemoglobinuria, ataxia, paralysis, vomiting, convulsion, depression, and pneumonia. With 
the health hazards, wastewater irrigation is expected to cause changes in the soil and agricultural 
produce quality. While some of the changes in soil properties such as increase in micronutrients and 
organic carbon are beneficial, the risk of metal accumulation and microbial contamination needs to 
be carefully considered. Metal contamination from waste water leads to damage of soil quality and 
these soil accumulates metals are further taken up by the crops. 

A field experiment was conducted from 2015 - 2017 to investigate the effects of drip irrigation 
with wastewater, and treated wastewater on crop quality at the 12-C Research farm of IARI, Delhi. 
A bioreactor was installed at 12-C field for the purpose of cleaning the wastewater for the irrigation. 
After wastewater irrigation, the level of metals in the wastewater irrigated field got increased with time 
in the soil. While in treated water irrigated soil, the concentration was very less. In the case of crops, 
the level of heavy metals was found more in the wastewater irrigated crops than the treated water 
irrigated crops. From the study it can be concluded that wastewater cannot be used in agricultural 
land for a long time, while treated wastewater can be used in sustainable agriculture in the long term. 
On the other hand, the health of the consumers is also not affected with the metal contamination by 
using the treated wastewater for irrigation. 

Keywords: Bioreactor; Drip Irrigation; Heavy metal; Treated waste water; Waste water
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Continuation of traditional shadoof-well irrigation and heritage values: A case 
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Abstract
Shadoof-well irrigation is one of the oldest type of water-lifting irrigation. The group of shadoof 
irrigation projects located at Zhaojia town, Zhuji city in the Zhejiang Province of China are irrigation 
heritages which are currently still inuse. This paper studied the history, heritage components, 
engineering characteristics and heritage values of the ZhujiShadoof Irrigation System through 
field work and literature research. It has been found that the history of two villages of the shadoof 
irrigation heritage could be traced back to the 12th century AD when the immigrants of He and Zhao 
families migrated here. Based on the superior use of groundwater resources by simple shadoofs and 
wells, irrigated agriculture and population gradually developed, and villages were built. It is found 
that the shadoof irrigating projects had been widely used in the 17th century at latest in Zhaojia by 
the records of historical documents. It also showed that the ancient people had scientifically realized 
the mechanism of the groundwater cycle and had artificially built a dam in the brook to increase 
the groundwater infiltrated supply.The paper argues that the ZhujiShadoof Irrigation System with 
important historical, cultural and technological values is like a living fossil which helps to witness the 
history of irrigation civilization, with the suggestion that we should protect this heritage scientifically 
in view of its better anthropological value more than mere pragmatic reference for groundwater 
management for agriculture in the present time.

Keywords: Heritage; Irrigation; Shadoof; Water-lifting machinery; Values
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Gender differences in water security and capabilities in Far-West Nepal
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Abstract
As in other parts of the world, approaches to water resource development in Nepal are popular as 
technical endeavours, focusing on engineering solutions at the expense of ignoring issues of gender 
and social well-being. Water specific works in Nepal revolve around the nature of participation of 
women in water resource user groups; however, they lack attention to the changing rural dynamics 
in the villages that govern gender relations and shape women’s capabilities around water use, 
access and management. Understanding what factors impact women’s capabilities is important in 
informing plans and policies on gender equality and sustainable use of water resources. This research 
investigates the norms and practices that govern local water resource management and the role it 
plays in enhancing or limiting capabilities of men and women in rural villages in far-west Nepal.

Two villages in the hills (Doti) and one village in the plains (Kailali) have been studied using qualitative 
research tools such as focus group discussion, village mapping, historical timelines, key informant 
interviews, household interviews and participant observation. To validate the qualitative data, we also 
draw on the quantitative data from the basinwide survey in far-west Nepal. We frame our analysis 
around the conceptual framework of capabilities and well-being developed by Sen (1990) and social 
capital by Ahn and Ostrom (2008).

The findings suggest that, among other factors, social capital (social networks, trust and institutions) is 
influential in shaping individual and collective capabilities in relation to water resource management. 
Social capital is influenced by gender and other social identities such as caste, class, age and disability. 
We argue that the existing configuration of local water governance is informed by traditional gendered 
norms and practices which reinforce gender inequality and deprive women from equal access to and 
benefit from water resources.  This study further identifies that for the effective and just management 
of water resources, women’s social capital and capabilities must increase a process which also builds 
individual capacity and enables collective action in the community.

Keywords: Capabilities; Gender; Social Capital; Water Security
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Water powdered pump
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Abstract
The water powered pump (WPP) is a new product, whichhas been developed and invented by Mr. 
Sahin Bekisoglu who is retired from the General Directorate of Hydraulic Works (DSİ). Mr. Bekisoglu 
had concentrated on water management and development of natural resources at the Colorado 
State University in between 1987-1988. He has worked on water related subjects formore than 40 
years. He is working as a consultant engineer in a private company in Ankara, Turkey.

WPP uses kinetic energy of the stream water. It does not require any electricity, petroleum products 
such as diesel fuel, gasoline or natural gas. It can be used everywhere, where a small drop exists from 
the stream water. The water powered pump will be used for supplying water for irrigation, domestic 
or other requirements. It is environmental friendly and converts the unused energy of the stream 
water for pumping a certain volume of water to a calculated head.

WPP works day and night and pumps the water up to a certain elevation. The WPP has never 
been used in any part of the world up to date and no publication exists in this regard. The existing 
experiences and well known scientific knowledge have been used for the creation and invention of 
the WPP.

Keywords: Environment-friendly; Kinetic energy; Stream water; Water powered pump.
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Abstract
The most widely-used approach to irrigation in Nepal is the development of open channels. 
However, a majority of households in the hills of Nepal depend on Rural Water Systems (RWS) 
for irrigating their Bari land. RWS typically consist of gravity-fed piped water systems that 
provide improved access to safe water for domestic-use from communal or individual taps. 

This study explores how small plots of land (25-2,500) sq.m that are often barren or uncultivated 
become productive when they are linked to RWS systems. Specific attention is paid to how 
the productive use of the land enhances the landowner’s income and promotes the technical 
and financial sustainability of the water systems. An assessment of 40 rural water systems 
conducted in three wards in the mid-hills of Nepal (Syangja, Kaski, and Palpa) between October 
– December 2017, revealed that 95% of households use the system to meet their domestic 
and productive water needs (despite RWS being designed to only meet domestic water 
needs). Of the 95% households, nearly 80% of the users are growing vegetables and 30% are 
generating an annual income of about NRs. 15,000 without an associated effort to link farmers 
to irrigation, agricultural lands, local markets, and appropriate inputs and agriculture trainings. 
When communities are not generating enough income from the RWS, they are less able to 
invest in their maintenance, which in turn affects the technical sustainability of their system. In 
addition, RWS enables communities to make best use of scare water resource and enables the 
productive use of limited lands. 

The research findings show that RWS can be used for irrigating small plots of land and hold 
potential to increase household income if the systems are designed and implemented as 
multiple-use water systems (MUS). These MUS hold the potential to break the somewhat 
artificial barriers between the domestic and productive (i.e., irrigation) water sectors, meeting 
domestic and productive needs in a planned way. Therefore, MUS can be an important strategy 
for rural communities to address poverty and enhance system sustainability.

Keywords: Income; Irrigation; Limited Land; Multiple-use Water Systems; Rural Water Systems; 
Sustainability 
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Abstract

Water is a critical resource which can enhance economic growth, improve quality of life and ensure 
environmental sustainability. Population growth and climate change are main factors for water crisis. 
1-Population growth means more water is required for drinking, domestic and irrigation purposes. 
2-Climate change is affecting the availability of water, rainfall patterns and its intensity in time and 
space. Temperature rise will affect the movement of air, its humidity and cloud dynamics i.e. water 
vapor carrying capacity of the atmosphere. Hence proper management of water is very necessary 
to solve the water crisis in the Himalayan region. Rain water and snow melts are the main source of 
water in the Himalayan region. a- Harvesting the rain water and snow melt for recharging the ground 
water as per point recharge as well as diffused recharge for watershed management are desired 
through various applicable techniques for mountainous region and, b-Harvesting the runoff water of 
streams and rivers for recharging the ground water by construction of check dams at various places at 
suitable locations in the bed of streams and rivers. c- Harvesting the subsurface water for recharging 
the ground water by construction of subsurface dykes at various places at suitable places in the bed 
of streams and river. d- Harvesting the snow melt water in the rivers for recharging the ground waters. 
e- Harvesting the flood water for recharging the ground water and sedimentation of its silt and clay 
contents in the field. By applying the above mentioned methods, we can recharge the ground water 
and saturate the voids and faults of the ground and aquifers. That is a creation of soil dam with zero 
runoff.

Water management: Himalayan agriculture can be broadly divided in two categories. A– HILL SLOPE 
FARMING: Harvesting the rainfall water /Recharging ground water for hill slope agriculture: We have to 
adopt the watershed development methods for recharging the ground water in hill sloppy regions by 
the retention and detention of the run-off of rainfall water by adopting the following methods: 1-grass 
land development. 2- forest land development/tree plantation. 3- gully plugging 4- contour bunding. 
5-terracing/levelling of land.6-semi-circular trenches 7-raising boundary of farm 8- plantation of trees 
on the boundary of farm9- Rejuvenation of springs.10-application of nuclear techniques, and 11- 
all other methods of watershed development as per site condition. Adopting all these methods of 
irrigation in the hills region, we can produce more crops inthem. That will help us in food security and 
poverty alleviation in the hill region.B – RIVER VALLEY FARMING: Harvesting the run-off water of rivers/
streams for river valley agriculture.  1- Constructing a series of weirs/ barrages in the streams/ rivers in 
hill regions as per site condition for off time irrigation. 2- Construction of sub-surface dyke cum check 
dams for collecting sub-surface flow of water during scarcity periods. 3- Construction of reservoirs/
small dams, and 4-Development and management of lakes.

Keywords: Climate change; Harvesting; Himalayan region; Rainfall; Temperature rise
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Abstract

Despite many years of experience and highly developed techniques, flood even now continues to 
play havoc in most parts of the planet.  The frequency of occurrence of floods in the region in general 
and in Pakistan in particular has considerably increased since past several years, because of global 
warming and rapid climate change. Pakistan is a country with diverse types of land and a fluctuating 
pattern of climate. Climate is usually considered hot and dry in Pakistan but it has shown significant 
obvious variations in the last few years. Many districts and urban centers located along the river banks 
are ever on a great risk to confront with various types of floods i.e. riverine flood, flash flood and urban 
floods particularly in the Punjab & Sindh provinces. 

The riverine floods are generally caused due to heavy concentrated rainfall in the river catchments, 
during the monsoon season, which is sometimes augmented by snow melt flows.  Monsoon currents 
originating from the Bay of Bengal and resultant depressions (weather system) often result in heavy 
downpours in the Himalayan foothills, which occasionally generate destructive floods in the main 
rivers and their tributaries. Flooding of the Indus River and its tributaries represents the greatest 
hazard in Pakistan.  Floods occur usually in summer season (July - October). Therefore, damages to the 
agriculture sector are mainly due to the standing Kharif crops. However, in some cases the inundated 
lands do not dry up in time and ultimately affecting the sowing of Rabi crops.

After the large scale damages as a result of the 2010 floods followed by 2011 & 2012-floods/rains, 
the need for investment in the flood sector has gained importance. The Federal Flood Commission 
initiated working on the formulation of a National Flood Protection Plan-IV (2016-25). The plan has 
been prepared in close consultation with all federal as well as provincial stakeholders. The planning 
strategy for the development of the National Flood Protection Plan-IV, in line with the current 
practices worldwide, is focused on integrated flood management planning laying more emphasis on 
the non-structural measures, such as Reservoir operations; Flood forecasting and early warning, Flood 
risk zoning, Watershed management, Flood proofing and insurance, Disaster management and other 
measures. However, considering the uniqueness of the Indus Basin with its large integrated network 
of dams, barrages and canals, which form the lifeline of the agriculture economy of the country, the 
protection of this infrastructure as well as the irrigated area that it feeds and which has been the 
focus of previous three Flood Protection Plans, the maintenance, up-gradation and in some cases new 
construction especially in light of 2010 floods, has not been ignored. The above guidelines have been 
adopted while formulating the Plan. The estimated cost of the Plan with category-wise breakdown 
into structural and nonstructural measures is Rs 177.61 billion in the next five years. It is the need of 
the hour to implement flood mitigation measures under the National Flood Protection Plan in all the 
provinces and federal line agencies as a stitch in time saves nine.

Keywords:Climate change;Concentrated rainfall; Flood management;Monsoon
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Abstract

The frequency of flood occurrence is rising on a globalscale as wet areas are getting wetter, posing 
a huge threat to sustainable development in human settlements.Apart from rendering thousands 
homeless, the disaster has over time washed away settlements, farmlands and food storage facilities 
among others. This is the case of Benue State, Nigeria where increasing precipitation and management 
of water infrastructures upstream of the River Benue has in recent times exposed the state to flood 
disasters and its far-reaching effects. However, despite localisation of by Benue state along the banks 
of one of the major rivers in Nigeria; the River Benue, over 80% of smallholder farmers in this region is 
still dependent on rainfed agriculture for food production. With this practice becoming increasingly 
vulnerable to climate variability and adverse consequence of groundwater over-abstraction to combat 
the challenges of food insecurity, there is a growing need for optimum resource utilisation by turning 
the hazards into opportunities. Taking into consideration features such as soil type, land-use type, 
surface hydrology, topography and subsoil properties such as storage potential and groundwater 
accessibility, certain regions in by Benue state with huge groundwater storage potentials for irrigation 
agriculture were identified. The dredging of the River Benue has been proposed as a long-term plan 
to accommodate the excess water particularly during seasonal release of water from large dams 
in neighbouring Cameroon and the consequences of overflowing its banks. But to counter the 
looming challenges of groundwater over-abstraction for dry-season irrigation agriculture and food 
insecurity in the region, prospects of artificial groundwater recharge through flood water storage 
was assessed. Learning from proven solutions and existing practices in other cities in the world, this 
paper presents some adaptive and mitigative strategies to tackle the adverse effects of a changing 
climate by diverting otherwise harmful flood waters to long-term beneficial use to help improve the 
livelihood of smallholder farmers, build resilience against droughts and water scarcity and mitigate 
the challenges of floods in Benue State, Nigeria.

Keywords: Artificial groundwater recharge; Benue State; Food security; Groundwater extraction; 
River Benue; Water storage
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Abstract
Pakistan is the 4th largest user of groundwater in the world after India, USA and China where 
groundwater is playing a vital role in the economy of the country andunderpins the food security.
In the Punjab province of Pakistan groundwater has attained a significant potential in the national 
economy by contributing about 50% in crop water requirements through 1.2 million tubewells 
installed by farmers. This has led to a tremendous increase in cropping intensity from 67% to more 
than 150% during the last six decades. Besides this, groundwater is catering for more than 95% water 
requirements of the industrial and domestic sectors as well. The ever increasing and unscientific use 
of groundwater has overburdened this finite natural resource resulting in extra financial pressure on 
the end users especially the small farmers at grassroots level. Under the current scenario, climatic 
changes have resulted in global warming which has become a great challenge due to its potential 
impacts on ecosystems, human life and global water resources. This situation has given rise to the 
frequency and intensity of extreme weather events such as cloudburst, floods and droughts which 
have become a major threat for irrigated agriculture in developing countries putting livelihood 
of a multitude of tiny farming communities on risk. Groundwater quality and levels are changing 
abnormally due to these events causing water and land degradation, waterlogging and salinity, 
spatial and temporal uncertainty in the availability of water, access to users etc. The impactsof floods 
on the irrigation network, society, economy and environment have been investigated intensively 
worldwide; however, the impacts of floods on the regional shallow groundwater levels and quality 
are recorded and documented randomly. The Punjab Irrigation Department has installed a network of 
piezometers to monitor the groundwater in the province. The impact of the floods of 2014 in Pakistan 
on groundwater has been evaluatedin Rechna and Chaj Doabs (land between two rivers) in Punjab 
Province. Results have indicated 0.77 ft. and 2.57 ft rise in the water table in the Chaj and Rechna 
Doabs respectively. The volume of water recharged to the aquifers has been estimated at 1.20 MAF 
and 1.90 MAF in the Chaj and Rechna Doabs respectively. Further potential of diversion and storage of 
flood water in both aquifers has been evaluated as 4 MAF and 14 MAF in the Chaj and Rechna Doabs 
respectively. It has been concluded that besides huge damages, floods are the source of groundwater 
recharge, and artificial recharge can be opted as one of the flood mitigation measures.

Keywords: Flood; Groundwater; Pakistan; Punjab; Recharge
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Abstract
Many countries are now facing the impact of climate change due to less or no rains when it is needed 
and more rains when it is not needed. Water is the most important resource which addresses some 
of the basic human needs. It also helps to maintain ecosystem balance. Reliable Supply of drinking 
water to sustain good health and domestic purposes, irrigated agriculture, hydropower generation, 
navigation, inland fishing, recreation and industries are most prominent sectors that addresses some 
of the human needs. Out of these, irrigated agriculture is the most important sector that ensures food 
security. Many of these uses exert pressure on water resources and create stresses that are likely to 
be exacerbated by climate change. In situations where water resources are getting diminished due to 
climate change, water demand is likely to increase. This shift will create additional challenges to water 
managers adding pressure on meeting the needs of growing communities and sensitive ecosystems 
simultaneously. 

Prolonged droughts and flash floods that occurred continuously during the past five years had made 
adverse impacts on the irrigation schemes, especially on the livelihood of farming communities and 
food production. Repetitive damages occurred to the irrigation systems due to floods during the 
last few years demand a heavy toll for the repairs and restoration. The Government had provided 
continued funding to rectify and renovate the flood damages, but due to limitations of funds, 
considerable amounts of damages remain unattended. Therefore, it is crucial for the sustenance of 
irrigated agriculture infrastructure, to minimize the frequent flood damages that can be expected 
in the future due to climate change effects. This is vital since this sector records the highest water 
consumption. 

It is very important to increase productivity of irrigation schemes by improved water management 
to make the schemes drought resilient. Irrigation system efficiency is to be kept at high level to 
assure crop protection while paying more attention to the farm management practices and crop 
management practices. Construction of new reservoirs for flood & drought management, trans / intra 
basin diversions, modern irrigation technological approaches on improved and upgraded irrigation 
infrastructure, introducing advance technology in seasonal planning and seasonal operation can be 
adopted as solutions.

An Integrated adaptation measures and mitigation measures are required to reduce the potential 
impacts of climate change by assimilating all sectors and the economy of the country. The objective of 
this paper is to discuss adaptation and mitigation measures introduced recently in irrigation systems 
in Sri Lanka to ensure productivity increase while preventing losses and flood damages.

Keywords: Climate Change; Drought; Flood; Food security; Irrigated agriculture
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Abstract
Drought is considered as an environmental disaster, related not only to meteorological events 
but thehydrology of the watershed as well. It is one of the least understood natural hazards that 
has caused more damage and affected a significant number of people. The root cause of drought 
is the climate anomaly followed by human water use practices. Anomalies in the climate result in 
meteorological and hydrological drought whereas human water use practice triggers agricultural 
and socio-economic drought. Meteorological drought is defined as the lack of precipitation over a 
region for a longer period whereas hydrological drought is related with water supply being low in 
streams, reservoirs and groundwater levels, usually after along period of meteorological drought. 
Agricultural droughtusuallyrefers to a period with decliningsoil moisture and consequent crop failure 
without anyreference to surface water resources while socio-economic drought is associated with the 
failure of waterresources systems to meet water demands and thus associating droughts with a gap 
in the supply of and demand for an economicgood. For efficient water resources management, it is 
important to quantify various forms of drought and disintegrate them based on nature. In this paper, 
we attempted todisintegrate the aforementioned droughts based on the drought indices. We used 30 
years (1986-2015) of meteorological data and 9years (2000-2008) of hydrological data for the analysis 
of meteorological and hydrological drought across Nepal. The Standard Precipitation Index (SPI) and 
Palmer Drought Severity Index (PDSI) have been employed to measure the degree of drought. The 
Standardized Precipitation Index (SPI) is the number of standard deviations by which the observed 
cumulative precipitation deviates from the climatological average. The SPI quantifies the precipitation 
deficit in the monsoon and non-monsoon periods and the index spans from -3 (dry) to +3 (wet). The 
Palmer Drought Severity Index (PDSI) uses readily available temperature and precipitation data to 
estimate the relative dryness. It is a standardized index that spans -10 (dry) to +10 (wet). For all the 
spatial stations over Nepal and three temporal scales, 3 months (SPI-3), seasonal (winter and summer), 
and 12 months (SPI-12), drought indices were determined. The results of the research can be further 
utilizedby water resource planners for effective management in the irrigation and water resource 
development sectors. 

Keywords:Agricultural drought; Hydrological drought; PDSI; SPI; Water resource management
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Abstract
Rainfall variability at both spatial and temporal scale may lead to intense heavy rainfall, flooding, water 
shortage or drought events that potentially have significant impacts on the hydro-climatic dynamics, 
crop yield, and water-based developmental approaches. The harsh topography and drought is a 
dominant characteristic of western Nepal; however, there lacks scientific merits on the degree and 
significance of dryness in the river basins. This study aims to evaluate the dynamics of meteorological 
drought in the Karnali River Basin, the largest basin in Nepal. Four drought indices - Standardized 
Precipitation Index (SPI), Standardized Precipitation Evapotranspiration Index (SPEI), (self-calibrating) 
Palmer Drought Severity Index (scPDSI), and Reconnaissance Drought Index (RDI) – are used to 
evaluate the meteorological drought dynamics in the basin. Temperature and precipitation data for 
the period of 1981-2014 at 10 stations were used in the analysis. Results revealed the non-existence of 
uniform pattern of dry and wet events in the basin. In spite of differences in magnitude and duration, 
among the different indices, the years 1991, 1992, 1993, 2005, 2006, 2007, 2009, and 2010 had more 
severely dry condition in the basin. Being in the unique location, the basin is influenced by both the 
Indian monsoon moisture and westerlies, and there are also evidences of the dry and wet events 
related to the Southern Oscillation Index. This complex interplay among precipitation patterns, 
drought events, scale, various climatic factors, and water cycles information suggest the need for a 
detailed assessment before implementing water-based long-term projects in western Nepal.

Keywords: Drought; Karnali River Basin; Meteorological drought, Nepal.
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Abstract

Among all natural hazards, drought is said to be the most hazardous because assessing its onset and 
expansion may take a long way and the government’s fail to understand and mitigate the problem 
in times of actual need. To study this creeping disaster in a better way, the Marathawada region of 
Maharashtra statewas taken as the study area. To derive the vegetative condition index (VCI), Moderate 
Imaging Spectro-radiometere (MODIS), Normalized Difference Vegetation Index (NDVI), 16-Day L3 
Global 250M, MOD13Q1 data of the kharif monthsfor years 2001-2015 was acquired from Reverb 
Echo. With reference to India’s drought manual 2016, the VCI Values (%) are classified as Good (60-100) 
Fair (40-60) and Poor (0-40). To analyze the hazard, we must owe to its multi-faceted and interrelated 
characteristics i.e., frequency, durationand severity, droughts have been considered as a multivariate 
events. For the overall analysis of drought, all these components have been studied in a bunch. The 
results showed that the Marathawada region is with less to moderate vegetative drought frequency, 
and that most areas experienced high periods of drought. Because of its geographical location, the 
monsoons fail to reach the semi-arid climatic zones and the drought frequency is more. Marathawada 
has been consistently prone to droughts. Almost every twenty years, a big drought has hit the region, 
while smaller droughts keep occurring in the interim period. The droughts during 2010, 2011 and 
2013 were moderate here and theywere severe in 2002, 2012 and 2014 based on the trend analysis 
of VCI.The districts namely Nanded, Hingoli and Parbani have fair values of VCI and the rest of the 
districts, namely Aurangabad, Jalna, Parbhani, Beed, Latur and Osmanabad of Marathawada having 
poor VCI percentage were severely affected. This study aims to improve the methods of agricultural 
drought monitoring of the drought hit areaswhich in turn help the policy makers to make better 
decisions.
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Abstract

Despite recent political and economic progress, Nepal remains a least developed country and one 
of the poorest countries in South Asia, with 23.8% of the population living below the poverty line. 
Progress has been made in increasing the proportion of the population with access to improved 
drinking water sources and improved sanitation facilities, (85% and 62%, respectively for 2012/2013), 
however the extent of coverage is still low, particularly for sanitation (GON/UNDP, 2013). Water 
resources remain a particularly under-developed sector, which has been identified as a key resource 
for development and economic growth in Nepal (GoN-WECS 2011). Although the country has 225 
billion cubic meters of water available annually, only an estimated 15 billion cubic meters (less than 
7%) has so far been utilized for economic and social purposes (GoN-WECS 2005). In this context, water 
resources development and management, particularly in the hydropower and agriculture sectors, 
represent a key building block for future of the country’s economic growth and poverty reduction 
strategy. 

The current approaches to water resources management and future planning do not adequately 
consider balancing economic growth, social justice and healthy, resilient ecosystems.  The Digo Jal 
Bikas project funded by USAID attempts to fill the knowledge gap to promote both balanced and 
robust water resources development in Nepal. The project is focusing on the Karnali, Mahakali and 
Mohana basins in Western Nepal. Analysis is being carried out at both basin and community levels and 
cover bio-physical, environmental, social and policy aspects. Activities include hydrological modelling 
to calculate water availability, analysis of climate change impacts, hydro-economic modelling to 
evaluate various development trajectories, environmental flow assessments, analysis of policy and 
governance structures and processes and analysis of social systems and gender. The results from the 
study are expected to strengthen water resources development in Nepal. 

Keywords: Environmental Flows; Hydro-economic Modelling, Nepal; Water Allocation; Water 
Resources Development
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Abstract
Due to the heterogeneous terrain in Nepal, change in climate across the terai, hills and mountains in the 
future will differ spatially and temporally. The impact of future climate on livelihood and biodiversity 
spread across these regions will also be dissimilar. A thorough understanding of the spatio-temporal 
nature of future climate is needed to build communities and ecosystems that are resilient to climatic 
variability. However, selection from the ever-increasing list of global and regional climate models is 
hard. Taking the case of Western Nepal with a relatively pristine environment, this study evaluates 
possible climate futures as projected by 13 regional climate models (RCM) and provides a basis for 
selecting a subset of RCMs relevant to a given application. Specifically, we compare climate projections 
separately for the mountain, hills and terai for three future timeframes using the Australian Climate 
Futures framework. We develop climate future matrices for each region and timeframe to visually 
classify all available RCM outputs into ranges of precipitation and temperature change. We calculate 
the likelihood of various range of change in terms of the proportion of RCMs that agree on such 
projection. The matrices can thus be used to identify RCMs that represent different possible climate 
future, such as the most likely range where majority of model projections fall. We demonstrate how 
climate impact assessment studies can use the matrices to further select RCMs that represent the 
best and worst case future climate scenario for their purpose. In this way, this study characterises the 
spatio-temporal variability in future climate across Western Nepal for use in climate impact studies.
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Abstract
There is a huge untapped potential for water resources development for irrigation and hydropower 
sectors in Nepal in general, and western Nepal in particular. A sound knowledge base on the spatio-
temporal variability of water resources may help informed decision-making in that endeavour. 
Developing hydrological models is required for the purpose. This study has developed a hydrological 
model using the Soil and Water Assessment Tool (SWAT) for the Karnali-Mohana basin (Area = 49,889 
km2) in western Nepal using the multi-site calibration approach and analysing the spatial-temporal 
variability in water resources availability using the simulated results. The study basin has been 
discretized into 111 sub-basins and 2,122 hydrological response units (HRUs) to better represent 
spatial heterogeneity. It has used soil, land use/cover, topography, and meteorological data from 
several sources as inputs. The model is then calibrated and validated at 10 stations, outlets of major 
tributaries, for the period of 1995-2009. Input data shows a wide topographical variation from 69 
meters above mean sea level (masl) to 7,726 masl; dominance of GelicLeptosols (LPi) soil (34.2% 
of the study area) even though 21 soil types are present; and dominance of forest land use/cover 
that covers more than one-third of the study area. The model performance was evaluated based on 
selected model performance indicators, the capability to reproduce daily and monthly hydrographs, 
and overall flow patterns.

Results showed that the model can reasonably reproduce hydrological conditions in the study basin, 
including spatio-temporal variability. The model was then used to assess spatio-temporal variation 
in water resources availability. It is an ongoing project and the simulated hydrology will further be 
used with hydro-economic models to evaluate trade-offs among various water resources trajectories 
in the area. We also aim to use the model to assess climate change impacts on future water resources 
availability, evaluate impacts of various water resources development options, and devise suitable 
recommendations for integrated and equitable water resources planning and management at various 
scales in the basin. 
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Abstract

Climate change affects the hydrological cycle, which results in an increase in the frequency of floods, 
droughts, and other abnormalities on the earth’s surface. According to the fifth Assessment Report of 
the Intergovernmental Panel on Climate Change (IPCC), the last three decades on the earth have been 
increasingly warmer than the previous decades. Various studies indicate that the average temperature 
of the earth is expected to increase by 1.8 to 4.0 °C and precipitation by 5 to20 % in 2100 compared 
to 1990. It is important to understand the potential impacts of the projected climatechange on water 
resources for the development of proper management andadaptation strategies. 

The Narayani basin is a trans-boundary watershed on which both the livelihood of the people in 
Nepal and in northern parts of India depends. The main objective of this study isto assess the impacts 
of climate change on the hydrologic balance in the Narayanibasin of Nepalusing the Soil and Water 
Assessment Tool (SWAT). Calibration and validation of a SWAT model is carried out using the observed 
flow data collected and maintained by the Department of Hydrology and Meteorology (DHM), Nepal. 
Precipitation and temperature outputfrom a global climate model (GCM) will be used to run the 
calibrated SWAT model tostudy the impacts of climate change on water availability in the basin. This 
study will analyze and report the temporal and spatial differences in the hydrologic responses to the 
future climate projections in the Narayani basin. 
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Abstract

Water Evaluation and Planning system (WEAP) based decision support system can prove to be an 
effective tool for water allocation, supply and demand analysis. In the present study an attempt has 
been made to develop spatially distributed model, by using the WEAP-MABIA method, which can 
be used for the analysis and simulation of agricultural water demands in the Ur river watershed in 
Tikamgarh district, Madhya Pradesh. Domestic water demand, livestock water requirement, Land use/
Land cover map for the Kharif and Rabi cropping season and crop specific information were gathered 
for model development. In this study, the year 2012-13 is used as the base year for customizing the 
WEAP model for 8-subwatersheds using available information. The model was calibrated using the 
PEST tool, available in WEAP. The monthly measured and simulated flows were compared by the 
correlation coefficient (R2), which yielded satisfactory values that varied between 0.67-0.70 for the 
monthly streamflow values. The calibrated model was used for estimating future water demands and 
unmet demands by using future climate series, from 2015-2030, of IPCC scenario- RCP 4.5 of GDFL-
ESM2M model. In this study, agriculture modelling was carried out using the WEAP-MABIA method 
that uses the dual crop coefficient approach which helps in computing the separate soil evaporation 
and transpiration under various water availability situations. Since the Ur river watershed falls under 
the semi-arid condition and river flows are seasonal.Therefore, in order to get higher yields at best 
water management practices, different stress/deficit irrigation scenarios can be built using the 
customized WEAP model.
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Abstract 
Agriculture is the main source of income in Nepal, providing livelihood to sixty-eight percent 
population and contributing thirty-four percent to the GDP. However, Nepal still struggles to produce 
enough food supply to meet the demand of its people. Nepalese agriculture faces problems due 
to lack of proper investment, limited agriculture related research, and lack of market opportunities, 
improved seeds and technology for farmers. In addition to this, only 2.7 million hectares (Mha) of 
land is agricultural in Nepal and 1.3 Mha of out the total land has irrigation facilities. Majority of the 
irrigation systems are either small or medium in scale. Global warming and climate change add threat 
to the food security in Nepal as the agriculture sector is very vulnerable to climate change. Nepal 
has been facing more floods and droughts events in the recent years which has directly affected the 
food production. The impact of climate change can also be analysed from previous studies which 
reveal that Nepal loses about 0.8% of GDP every year because of climate change and extreme events. 
Hence, proper adaptation policies and practices are necessary to ensure that water demand is met 
by water supply side. The purpose of the study is to assess the impact of climate change on rainfall, 
temperature and water demand in selected agricultural regions of Nepal. Three general circulation 
models (GCMs) with Representative Concentration Pathways (RCPs) 4.5 and 8.5 scenarios are used 
in the study. The results show that the changing climate will result in increased water demand in 
both scenarios. Hence, there is the need to improve agricultural productivity along with making the 
agriculture sector more resilient to potential impacts of climate change. 

Keywords: Agricultural productivity; Climate change; General circulation model; Water 

demand
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Abstract
During the post green revolution era, wheat and rice were the main crops of concern to cater to the 
food security issues of Pakistan. The use of semi dwarf high yielding varieties along with extensive 
use of fertilizers and surface and ground water led to a substantial increase in crop production e.g. 
the wheat production nearly doubled from 3.7 million tonnes per year to 6.8 million tonnes per year 
during 1960-1970. However, the higher crop productivity comes at the cost of over exploitation of 
the precious land and water resources, which ultimately has resulted in the dwindling production 
rates, loss of soil fertility, and qualitative and quantitative deterioration of both surface and ground 
water bodies. Recently, during the past two decades, severe climate changes are further pushing the 
wheat production system of Pakistan towards its limits. From the food security perspective, efficient 
utilization of the blue (irrigation) and green (rainfall) water resources is pivotal for the sustainable 
intensification of both rain-fed and irrigated agricultural lands, which is quite challenging in an era of 
climate change. There exists a strong interdependence between the water security and food security. 
Both are strongly influenced by the water-soil-climate nexus, social and political conflicts, growing 
energy demands and changing climates. This necessitates a careful analysis of the current yield and 
water footprints (both green and blue) to predict the future trends under the most likely climate 
change phenomenon. Here the wheat production system of Punjab, Pakistan is presented as a case 
study in the exploration of how the changing climate, as reflected by a range of climate models 
ensemble, might influence the yields and water footprints by using the FAO developed Aquacrop v 
5.0 yield simulation model. The crop phenology data retrieved from the field experiments conducted 
during 2004-2010 were used to calibrate and validate the model for a representative site located 
in the district Faisalabad, Punjab, Pakistan. The calibrated model, coupled with the bias-corrected 
statistically-downscaled climate projections from the 9 Global Circulation Models (GCMs), was run for 
the two future time slices, 2030s (2021-2050) and 2060s (2051-2080), under the two Representative 
Concentration Pathways (RCPs): 4.5 and 8.5. Under the worst, most likely future scenario of temperature 
rises and rainfall reduction, the wheat yield decreased and water footprint, especially blue, increased, 
owing to the elevated irrigation demands originating from the accelerated evapotranspiration rates. 
A probable increase in rainfall as envisaged by some GCMs may partly alleviate the adverse impacts 
of the temperature rise but the higher uncertainties associated with the predicated rainfall patterns 
is worth considering before reaching a final conclusion. The total water footprints were continuously 
increasing implying that future climate would profoundly influence the crop evapotranspiration 
demands. The future wheat production was predicted to be more irrigation or blue water dependent, 
since the contribution of rainfall or green water would be much lower. The results highlighted the 
significance of theirrigation water availability in order to sustain and improve the wheat production 
in the study area.

Keywords: Climate change; FAO Aquacrop; Pakistan; Water footprints; Wheat yield
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Abstract

The importance of climatic information for agriculture is realized today. The zonation of agro-climate 
provides a better knowledge to grow the crops according to the agro-climatic potential of different 
regions for maximum harvests among farming communities. Agricultural production in the country 
depends heavily on the timely onset of the monsoon and its spatial and temporal distribution. Four 
distinct climatic seasons can be recognized characterizing precipitation patterns; pre-monsoon 
(Mar-May), monsoon (Jun-Sep), post-monsoon (Oct–Nov) and winter (Dec–Feb). Standard data of 
30 years (1986- 2015) of the meteorological stations maintained by the Department of Hydrology 
and Meteorology (DHM), Government of Nepal, were utilized for the study. The spatial interpolation 
was carried out using universal kriging with consideration to the elevation in 1km X 1km grid as the 
elevation is one of the dominant drivers for the variability of the meteorological parameters (e.g. 
precipitation, air temperature). Using the Thornthwaite method, potential evapotranspiration (PET) 
and then soil moisture index (SMI) have been determined. The atlas has been prepared considering 
seasonal and annual analysis.

Almost 80% of the precipitation in the country comes in the form of summer monsoon precipitation, 
whereas precipitation during post-monsoon, winter and pre-monsoon contribute only 4%, 3.5% and 
12.5% respectively. SMI during monsoon season is undoubtedly higher compared to other seasons. 
The spatial distribution of SMI in monsoon shows highly heterogeneous distribution. Even in the 
monsoon season, SMI in the northern part of the west region is found to be lower in many areas. As 
a common mountainous feature, the windward slopes of the mountains receive higher precipitation 
while leeward sides receive comparatively lesser precipitation and in the same time, the air 
temperature during the monsoon is quite highresulting in an increased PET. Thus, the leeward side 
of the mountainous areas lead to lesser SMI values. The westerly-derived precipitation during the 
winter season is greater in the north-west. SMI also follows a similar gradient resulting in higher values 
in the far western region, whereas lower values are exhibited in the central and eastern region. The 
spatial variability of SMI in the country is attributed to the complex topographical settings and highly 
heterogeneous distribution of precipitation (e.g. the mean annual precipitation ranges from 200 mm 
to greater than 5,000 mm).
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The spatial and seasonal distribution of SMI can be helpful to assess the needs of the irrigational 
facility, choice of crops and their rotations, and finally to design the cropping calendar. The purpose 
of the study is to develop a tool in the form of the agro-climatic atlas of the country to present agro-
climatic information that is relevant to agriculture and various stakeholders. 

Keywords: Agro-climatic atlas; Climatic information; Crop production; Soil moisture index 
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Abstract

Bangladesh is an agricultural country with an area of 147,570 sq. km. It has a population 160 million with 
the highest density in the world. The majority of the population depends on agriculture and natural 
resources for their livelihoods.The climate of Bangladesh is tropical with a mild winter from October 
to March and a hot humid summer from March to June. Agriculture is the most vulnerable sector 
and its productivity depends on the variability of climatic factors.In Bangladesh, the average annual 
rainfall is 200 cm which is highly variable in place and time. This country is one of the most floodprone 
areas in the world due to its geographic position.  Natural calamities, such as drought, flood, cyclone, 
tornadoes and tidal bores occur almost every year. Water logging is responsible for decreasing the land 
productivity. Irrigation is one of the most essential inputs for agricultural production.In Bangladesh, 
extraction of ground water has increased many folds due to rapid expansion of irrigated agriculture. 
The northwestern part of Bangladesh is prone to drought due to rainfall variability. Withdrawal of river 
water and unbridled extraction of groundwater have put the northern region at a risk of desertification 
through land degradation. River bank erosion, mainly during the rainy season, is a serious cause of 
land loss in Bangladesh. The production cost of major crops due to irrigation is high in Bangladesh. The 
optimum use of irrigation water should play an important role in increasing agricultural production. It 
is essential to identify the best watermanagement practices considering the socioeconomic condition 
of farmers in Bangladesh. Therefore, efficient and effective water management systems are required 
to mitigate climate change effects and increasing agriculture production in Bangladesh.

Keywords: Agriculture; Climate change;Disaster; Drainage; Irrigation; Bangladesh
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Abstract

From India’s geographical area of 329 million ha, 4,000 BCM (billion cubic meter) volume of water 
is available from annual rainfall including snowfall; however, the distribution is quite erratic.  About 
2,960 BCM (74%) water is available from the south west monsoon, 400 BCM (10% )  from the north 
west monsoon ( October to December), 120 BCM ( 3% ) from the winter monsoon ( January and 
February), and 520 BCM (13% ) from pre monsoon ( March to May)( Ministry of  Water Resources, Govt. 
of India 2006). To  make the  effective utilisation of rain water during crop growing period in arid and 
semi-arid  areas , the  daily crop water demand as ETo has been estimated  by  Hargreaves method 
(Hargreaves and Somani 1985) for the period from 2001 to 2011 by taking daily meteorological data 
of the two  cotton growing states and the water demand scenarios  and effect of water stress and 
climatic variables  on seed cotton yield at  different crop growth stages   has been illustrated in the 
following text. In India, the major cotton growing states viz. Tamil Nadu, Karnataka, Andhra Pradesh, 
Maharashtra, Gujarat, Madhya Pradesh, Rajasthan, Haryana and Punjab, the rainfall received during 
monsoon period( June to September )  is not enough to meet the crop water demand; and hence, 
the productivity  is very low and is highly differentiated  within states  except in the northern region 
of the country i.e. in  Punjab, Haryana and Rajasthan, the cotton crop is being  grown under irrigated 
condition ( 93 to 100 % cultivated area) and the  productivity  is exceptionally high  (613 to 708 kg lint 
ha) as compared to other states. In Gujarat state, both production and productivity has been increased 
tremendously (594 kg lint/ha ) after development of water resources structures  with 58.7 % irrigated 
area (Anonymous 2014-15). However, in the state of Maharashtra, the cotton crop is cultivated largely 
under rain fed condition (2.7 % of the total cultivated   area), with the result thatthe productivity 
is quite low (313 kg lint /ha) due to non-availability of supplemental irrigation from pond (surface 
water), open well, bore wells(groundwater). In the state of Punjab, Haryana, Rajasthan, the ground 
water exploitation has reached to the extent of 170 %, 127 % and 138 % respectively as against the 
national average of 61% as other seasonal high water requirement crops are also being cultivated in 
this area. However, in another cotton growing states like Tamil Nadu, the ground water development 
is 80 %, in Andhra Pradesh 46 %, in Karnataka 68 %, in Maharashtra 50 %, in Gujarat 75 %, in Madhya 
Pradesh 56 % (CGWB, 2009).  In these states, the ground water development is very low due to several 
constraints like hard rock zone, low water transitivity properties of the aquifer low rainfall area and 
minimum groundwater recharge structures. In the majorcotton-growing districts of Maharashtra, 
the crop water demand and rainfall pattern varies considerably during the crop growth period. In 
Vidarbha region of the state, the cotton crop is cultivated under rainfed condition (97.3 % of the total 
area) in light to the heavy type of soil. However, the potential cotton yield is not achieved due to 



40

Proceedings of 8TH Asian Regional Conference of ICID

the erratic distribution of rainfall which is received during the monsoon season. Under the rain-fed 
condition, the climatic water demand (ETo) of the cotton crop from June 20 to December 31, ranges 
from 765.7 mm to 1,011.2 mm, and the rainfall received during the corresponding period varies from 
558.5 mm to 1,051.1 mm. But the rainfall distribution pattern within different months is highly erratic. 
During the peak rainy months (July to September), the amount of rainfall is higher than the water 
demand. The magnitude of rainfall received during these three month period ranges from 103.4 mm 
to 354.7 mm and the water demand is 113.6 to 138.4 mm). Hence, the excess rain water generally 
causes the severe problem of water logging in heavy soil, where the drainage is poor. In the light type 
of soil, however, the prolonged dry spell adversely affects the crop growth due to faster depletion of 
the available soil moisture.

After recession of the monsoon rains in the last week of September, the cotton crop needs a very 
high amount of water during October to December as the crop is in  full growth stages; however, the 
amount of rainfall  received  during this period is very low and  the  available  soil moisture  cannot  
support the crop for a long period  particularly  in the  light type of soil, and hence the crop suffers from 
moisture stress and the final yield is  reduced considerably.  Similarly in the month of January to April 
the crop water demand is very high (554.1 to 738.6 mm) as against the amount of rainfall received 
(64.4 mm to 132.1 mm), and the deficit amount of water is being fulfilled  through  irrigation wherever 
it is available. During this dry months period,  the farmers are invariably  using pressurised irrigation 
system and saving significant amount of irrigation water as against surface irrigation method.

In the East- Central part of Gujarat state, the estimated crop water demand and the rainfall received 
during the period from June to December is comparable except in Vadodara and Anand districts, 
where the amount of rainfall is higher than crop water demand. But in Kheda district, the quantity of 
the   rainfall   received is 48.3 % less than the crop water demand. As far as the monthly distribution of 
rainfall against the crop water demand is concerned, the rainfall received during the monsoon period 
(Julyto September) is 74.0% higher than ETo ( 421.1 mm)  in Ahmadabad, 90. 4 % higher than ETo (427.3 
mm) in Anand, 148.1 % higher than ETo (399.3 mm) in Vadodara district. Hence the excess amount 
of rainfall during these three months period needs to be conserved /stored effectively and utilised 
during the non-monsoon period.  But in Kheda district, the rainfall amount and crop water demand 
during the above period are quite comparable (385.9 mm ETo and 384.9 mm rainfall), and hence, 
only in-situ conservation measures are enough, provided the rainfall distribution is satisfactory.  In 
the subsequent crop growth period (Octoberto December), the crop water demand in these districts 
is quite high as compared to the rainfall amount received, and hence, the crop needs supplemental 
irrigation to harvest the potential crop yield. In another subsequent period also (January to April) 
when the farmers continue their cotton crop, a huge amount of irrigation water is required (627.3 mm 
to 647.9 mm) as against the very minimum amount of rainfall received (6.0 mm to 60.1 mm) Generally 
the farmers exploit ground water / surface water for irrigating their field crops during the rainless 
period and harvest a very good crop yield as it has been experienced by the irrigated area and the 
lint yield recorded by  the Directorate of Economics and Statistics, Ministry of Agriculture,  Govt. of 
India during 2014-15. In the remaining areas / region of the  Gujarat state,similar crop water demand 
scenarios and rainfall pattern are recorded, and hence, the adequate water conservation techniques / 
methods is required to use rain water and irrigation water effectively.

The multiple  regression analysis  between the seed cotton yield and climatic variables, crop ETc  at 
four  critical crop growth stages ( initial period 31 days, crop development 50 days, mid-season 55 
days, late stage 45 days after sowing on 20th June )  were carried out by considering the seed cotton 
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yield as a dependent variable and crop Etc, and climatic parameter (rainfall ) as independent variables  
for eight  cotton growing districts of  Gujarat state and the magnitude of variables on seed cotton 
yields  were assessed in terms of the R square value of each parameter. The response of the rainfall on 
seed cotton yield was found to be 53 % to 72 %( R2 in six districts). The effect of rainfall during crop 
development and mid stage was highly significant as the crop is in flowering to boll development 
stages. During this period, if any long dry spell occurs, then the availability of soil moisture reduces 
considerably and the crop suffers from both nutrients and adequate amount of soil moisture. In case 
of medium soil where the water storage capacity up to 145 cm depth is 243.52 mm , in alluvial plain 
of Sananad  block  in Ahmadabad  district, the 50 % soil moisture was depleted on 16th October ( 
calculated by Thornthwaite and Mather 1955 procedure of climatic water balance). In case of light 
soil (0-49 cm depth), the same 50 % depletion was recorded in the first week of October (8TH October). 
During this period, the Bt crop is generally in peak boll development stage and after recession of the 
monsoon rain, the immature bolls do not get sufficient amount of both nutrients and moisture, and 
the seed cotton yield is adversely affected. A similar situation and trend is observed in other districts 
as well. The effect of crop ETc   on seed cotton yield was observed as significant and the magnitude 
of ETc response was also very high (50 to 92%) in seven districts out of the eight districts studied. A 
similar pattern was also recorded in different districts of Maharashtra where the rainfall pattern and 
crop ET was regressed with cotton yield by considering ten years daily rainfall patterns and crop ET.

Keywords: Crop water demand; ETo; Hargreaves method; Monsoon season
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Abstract

Odisha predominantly is an agrarian state of India. The state is generallyfrequently affected by erratic 
climate and the western part of Odisha is more prone to droughts. More than 80% of the people of KBK 
region (8 contiguous districts, Koraput, Malkanagiri, Nowrangpur, Rayagada, Bolangir, Subarnapur, 
Kalahandi and Nuapada) live in rural areas and depend on agriculture. The agricultural land was 
287000, 127000, 180000, 143000, 330000, 107000, 360000 and 161000 ha and the irrigation potential 
created up to the year 2009 was 101720, 79989, 31951, 65436, 64104, 77045, 142978 and 42701 
ha forKoraput, Malkanagiri, Nowrangpur, Rayagada, Bolangir, Subarnapur, Kalahandi and Nuapada 
district respectively. The cropping pattern followed in the KBK districts indicate that the production 
of cereals is much more than the present demand and even it is more than the future demand, 
whereas there is a deficit in the production of pulses, oilseeds and vegetables. During drought years, 
due to deficiencies in the rainfall, the situation gets worsened due to the reduction in the surface 
water availability and hence the agricultural operations also get affected adversely resulting in either 
total crop failure or suffer reduction in crop yield. Thus there is a need to develop a methodology to 
suggest suitable cropping pattern for the respective agro-climatic zones of the region to meet the 
growing food grain demand of people in the future. Therefore in this study,a model is developed 
for 8 KBK districts comprisingof 80 blocksto adopt a cropping pattern to be followed under drought 
conditionstill year 2051 scenario, with an aim to keep the water requirement to the minimum for self-
sustenance. Various constraints like demand of food grains, availability of water and land resources, 
land use pattern, cropping pattern being followed in the region, type/category of land etc. have been 
incorporated while developing the model.Other constraints like, land use pattern, cropsuitability to 
the agro-climatic zones of region, land resources have also been duly taken care of in formulating 
the model.Water availability at 75% and 50% dependability has been estimated from the rainfall 
pattern in drought years for all the blocks of KBK region.The model suggested the cropping pattern 
for paddy, cereals, pulses, oilseeds and vegetables to be followed limiting to the water availability 
at 75% dependability with minimum supplementation from ground water resources (0, 14, 11, 10, 
13, 9, 6 and 11% for Koraput, Malkanagiri, Nowrangpur, Rayagada, Bolangir, Subarnapur, Kalahandi 
and Nuapada district respectively) in drought conditions for self-sustenance in KBK regions. It will 
help minimize the crop loss and improve socio-economic status of the people of the region. This will 
ensure better living conditions without having to migrate to neighboring states in search of work 
under drought conditions.

Keywords: Drought; Optimal cropping pattern; Sustainable agriculture
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Abstract

Due to the lack of adequate precipitation and the inappropriate spatial and temporal distribution, 
Iran is a dry and semi-arid country. Studies indicate that agriculture with 93% is the largest water user 
in this country. Therefore, the optimal use of the available water resources, especially in agriculture, 
is an indispensable necessity. Considering the current status of water resources of the country, one 
of the most effective ways to fight the water crisis and bring about a quantitative and qualitative 
increase of production in the agricultural sector is paying attention to agricultural water productivity. 
So far, many softwares have been developed and expanded to increase crop production and water 
productivity. The software that has been studied in this paper is the WOFOST crop growth simulation 
software. The model was calibrated by using the Shahrekord Meteorological Station data for the year 
2014-2015while the wheat data was collected from the Shahrekord Agricultural Research Center. 
Simulation was performed and the simulated results of crop growth period and the total amount of 
production were compared with the real value. The wheat growth chart was extracted and compared 
with Shahrekord’s weather conditions. Also, the water use efficiency of wheat was extracted from the 
output file and compared with the rate of water use efficiency in the Shahrekord area. The simulated 
water utilization rate was higher than the actual rate. One of the reasons is low irrigation efficiency 
and another could be weakness in wheat management. According to these conditions, cultivation of 
the late varieties is recommended in Shahrekord.In this paper, the WOFOST model was calibrated for 
wheat in Shahrekord .In future studies, this file can be used for research purposes and management 
planning in Shahrekord’s conditions.

Keywords: WOFOST crop growth simulation model; Water use efficiency of wheat; Wheat potential 
production
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Abstract

The Cyclone SIDR that hit southern Bangladesh in November 2007 brought enormous environmental 
casualties to thirty coastal embankments and oldersbeyond the normal frameworkofcoastal 
management. The damages to infrastructures and lives and properties in the districts of Patuakhali, 
Barguna, Pirojpur and Bagerhat were estimated at around US$ 1.7 billion (BDT 136 billion). The World 
Bank supported the Governments’ effort for the recovery of the damages and building a long term 
preparedness through strengthened disaster risk reduction management. The Project was under 
implementation from 2009 by the Bangladesh Water Development Board (BWDB) under the Ministry 
of Water Resources (MoWR)with the objective of preventing saline water inundation,polders’ crops 
and properties by reducing cyclonic storm damages. The Project initially covered the rehabilitation 
of embankments and water control structures in 29 polders under three different IDA with a total 
amount of US$ 95.0 million. Embankments & Water Management Structures in Polder 55/2D, located 
in Patuakhali district having an area of 5,700 hectares, was one of the candidates for rehabilitation. 
Immediately after SIDR, the Polder infrastructures were in a devastated condition. The Project rebuilt 
the damaged 26 kilometers of embankment and fifteen sluices (one under construction) by June 
2017 resulting in huge benefist to crop production. Compared to the no crops situation after Cyclone 
SIDR, farmers reported production of three crops after the embankments and structures were rebuilt 
through tidal sweet water irrigation management with incremental annual cereal crops production 
of around 3,000 tons. This paper (the case study of Polder 55/2D) investigated the tidal sweet 
irrigation benefit through interview with farmers (male and female) and field data collection. There 
are 139 such Polders built around the mid-sixties along the southern coastline of the country. The 
rehabilitation benefit of the case of Polder 55/2D has encouraged the government, the people (end 
user beneficiaries) and donors to consider further investment in integrated coastal management for 
the overall well-being of the people through sustained crop production and restoration of sound 
living environment. The paper will provide further insight into tidal (no pump cost involved) sweet 
water irrigation benefit where the crop field levels permit irrigation twice a day as the tidal front 
pushes water levels up.

Keywords: Crop production; Cyclone; Polders; Tidal irrigation
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Abstract

Nowadays desertification, consider as a global problem affects several countries in the world, 
particularly developing countries. The challenges and threats of water scarcity to dryland populations 
are set to extend in magnitude and scope. As the world’s population has grown to more than 6 billion 
people, some countries have already reached the limits of their water resources. With the current 
climate change scenario, nearly half of the world’s population will live in high-stress areas by 2030. 
Additionally, the scarcity of water in some arid and semi-arid regions will displace between 24 million 
and 700 million people.

The causes of desertification are complex and vary greatly from one case to another; thus, solutions 
won’t perpetually be easy. The social, cultural and economic issues need to be addressed together 
with the physical aspects of land management.  Whereas cooperation at the national and international 
levels is required, action at the local community level has the ability to instantly improve the state 
of the environment. With respect to the increasing importance of desertification and its complexity, 
the necessity of attention to the optimal combating-desertification alternatives is crucial. Selecting 
appropriate strategies according to all effective criteria to combat the desertification process is often 
helpful in rehabilitating degraded lands and avoiding degradation in vulnerable fields. This research 
discussed and evaluated the effective way to fight desertification.

Keywords: Climate change; Desertification; Management; Strategies.
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Abstract
Many countries are increasingly affected by climate change which affects rainfall patterns and water 
resources availability. Consequently, sourcing for alternative water supply is an important measure to 
ensure sustainable water supply. One potentially promising alternative sources of water is rainwater. 
Rainfall harvesting has been well documented in countries like India, Japan and Australia. However, it 
is not well developed and not popular in Malaysia despite the country being endowed with abundant 
rainfall all year round. This paper examines the main issues and challenges that have impeded the 
implementation of rainfall harvesting in the country. Methods of study include using secondary data 
from government, NGOs and conference reports, published papers on the subject, and research 
results from previous rainfall harvesting studies. Results show that the main stumbling blocks 
to implementing and adopting rainfall harvesting system in the country are the low water tariffs, 
wrong public perception of floods and droughts, expensive initial investments, poor awareness and 
public apathy on water issues, amongst others. The paper also examined some examples of rainfall 
harvesting systems that have been implemented in the country. Results indicate that large buildings 
with dense populations such as apartments, schools, universities, factories, government departments 
and others are most suitable for rainfall harvesting. Results also show that installation of rainwater 
harvesting system together with installation of water-saving equipment and public awareness 
campaign can significantly increase the water supply and save water. The rainwater harvesting system 
was most successful as the rainwater harvested was used for gardening, washing common areas and 
toilets, and for flushing toilets in the common areas. The water-saving equipment also resulted in 
substantial water savings. Water usage was reduced in the buildings by between 20 to 30 %. There was 
also substantial monetary savings of between US$300 to US$500 per month. It was also found that 
partnership between government-private sector-NGO is a workable modality for implementation of 
the rainfall harvesting systems. High density apartments also show great potential as water savings 
are significant and easily achievable. The rainfall harvesting system showed the most promise given 
Malaysia’s high monthly rainfall. This project can be easily replicated in other apartments throughout 
the country and the government should seriously consider replicating this project nation-wide. 
Rainfall harvesting and water saving equipment should be made mandatory for all new apartments, 
hotels, factories, universities and other institutes of higher learning, and all large water consumers. 
Other benefits of this project are the improvement of relationships between workers/colleagues, 
neighbours and government officers, private sector workers and NGO volunteers.

Keywords: Alternative water;NGO; Public awareness; Rainfall harvesting; Water saving
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Abstract
India is a tropical country which totally depends upon the monsoon for agriculture. But in the past 
decade, rapid growth in population, urbanization and industrialization has brought the changes 
in climate.  The spatial and temporal variations in the rainfallresulted in drought and floods. 
The repercussion can be seen directly as less water availability for agriculture as well as human 
consumption leading to water stress condition in many parts of India. There is an urgent need to focus 
on technological solutions for the management of available water resources. Interlinking of rivers is 
one of the effective technological options for utilizing the full capacity of the available water with the 
sustainable development. Ken – Betwainterlinking isone of thebest examples set by the Govt. of India. 
The problem of frequent floods in north Bihar and famine in south Bihar can be resolved by taking 
measures through interlinking of rivers. The consent of the political parties and perceptions of the 
people must be in favour of linking of rivers in the periphery of the state. The Government of India has 
focused on the deployment and development interlinking of rivers project with a strategic policy and 
program which is a notable portion of thispaper.

Keywords: Climate change; Interlinking of rivers; Water stress
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Abstract

Climate change and impending population growth threaten the sustainability of the globe.  The 
Least-developed countries (LDCs) are the most vulnerable to the impacts of climate change and are 
projected to treble their population in the next 75years.  These countries are also the most water 
scarce and predominantly rely on agriculture for their livelihoods.  Agricultural systems are the single, 
largest contributors to greenhouse gas emissions (GHG) and are the most sensitive to environmental 
externalities. Moreover, agricultural water consumption accounts for 70% of all accessible freshwater.  
Climate change is a complex science that encompasses changes in temperature, precipitation, 
frequency of major climate events and degrees of severity of climate events. Climate change science 
also includes the study of the socio-ecologic externalities and implications of changes to the earth’s 
climate. One of the key metrics of climate change is water quality; its availability; and accessibility as 
well as degrees of scarcity for urban, industrial, environmental and irrigation purposes. 

This research explains the extent to which water scarcity in semi-arid regions, which are threatened 
by projected significant and positive changes in temperature, can be mitigated by adapting basic 
principles of irrigation science. The country of Nepal is projected to realize increases in maximum 
temperature, in high emission scenarios, ranging from 2.2°C-4.33°C from 2010-2069. Similarly, 
the Jujuy Province, Argentina, is projected to realize an increase in temperature, in high emission 
scenarios, ranging from 2.7°C-5.3°C from 2010-2060. Tobacco and sugarcane are grown in both 
regions and farmers rely on surface water in both areas as well. This research measured and compared 
three climate change scenarios over a five-decadal period, based on eightGlobal Circulation Models 
(GCMs) and three different irrigation regimes, for the purpose of determining if the Jujuy province 
will have sufficient water for all agricultural and urban sectors by the year 2060.  The key independent 
variable in this study is irrigation efficiency.  This research also provides a cost-benefit analysis, which 
showed evidence that investments in irrigation efficiency are positive when adopted in a piece-meal, 
low-cost manner, or in a broad, wholesale manner.

This research provided generalized and replicable evidence showing that sufficient water for all 
sectors can be ensured when the principles of irrigation science are implemented.

Keywords: Adaptation; Climate-change; Irrigation efficiency; Scenario planning
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Abstract

According to the IPCC climate change report, temperature and precipitation would be increased due 
to climate change in South Korea which impacts on paddy rice cultivation in terms of water use and 
rice production. It would have a significant impact on paddy rice cultivation including crop growth 
period change, changes in crop factors and crop varieties and farming methods which are highly 
dependable on weather condition. Previous studies have estimated the agricultural water according 
to the climate change scenarios, but most of them do not take into consideration the cropping peri-
od and the farming method. In this study, paddy rice yield change is estimated considering climate 
change impacts on paddy rice cropping period to identify the climate change response in food secu-
rity of South Korea. The aim of this study is to simulate the cropping period change by future climate 
change scenarios and to estimate the paddy rice yield and agricultural water in the future using the 
crop growth model. In this study, I selected the 4 study areas in central, southern region and con-
structed the future weather data using RCP scenarios and simulated the yields of future paddy rice 
using the CERES-Rice crop model to estimate the agricultural water of the paddy rice. As input data 
for CERES-Rice model operation, weather, soil, crop data, cultivar and experiment data were used. As 
a result, optimum transplanting date would be delayed in 2100 and optimum transplanting date by 
RCP 8.5 scenario would be delayed rapidly compared to RCP 4.5. Also, paddy rice yield and growing 
period would be decreased and consumptive water use and irrigation water requirement would be 
decreased by RCP 4.5 scenario. Additionally, it is required for the studies comparing with RCP 8.5 sce-
nario, the case of fixed cropping period and other ecotypes such as early, middle maturing rice. 

Keywords: Agricultural water use; Climate change; Cropping period; Paddy rice yield
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Abstract

Climate change is a complex phenomenon, accompanied by a wide variety of effects. Rapid 
alternation, between severe heat wave/drought and abundant rainfall/flooding, is more and more 
obvious. The article presents the annual and vegetation season meteorological conditions changes at 
Kaunas (Lithuania), Sarajevo (Bosnia and Herzegovina) and Zagreb (Croatia) in 1997-2016. According 
to the aridity index, based on temperature and rainfall as weather parameters, the climate dryness 
risk was analysed.

Keywords: Aridity; Climate change; Meteorological parameters



THEME – III

Modernising Irrigation Systems 

for Better Services





53

Proceedings of 8TH Asian Regional Conference of ICID

Irrigation modernization: catching up with farmers’ initiative – The case of 
Vietnam

Xueliang Cai1, *, Wim Bastiaanssen1, Manh van Nguyen2

1) IHE Delft, Delft Institute for Water Education, Delft, the Netherlands

2) Institute of Water Resources Planning, Hanoi, Vietnam

* Corresponding author: x.cai@un-ihe.org

Abstract

Irrigation modernization has long been advocated as a key strategy to improve irrigation performance 
for food security and rural economic development. It involves complex socio-institutional reforms and 
large scale investments on infrastructure and technology, which is often proven to be difficult. On the 
other side, farming conditions are changing with stronger focuses on market demands, migration of 
labours, and wide availability of information and technology. As a result, farmers, such as those in the 
central highlands and coastal region of Vietnam, are actively adapting to the changes and investing in 
irrigation in their own ways by developing small scale water supply (such as GW irrigation), adopting 
new irrigation technology, changing crop types/varieties and shifting crop calendars to meet market 
demands. These changes are in agreement with the modernization efforts from governments and 
international development agencies, apart from the fact that, farmers are actually moving ahead with 
their own initiatives, while planning and management agencies yet need to recognize and incorporate 
such developments. This paper presents a case study in Vietnam, where irrigation investment is being 
planned through an ADB loan. A remote sensing tool, pySEBAL, was applied to establish baseline 
conditions on crops, water consumption and crop water productivity using satellite and field 
survey data. We found that the crop types and areas differ significantly with agricultural statistics 
(for example, 100% mango more than reported). And that small scale irrigation is fast developing 
through a combination of technologies. The new development is often highly optimized in terms of 
gains in crop water productivity (expressed in monetary terms per unit of water consumption). The 
fast developing crops, including mango, apple, grape, and dragon fruit, have much higher economic 
return per unit of water consumption. Surprisingly, coffee, the traditional “high value crop”, has the 
lowest crop water productivity, followed by rice. It is crucial that such changes be incorporated in 
new investment plans, so that the investment is to better support what farmers are already doing or 
planning to do instead of dictating what they need to do. 

Keywords: Crop water productivity; Farmer-led initiatives; Irrigation modernization; Remote sensing
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Abstract

Water accounting based on satellite data and outputs of global hydrological models which determine 
surface and ground water flows in irrigated river basins is increasingly recognized as a useful method 
for getting insights on the performance of irrigated systems. With the advances in the information 
and communication technologies, the resolution in which these data are available and the cost and 
effort of analysing these data is gradually decreasing. This has been offering users the advantage of 
receiving more frequent, accurate, and spatial discrete assessments of the status of irrigation and 
its geo-spatial distribution in the field. Even though this approach is rapidly gaining popularity, in 
part because it allows users to quickly identify when and where problems exist without leaving the 
office, it still cannot be considered as a replacement of earlier developed approaches for assessing 
irrigation performance and identifying solutions for improving irrigation services. Rather, these 
rapidly developing diagnostic tools should be combined with a robust understanding of the situation 
in the field.

In this paper, we highlight the need and importance of conducting water accounting exercises to 
determine water availability and use, and opportunities for improving water productivity. We also 
emphasize the need for standard procedures of benchmarking irrigation performance, especially the 
MASSCOTE (Mapping System and Services for Canal Operation Techniques) approach. MASSCOTE 
was developed by FAO and includes the Rapid Appraisal Procedure (RAP) developed by Irrigation 
Training and Research Centre (ITRC). We also discuss how the results of these assessments can be 
effectively combined with water productivity analyses based on satellite images to produce a multi-
perspective evaluation of irrigation systems. We also discuss how this approach will provide accurate 
assessments of irrigation issues and bottlenecks, and help identify the appropriate interventions (e.g. 
physical) and/or management options for enhancing irrigation services. We also outline the process 
and explain how these tools can be combined to develop irrigation modernization plans that are 
more comprehensive and realistic. We conclude by drawing the attention to the relatively inferior 
performance of most irrigation systems in Asia, and the need for mainstreaming the modernization 
process through effective implementation of methodologies like the one proposed here.

Keywords: Asia; Irrigation modernization; Irrigation performance; Water accounting; Water 
productivity.
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Abstract

India has taken up an ambitious goal to double the average incomes of agricultural households by 
the year 2022, the 75th year of her Independence. This mammoth task requiring a sharply accelerated 
annual growth of 10.41 per cent will need strong measures to harness all possible sources of growth 
in farmers’ income within as well as outside agriculture sector. 

Prime focus will be required on augmentation of the existing water resources by development of 
additional sources of water or conservation of the existing resources through impounding more water 
in the existing water bodies and their conjunctive use. Efficient water management for sustainable 
development of the available surface and ground water resources and their optimal utilizations 
would be required to meet such challenges. 

Ministry of Water Resources, River Development and Ganga Rejuvenation (MoWR, RD&GR) has taken 
multi-pronged measures to meet the challenges in respect of development and management of 
water resources. This includes fast track completion of a large number of major and medium irrigation 
projects in the country, surface minor irrigation (MI) schemes and repair, renovation & restoration 
(RRR) of water bodies through the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY). This scheme has 
been launched with the aim of bringing concerned institutions under a common platform, so that a 
comprehensive and holistic view of the entire “water cycle” is taken into account and proper water 
budgeting is done for all sectors. 

This scheme will achieve convergence of investments in irrigation at the field level across concerned 
Ministries to enhance the physical access of water on the farm and expand cultivable area under 
assured irrigation , improve on-farm water use efficiency to reduce wastage and increase availability 
both in duration and extent, adoption of precision-irrigation and other water saving technologies 
,enhance recharge of aquifers and introduce sustainable water Conservation practices, ensure the 
integrated development of rain fed areas using the watershed approach towards soil and water 
Conservation, regeneration of ground water, arresting runoff, providing livelihood options and other 
NRM activities, promote extension activities relating to water harvesting, water management and 
crop alignment for farmers and grass root level field functionaries, explore the feasibility of reusing 
treated municipal waste water for Peri-urban agriculture, and attract greater private investments in 
precision irrigation.

Apart from that, the Ministry is planning implementation of the largest infrastructure project ever 
undertaken in the world, to transfer water from the surplus river basins to ease the water shortages 
in western and southern India while mitigating the impacts of recurrent floods in the Eastern India. 
The plan envisages 30 links and some 3000 storages to connect 37 Himalayan and Peninsular rivers to 
form a water grid. It will handle 178 km3 of inter-basin water transfer/per year, create 35 Gigawatts of 
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hydro- power capacity, add 35 million hectares to the irrigation potential of the country, and would 
benefit navigation and fishery sector.

The paper highlights the above measures taken by Ministry of Water Resources, RD&GR to ensure 
that the goal of doubling farmers’ income the goal of doubling the farmers’ income by the year 2022 
is achieved. The selective cases of modernization and reforms through various intervention and the 
lessons learnt are also discussed.

Keywords: Conservation; Efficiency; Interlinking; PMKSY; Water management
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Abstract

An Irrigation Master Plan for Nepal is being prepared based on river basin management plans, an 
irrigation water use inventory, and irrigation policies of Nepal. The objectives of this new irrigation 
master plan are to (i) update the irrigation water use inventory, (ii) update the land resource mapping, 
(iii) update the ungauged river flow assessment methodology (known as the Medium Irrigation Project 
method), (iv) identify water use efficiencies, (v) identify potential irrigation projects, (vi) identify flood 
risk management projects, (vii) prepare an irrigation development framework, and (viii) prepare a new 
irrigation master plan in 2019. Using the hydrological (rainfall-runoff) and river basin modeling, the 
potential for water allocation to different water resource sectors will be assessed. The plan will support 
national strategies for water management focused on investments for the expansion of irrigated 
area through the development of large-scale irrigation projects and the integration of irrigation 
development with multipurpose storage projects and inter-basin transfers. The plan will serve as an 
important mechanism for ensuring future investment decisions are aligned with government policies 
and contribute to important enhancements in water use efficiency and agricultural productivity.

Keywords: Irrigation Master Plan; Nepal; River Basin Planning
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Abstract
Improving the performance of completed Major and Medium Irrigation (MMI) schemes has been 
the main focus of the National Water Mission (NWM) and set a target of increasing the Water Use 
Efficiency (WUE) by 20% in the current plan period. WUE studies carried out by the Central Water 
Commission (CWC) on 30 MMI schemes indicates that in nine schemes WUE was less than 30 percent 
and the average was 38 percent. The NWM and 12th FYP targets the average figure would need to 
rise to 46% by the end of the plan period.  Irrigation project wise efforts are needed on A) Water 
Management under Scarce Conditions, B) Large Scale Implementation of Water Saving Technologies, 
C) Promotion of Micro Irrigation in canal commands, D) Incentivizing Water Saving Concepts like 
virtual water and water credits and E) Multiple Uses of Water and Economic Value.  Irrigation projects 
are serving important sectors apart from irrigation. It needs to accurately mapped and estimated the 
water utilized in various sectors and their economic contribution for economy. 

Keywords:Sustainable development, Water use efficiency, Virtual water, National water policy
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Abstract
Population density in the Eastern Gangetic Plains combined with poor access to irrigation water in the 
dry season is resulting in food insecure communities. A project funded by the Australian Center for 
International Agricultural Research (ACIAR) is targeting to improve the dry season agriculture through 
improved irrigation techniques and collective farming especially for the marginal and tenant farmers 
in the Eastern Gangetic Plains. This study tries to perform a comparative assessment of different 
irrigation techniques applied in the field during dry season especially for vegetable farming in 
connection with economic water productivity and recommendation on how to save water. The data 
on channel loss, drip uniformity, furrow assessment, crop water use for irrigation and crop yield were 
analyzed to evaluate the economic water productivity and crop-wise water productivity. The irrigation 
efficiencies were estimated for different irrigation methods including flooding, furrow, and drip. The 
channel loss assessment and uniformity tests for drip irrigation were undertaken at Madhubani 
and Cooch Behar (India) and Saptari (Nepal). The seasonal crop and economic data, water use data, 
productivity data were collected by field staff. After the project implementation, farmers are growing 
vegetables and earning good amounts of money. The drip irrigation methods are shown to be more 
efficient than the furrow and flooding having distribution uniformity of up to 96%. The rabi wheat 
crop seems to be more productive in terms of net income using per unit of water in all the project 
sites followed by Okra and Moong. While drip irrigation techniques and vegetable cropping are seen 
to accrue more benefits by maximizing the uses of water, there is significantly more knowledge and 
skill required to manage and maintain these systems

This research is ongoing and the findings are based on the preliminary data; the detailed analysis will 
be undertaken later and presented during the full paper preparation.

Keywords: Improved agriculture; Irrigation methods; Water productivity
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Abstract

Restoration of the Urmia Lake requires an increase of water productivity in irrigation networks. This 
research was aimed to evaluate the performance of water delivery in the Zarinehroud irrigation 
network, the Urmia Lake Basin, and to provide with an optimization plan. An intensive survey was 
carried out in the area under left main canals of the network during Summer 2015.The water demand for 
irrigation was computed in each unitfor different courses of the year,and compared with the allocated 
water by the network authority. The four performance indicators of Molden-Gates were computed. 
Results indicated that the efficiency index with mean value of 56 percent represents a poor condition. 
While the adequacy index, with mean value of 97 percent,shows a good condition; the corresponding 
durability index (with mean value of 38 percent), and equity index (with mean value of 50 percent) 
represent the lack of balance between water supply and demand in the study area. The non-uniform 
distribution of surface water has led to an increase in water depth and groundwater salinity in the 
lowland areas, and water logging in parts of upland areas. In this study, water delivery schedule for 
current crop pattern in the region was optimized using PSO algorithm. Accordingly, the four network 
indices (i.e. efficiency, adequacy, dependability and equity) could be upgraded to 65, 100, 8, and 60 
percent, respectively. The results confirm the potential of great improvement in water productivity, 
even by continuing the traditional crop pattern used in the Zarinehroud irrigation network.

Keywords: Demand and Supply Balance; Olden-Gates Indicators; Irrigation management; Particle 
Swarm Optimization (PSO) algorithm; Zarinehroud irrigation network.
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Abstract

With its dry desert climate, the UAE may seem an unlikely place to find row upon row of succulent 
lettuces growing for the dinner tables. Yet there are farms in the country where these leafy vegetables 
are successfully being grown, although the methods used are often far removed from traditional 
agriculture. The secret is hydroponics, a technique that involves growing crops without soil, the plants 
instead securing the nutrients they need from special solutions. Over the past decade, the method 
has become increasingly popular in the Emirates, not least because it helps save water, one of the 
country’s most prized resources. There are other benefits, too: not only do plants grow quicker, you 
get more of them from the same amount of land. Cooling is an essential part of greenhouse climate 
control in warm climates. There are three types of cooling techniques such as natural ventilation, 
evaporative cooling and mechanical cooling. Natural ventilation can only be applied when the outside 
temperature does not exceed 35 degrees, and the average daily temperature is not higher than 22 
degrees. Above these temperature ranges, the production will be affected negatively. Evaporative 
cooling can be applied when the dew point temperature of the outside air is less than these limits. 
This method of cooling works effectively in arid regions, though the water consumption is high. 
The third method of cooling demands a cold surface to remove the latent and sensible heat from 
the greenhouse. This method has been applied in the current research. This method allows optimal 
control of the greenhouse climate in terms of temperature and humidity but also in terms of carbon 
dioxide concentration. The amount of cooling capacity required depends on the amount of solar 
radiation being absorbed in the greenhouse and the convective heat transfer from outside provided 
the outside temperature is higher than the greenhouse air temperature. The experiment showed 
that roughly 50% of the solar radiation has to be cooled from the greenhouse in order to maintain 
its temperature. 60% of the heat being absorbed in the greenhouse is transformed into latent heat 
through crop transpiration. The system was able to maintain the pre-set temperature and humidity 
for the greenhouse air. 

Keywords: Cooling; Condensation; Dehumidification; Energy use; Greenhouses; Hydroponic 
innovative technology; New irrigation.
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Abstract
Cultivated area where irrigated area practices are more as 301 million hectares, because water stress 
is a major yield-reducing factor. The sprinkler irrigation systems are often regarded as a hydraulics 
problem. A good irrigation pasture management is the production of economically optimum forage 
yield and quality without compromising the environment. The field experiments aim to determine 
irrigation time for travelling irrigation device Bauer Rainstar T-61, and the required water supply rate 
without puddles and runoffs formation to loamy soil. 

Keywords: Bauer Rainstar T-6; Erosion; Sprinkler irrigation
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Abstract
Water has become the most important strategic resource in Pakistan. The Agriculture sector uses 
more than 90 percent of the available water. Irrigation is the key for the agro-based economy of 
Pakistan. The province of Punjab is called as country’s bread basket producing more than76 percent 
wheat, 72 percent cotton, 81 percent maize, 83 percent gram and over 80 percent of fruits produced 
in Pakistan. More than 80 percent of cropped area of Punjab is irrigated by the Indus Basin Water 
System served through over 59,000 watercourse commands in the Punjab. Despite the paramount 
significance and immense potential, Punjab’s irrigated agriculture suffers from low productivity vis-à-
vis profitability. Amid various emerging irrigation challenges, inadequate water availability at the farm 
level for crop production and subsequently its inefficient use due to lack of technology in irrigation 
operations at the farm level remain the main impediments to low productivity from otherwise highly 
productive agricultural lands. The climate change has further aggravated the situation. During last 
five years, a number of climate smart technology based interventions have been introduced for 
improving irrigation water management at the farm level. Under one mega USD 400 million World 
Bank assisted program, mainly three technologies have been introduced including pre-cast concrete 
parabolic segment(PCPS) for rehabilitation of farm level water conveyance network (watercourses), 
LASER land leveling for enhancing water application efficiency, and the most important ones are 
the high efficiency irrigation systems (drip and sprinkler) for increasing water productivity. These 
irrigation technologies have made a huge impact in improving irrigation management at the farm 
level with benefits ranging from water saving, increasing irrigation efficiency, enhancing water 
productivity, curtailing crop production inputs (fertilizer, labour etc.), ease of irrigation operation to 
crop diversification resultantly enhancing the net farm returns to a great extent. The HEIS technology 
is emerging as the real transformation and has been emerging as the multi-challenge one-solution 
technology in Punjab. Amid substantial achievements, the challenges like new technologies requiring 
a complete paradigm shift in crop cultivation, high capital cost and low installation capacity of the 
private sector as well as lack of knowledge of the farmers to operate such hi-tech systems are the 
main impediments in the accelerated adoption of HEIS technology. Despite the challenges, these 
irrigation technologies have great prospects for transforming the Punjab’s irrigated agriculture into 
a sustainable, diversified and internationally competitive sector under the climate change scenario.

Keywords: High Efficiency Irrigation System; LASER land leveling; Pre-cast Concrete Parabolic 
Segment; Technology
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Abstract

Irrigated double-cropping of lowland rice was responsible for most of the production gains 
associated with the green revolution. Also major recent technology innovations in rice research 
were geared towards improvements in the irrigated double cropping system. Despite the progress, 
emerging water shortages, declining groundwater tables and increasingly unpredictable rainfall are 
threatening this intensive production system throughout Asia and hence the required production 
increases of 1.4% annually until 2050. Strategies to foster the resilience of rice production in water-
scarce environments include (1) the establishment of new and the rehabilitation of old irrigation 
systems, (2) a shift in rotations, substituting dry season rice with less water-demanding upland 
crops, and (3) production techniques that reduce the water consumption of rice and concurrently 
increase water use efficiencies. Such “water-saving” strategies include different mulching techniques, 
raised bed cultivation, “aerobic rice”, deficit irrigation and, more recently, alternate soil wetting and 
drying. While reducing the demand for water and/or increasing the water use efficiency of rice, water-
saving production methods may entail production risks and possible trade-offs that have not been 
sufficiently considered when advocating these innovative cropping strategies. For instance, the 
absence of permanent soil flooding may entail higher weed pressure, reduced availability of P and 
micro-nutrient metals, higher native soil and mineral N losses, and a shift in the composition of trace 
gas emissions, potentially resulting in a higher global warming potential. This paper reviews recent 
research findings on benefits and trade-offs of water-saving rice production, and defines targets or 
niche environments for improved cropping strategies. We conclude that particularly (1) in marginal 
soils with extreme pH, low organic matter or very high clay content, (2) in unfavourable environments 
with unreliable and extreme climatic conditions, and (3) in situations with labour scarcity, draw-backs 
associated with water-saving rice production outweigh possible benefits of water economy. In such 
situations, rice yields and regional food production can only be sustained by investments in efficient 
irrigation or by shifting out of dry season rice and towards (high-value or industrial-use) upland crops.

Keywords: AWD; food security, nutrient deficiency; Oryza sativa, trace gas emissions; water use 
efficiency; weeds. 
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Abstract
Irrigation system in general is found to be operating lower than at design capacity, caused by various 
reasons. In most irrigation systems, the canal network is not complete up to the field level and thus 
farmers have to adopt field to field irrigation for applying water at small plot sizes. This causes huge 
loss of water through seepage and field percolation. Furthermore, in a supply driven water delivery 
system, water is delivered in the night time as well, when it is usually difficult to be attended by an 
irrigator and water flows on its own. Thus much water gets wasted. This is more so with the women 
farmers who are now farming as many rural males have migrated out of the villages to work abroad. 
Therefore, constructing an intermediate reservoir in the laterals/ tributaries that could store night 
time irrigation water for supplying irrigation water on the next day, could support efficient water 
application and also ease the drudgery of attending to night time irrigation. 

A Simulation Model was developed and run to evaluate the potential performance of Intermediate 
reservoir like water saving and increase in irrigation performance by taking a case study of a Bagmati 
Irrigation Project tributary. It showed that with this intervention, almost one sixth additional area 
could be irrigated with the same water, and farmers, esp. women irrigators, will feel privileged.    

Currently, many farmers are even ready to provide land to make such a reservoir, if they would be 
allowed to raise aquaculture there, and financial support would be provided for the construction. 

Keywords: Bagmati Irrigation Project; Irrigation system; Reservoir;



66

Proceedings of 8TH Asian Regional Conference of ICID

Augmenting agricultural production through canal fed agro-wells in Sri Lanka: 
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Abstract
Irrigated agriculture dominates Sri Lanka’s dry zone social-economic conditions. Occupying 75% of 
the total area, the dry zone contains only 30% of available water resources but accounts for 80% of the 
country’s water demand. The Mahaweli System H located in the North Central Province of Sri Lanka 
is one of the first irrigation systems to be developed under the Accelerated Mahaweli Development 
Programme. Recent years have witnessed insufficient water availability during the months of May to 
September, which coincides with the Yala agricultural season. To cope with limited water availability, 
farmers have turned to supplement canal irrigation with groundwater. Till now, no documented 
evidence is available on the nature and potential of supplemental groundwater-based irrigation in 
the System H.

To address this research gap, we have investigated the potential of using canal fed groundwater for 
increasing agricultural production in a pilot area within the Mahweli irrigation system. A groundwater 
monitoring program was implemented in the study area with the aid of custom built water level 
sensor. In total ten monitoring wells were established and fitted with the water level sensor in 
addition to the five sensors for monitoring the water level in the system H right bank main canal. The 
monitoring network was designed to provide data in real time at a temporal resolution of every one 
minute from November 2016 onwards. Based on the groundwater level changes observed during 
the monitoring period, we estimated the quantity of groundwater that can be sustainably used for 
irrigating additional area/crops. Between Jan and Apr 2017, groundwater levels fluctuate in tune 
with the recharge from rainfall events. From the fourth week of Mar 2017, groundwater level shows 
an increasing trend closely corresponding with the commencement of water releases in the Right 
Bank Main Canal (RBMC). Based on the changes in groundwater storage before and during the water 
releases in RBMC, we estimated 2.9 Million Cubic Meter (MCM) of additional water available which 
can be tapped without draining the unconfined aquifer below the pre-canal release water level. In 
conjunction with the monitoring network in the pilot area, water quality sampling of groundwater at 
ten locations and economic analysis of using the water to irrigate additional area were investigated. 

The research findings reveal that farmers have already started tapping groundwater through agro-
wells to supplement canal irrigation in System H. Recharge from the canal forms the major source of 
the unconfined aquifer. While significant potential exists to increase agricultural production in the 
pilot area through the conjunctive use of canal and groundwater sources, this study builds a scientific 
basis to further explore the impact of these extractions on the downstream groundwater levels, by 
monitoring the system covering a wide area and formulating a policy to support the judicious use of 
groundwater during dry season.  

Keywords: Conjunctive use; Groundwater; Mahaweli system H; Monitoring system; Sri Lanka
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Abstract
Agricultural reservoirs determine the irrigation water supply depending on the reservoir operation 
models which are run according to climatic condition, cropping system, water requirement, etc. 
Ordinary reservoir operation models have had simulation or optimization approaches. But these 
approaches have limits that need artificial effort such as changing constraints under different 
circumstances. The artificial neural network is the system imitating intelligence, thinking, and decision 
of humans by learning from the data. It is expected that artificial neural network will fill up the limits of 
ordinary reservoir operation models. This study will develop an agricultural reservoir operation model 
with artificial neural network model, especially by using reinforcement learning. and evaluating the 
mode. The Reinforcement learning (RL) model decides what to do according to circumstances and 
the circumstances return a reward to the RL model. The RL model learns from the data to get a better 
reward. Therefore, using the RL model in the artificial neural network is expected to make the reservoir 
operation model able to cope with changes of circumstances.

Keywords: Artificial neural network; Reinforcement learning; Reservoir operation; Water supply
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Abstract

Myanmar has an ethnically diverse population of about 51.7 million in a land area of 676,578 km2. 
Approximately 72% of the population lives in rural areas, where 85% of poverty is concentrated. 61% 
of employment is generated by the agriculture sector, and 54.2% of those engaged in agriculture, 
hunting and forestry fell below the general poverty line. With a per capita income of USD1,205, 
Myanmar is ranked 165th in the world. The agricultural sector, including livestock and fisheries is 
estimated at slightly less than 30% of the GDP, with industry accounting for about 25% and services 
about 45% of GDP. The agriculture sector also accounts for between 25-30% of total exports by value. 
The production of paddy rice continues to dominate Myanmar’s agricultural production (45.7% 
of harvested area and 53.4% of production volume of major crops produced in Myanmar) at 28.2 
million MT (2014/15), but has seen a slight decline in production levels since 2010. The cultivable land 
represents 17.6 million ha (26%), of which only 12.3 million ha (70%) are actually farmed, and total 
irrigation area is 2.13 million ha. The availability of irrigation water during the dry season has been 
instrumental to the extension of summer paddy areas and increased cropping intensities. The typical 
highly fragmented pattern of small bounded basins (0.25-0.30 acre) with irregular shape and at slightly 
different levels characterizing rice production under rain-fed conditions is widespread in the irrigated 
rice growing areas in the country. Irrigation water is discharged in a plot-to plot water distribution 
and drainage system. The Korean and Myanmar governments implemented the model of farmland 
consolidation through a demonstration project for 100 ha in Nay Pyi Taw. The Project was successfully 
implemented by the IWUMD (Irrigation and Water Utilization Management Department) and Korean 
experts. Production has been increased by about 150 % because of increase in crop intensity secured 
by irrigation in the dry season and drainage improvement in the rainy season. Through this project, 
we have learnt and found that: (i) systematic legal framework must be prepared (ii) national master 
plan including short term and long term plan is needed (v) organization of implementation body 
and capacity building of officials is needed. Also, regarding irrigation and water management 
policy, the availability of water throughout the year is limited both for the main crop (paddy) and for 
other crops. Most of the current irrigation systems are designed for paddy and the institutional and 
infrastructures needed for a more diversified agriculture are not in place. Moreover, in spite of 84% of 
the agricultural land not being irrigated, rain-fed agricultural farm system and soil and water practices 
and technologies are not sufficiently researched, demonstrated, and disseminated. Rain-fed systems 
are often ignored; yet there is a large rain-fed area in the Ayeyarwaddy, Bago, and Sittaung deltas that 
require only drainage to be addressed. Other rainfed areas need to be included as well. 

Keywords: Farmland consolidation; Irrigation and drainage; Mechanization; Myanmar
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Abstract

Developments of irrigation led to the development of great civilizations, prosperity and organized life 
to humans, but the pace of development, difficulties and technology evolved differently in different 
parts of the world. In this paper, a historical review on irrigation development and management 
in Nepal is presented. This development is compared with the development of irrigation systems, 
technology and their management in the contemporary world. Based on this, the peculiarities of 
Nepalese irrigation systems development and their management are discussed. Further, some 
recommendations on the way forward for policy interventions, structures of organizations and 
technology adaptation to cope with the near future problem of ‘food security’ are presented.

Keywords: Comparative review; Development; Food security; Irrigation; Nepal



70

Proceedings of 8TH Asian Regional Conference of ICID

Irrigation management and its effects on crop production in Uganda - A 
comparative study of Doho and Lwoba rice irrigation schemes in Eastern 
Uganda

Ayella Paul1,*

1) University of Tsukuba, Japan

*Corresponding author:paul.ayella@yahoo.com

Abstract
Agriculture is the largest water consuming sector, accounting for 69% of  the freshwater withdrawal 
at world level with 85% to 95% for most developing countries (FAO, 2003). About 40% of the total 
agricultural production is obtained from irrigated areas (Gundog et al., 2002).   Irrigation is one of 
the most important inputs for an efficient and sustainable agricultural production (Gundogdu et 
al., 2002). Irrigation water management has a key role in increasing food grain production with less 
water as well as to meet the ever increasing demand of other water uses. 

The Ugandan government is developing and promoting irrigation throughout the country in a 
bid to respond to droughts that have dented the country’s food security by prioritizing irrigation 
in the National Development Plan 2, and  it has  invested  huge  sums  of  money  for  irrigation  
infrastructures  but  management  of  the  infrastructures still remains weak.

The Doho &  Lwoba  Rice  Irrigation  Schemes  are  located  in  Butaleja  District,  eastern  Uganda.  
Both schemes  have similar characteristics like thesame geographical and climatic features, drawing 
water from the same river at the same head  works,  hiring  land  to  small  farmers,  the  water  
management  done  by  farmers,  and farmers  with  the same  socio- economic and farming practices 
in both schemes. The Doho Rice Irrigation Schemes is a government owned scheme (But land  leased  
to  farmers)  with  modern  irrigation  infrastructures,  financially  and  technically  supported  by the 
government for management while the Lwoba Rice Irrigation Schemes is a privately owned scheme 
with most of  the land owned by one individual and land is hired to peasant farmers per growing 
season.

The rice yield in Kg/hectare in Doho is lower than Lwoba and the irrigation fees in Lwoba are 3 times 
higher than that in Doho. These differences in yield and irrigation fees are largely attributed to the 
different water management systems in the two schemes. The study analysed the underlying causes 
of the difference in rice yield and irrigations fees between the Doho and Lwoba Irrigation schemes. 
The methodology employed included a field survey conducted in Uganda in July 2017; the survey 
was a quantitative one using a structured questionnaire on a sample taken from a population of 
farmers in the study area. A total of 90 farmers were interviewed from both schemes and at least five 
farmers per block. The questionnaire survey was complemented with a focused group discussion 
and field  observations.  The dependent variable is crop yield (tons/hectare) and the independent 
variables are Socio-Economic, Farming Practices and Water Management.

The study  revealed  a  marked  difference  in  the rice  yield  between  Doho  and  Lwoba  due  
to  difference  in water management  and  fertilizer  use.  There was a positive correlation between 
fertilizer use and water availability between the two schemes due to farmers’ motivation to use 
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fertilizer along with water availability. It was also observed that the water governance structure in 
Doho was participatory and that in Lwoba was a dictatorial one with strict rules and procedures for 
doing business

In conclusion, it was seen that strengthening the anagement of an irrigation system promotes 
equity in water use and equitable water use improves agriculture productivity.  An efficient water 
management allows optimization of the available water, and effective control on the quality of 
agricultural products and, hence, farmers’ income.

Keywords: Fertilizers; Irrigation; Rice yield; Water management
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Abstract
In this presentation, the Yaylak Plain Irrigation Project which is one of the major water and soil resources 
development projects being carried out in the world today is overviewed and evaluated in terms of 
socio-economic impacts. The Yaylak Plain Irrigation Project is included within the scope of the South-
eastern Anatolia Project (GAP) which constitutes one of the biggest investments of Republic of Turkey 
and covers the construction of irrigation facilities with modern controls for an area of 18.322 hectares 
in total, in 36 villages and two towns on the Yaylak Plain, which is located close to the Atatürk Dam in 
the Province of Şanlıurfa. The scheme is designed to irrigate 18,322ha benefitting 6000 farmers from 
36 villages. The main canal is equipped with the bivalent downstream irrigation canal gates which are 
controlled through a fully automated SCADA system. The system minimizes water losses during the 
operation. There are no field operators and the staffs in the control room are on standby only. 

As known when water is conveyed to the farm, on-farm water losses constitute the major proportion 
of the total water losses in irrigation. Therefore, the most important factor is the increase of farm 
efficiency. Instead of traditional methods, if sprinkler and drip irrigation methods are utilized, sprinkler 
irrigation increases water efficiency from 60% to 80% and drip irrigation raises water efficiency 
up to 95%. It means 20% and 30% of water economy. While the proportion of the area irrigated 
with sprinkler and drip irrigation methods is 20 %, for 2015 it increases to 30% in Turkey. Modern 
irrigation applying was started in operation in 2006 in Yaylak plain. The responsibility for operation, 
maintenance and management of Yaylak Plain Irrigation were transferred water user organization 
which was established by farmers. The people who used to have dry agriculture suddenly faced with 
the excess water which will apparently be contribute to a large amount of agricultural output. As of 
2015, irrigation ratio and irrigation efficiency are 58 % and 53 % respectively. It can be stated that 
increasing the water use efficiency in this irrigation area and similar irrigation schemes particularly 
depends on the management effectiveness of water use. With this purpose, it is necessary to determine 
irrigation scheduling for crops and optimum crop pattern under adequate water supply conditions. 
Increasing the implementation of sprinkler and drip irrigation methods and eliminating some hitches 
concerning management may increase water use efficiency in the schemes concerned. Based on the 
optimum crop pattern results we can see that cotton, which has too high an amount pattern of the 
farms must be removed from the pattern. According to the results of the evaluation we can say that 
training farmers on deficit irrigation and optimum crop pattern studies is essential.

Keywords: Drip; Modern irrigation project; SCADA system; Socio-economic impacts; Sprinkler; 
Turkey
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Abstract 
Drip irrigation system is the most efficient water application method as it minimizes the water 
losses in conveyance, evaporation, percolation and runoff, common in surface irrigation methods. 
Scheduling of irrigation and fertigation in drip irrigation system depends on several parameters 
including, drip system capacities, crop and its growth stage, soil type and the climate. Some of 
these parameters vary with time and space necessitating elaborate computations for determining 
appropriate irrigation and fertigation schedules in each case. Many a times the irrigator may not be 
aware/ equipped with the data required to compute such schedules. A Decision Support System(DSS) 
namely, IFSHED was developed to support the user in developing irrigation and fertigation schedules 
by suggestingdifferent data if the user is not equipped with any (e.g. crop factors, soil properties 
and climatic parameters for estimating water requirements and nutrients concentrations, solubility 
and compatibility of available fertilizers for fertigation from its in-built data bank).  The DSS has been 
developed in PHP computer language and all the data has been embedded in MySQL.  The DSS is 
ready for its launch on the internet after completing the formalities of its copyright etc. The DSS will 
not only save drip users from the burden of managing all data and computing water requirement 
and determining irrigation and fertigation schedules but will save their time and provide optimal 
schedules for any crop and anywhere within the country. The DSS can be used in any other country as 
well after embedding local crops, soil, climate and fertilizers data. The article presents the strategies 
and methodology involved in the development of the DSS with the help of a real field example.

Keywords: Decision Support System; Fertigations; Irrigations; Scheduling
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Abstract
Agriculture is the main source of income on which more than 70% of the population of Nepal depends 
for livelihood. To increase the yield of agricultural products, it is necessary to provide irrigation 
services on the cultivable lands. Difficult terrain, no access to reliable electricity, landslides and effect 
of climate change on the rainfall pattern are the major challenges for the development of reliable 
irrigation systems in the hilly region of Nepal. The water and food nexus through renewable energy 
has become a need for the sustainable development of irrigation systems around the globe.

This paper tries to identify areas that are suitable for using solar water pumps for irrigation in the 
hilly region of Nepal using the GIS tool. With more than 300 days of sunshine in a year, Nepal can 
be considered as a country gifted with abundant solar energy resources. The use of solar energy for 
pumping water to the so call ‘difficult terrains’ or ‘Tars’ could be one of the sustainable solutions that help 
to increase the food security and reduce poverty. The study identified about 120 thousand hectares of 
cultivable land, within a buffer distance of 2000 m along the bank of major rivers in the hilly region of 
Nepal as suitable for single stage pumping (pumping head between 30 m to 200 m). The study further 
estimated that benefits equivalent to about 0.95 USD could be obtained from agricultural products 
by using unit volume of water for irrigation. The cost involved in lifting a unit volume of water using 
solar pumps installed along with drip or sprinkler irrigation system varied from 0.6 USD/ m3 at an 
elevation of 30 m to 0.79 USD/m3 at an elevation of 200 m. Providing irrigation facilities on these 120 
thousand hectares of suitable areas, about 860 thousand population in the hilly region would be 
directly benefited and the country could save approximately 104 billion Nepalese rupees flowing out 
annually from the reduction in import of agricultural products from foreign countries.

Keywords: GIS; Irrigation Potential; Solar energy; Solar pump



75

Proceedings of 8TH Asian Regional Conference of ICID

Application of the groundwater irrigation system using solar power 
generation as a water-energy-food nexus model project
Sungsoo Bang1, Bongkyun Kim1, Jeonyong Ryu1, *

1) Overseas Project Office, Korea Rural Community Corporation, the Republic of Korea

* Corresponding author:007winds@naver.com

Abstract
Many developing countries have been struggling to achieve the food security; however, they are 
facing the lack of water resource and energy for agricultural production. One of the ways to solve these 
challenges is to adopt the Water-Energy-Food Nexus model.   As a project of Korean Government’ 
ODA, the Korea Rural Community Corporation (KRC) has constructed an irrigation system with the 
combination of groundwater and solar power in the El Porvenir area of El Salvador as the W-E-F Nexus 
Model. The two concepts were compared and studied for a favourable and economical model by 
analyzing the cost of construction and O&M. The First model is to supply water from wells using 
electricity directly produced by the solar power plants installed. This model needs a water tank due 
to intermittent generation. The Second model is to supply water from the well taking electricity from 
electric grids while the electricity created from the solar power plant is connected to grids and sold to 
make up for the payment for electricity already used. The feasibility analysis showed that the second 
model is lower than the first in project construction cost and the maintenance cost. In the second 
model, agricultural production is 1.5 times as before and the ratio of B/C is calculated at 1.57.

Keywords: Groundwater; Irrigation; National Electric Grid; Solar Power; Water-Energy-Food Nexus 
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Abstract
About 2.6 billion people in the world live in areas of economic water scarcity, caused by lack of 
infrastructure to get access to water, despite having physical water resources available. Agriculture, 
inherently, is one of the most affected sectors, with economic water scarcity forcing farmers to depend 
on rainfall for agriculture purposes thereby causing reduction in agriculture yield and productivity. 

For surface water irrigation, traditionally large-scale infrastructure based canal systems are used. 
However, such large-scale systems demand extensive capital and time, especially in the developing 
countries’ context. Furthermore, such infrastructures are also being scrutinized for environmental 
reasons (for dams and efficiency of water use by flood irrigation), and such discussions are further 
magnified by climate change.

Lifting (or pumping) systems are used as an alternative to such capital-intensive infrastructure. 
Conventionally, electric and fossil-fuel based pumps (diesel, kerosene, gasoline) are used in such 
lifting systems. Whereas lack of access to electricity is the main barrier for electric lifting systems, 
fossil-fuel based pumps are notorious for high operation costs of fuel and frequent maintenance. In 
addition, such fossil-fuel based pumps are highly polluting, a major concern from the environmental 
perspective. 

As an alternative to these conventional solutions, renewable energy based lifting systems (solar, 
wind, hydro) are emerging in the irrigation sector. This paper sheds light on the existing scenario of 
renewable energy based pumping solutions, taking the case of hydro-powered pumps. The paper is 
based on the experience of researching, developing and implementing hydro-powered pumps for 
irrigation in Nepal and ten other countries across the world. 

Hydro-powered pumps are being developed for two distinct scenarios: for creating access to irrigation 
and for enabling water-efficient pressurized irrigation techniques such as drip systems from irrigation 
canals. Intermittent availability of solar and wind power, causes low reliability with such irrigation 
systems, in addition to the need for maintenance, especially in rural areas. Hydropower is available 
24/7 and can be converted to pumping power without any electronic or electrical components, 
reducing need for repair and maintenance. Due to this hydro-powered pumping is identified as the 
most cost-effective lifting system (FAO). 

Please can you kindly explain more seemingly limitless access to hydropower as I understand the 
present situation as opposed to your most favourable peoposition  ...which present Nepal annot 
achieve.
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This paper uses cases, experiences and lessons learnt from the implementation of hydro-powered 
pumps in Nepal and presents the similarities and differences with experiences from other countries. 
Additionally, the paper analyses and presents comparative strengths and weaknesses of the 
conventional as well as renewable energy based pumping solutions. Furthermore, the paper also 
discusses practitioners’ perspectives on dilemmas in implementation of renewable energy based 
systems across different factors such as crop selection, community versus individual approach, 
market based mechanism versus public support mechanism and developing for existing irrigation 
practices versus emphasizing change in irrigation habits and practices to suit such technologies. 
Finally, the findings are generalized for all renewable energy based technologies and the challenges 
and opportunities faced by these technologies to be scaled at large scale are presented in the paper.

Keywords:Agricultural yield;Energy; Hydro- powered pumps;Lift Irrigation
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Abstract
Nepal’s Terai has an estimated renewable dynamic groundwater reserve of 8,800 million cubic meters 
(MCM) of which only 1,053 MCM (11%) has been tapped so far for irrigation, industrial and drinking 
water purposes. In spite of abundant water resources in the plains, farmers face water scarcity due 
to lack of affordable and clean energy to pump water. The lack of access to affordable and reliable 
irrigation means that farmers often leave a large part of their land fallow. Solar Powered Irrigation 
Pumps (SPIPs) have been tested widely in the region and been found to be a technically proven and 
workable solution for all categories of farmers – men and women. This new technology has been 
instrumental in addressing food security through increased agricultural production. Cumulatively, 
three SPIPs that were piloted have been operated for 1,575 hours from August 2015 to November 
2016 and irrigated 17.3 ha of land compared to 13.1 ha in 2014-2015. Yearly savings in diesel was more 
than USD 1,000. Overall, the gross and net irrigated area rose by 25% and 30% respectively. We also 
noted an increase in the cultivation of dry season vegetables and a doubling of the number of water 
users, from 15 to 31.

Keywords:Energy;Irrigation;Solar power; Water scarcity
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Abstract
In Nepal’s quest to attain energy security, hydropower is booming with potential negative impacts 
on farmer managed irrigation systems. Nepal has declared an energy emergency as the country’s 
energy demand remains far greater than current domestic energy supply.  To increase the energy 
supply, the government has planned to harvest 10,000 MW from the Himalayan Rivers by 2026.  Most 
development is in the Gandaki and Koshi river basins as run-of-the-river. However, what does this 
development mean for other sectors such as environment, livelihood, and irrigation. The availability 
of water for other sectors amidst hydropower development is less discussed or talked about and 
remains ambiguous in policy. This study in Gandaki basin looked at 12 run-of-the river hydropower 
projects to understand how water diversions for hydropower affect water availability for irrigation 
and agricultural livelihoods. Here in this paper we show that run-of-the river hydropower projects 
can be complementary for enhancing irrigation and agricultural livelihoods while simultaneously 
generating electricity. While there can be negative impacts on local water resources, we found two 
sites, Ridi (2.4 MW) and Mardi (5MW), that demonstrate a positive impact of privately-owned small 
hydropower projects on irrigation and agricultural livelihoods.

In the Ridi project, the developer constructed a pipeline from the desilting basin to provide filtered 
water for the major canal. In addition, a permanent check dam has been constructed downstream so 
that it can feed four irrigation canals for Ruru VDC of Gulmi district and Hugdi VDC of Palpa district. 
Moreover, every year the developer invests some money for the maintenance of these structures. In 
the voice of small holder farmers, now they have a reliable source of water when they need it and do 
not have to build temporary check dams and clean the canals each monsoon as they used to do. 

Similarly, in the Mardi project, the project has bypassed water from the tunnel to the irrigation tank. 
This has helped provide a reliable source of water to irrigate the land. With the increase in water 
supply some farmers are now engaged in trout farming near the dam site. Also, farmers are doing 
commercial trout farming by diverting water from the tailrace. This has greatly enhanced the income 
and possibility for the farmers.

Therefore, these two projects show how hydropower projects can greatly enhance water availability 
for irrigation and agricultural livelihoods. At Ridi, trust building between the the developer and the 
local community was very influential.  Additionally, the 5 canals user groups at Ridi joined together for 
negotiations.  Through early planning and a commitment by the developer to ensure water availability 
for farmers, this site is heralded as a success for small-scale farmers. To support the future development 
of hydropower that supports water availability for irrigation and agricultural livelihoods, there is a 
need to integrate what we have learned from these projects into policy and institutional frameworks 
so that there can be an irrigation and productivity boom along with the hydropower boom.

Keywords: Farmer Managed Irrigation Systems; Run-of-the-River Hydropower; Water Management
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Abstract
In combating the effects of climate change and aid in climate smart agriculture, the advent of 
agriculture water management (AWM) techniques, which improve water harvesting and use, have 
been particularly effective. In essence, efficient management of water for agriculture tends to 
address climate change by targeting the root of the problem i.e. access to water. AWM techniques 
are significant as their use helps in achieving the climate smart goals of sustainably increasing 
agricultural productivity, enhancing resilience through efficient water use, removing greenhouse 
gases and enhancing food security. The purpose of the paper is to review some selected agricultural 
water management technologies posited as climate smart agriculture in South Asia. Using a Delphi 
process, we shortlisted three technologies for the review: zero tillage, solar powered irrigation pumps 
and micro irrigation. The technologies were then evaluated on their climate smart aspects. From our 
analysis, we found that introduction of climate smart technologies leads to a rise in productivity, water 
and energy savings at the field level. If we extend the analysis from the field to the basin level, we 
observe that widespread adoption of such technologies may increase water and energy consumption 
thereby offsetting the initial efficiency gains of climate smart technologies. Additionally, we found a 
lack of rigorous impact assessment of these technologies, indicating scope for more internally valid 
evaluation methodologies.

Keywords: Climate change;Smart agriculture;Sustainability;Productivity;Technology
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Abstract
Total utility concept of water signifies huge importance of water as it adds utility to bio and a-bio 
objects.  Any water resource development project must be based upon socio economic parameters 
in the light of a changing climatic scenario.  The relative scarcity of water amongst the burgeoning 
population in Asian countries needs to be analysed in economic terms through scientific methods for 
strengthening water resource infrastructure for irrigation on a sustainable basis. Truly remarked ‘Stand 
with your back to water, you find impact of poverty on environment.’  In Asian countries, in general, 
India in specific, it has become a dire need to analyse water management issues at different intervals 
of time specifically in the field of Agriculture as about 80 per cent of water has been found to be used in 
the agriculture sector as a source of irrigation and dependence of the majority of population is on the 
agriculture sector for its livelihood. The commonality of socio economic issues among various Asian 
countries related to the availability of irrigation in agriculture has long been observed.  This paper has 
been developed with the objectives: (i) To find out the existing status of socio economic parameters 
among clientele groups (ii) to study growth trends in irrigation and modernised irrigation systems and 
(iii) to analyse gaps affecting irrigation availability for making scientific suggestions for improvement.  
The results have shown that irrigation has been playing a pivotal role globally in affecting crops’ 
productivity. A significant contribution of the research and development efforts in managing water 
resources in India specifically has been vivid due to the positive trends in growth of irrigated area 
accompanied by growth in water saving technologies (acgr = 4.1%). The crops’ productivity has been 
found to be 2-3 times only higher on irrigated farms as compared to rain fed farms as compared 
6-8 times on most productive farms of the world.  As crops’ productivity has been found to be a 
resultant effect of total factor productivity of all the resources used by a farmer, therefore, a need has 
been observed to undertake an over view of all the synergistic efforts made in India specifically in 
developing irrigation.  As socio-economic parameters affect cumulatively crops’ productivity, most 
importantly, holding size, population status, literacy, the availability of other inputs and other factors 
related to outer environment of farming, therefore, government development efforts in developing 
irrigation in different countries of Asia in the light of socio-economic parameters with emphasis on 
crops’ productivity has been discussed in this paper. Declining trend of per capita holding (1.20 Ha in 
2004 and 1.00 Ha in 2016) along with declining per capita availability of water in India (acgr= -19.20%) 
logically have been showing almost similar trends as in other Asian countries with an increase in 
population and those have mainly been found to be the basic causes of lower crops’ productivity 
on Asian farms. Making available water for irrigation through irrigation development projects under 
changing climatic conditions and modernizing the already existing irrigation infrastructures must 
have been in consonance with the socio economic parameters/ multidisciplinary issues for the larger 
interest of farming communities for this approach only can lead to the enhancement of weighted 
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irrigation development indices (presently > 0.50).  A balanced economic approach based on scientific 
methods has been considered to be the only approach for evergreen revolution in agriculture through 
the availability of water for irrigation on a sustainable basis. 

Keywords: Crops’ productivity; Economic planning; Per capita; Socio-economic; Total utility.
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Abstract

Uttarakhand is largely rain fed; irrigation facilities are minimal; land holdings are small and fragmented 
with a predominance of wastelands. About 70% of the population, living in the mountainous regions 
of Uttarakhand State, mostly depends on agriculture for livelihood, but various climatic, geographical 
and socio-economic constraints have led to a dismally low agricultural productivity in the region. 
Frequent and long dry spells retard the growth, size and yield of important fruit crops like Apple, 
Plum, Peach, Apricot etc. Drip irrigation is one of the irrigation methods which is most efficient and 
water conserving. In the hilly region of Uttarakhand, the drip irrigation system is very useful for 
irrigation. Keeping the above in view, the present study was taken up to assess the water requirement 
of different horticultural cropsunder drip irrigation systemin Tamagarda - Erani inter-basin located in 
Champawat district of Uttarakahand state in India. The textural analysis of the soil showed that the 
soils of most of the area are sandy loam except at two places where it was loam. The soils of surface as 
well as subsurface layers were acidic in nature with pH value ranging from 6.5 to 7.0. 

For the estimation of water requirement of various horticultural crops of the study area under drip 
irrigation, the canopy area, wetting percentage area and canopy factor were determined. The water 
requirement for the citrus plants was estimated to be the minimum (1.04 lpd/plant) during the 
December month, whereas, the maximum water requirement (3.78 lpd/plant) was estimated during 
the month of May. In case of pomegranate the maximum water requirement (6.65 lpd/plant) was 
found during the month of June, whereas, the minimum water requirement (0.25 lpd/plant) was 
estimated during the month of December. The irrigation water requirement for deciduous fruit crops 
(Walnut, Peach, Apricot, Plum and Kiwi), at different stages was also estimated. The maximum water 
requirement of 503.18 liter/plant was found in the entire period for Plum, whereas, the minimum 
water requirement of 361.83 liter/plant was found for Apricot. The total annual water requirement of 
all 425 plants of citrus, 200 plants of pomegranate, 45 plants of Walnut, 84 plants of Peach, 110 plants 
of Apricot, 30 plants of Plum, and 130 plants of Kiwi was found to be 344,505, 24,798, 56,174, 102,403, 
109,190, 41,293, and 154,435 liters, respectively. The total monthly irrigation water requirement of all 
the horticultural plants, planted in the study area, was the maximum i.e 175,689 liters in the month 
of May, whereas, the minimum value was found to be 14,760 liters in the month of December. The 
available tube well and water harvesting structures are capable to meet this requirement of water for 
the irrigation of planted horticultural crops in the study area.

Keywords: Drip irrigation system; Horticultural crops;pH value;Soil texture
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Abstract

Average annual water availability of Nepal is 225 BCM, which is adequate enough to irrigate the 
agricultural land of Nepal. Due to spatial and temporal variation on availability of water, Nepal 
is lacking behind to develop sustainable round the year irrigation facilities to its agricultural land. 
Because 80 % of rainfall occurs within three months', time leaving 20% for the remaining nine months. 
This gives temporal variation whereas concentration of water in three major basins is creating spatial 
variation of water as agricultural land is distributed all over the country. Another problem in spatial 
availability of water is because of limited number of snow fed rivers. Such situation has demanded 
Inter-basin water transfer projects to provide round the year irrigation facility to agricultural land.  

In this context, Bheri Babai Diversion Multipurpose Project (BBDMP) is conceptualized, which 
currently is in implementation phase, to divert 40 m3/s of water from Bheri river to Babai river with 
the help barrage, tunnel and powerhouse as a first inter-basin water transfer project. The diverted 
water will be used to provide round the year irrigation to 51,000 ha of agricultural land of Banke and 
Bardiya district and 48 MW of hydro-electricity will be produced as a byproduct of the project. This 
article deals with importance of Inter-basin water Transfer Project in Nepal for sustainable irrigation 
infrastructure development and its implementation modality to cope with the present situational 
demand of irrigation facilities in Nepal. For this project, Tunnel Boring  Machine (TBM) is used for 
the first time in Nepal to expedite the tunnel construction which is critical for timely completion of 
the project. Due to the length of tunnel, geological/geotechnical condition, topography and benefit 
aspect, TBM is considered viable for the project. 

Finally, the adoption of new technology in inter-basin water transfer project is supposed to reduce the 
project completion time increasing the benefit of the project making it techno-economically viable.   

Keywords: Bheri-Babai diversion;Irrigation; Hydro-electricity; Rainfall; Tunnel Boring Machine (TBM)
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Abstract

The theme of the International Conference is “Irrigation in Support of an Evergreen Revolution” 
which is of prime importance especially when the population is increasing & availability of land 
for agriculture is decreasingOne of Nepal’s strengths in the irrigation sector is her numerous self-
sustaining traditional farmer managed irrigation systems (FMISs).However, the FMISs are facing several 
challenges as competing water demand, climatic variability & change including  socioeconomic 
transformation. The institutions for irrigation management have developed coping and adaptation 
mechanisms, where intensity and frequency of the changes have weakened their institutional 
adaptive capacity in terms of human, financial, natural, social, and physical factors, governance, and 
learning. Long-term adaptation requires harnessing the synergies and trade-offs among the various 
capacities directed towards development goals, and specific adaptive capacity that strengthens 
climate-risk management. The good points of Water User Associations (WUA) need be roped in 
to act as an interface between the farmer & the Government system for water supply, usage, 
distribution charges as well as other legal & administrative issues based upon the Participatory 
Irrigation System (PIM). The issues for suggesting appropriate technology & crops could also be 
available on an optional basis. Depletion and degradation of land and water resources is posing 
serious challenges for producing enough food and other agricultural products to sustain livelihood 
and meet the needs of both rural and urban populations. Since increased food production necessarily 
has to come from the same limited land and water resources, the focus will have to be on increasing 
agricultural and water productivity with efficient and optimal use of available resources which will 
require adoption of improved agriculture practices, bringing more area under irrigation along with 
modernisation of existing irrigation systems as well as intuitional reforms for strengthening irrigated 
agriculture.

The role of Water Users’ Institutions (WUIs) in meeting increasing demands in the face of more 
competitive and volatile markets is quite crucial. Adoption of these technologies not only saves water 
and enhances productivity but also the overall cost is recovered in 3-5 years. In Asia, it is likely that 
rural transformation and development will be a powerful engine of sustainable development and 
improving resilience of rural households to cope with emerging challenges. Access to irrigation and 
drainage will play a significant role to enable more resilient household incomes for farmers, since 
access to water for crops can reduce vulnerability to drought, increase the farm yields, and   provide 
a mechanism for the utilization of improved inputs leading to evergreen sustainable development.

Based upon the Indian experiences, the following mode of strategy could help attain better 
productivity, efficient use of water resource, water saving & enhancing farmers’ income. Through 
a long term strategy on water usage & use of water efficient technologies involving all concerned 
departments. Financial assistance should be provided for the adoption of such technologies and 
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creating infrastructure including fiscal support creation of autonomous bodies for promoting Micro 
Irrigation in the country and encouraging small scale & ancillary industries. Storage of water in water 
structures, distribution & integration with Micro Irrigation technology are also discussed along with 
the setting up of technology demonstration farms in every district.

Keywords: Agriculture; Crop productivity; FMISs; Micro irrigation; Water users association
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Abstract

Irrigation and drainage management are important for sustainable development. Further, Irrigation 
and drainage management are associated with agriculture, and agriculture is the back bone for 
the development of Nepal. The Sustainable Development Goal (2015) has given high importance 
on irrigation and drainage management. Sustainable irrigation and drainage management require 
allocating between competing irrigation sector demand, and balancing the economic and social 
resources to support irrigation and drainage. Irrigation and drainage management are crucial issues 
in agriculture due to climate change, migration, land management, and disaster.  The purpose of 
this study is to find the answer to two questions, namely: question1) what are the existing practices 
of irrigation and drainage management in Chapagaun, Lalitpur District, Nepal? And question 2), 
are these practices of irrigation and drainage management conducive in terms of the sustainablity 
aspect?  To find the objective of this research, I have used field observation and desk review method. 
The finding of this research will help to contribute to sustainable practices of irrigation and drainage 
management in Nepal. 

Keywords: Drainage; Irrigation; Management; Sustainability; Sustainable development 
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Abstract

An experimental pilot investigation is conducted in the mobile river bed at the laboratory of the 
River Research Institute, Faridpur, Bangladesh. The laboratory setup with the bamboo bandalling 
structures is developed to recover cultivable land in the erosion prone area. In this case, the bamboo 
bandalling structures are constructed to address the water flow in the river. The low cost Bandalling 
structures are placed at the laboratory river bank at an angle with the water flow direction. It was 
observed that water flow diverted towards the main river due to the Bandals resulting in maximum 
velocity accumulated at the centre of the river whereas comparatively less velocity appeared near the 
river bank where the bandals are placed resulting in sediment deposition. The sedimentation near 
the river bank as well as river bed erosion at the main channel of the river gives an indication that 
the Bandalling structures can be used successfully for the river bank erosion protection along with 
recovering the cultivable area.

Keywords:  Bamboo Bandal; Deposition; Erosion; River Bank; Sediment
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Abstract

Drawing upon a field work carried over a period of four years in the Himalayan area, especially in 
the State of Uttarakhand and the adjoining areas of Nepal, this paper will chronicle and analyse 
the discourses that promote hydropower projects as the technological marvel of clean green 
energy. Further, these are getting promoted as an effective technology of irrigation and flood 
control. However, the disasters of the year 2013 in Uttarakhand and the earthquake proneness of 
the Himalayan region including Nepal, are amongst the few indicators that question the claims of 
sustainability and environment friendliness of these projects. Many projects are being promoted 
under the Clean Development Mechanism, which however, is not the case when the impacts of the 
projects get analysed. 

The Himalayan region has been known for its self-governance mechanisms which include the 
traditional systems of water management and irrigation like the kuhls. Further, in Nepal, districts like 
Darchula, the village owned and operated mini hydro projects provides a model to emulate, as they 
generate livelihood opportunities in addition to agriculture in the village itself and provide a new turn 
to the development initiatives. Such traditional as well as the new efforts of water management and 
irrigation will be traced in this paper. 

The intricate relationship between forest, land and water management has remained the basis of 
agriculture, livelihood and a basis of survival in the Himalayan conditions. Thus, the commons are 
important for the Himalayan region and the life and livelihood activities are linked intricately to 
the commons, like the rivers and forests. The developmental efforts in the Himalayas thus need to 
acknowledge this crucial basis of survival. The hydropower generation efforts by the run of the river 
scheme, not only destroy the commons, like the smaller rivers, but also make redundant for use the 
adjoining forests and land by breaking the interdependence cycle. These intricacies of the impacts of 
the hydropower projects being promoted in Himalayan areas will be dwelt upon.

The ongoing propaganda around the hydropower projects in Nepal as flood control mechanisms 
to prevent floods in downstream India and the promotion of big projects like the Pancheswar dam 
on the Indo-Nepal border also provides a case to analyse how the transnational rivers are being 
contested for prior appropriation by two nations and how politics and power is played around the 
common resources, ignoring the day to day needs of and threats to the lives of the people. Climate 
change in this region is also putting to question the effectiveness of such initiatives, as the glaciers are 
melting and the river flows are getting altered with the increasing warmth in the mountains. These 
aspects will be elaborated upon in the paper. 

Keywords: Agriculture; Commons; Development; Environment; Hydropower; Rivers 
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Abstract

The number of agricultural reservoirs in South Korea is about 17,500. The Integrated Water 
Management (IWM) System is run by the Korean Rural Community (KRC) to manage 3,377 reservoir,s 
and real time water level is recorded in the system. Ultrasonic gauge and pressure gauge are used to 
measure the water level of reservoirs. Raw data are saved in a logger and sent to the main system. 
There are a lot of outliers in the raw data, but adequate quality control process is not applied to the 
raw data. Such anomaly can have a large impact on the data. Unreliable data cannot be used for any 
studies. In the USGS and EPA, there exists a settled quality control process for assessing the water 
level. In this study, ordinary and new quality control (QC) processes will be applied to the raw data. 
The result will be compared and each QC process will be evaluated.

Keywords: Agricultural reservoir; Outlier; Quality control; Water level 
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Abstract
Following the Kosi Project Agreement in 1954, the Government of India financed and constructed 
the Chatra canal system to irrigate 58,000 ha in Sunsari and Morang Districts of SE Nepal. This was 
to compensate Nepal for the construction of the Kosi Barrage on the border with India some 42 km 
downstream of the gorge at Chatra. The canal network was handed over to HMGN (His Majesty’s 
Government of Nepal) in 1975 but the distribution system terminated at turnouts serving 100 – 200 
ha and no minor canals were built below this level.

A serious problem which exacerbates siltation in the Chatra Canal is the widespread deforestation 
within the River Kosi catchment on the Himalayan foothills. The local people need fuel for cooking and 
cut down the trees for firewood. In addition, as a result of climate change, the rainfall has intensified 
and washes fine soil particles from the deforested areas in to the River Kosi upstream of the Chatra 
Canal Intake.

From the outset, the Chatra canal system was plagued by sedimentation and siltation problems which 
have had an adverse effect on irrigation supplies and potential agricultural production. In the summer 
months, during the wet season, water was easy to abstract from the River Kosi but silt laden. In the 
winter months, during the dry season, water was difficult to obtain due to low river levels but silt free. 
The management of both sediment and silt are critical to the sustainability of the irrigation system.

A remarkable phenomenon of the River Kosi alluvial fan downstream of the Chatra Gorge has been 
the Westward migration of the main river channel away from the Chatra Main Canal Headworks. The 
main flow of the river has migrated 120km Westwards since 1736. Removal of the larger boulders 
and cobbles away from the headworks has been carried out over a number of years by dragline and 
bulldozers. When the silt load exceeds 3000 ppm at the headworks, the Main Canal is closed but this 
can be tolerated for a limited period in the wet season.

It has been suggested that in an average year, 370,000 m3 of silt would have to be trapped and removed 
by dredging. In a high flood year this volume would increase to 500,000 m3. Coarse sediments can be 
prevented from entering the Main Canal by the correct design and operation of the Intake gates.

The author describes his experience of supervising both local contractors and an international 
contractor on the rehabilitation of irrigation structures along the main canal and within the distribution 
area. The international contract was completed within 3.25 years at a cost of US$ 18M including the 
Stage 1 distribution area of 9,685 ha.

The paper concludes by summarizing some suggestions for:-
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•	 Achieving Sustainable Development goals.

•	 Closer Farmer involvement

•	 Operation and Maintenance

Keywords: Climate change; Deforestation;Sediment; Sunsari-Morang irrigation project
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Abstract

The offshore wind power generation project is considered to be a sustainable green growth engine 
industry that prevents reckless development of wind resources and preserve environment and 
landscape. The offshore wind power requires grid-connection with existing power grids due to the 
specialty of location. To this end, transmission facilities through the installation of submarine cables 
are also required. The damages to submarine cables caused by vessel operation, fishing activity, 
waves and tides generate enormous economic and social coasts and require a long period and a lot 
of costs for repair. In general, a laying method has widely been used as a method for submarine cable 
protection. However, protection methods which are currently being applied to submarine cables 
in Korea include laying method in which depth varies depending on the state of marine sediment, 
continuous concrete mattress method, method using cast iron pie and U-duct, method to pile up 
concrete bags, rock berm method to pile up stones, method to pile up mortar bags and FCM (Flexible 
Concrete Mattress) method, and FSB (Fiber Stone Bag) method, etc. 

In this regard, this study attempted to evaluate the stability of the protection methods by examining 
hydraulic characteristics of the area around the point in which marine cable protector is installed such 
as surf zone occurrence point of shore-end submarine cables suitable for coastal marine environmental 
conditions, flow ratet the top of the protector and maximum wave height, and to provide basic data 
for the selection of the optimal protection method. In performing hydraulic model experiments, 
the topography of submarine cable installation location was reproduced in 2-D sectional channel, 
and models appropriate for experimental scale and similitude law were produced and installed 
for each condition of submarine cables and protectors.Since the topography and submarine cable 
protectors were reproduced and installed in 2-D sectional channel, the exact reproduction of surf and 
transformation in shallow water zone was possible, and thus the physical properties could be clearly 
analyzed. For stability review, an experiment to examine the stability was conducted using a wave 
maker with 50-year frequency design waves as target, and wave height and cycles were applied based 
on the approximate lowest low water level (Approx. L.L.W), which is the most dangerous in submarine 
cable protection methods. As for experimental time, typhoon passing time in summer (about 3 
hours) was applied, and wave patterns and deviation ratio of the submarine cable protector were 
investigated after making irregular waves corresponding to design waves. In addition, current meter 
and wave height meter were installed at the installation location of the submarine cable protector, 
and the flow rates and wave height at the top of the protector were measured and analyzed to review 
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hydraulic properties. The hydraulic model test results showed that the total average deviation ratio 
was less than 3% in Case 5(FSB 12ton, 2-row diagonal connection) of non-excavation conditions, Case 
6(FSB 12ton, 2-row triangular connection), Case 9(FCM, 2-row connection) and Case 1(FSB 12ton, 
1-row connection) of excavation conditions, and Case 2(FCM, 1-row connection), indicating relatively 
stable maintenance. The analysis results revealed that the submarine cable protector was separated 
by the action of strong impact resulting from the surf in 1-2 sections, and all methods except for rock 
berm method were found to maintain stability in the case of 3-7 sections where the surf does not 
occur. 

Keywords: FCM (Flexible Concrete Mattress); FSB (Fiber Stone Bag); Rock-Berm; Hydraulic Model 
Test
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Abstract
Floating breakwaters were treated as solid bodies without any perforation in previous studies. In 
this study, however, a floating breakwater is perforated to allow the partial absorption of the energy 
produced by incident waves and an air chamber is placed in the upper part to control the breakwater 
draft. A series of laboratory experiments for a floating breakwater installed with a mooring system 
are carried out. In general, a mooring system can be classified by the number of mooring points, 
the shape of the mooring lines, and the degree of line tension. In this study, a four-point mooring 
is employed since it is relatively easier to analyze the measured results. Furthermore, both the 
tension-leg and the catenary mooring systems have been adopted to compare the performance of 
the system. In laboratory experiments, the hydraulic characteristics of a floating breakwater were 
obtained and analyzed in detail. Also, a hydraulic model test was carried out on variable changes by 
changing the mooring angle and thickness of perforated wall. A hydraulic model was designed to 
produce wave energy by generating a vortex with the existing reflection method. Analysis on wave 
changes was conducted and the flow field around the floating breakwater and draft area, which 
have elastic behavior, was collected using the PIV system. From the test results the strong vortex 
was identified in the draft area of the perforated both-sides-type floating breakwater. Also, the wave 
control performance of the floating breakwater was improved due to the vortex produced as the 
tension in the mooring line decreased.

In conclusions, flow field of the floating breakwater along with the incidental waves was collected 
by means of PIV system and found the strong canal generation on the draft cross-section area of 
the perforated both-sides-type. Moreover, wave pressure in the draft cross-sectional area of the 
perforated both-sides-type was measured high compared to the bottom wave pressure. This is an 
example showing that the wave energy was scattered and disappeared in the draft cross-sectional 
area from the vortex generation. Therefore, breakwater performance of the perforated both-sides-
type was very high in the deep sea water wave area. In the stability aspect, the perforated both-
sides-type significantly limited the rolling motion that induces excessive tensile stress during the two 
dimensional free motion compared to the solid and perforated-type. 

Keywords: Catenary mooring system; Hydraulic Experiment;PIV system;Tension-leg mooring system
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Abstract
Mobile technology is becoming commonplace in all industries and agriculture is no exception. 
While the number of farmers with smartphones in developing countries continues to rise, software 
developers need to be in front of the curve in terms of designing and developing tools for farmers 
to use.

The Australian Government through the Australian Centre for International Agricultural Research 
(ACIAR) is funding a project investigating the potential to improve dry season production through 
irrigation for Marginal and Tenant farmers in the Eastern Gangetic Plains. 

One of the project objectives is to use digital technologies to collect and analyse data and provide 
decision support for field staff, project engineers and importantly, farmers.  The project team has 
developed a suite of applets which are still in development phase but have been designed with 
three (somewhat overlapping) audiences in mind. A number of applets are designed to be used by 
farmers, some are designed to be used by engineers undertaking technical assessments, and others 
are designed for the DSI4MTF project staff team to help them accurately collect and report data. 

Each week the project staffs are collecting data on the groundwater level, pond levels and water 
quality, as well as key meteorological data (rainfall and pan evaporation). This data is then entered 
directly into the mobile phone app which sends the data for each site to a cloud based server. The 
apps are cached on the mobile phone which means that they can still be used even if the phone has 
no data connection. The next time the phone has a connection (or connected to a WiFi network), the 
data stored on the phone will be synchronised to the server. This allows for near real-time reporting 
of field data which is critical when the data is being used to help provide irrigation scheduling advice 
to farmers.

Keywords: Decision support tools; Irrigation scheduling; Mobile apps
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Abstract
To achieve the goal of irrigation projects, governments need to carry out desired operation and main-
tenance. However, the experiences in water management by governments, especially in small scale 
farming systems in Asia, showed that they couldn’t control everything by themselves. They need to 
invite farmers to participate in water management. But in practice, few governments are successful in 
this participatory irrigation management. One of the major reasons for the failure may lie in the lack 
of methodology on how to make beneficiary farmers be willing to cooperate towards the government 
goal after recognizing that farmers are conflicting each other due to their nature. 

Construction/rehabilitation projects for irrigation in Japan are conducted by the central and local gov-
ernments, as in most of other countries. A special feature of Japanese projects is that the completed 
facilities are wholly transferred to the beneficiaries including major structures such as diversion dams 
in the source rivers and main canals with major control facilities. Irrigation associations or Land Im-
provement District (LID), autonomous organization of farmers, that are established specifically for 
each project will operate and maintain the facilities by collecting membership fees from farmers to 
cover the O&M cost. During water shortage times, the available water is equitably allocated among 
the farmers, thus minimizing the drought damage. 

This successful PIM in Japan has been developed by a national policy to promote farmer cooperation 
with the recognition of conflicts among farmers as follows; 1) the beneficiary farmers are involved in 
irrigation projects from initiation stage based on the government policy to start only irrigation proj-
ects for which most of the beneficiary farmers have formed consensus on cooperative management 
to make project application to the government, 2) the farmers are to shoulder a part of the project 
cost including that for major facilities, 3) the government provides a high ratio of subsidy to overcome 
difficulties created by different willingness to pay among the farmers, 4) Land Improvement Act(1949) 
provides a democratic frame work and procedures for project formation and LID management, 5) the 
LIDs are inspected by the government every other year.

The implications of this Japanese model are:

1) The governments should hold interests and indirectly intervene in the water management at the 
terminal level to achieve stable and high crop yields.

2) Famers have regional conflict at every level of water management, thus having possibility to 
cooperate each other in a hydraulic unit to compete with the other units. The cooperation is pos-
sible where the farmers are given the power to decide with disclosed information.

3) The governments let the farmers discuss and decide the water management and monitor the 
results by themselves while guiding the discussions to be rational. Building ability of self-gover-
nance is the core part of capacity development of farmers
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4) Through this policy, the governments are able to achieve the government goals with the mini-
mum expenditure on O&M.

The Japanese model might be transferable to other countries because of its commonness in principle.

Keywords: Farmer cooperation; Decision making; Equity; Government goal; Japan; PIM; Regional 
conflicts
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Abstract
Within the last few decades, Indonesia had achieved remarkable progress in water resources devel-
opment till the beginning of year 2000’sthrough intensive implementation of government initiated 
water resources development projects. Nevertheless, the institutional and organizational issue for 
sustaining the developed infrastructures has been lagging behind due to insufficient attention. From 
the underlined practices, a number of lessons were learning till the country suffered from multidi-
mensional crisis. In fact, it has been recognized that the severe crisis had been due to the chronic ne-
glect of the farmers ‘participation in the routine operation and maintenance process of the developed 
water resources and irrigation infrastructures.

In an attempt to resolve the dilemmatic situation, while keeping pace with the productivity level 
with the increasing population growth, an emphasis has been given to irrigation development and 
management based on the participatory approach. The program had been set up to reduce central 
government’s burden on O&Mcosts aiming for sustainable irrigated agricultural productivity through 
the PIM approach. 

For materialization of the said program, a number of policy reforms have been enacted on water re-
sources and irrigated agricultural programs. In line with this policy reform, the PIM approach has also 
been significantly implemented. These include among others, turning over the small scale irrigation 
schemes with small land holding to the Water User Association – WUA; Encouragement of irrigation 
service fee (ISF); Small schemes Irrigation Management Transfer (IMT); Participatory design and con-
struction implementation program; “Field laboratories” for visual process of “learning by doing”, and 
other such government initiatives. However, it was experienced that the above attempts have been 
going very slowly and as yet least sustainable. This matter has been suspected, among others, due to 
the low economic potential of the farmers and farming conditions under the small scale land owner-
ship. The land ownerships, as the matter of fact, are already too small and that has been marginalizing 
the already marginal farmers ‘incomes.

To facilitate resolving the problems, the program was supported by Water Law No. 7/2004, together 
with the Government Regulation No. 20/2006 about “Irrigation” (that prescribe that the O&M respon-
sibility for primary and secondary canals belongs to the Central Government, Provincial as well as 
Local Autonomous Government with certain role sharing criteria settled down by the Government 
Regulation on Irrigation Management. (The Laws and Regulations have been reformulated within 
the last few years for reducing the burden of the farmers by assisting to operate and maintain the 
tertiary canals and infrastructures which were previously under the responsibility of the Water User’s 
Associations (WUA).
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This paper will discuss the series of procedures and empirical processes, as well as problems solving 
from the past experiences on PIM under the small land holding condition. These include technical, 
institutional, and financial, as well as regulatory instruments, and other such measures toward the 
future enhancement and sustainability of PIM under the small land holding irrigated agriculture.

Keywords: Implementation Procedures and Processes; Indonesian Experiences; Irrigation Manage-
ment; PIM Approach; Small Land Holding
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Abstract 
The paper is based on the findings of the case study of two Farmers Managed Irrigation Sys-
tems (FMIS) of Nepal. The focus of the paper has been placed on analyzingoperational arrange-
ments combined with WUA governance characterstics that are the key factor contributing to 
their sustainability. TheseFMIS have several elements that may be considered essential  for their 
sustainability. The key elements identified as sustaining factor in these  FMIS are:democratically 
established WUAs compatible with the social and traditional norms;  flexible operational rules 
with firm institutional mechanism for their implementation, ability  of WUA to establish ex-
ternal contacts to  diversify their funding basket for system O&M; achieving higher economic 
benefits due to shift from traditional cereal based cropping to market orineted agriculture as a 
result of assured irrigation creates strong incentive for WUA to invest in and upkeep the system 
functional.

Keywords:  FMIS; Improved agriculture; Operation &Maintenance; Sustainability;  WUA 
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Abstract
Community based Natural Resource Management (CBNRM) has exerted a significant impact in the 
last few decades in various areas like forestry, irrigation and wildlife management, watershed devel-
opment or rural livelihoods development.  Irrigation is an important natural resource, which has a 
long history of community participation in controlling and distribution processes. The state of Bihar 
in eastern India, located in the Indo-Gangetic plains, has formally accepted and implemented Irriga-
tion Management Transfer Policy for major river systems and released a Status Paper on Participatory 
Irrigation Management (PIM) named “Bihar Model” in September 2005. Paliganj Water User Associa-
tion (Paliganj Krishak Vitarni Samiti) was formed by some government officials, civil society member 
and group of farmers and it started working in Palinganj(Patna district) in 1996. Studies on Bihar PIM 
generally focussed on the performance of water user association which is based on secondary data 
provided by user association offices and the focus of these studies remains confined to ensuring the 
efficiency of delivery rather than to give citizens more voice in determining the kinds of services they 
want or need. These studies are not able to capture the other socio-political factors that influence the 
workings of User Associations. It is very evident that the devolution of authority and decentralization 
of natural resource management often fails to materialize in practice.This study is the part of my PhD 
work which was based in Paliganj block in Patna district of South Bihar, and the study used qualitative 
methods to understand the various aspects of day to day politics in the formation of an institution. 
In this paper, we try to present an alternative account of the functioning of WUAs by focusing on the 
election process, water distribution process and transparency of these associations. We will also an-
alysed how political institutions like panchayat, WUAs and political parties based institution exercise 
their influence on the non-political institutions like caste, social network, kinship and vice-versa. The 
social fabric of Bihar, where landowning caste groups like Bhumihar, Rajput and Brahmin have histori-
cally dominated access to land and power in rural society, has been transformed by social and political 
mobilizations of ‘backward’ (Other Backward Classes) and lower caste groups (Scheduled Castes) in 
the 1980s and 1990s. This research suggests that dominant castes have been able to retain control 
of the WUAs, and entrenched social inequalities in the distribution of surface water resources have 
persisted. The power politics between castes and within castes is very important to understand the 
politics of distribution of water. The study suggested that the day to day politics shape society and en-
able the bargaining power of the landless class and government scheme programmes also help them 
to raise their voice in the arena of strong landholder farmers. However, government schemes helped 
some of the small and landless farmers, but large chunks of farmers are not able to access their rights 
as village day to day politics plays an important role in that. The socio-historical context still plays a 
major role in the decision making of famers, this study will explore various such socio-historical con-
texts of farmers.

Keywords: Community, Decentralisation, Institution, Participatory
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Abstract
Malaysia has a total area of 600,000 ha of paddy cultivated land of which 280,000 ha is mostly irrigat-
edby the tertiary system, while the balance is without proper irrigation system. Of the irrigated area, 
there are twelve granary areas located in the sparsely distributed peninsular area while the other two 
are located in Sabah and Sarawak. The development of these irrigated areas started since indepen-
dence in 1957, with the development of Muda Irrigation Area 96,558 ha, which uses gravity fed main 
system up to secondary level and the Kemubu Irrigation Area 29,450 ha which used the pump lift 
system at the main water intake. Since the completion of the pioneer two major irrigation projects, 
another ten have been developed since then. The irrigation infrastructure density varies between 
18m/ha to 48m/ha while water use efficiency between 17 – 47% at the National Level.

A total of almost 100,000 family farmers have benefited from this irrigated  area  project  with  the im-
plementation of rice double cropping. The government provided incentives by subsidizing fertilizer 
and also incentives for incremental increase in yield production.   The farmers’ income has increased 
from poverty level to more than USD8, 000 per year. Other socio economic activities were also car-
ried so that the farmers’ income does not solely depend on rice production only. A total of 72% of 
self-sufficiency level of rice production has been achieved for the country from all the granary areas. 
The balance 28% of the rice production is imported from neighboring ASEAN countries.

With the ageing  of  the  infrastructure  facilities  provided  since  independence  and  the  inappro-
priate assumption in designing the tertiary system, the planned operation by modular water user 
group in the irrigation blocks has declined. The new approach of making use of small farm units (SFU) 
in the irrigation blocks to revitalize the water user group in the irrigation blocks has shown success. 
This approach has been initiated by the federal agencies to be implemented in the entire granary by 
rolling out a master plan in November 2015. It is envisaged that with the new approach of using the 
small farmers units as the basis to form the Water Use Group in the Granary Area will derive positive 
results from the farmers.

From the rapid appraisal process (RAP) carried out in the Muda Irrigation Area as the case study, the 
overall index of water user group (WUG) is 0.6, which is relative low compared to other countries 
where RAP is conducted.  With  the  new  approach  of  development  of  the  Water  User  Group  by  
leveraging  on  the strength and potential of the small farming units, it is anticipated that the overall 
index of the water user groups will increase to near unity.

The principle of good governance in water user groups is applied in the irrigation blocks where 
adequate and reliable water supply, legal status and participation, organization within the hydrau-
lics boundaries, water deliveries can be measured volumetrically and equitably collection of water 
charges from members of the water user group are imposed to all member of the water user group. 
With this implementation, the fifth National Mission of strengthening the institutional and imple-
mentation capacity of the farmers in the country will be realized.

Keywords: National Mission; Rejuvenate; Water user group
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Abstract
Assured delivery of bulk water through improved irrigation facility in a measured and controlled man-
ner ensures better water management and WUA participation in any modernized irrigation system 
thereby stepping up to a sustainable irrigated agriculture system contributing to the National Econ-
omy.

The Irrigation and Water Resources Management Project (IWRMP) is being implemented in the Kankai 
Irrigation System (KIS) since December 09, 2012 for Irrigation Management Transfer (IMT) to Water Us-
ers Association (WUA).  The objective of IMT is, on the one hand, to increase agricultural productivity 
of beneficiaries through assured water at specified delivery points using Improved Water Manage-
ment (IWM) over the hydraulic layers of the canal network; and, on the other hand, to develop the 
capacity of WUA for being institutionally strong and financially sustainable.

The first steps of IWM were successfully achieved through WUA participation by identification and 
improvement of essential structures that would otherwise decrease the operational efficiency and 
increase the maintenance cost of the canal network. Calibration of discharge measuring structures 
along Main Irrigation Canal (MIC) and head of Secondary Irrigation Canal (SICs) were also achieved 
with appropriate water gauge marks in place to allocate measured and controlled delivery of bulk 
water to the respective SICs. With WUA participation, each SIC led to the formation of MIC bulk water 
delivery schedule for respectively spring, monsoon and winter crops as embodied in the Canal Oper-
ation Plan (COP). The delivery schedules were achieved based on the availability of dependable water 
at Sardare Intake, estimation of water requirements for proposed crops pattern in each SIC, existing 
flow control structures and maintenance practice, farm irrigation practices, soil and climate condition. 
The prepared scheduled were put to trial from year 2016 with WUA participation for the above crop 
seasons in SICs (S0 through S21) of KIS. The start of trial was in year 2016 for spring crops in SICs (S0 
through S12) of KIS.  Records on delivery of actual discharge to scheduled discharge from MIC to 
respective SICs were being noted in terms of discharge, duration and frequency of irrigation turn. In 
sequel, response of beneficiary water users to the trialed schedule was found enthusiastic. With the 
scheduled bulk water being delivered at respective SICs head, users have started to distribute mea-
sured water among the TICs of the respective SIC.

This kick-off practice towards part of IWM has made users being watchful towards their irrigation 
turn, duration and actual discharge against Scheduled; and minimized water losses through the canal 
network. The Scheduled delivery has now resulted in increment of irrigation service to water users 
and organized responsibility of WUA towards IWM. In addition, assured water delivery through SIC 
has also transformed the users to contribute in timely cleaning with reduced maintenance cost of 
their SICs and TICs. Further, the IWM has resulted in access to and coverage of reliable irrigation in 
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tail ends of head, middle and tail reach of command area. Eventually, IWM has built upon the trust 
between the irrigation authority and WUA thereby resulting in organized and better bondage among 
WUAs. Therefore, increment in cropped area, cropping intensity as well as agricultural productivity is 
apparent in KIS. 

Keywords: Efficiency; Modernization; Participation; Water Management
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Abstract
Since the 1980s, the government of Nepal introduced the policy of users’ participation in develop-
ment and management of irrigation projects to enhance their performance and sustainability. The pa-
per focuses on the status and performance of four selected irrigations projects representing both hills 
and plains (Terai) of the country. Specifically, project management functions, farmers’ participation, 
institutional and physical structural attributes and their roles in irrigation system management are 
dealt with. Also change in cropping pattern, cropping intensity and crop yields of the project areas of 
those four projects is presented and discussed. The potential threats and challenges to the irrigation 
systems are also covered. 

The active involvement of Water User Associations (WUAs) seems to be the common management 
ingredient followed in the selected projects. The studied projects were actively supported by the 
farmers as evidenced from their participation in formation of WUAs as well as their involvement in 
construction/rehabilitation monitoring and supervision of the irrigation systems. However, the irri-
gation management transfer seems to be done without adequate prior preparations. Development 
of the capability of the farmers and their representatives in the WUAs was found inadequate.  Overall 
agricultural yields and cropping intensity have been found increased after the farmers’ involvement 
in the irrigation projects. Nevertheless, the cropping pattern remained largely unchanged, even in 
a case where there was sufficient water. This can be attributed to the unawareness of the farmers 
towards modern technologies available in farming. Therefore, for ensuring improved income gener-
ation from agriculture, WUAs should follow cooperative farming and adopt farm mechanization as 
well as go for commercial agriculture. Furthermore, equitable water distribution due to reduced flow 
especially during lean seasons, maintaining financial sustainability for operation and management 
through institutionalized Irrigation Service Fee (ISF) collection are found to be some of the corrective 
measures. Water induced disasters and uncertainty of climate change are found to be the emerging 
challenges and threats to the irrigation systems sustainability.

Keywords:Irrigation system performance; Irrigation management; User’s participation; Water Users 
Associations 
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Abstract
Operation performance in an irrigation system is viewed as a process result of comparison and eval-
uation of the control and management of water (quantity and quality) through a delivery system 
having (modernized) physical facilities aiming to meet the crop water requirements in time, quantity 
and space. Improving operation performance of water delivery through the conveyance system man-
agement is as essential as the tertiary system management, apart from on-farm water management 
by the farmers.

In order to improve performance with the limited available water to be served through the delivery 
system requires accurate control and management of the facility that competes with the intended 
supply at respective offtakes serving the user groups in a large scale irrigation system. This trigger-
san unsteady flow in the hydrodynamics of a canal network while adjusting the control structure 
and managing discharge for the user groups served by the main system. Consequently, volume and 
timing of the actual discharge becomes different from the intended supply at the outlets to the users 
groups. Further, careful design, implementation and maintenance of physical facilities, among others, 
perform a vital role in improving the operation performance of the water delivery system.

A case study has been made on the operational performance of the Sitagunj Secondary Canal (S9) 
System in the Sunsari Morang Irrigation Project (SMIP) of Nepal. The S9 canal is the ninth in an alpha-
numeric series of secondary canals offtaking from the Chatra Main Canal (CMC) in SMIP. The command 
area of S9 is about 7900 ha with 7 numbers of cross regulators and 13 numbers of head regulators 
along S9 canal. The S9 system, experiencing Irrigation Management Transfer (IMT) to WUA under Ir-
rigation and Water Resources Management Project (IWRMP) since year 2012, is originally designed 
to irrigate about 50% of command area at a time during monsoon season crops. With preset service 
level, an attempt to improving the performance of S9 canal operation is thus cost-effective. Three 
sub secondary canal networks, namely SS9B, SS9F and SS9J, representing respectively head, middle 
and tail reach have been taken up under the study for the case of designed condition and actual flow 
condition.

Use of key parameters as the adequacy, efficiency, equity and reliability has been made to study water 
delivery performance at the respective offtakes. A study of the management performance, structure 
performance and operation performance at the offtakes has been made separately for each designed 
and actual flow condition.

In the designed condition, it has been observed that all the offtakes to the corresponding Watercourse 
Canal receive inequitably deficient water, especially in the SS9F canal, due to structural limitations in 
the design. Further, the reliability of water delivery considering management performance coupled 
with the delivery schedule is least in the downstream section due to the incompatible response time 
between the actual supply and the intended supply.
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In the actual flow condition, the supply is less than the intended over the seasons and the discharge 
is fluctuating. The adequacy and efficiency of water delivery do exhibit a small deviation from the 
design case but the spatial and temporal variation are poorer than the designed values due to the 
variable supply and structural limitation.

Keywords: Adequacy; Efficiency; Equity; Modernization; Reliability 
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Abstract
The Rani Jamara and Kulariya irrigation schemes (RJKIS), with a combined cultivable command area 
(CCA) of 14,300 ha, comprise one of the largest Farmer Managed Irrigation Systems (FMIS) drawing 
water from one of the largest perennial rivers called the Karnali river of Nepal. Those systems have a 
long history of existence. Thesesystems were constructed and developed by the indigenous Tharu 
community between 1896 A.D. (Rani System) and 1915 A.D. (Kulariya System). The Jamara System 
was developed from 1903 A.D. onwards. They are over hundred years old systems supporting the 
livelihood of thousands of farmers of that area. Maintenance and operation of the system was a big 
challenge.  Each year, thousands of farmers (called Desawar) contribute labor to divert water from the 
river to earthen channels to the irrigated paddy fields. The Water Users Association has an elaborate 
organizational structure for resource mobilization for the acquisition of water from the Karnaliriver 
to the irrigation systems. However, farmers have encountered difficultyin coping with the changes 
in the river morphology. Typical problems include inability of the farmers to divert water to the irri-
gation systems during low river flows, uncontrolled flooding affecting the scheme during High River 
flow events and frequent wash-out of temporary diversion. They frequently have to make efforts to 
control erosion of the canal banks from uncontrolled intake of water and sedimentation of canals. 
These problems made the water distribution inequitable and inefficient. The last village of this system 
is about 30 km away. The poor road connections made many parts of the command area inaccessible 
during the monsoon season.

The Government of Nepal and the World Bank had initiated the Modernization of Rani, Jamara and 
Kulariya system by providing the water control structures in the intakes and main distributaries of the 
system. Institutional Development of Water Users Associations, access road development and agri-
culture improvement programs were made the package of the modernization program. The second 
order infrastructures for delivery of water at the farm levels are yet to be in place which will be done 
in the second phase of the project.

Effort is made to match the institutional development along with the modernization of the infrastruc-
ture and installation of the control structures. This paper attempts to highlight how the moderniza-
tion of infrastructure has brought changes in the roles and responsibilities of the WUAs at different 
levels of the system.

Keywords: Changes in WUA role and responsibilities; Farmer managed Irrigation Systems; 
Modernization of the system; Traditional organization
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Abstract
The global trend of climate change (i.e. changing temperature and precipitation) leads to increased 
incidences of climate induced disasters such as floods, droughts, landslides and increased occurrence 
of pests and diseases. It has challenged the livelihoods of people affecting people’s asset base and 
agency. These have differential impacts on gender social groups with varying capability to respond 
to climatic stresses. 

Human survival till today has been possible through various techniques of water management in 
an adverse climatic and socioeconomic context (such as floods and drought). Therefore, focusing on 
irrigation and drainage management is crucial to tackle climatic stressors. This paper analyses gender 
vulnerabilities of people living in different stretches (up, mid, downstream) of the Gandaki River ba-
sin with respect to water availability in a changing climate context to identify the gendered need of 
people living in different locations of the basin. Data on people’s perception on climate change, their 
needs and vulnerabilities are collected through participatory anthropological research methods. The 
perception is compared to the findings of the historic climatic trend. The combination of social and 
physical data analysis helped to infer and identify potential water management practices to address 
the needs of the most vulnerable. The paper analyses gender vulnerabilities and needs of communi-
ties in upstream areas where farming based on soil moisture retained through annual snowfall was 
one of the major livelihood strategies besides livestock. In the midstream, the study focuses on cases 
of farming in rainfed and irrigated scenarios. In the downstream, the focus is on rain fed farming in 
flood prone areas and irrigated scenario. The paper highlights location-specific water management 
needs of communities in the basin.

The climatic trend suggested an increasing warming trend prevalent in the Gandaki river basin affect-
ing precipitation patterns particularly in winter seasons. The paper argues that prioritisation of irriga-
tion investment based on climate needs will yield higher benefit from the investment. For instance, 
prioritisation of irrigation investment in the upper belt is the need due to rapid snow melts as well as 
a decline in snow fall. Similarly, in mid and downstream, due to increased temperature and incoming 
radiation in day time, followed by cold nights, farmers pointed as a reason for increased occurrence of 
disease and pest. In such climatic stressors, application of irrigation facilities through sprinkler irriga-
tion rather than the traditional practice of flood irrigation can help in reducing the impact of sunlight 
and temperature on the farm crop. In lack of some of these irrigation facilities, farm dependent com-
munities who lack the capability to diversify livelihood options are most affected, among which the 
marginal and landless farmers (tenant) are the most affected. Women of small holders and landless 
farmers are the most vulnerable to climatic and socioeconomic stressors as they bear a double bur-
den due to differential social norms and values to cope with and overcome the challenges. 

Keywords: Climate change; Drought; Flood; Gandaki River basin; Gender; Water management 
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Abstract
The Participatory Irrigation Management (PIM) Approach in irrigation management as institutional 
capacity development in Nepal was adopted since the 1990s. There have been experiments in apply-
ing   various modalities of Participatory Irrigation Management (PIM) in Nepal. The major approaches 
were; a) construct and improve irrigation infrastructure and hand over the improved irrigation infra-
structures to WUA which is yet to be strengthened, b) first strengthen WUA and identify the essential 
structure improvement (ESI) in participation with the WUA members of the system. The implemen-
tation of the Management Transfer Program of the second modality is being implemented in Nepal 
with technical and financial assistance from the Irrigation and Water Resources Management Project 
(IWRMP) funded by World Bank.

Under this project, Irrigation management transfer program (IMT) was implemented in four large ir-
rigation agency managed systems in Nepal. The paper aims to highlight the objective settingof IMT, 
candidate system selection criteria and process, process and procedures of strengthening institution-
al capacity of WUA, delimiting the role and responsibilities of agency and WUA, agreement between 
WUA and agency and financial status of WUA.

The Kankai Irrigation System of 7,000 ha is taken as a case study to see how those procedures of the 
IMT program have been implemented. The case study attempts to present the strengths and weak-
nesses of IMT in the case study system. The conclusion of the study can be a guide to other IMT pro-
grams.

Keywords: Irrigation management transfer; Participatory irrigation Management; Self-regulating 
and self-supporting features and Institutional development; Water User’s Association with self-gov-
erning
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Abstract
Irrigation management in Asia has faced many challenges associated with rapid economic develop-
ment, as well as political and social changes in recent decades. Despite continuous efforts, the per-
formance of the irrigated agriculture sector has often been assessed as poor relative to investments 
or expectations. Local institutions have been considered crucial for facilitating the collective action 
in irrigation water management. Ostrom (1990) proposed eight ‘Design Principles’ that characterize 
robust self-governing common pool resource institutions and emphasized the importance of these 
principles for understanding why some irrigation systems are robust. 

In this paper we assess the applicability of design principles in irrigation management comparing the 
similarities and differences between Nepal and Thailand. The information comes from the empirical 
study of 100 irrigation systems, 50 each from Nepal and Thailand representing major river basins and 
ecological regions in both countries. Traditional farmer-managed irrigation systems are predominant 
mostly in the hill/foot-hill areas of both countries. These systems feature infrastructure made-up of 
with the use of local construction materials. Such infrastructure often needed annual repair and main-
tenance. However, with changes in government policies, those traditional irrigation systems have also 
received support to improve their infrastructure. 

The results showed that most of the design principles proposed by Ostrom are applicable in irriga-
tion management in Nepal and Thailand. But the level of applicability of each design principle varied 
across these two countries. Some of them were fully and mostly applicable in both countries. But 
others were more applicable only in one country, and rarely applicable in another. The local context 
especially the difference in the irrigation infrastructure also caused such variation in the applicabil-
ity of the design principle, besides other reasons. The result found varied level of conflict resolution 
mechanisms. Water use related conflict was higher in peri-urban systems due to rapid increase in high 
water demanding crops and demand from non-agricultural sectors. Relatively weaker WUAs and lack 
of collective action among users due to large command area and number of users, conflict resolution 
was not effective as compared to rural areas. The findings showed that the highly autonomous FMISs 
in both countries mostly satisfy the institutional conditions for the sustainable management of irriga-
tion systems as discussed in the design principles, and thus they are relatively more robust compared 
to AMISs. 

Keywords: Irrigation water management;Institutions, Design principles, Nepal, Thailand
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Abstract
Attaining a holistic development can be a tricky business when multiple riparian projects reside 
along the stretch of a river. Although the jurisprudence often prioritizes one usability over another 
to smoothen the decision making processes, the concomitant conflicts arising from such projects 
are globally prevalent, the connotations of which are requirements of tradeoffs and synergies. While 
reaching synergies and agreeing on tradeoffs might look easy on the papers, it requires rigorous work 
from continuum of stakeholders ranging from local communities of the affected area to the decision 
makers of the capital, thus adding dimensions spanning social science,hydropolitics and institutional 
management, in the context of irrigation cost recovery and financial sustainability of irrigation sys-
tems. Furthermore, case studies of scenarios of the predecessors, where things have gone both right 
and wrong, often become guideposts for the successors. Thus, this paper scrutinizes global case stud-
ies and literatures addressing two of the most common sectors where such conflicts, tradeoffs and 
synergies have been commonly known to occur along a river: hydropower and irrigation. Some of the 
cases sprawling around the globe from Tanzania in Eastern Africa, Columbia basin in North America 
to Sri Lanka in South Asia, are studied in this paper to understand the multi-faceted dimensions of the 
science of balancing hydropower and irrigation. 

Keywords: Conflicts; Global case studies; Hydropower; Irrigation; Tradeoffs
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Abstract
Eco-Engineering Decision Scaling (EEDS) is an approach that explicitly and quantitatively explores 
trade offs in stakeholder defined engineering and ecological performance metrics across a range 
of possible management actions under unknown future hydrological and climate states.The EEDS 
framework significantly contrasts with approaches typically used to assess the environmental impacts 
of water infrastructure projects by evaluating tradeoffs in the initial stages of planning and develop-
ment rather than as a post-hoc “impact” assessment. Such early evaluation of ecosystem vulnerability 
is needed to reveal a range of potential design and management options in complex social-ecological 
systems. 

EEDS has been designed as a stakeholder-centered process mediated with technical inputs, which as-
sumes that engagement with and service to stakeholders is critical to the ultimate success of adaptive 
resource management in a multi-institutional management context. It follows an iterative five-step 
process that includes defining system performance criteria, building a systems model, conducting 
a vulnerability analysis, evaluating options, and identifying a preferred decision (and, if necessary, 
reevaluating management options and/or criteria). 

The EEDS approach was developed by a joint team of ecologists and engineers (Poff et al. 2016) with 
the support of the US National Science Foundation to integrate adaptive species and ecosystem 
management, especially when water infrastructure design and operations decisions may be an im-
portant component of the management decisions.It is based on a more general method ofdecision 
scaling that was developed within the water resources management community (Brown et al. 2012) 
to address complex multi-stakeholder decisions associated with high levels of uncertainty in future 
hydrological conditions. Although newer, EEDS is rapidly growing in acceptance: a national-scale 
application of EEDS is underway in Mexico with the Mexican Water Commission (CONAGUA) and 
WWF-Mexico, while a guidance publication published by the US federal government UNESCO water 
center ICIWaRM (housed by the US Army Corps of Engineers (Mendoza et al. in press)) is forthcoming 
in late 2017 / early 2018.

Keywords: Ecosystems; Infrastructure; Uncertainty; Vulnerability assessment



120

Proceedings of 8TH Asian Regional Conference of ICID
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Abstract
Many dams have been constructed in the rivers of Nepal in the past in the process of diverting water 
for power generation and irrigation ensuring around the year irrigation by implementing larger-sized 
schemes, particularly reservoir types, the rate of damming of rivers is going to increase rapidly in 
the future. The rivers flowing through varied ecological realms of the country host many indigenous 
rare and endangered fish species and other aquatic organisms creating a unique river ecosystem. 
However, in the absence of study on the type and population of aquatic biodiversity in the rivers of the 
country, their migratory behavior and movement routes, spawning grounds, range for feeding and 
reproduction etc. are not fully studied and understood. Due to the lack of information, the decision for 
locating dams in rivers all over the country has become an environmental challenge. Hence, the past 
and on-going development efforts of damming rivers have incurred huge environmental cost, with 
serious and irreversible impacts on aquatic biodiversity. 

In the above context, a rapid study was conducted on the impacts of damming of rivers in Nepal 
on the fish biodiversity.1For this purpose, a number of sample hydropower projects and irrigation 
systems with dam were studied.2International good practices, particularly in South Asia, for mitigating 
the impacts of dam on the fish biodiversity were also studied. The study reviewed the mitigation 
and compensation measures adopted in past projects and their result, and recommended alternative 
measures which were proven to be successful in the past. A “fish biodiversity screening checklist” 
was also prepared to screen future development projects for fish biodiversity during conducting 
their environmental assessments and design appropriate mitigation measures depending on the 
significance of impact. The Study also aimed to prepare a basis for future research on fish biodiversity 
in the rivers of the country to better understand the impacts and formulate appropriate mitigation 
measures. 

Fisheries in Nepal are a significant source of food, nutrition, recreation, and the basis of a traditional 
way of life and livelihood. Use of fish as food and nutrition support Terai, Hill and High hills, and 
livelihood as primary and secondary source of income. Recreational angling is rapidly picking-up 
in Nepal, which boasts some highly sought-after game fish species like the Golden Mahseer (Tor 
putitora) and Gonch (Bagariusyarrellii). Maintenance of healthy fish habitats is a vital ingredient for 
generating economic and social benefits from fisheries. This requires a comprehensive approach to 
fisheries management that includes not only the conservation of existing fish habitats but also their 
restoration and development.

1The Study focused on fish and did not consider impacts on phytoplankton, zooplankton, crustaceans, mollusks, worms, 
birds, mammals, reptiles and herpetofauna.
2Kaligandaki HEP, Marsyangdi HEP, Middle Marsyangdi HEP, Kulekhani HEP, Khimti HEP, Trishuli HEP, and Babai 
irrigation projects were studied. Also baseline of the proposed Dudhkoshi and Upper Karnali HEPs were referred by 
the Study.
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Fish habitats can be damaged in ways both obvious and subtle, and by changes that are big or small. 
For example, a fish habitat can be equally damaged by a large hydro project or a poorly installed 
culvert that blocks the migratory route of endangered and vulnerable fish species. Among the most 
common threats to fish habitats are those associated with damming of rivers for water diversion, 
including dry river stretches downstream from the dam destroying the riverine ecosystem. Population 
depletion of fish species is not solely caused by dams. Many abiotic and biotic factors also play a role 
in the reduction of fish populations. Increase of silt and contaminants in the water, reservoir formation 
on a free-flowing river environment, removal of sand or gravel from river beds, and industrial and 
municipal waste are other causes of destruction of riverine ecosystem.

The Study recorded 223 dams at different phases of development at different locations in the river 
basins of the country. Comparative study of environmental impacts and effectiveness of mitigation 
measures in 13 dam projects was carried out, the result of which shows that all the dammed rivers 
are inhabited by Tor putitora, Bagariussp, Clupisomagaruaand Anguilla bengalensis, which are 
long-distance migratory fishes. Of these four species, Tor putitora and Bagarius sp. are listed un-
der the IUCN Red List as “endangered” and “near threatened species”, respectively. Similarly, several 
short-distance species such as Schizothoraxrichardsonii, Puntiuschelynoides, Tor tor, and Neo-
lissochilushexagonolepis were also recorded in most of the rivers. Among these species,Schizotho-
raxrichardsonii is “vulnerable” as per the IUCN Red List and Neolissochilushexagonolepis is “near 
threatened.” Different studies and field observations have clearly indicated that fish populations are 
adversely affected by the formation of dams, which is worth researching for estimating the percent-
age of reduction, confirming reasons and developing more appropriate mitigation measures through 
a comprehensive study. 

The Study has mapped the inter-linked route of short- and long-distance migratory fishes in Nepalese 
rivers and found that the locations of dams have not been selected in reference to the cumulative 
impact on fish migratory routes (refer map of the migratory routes of two long-distance migratory 
fishes- Tor putitora and Anguilla bengalensis).

The Study also referred to the regional experience of impacts of dam on fish populations and suc-
cessful mitigation measures adopted in the South-East and South Asian regions. By assessing the im-
pacts in the existing projects and lessons learned, the Study has proposed various types of mitigation 
measures to maintain the migratory route of fishes through dams. Some of these include providing 
pool-type fish ladder, Denil fish passage, natural fish by-pass channel, catch and haul system, fish lock, 
fish lift, or breeding fish in fish hatchery and annually releasing the fingerlings at both upstream and 
downstream stretches of the river to maintain their populations.

The Study has recommended updating the existing aquatic animal protection policy and act of 
the government. The government should update its almost two-decades-old environmental policy 
and regulations to make cumulative impact assessment a mandatory requirement for environmen-
tal impact assessments. These regulations should reverse the waiver of EIA for hydropower projects 
up to 50 MW capacity, and rather peg this with the significance of impact. The Study observed that 
strategic environmental assessment (SEA) should be carried out for important and relevant national 
policy plans and programs, including the hydropower and irrigation policies and master plans. The 
Study has also recommended establishing a National Aquatic Biodiversity Sub-committee under the 
framework of the National Biodiversity Conservation Committee for achieving collective support of 
all stakeholders, supporting the government in policy making and conducting independent moni-
toring of compliance in projects under construction or operation. An effective regional cooperation 
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mechanism between Nepal, India and Bangladesh should be established to collectively conserve the 
valuable and threatened aquatic fauna by ensuring their transboundary movements for feeding and 
reproduction during their respective lifecycles. The Study has also recommended declaring a few river 
basins as aquatic life conservation areas. A strong local-level mechanism for monitoring and con-
trolling illegal and destructive fishing and damaging of fish habitat/spawning grounds by mining 
or industrial discharges should be established by the government by mobilizing communities, en-
hancing their awareness and motivating them by compensating them by payment for environment 
services and for protecting aquatic life.

The Study finally recommends a follow-up comprehensive study of aquatic biodiversity to establish a 
national level database, and develop measures such that a balance can be drawn between develop-
ment projects and conservation of aquatic biodiversity. The outcome of the proposed study would be 
an important reference for decision makers while choosing projects and their location across rivers 
in the future

Keywords: Dam; Aquatic biodiversity; Indigenous fish species; Environmental impact; IUCN red list; 
Fish passage
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Abstract
Sustainable water resource management has become a key challenge in this 21st century. The ev-
er-growing demands of water supplies for domestic consumption, irrigation and energy have stressed 
river ecosystems immensely than ever before worldwide. In Nepal, amongst others, mountain head-
waters are highly threatened due to constructions of multiple irrigation channels along their water 
courses. Many of the springs and streams have been dried before they confluence to the main river 
channel. The consequences might be enormous for the mobility of aquatic organisms and overall 
biodiversity. However, studies on the impacts of irrigational water abstraction in the river ecosystems 
and biodiversity are largely lacking. This study aims to (i) assess the impact of altered flow regimes on 
benthic macroinvertebrates communities downstream of the water diversion and (ii) identify sensi-
tive biotic metrics for assessing the impact of altered flow regimes. Over 1000 benthic macroinver-
tebrates samples were collected from the middle mountain rivers in the Mahakali and Karnali river 
basins of western Nepal during post-monsoon, baseflow and pre-monsoon seasons in the years 2016 
and 2017. Multiple water diversion projects in a single river have worsened the river health, which is 
very well reflected in the altered benthic macroinvertebrates’ abundance and composition. Species 
diversity indices, EPT diversity and community abundance have been identified as candidate biolog-
ical metrics that are well responsive to flow regimes caused by such water diversion projects. Further 
we envisage establishing environmental flows to maintain the river health in rivers of western Nepal.

Keywords: Benthic macro invertebrates; Environmental flows; River health; Water resources manage-
ment
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Abstract
Springs are the important source for drinking and irrigation activities in Nepal’s middle hills region. 
While springs in the area are primarily used for domestic purposes, water available in excess of do-
mestic usage is routinely diverted for agricultural purposes. Recent years have witnessed a distur-
bance in the monsoonal rainfall patterns which subsequently resulted in a decrease in the spring 
discharge. This has a direct consequence on the socio-economic fabric of the middle hills, where 
agriculture is the backbone of livelihoods and economy. Despite the importance of springs as a vi-
tal livelihood driver, there exists a dearth of scientific studies in Nepal’s middle hills region to un-
derstand the spring system in order to design interventions for the long-term sustenance of water 
sources as a part of adaptation measures.This study marks the first attempt in this region to employ 
the hydrological monitoring of springs, remote sensing techniques for land use/cover characteristics 
and environmental stable isotopes (δ18O and δD) to understand the controls on the spring system in 
two pilot catchments, Banlek and Shikarpur located in the far-western region of Nepal. An automatic 
weather station was installed along with flow gauges to monitor the temporal variations in weather 
parameters, spring discharge and river /stream discharge at a daily interval in two pilot catchments. 
Multi-spectral remote sensing data from ZY-3 satellite with 2-m resolution was used to map land use 
patterns and to demarcate the agricultural area in the pilot sites.  Based on the demarcated agricultur-
al area, the water requirements of the primary crops in the main agricultural seasons were calculated. 
Water availability from spring flow monitoring was related with the estimated water requirement to 
calculate the amount of area which can be irrigated with excess water after domestic consumption. 
An isotope sampling was conducted in two catchments totalling 422 samples to locate the key re-
charge zones. The δ18O and δD composition in the spring water indicated the recharge primarily from 
rainfall events determined from its closeness with the Local Meteoric Water Line (LMWL). By relating 
elevation dependent on the isotopic composition of rainfall events with spring water samples, the 
main recharge zones for the spring system were demarcated. The recharge elevation range derived 
from isotope analysis will aid in designing adaptation interventions such as recharge ponds, afforesta-
tion and protection of source area from future land degradation.

Keywords: Hydrological monitoring; Isotope sampling; Nepal mid-hills; Springs
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Abstract
Nepal is rich in water resources and aquatic biodiversity. Over 186 native fish species are found across 
a wide geographic range of the country consisting of lowland plains, mid-hills and the Himalayas. The 
Karnali River is Nepal’s longest river (507km) and is known to have a diverse habitat for native and 
migratory fishes. However, there is limited information on the distribution, ecology and diversity of 
Karnali’s many fish species that are culturally, economically and ecologically significant. Most of the 
fish species have been identified using morphology alone, and hence their identification accuracy re-
mains questionable. To create thorough baseline knowledge on fish species found in the Karnali River, 
we created Nepal’s first fish genetic reference database using DNA barcoding and environmental DNA 
metabarcoding techniques as part of Nepal Fish Biodiversity Project. We collected a total of 635 fish 
and 90 environmental DNA samples (eDNA) in two seasons (dry and wet) at nine sites in the Karnali 
river. The fishes were characterized into 65 species using traditional morphological analysis. Through 
fish specific barcoding genes (16S and COI) in mitochondrial DNA, we genetically identified a total 
of 56 unique fish species. Furthermore, we analyzed eDNA water samples and found 25 fish species 
of which 17 species matched with genetic identification and 8 species were detected only in eDNA 
samples. 76% of the samples matched across genetic and morphological identification on a genus 
level while 66% of the eDNA sequence reads matched universal DNA databases (GenBank, MitoFish). 
In total, 64 species of fish were identified using DNA technology (eDNA and DNAbarcoding) for the 
first time in Nepal. The eDNA tool developed through our study is useful in detecting, identifying and 
estimating abundance of fish species using water samples. Potentially, this can be used to create a 
baseline fish database of watershed systems, and can be used to regularly monitor fish biodiversity. 
There are numerous hydropower projects being planned in the Karnali river; fish biodiversity data ob-
tained through eDNA can be used as part of environmental assessment for planned hydroelectricity 
projects. 

Keywords: Biodiversity; DNA barcoding; eDNA (environmental DNA); Fish; Karnali; Nepal
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Abstract
There is a need for greater understanding of various dairy farming systems and their effectiveness in 
terms of milk production, water use and nutrient leaching in order to adopt systems that maximise 
production whilst minimizing adverse impact on water quantity and quality, in response to growing 
global water scarcity. This study examined the performance of dairy farming systems in five coun-
tries: Brazil, Ethiopia, Nepal, New Zealand and USA, to identify water-related common features, issues 
and needs, to support productive and environmentally acceptable production systems.The study 
was based on existing databases of FAO (FAOSTAT/AQUASTAT), and country-specific data sources. 
Key similarities and differences, primarily in terms of dairy farming operation, milk production and 
irrigation management practices were also identified.

There are primarily three types of dairy farming systems within the studied countries. The dominant 
dairy farming system in Brazil and New Zealand is pasture-basedopen grazing to take advantage of 
the warm climatic conditions that favour grass production and allow stock to be grazed outside al-
most all year round. In the USA, stall-feeding dairy farming is more popular as in many states; a pas-
ture-based system cannot support high genetic Holstein cows. A mixed dairy farming is traditionally 
adopted in Ethiopia and Nepal, where cows live in a house during the night and leave outside during 
the day for grazing. The stall feeding dairy system mostly depends on concentrated feed while the 
pasture-based dairy system heavily depends on grass feed. The mixed dairy system depends on both 
grass and concentrated feed. Over the study period, milk production per cow per annum was the 
highest in the USA stall-feeding system, followed by the New Zealand pasture-based system, with the 
mixed approach in Ethiopia producing the least.  

Dairy farming is expanding extensively in water-scarce warm areas, where irrigation is essential to en-
able more intensive dairy farming, which adds pressure on water resources. Compared to the mixed 
and pasture-based systems, the stall-feeding system poses more pressures on water quantity, as the 
water requirement to produce same amount of concentrated feed is higher than to produce a mixture 
of grass, crop residues and fodder. 

In many types of irrigated dairy farming, irrigation schedulingdoes not account properly for Plant 
Available Water (PAW), soil moisture status, and plant growth stages. This makes it difficult to match 
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irrigation applications to crop water requirements. Thus, irrigation applications create excess water 
over the soil’s storage capacity in the root zone, resulting in water andnutrients entering groundwa-
ter and surface water. Nitrate leaching, and subsequent contamination of groundwater and surface 
water, is the biggest common environmental problem in the studied countries, with the high inten-
sitystall-feeding system in the USA and the pasture-based system in New Zealand,being the most 
challenging in terms of managing nutrient losses.

Irrigation networks with sufficient and appropriate flow control structures, and irrigation scheduling 
that incorporates PAW, soil moisture and plant growth stages are prerequisites for conversion of low 
productive agricultural land into high productive dairy farming where the impact on water quantity 
and quality is of concern.

Keywords: Irrigation scheduling; Mixed dairy farming system; Nutrient leaching; Pasture-based 
dairy farming; Stall feeding dairy system
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Abstract
Introduction of new high responding varieties, the necessity for higher economic yields and low fer-
tilizer costs have resulted in the rapid increase in fertilizer consumption. This increase in the use of 
fertilizers has raised many questions concerning nutrient pollution of the surface and ground waters. 
When fertilizers are applied to agricultural lands, a portion usually leaches through the soil and to the 
water table. The Tarai region of Udham Singh Nagar district in Uttarakhand and adjoining district 
of Rampur, in the north - west Uttar Pradesh in India, is endowed with very fertile soils coupled with 
good rainfall. Due to this and other favourable agro  climatic conditions, the area has been under in-
tensive agriculture for the last five decades or so. During this period, there have been many changes 
in the area.  Considering the above, the present study was undertaken to assess the pollution level 
in this area, due to extensive use of fertilizers. This study was selected because of the fact that the 
drinking water in the region is largely drawn from the shallow aquifers and, if polluted, it might have 
adverse effects on the health of the inhabitants. 

The analysis of various forms of nitrogen, in ground water, from agricultural fields (Long and Short  
Term Fertilizer Trials) reflected some sort of chemical pollution in the form of higher values of total 
alkalinity, chloride, total hardness, Ca and Mg hardness.  This indicates that long term uses of fertil-
izer lead to infiltration of nutrients like Ca and Mg to the ground water which may ultimately lead to 
changes in the chemical characteristics of water. Comparison of various forms of nitrogen showed 
that the nitrate content was high in ground water from the fertilizer trial areas. Total nitrogen (inor-
ganic and organic forms) in water was highest for agricultural areas. The high values of total nitro-
gen in ground water of agricultural areas clearly indicate percolation of nitrogenous fertilizers to the 
ground water but the levels are still relatively low. However, since nitrate percolation to ground water 
is a slow process, there is danger of high levels of NO3 accumulation in ground water in the next few 
decades.

Keywords: Agriculture; Chemical pollution; Groundwater; Infiltration; Nitrogenous fertilizers
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Abstract
The runoff export of phosphorous from paddy field could affect the adjacent water environment.  In 
order to understand the characteristics of phosphorus in the paddy field, this study analysed PO4-P 
and T-P concentrations of irrigation water, flooding water, and runoff through field monitoring.  In 
addition, the correlation between pH, EC, and DO in flooding water was analysed and the factors 
affecting phosphorus behaviour in paddy water were investigated. The concentration of T-P in flood-
ing water was high during the survey period, and the concentration of T-P in runoff was decreased 
by dilution by irrigation and rainfall. On the other hand, the ratio of PO4-P to T-P was lower than that 
of irrigation water in flooding water and runoff, which was interpreted to be due to the fact that the 
phosphorus fertilizer was applied in the paddy field but the adsorption was rapidly occurred to the 
paddy field by the soil. The similar ratio of PO4-P to T-P in flooding water and runoff suggest that the 
distribution of phosphorus outflowed from the paddy is determined by the distribution of phospho-
rus in the flooding water of paddy field. Furthermore, the ratio in flooding water was affected by 
DO level of irrigation water. Soluble form of phosphorous could be readily available for algal bloom. 
Therefore, irrigation water quality would play important role in sound ecosystem conservation.
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Abstract
Climate smart villages (CSV) involve implementing a portfolio of the best locally suited climate 
smart agricultural (CSA) practices in an integrated manner to build the resilience of the local com-
munity. Land and water interventions (LWI) form a significant part of the CSA practices portfolio with 
water availability being the key limiting factor. Generally, practices are implemented based on stake-
holder consultations and perceived benefits with limited quantitative impact analysis due to limited 
capacity to develop complex and data intensive methods/models. To aid in this decision making pro-
cess of prioritising LWI,  we have developed a simple and robust excel based water balance impact 
tool that could provide useful insights to prioritise interventions via linking their impact on water 
balance to the CSA objectives of agricultural productivity, climate change adaptation/resilience and 
mitigation. The tool involves simulating water balance with modified Thornthwaite-Mather method 
with runoff calculated using the SCS runoff method and evapotranspiration using the Hargreaves 
method and appropriate crop coefficients. Multiple LWI are integrated in the tool with their impact 
categorised under physical processes or parameters of surface storage, groundwater recharge, wa-
ter application efficiency, runoff and soil moisture availability. Resultant impact of interventions is 
quantified in four metrics of change in yield, irrigated area, drought resilience and GHGs emissions 
intensity. To prioritize interventions for CSV, impact metrics of the LWI practices are compared along 
with the cost. 

The above approach is implemented in the CCAFS-ITC project villages of Barbakheri, Sehore District, 
and Sitaljhiri, Betul district in Madhya Pradesh. Multiple LWI scenarios based on local context and 
stakeholder consultations LWI were developed and applied.  Water balance tool performs well in sim-
ulating village water balance and its impact on yield of rainfed and irrigated crop area. The analy-
sis points that only the combination of supply, demand and moisture conservation practices have a 
significant impact in improving village productivity, resilience and GHG emissions reduction. Results 
indicate the utility of the tool to be used along with stakeholder consultations to prioritise interven-
tions. In the next step, findings could be generalised based on clustering of village (typologies) which 
could be used to transpose the findings to similar villages.

Keywords: Climate smart agriculture; Climate smart villages; Land and water interventions; Excel 
tool, Prioritisation; Water balance
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Abstract
Most of the Rivers in Nepal are ungauged. Estimation of reliable monthly flow and e-flows of the 
ungauged rivers quickly and in a cost effective manner is very important for the design of the small 
water resources projects such as medium irrigation projects, micro and mini hydropower projects. 
Updated Medium Irrigation Project (MIP) Method-2016, developed by Water Resources Project Prepa-
ratory Facility (WRPPF) is very useful tool for the estimation of monthly flows of ungauged rivers and 
e-flows.

The MIP Method (hydrological estimation method), developed in 1982, divides Nepal into 7 hydrolog-
ical regions. The primary sources were data from 34 gauging stations and a large number discharge 
measurements taken during the low flow season. The result was non-dimensional hydrographs for 
the 7 hydrological (assumed to be homogeneous) regions and separation of 7 regions are basically 
focused on physiographic regions of Nepal. The updated MIP 2016 has delineated 22 different Hy-
drological Regions based on climate, vegetation, soil and other geological elements, land use, other 
physiographic characteristics such as elevation, slope and flow characteristics of 103 gauging Stations 
established by Department of Hydrology and Meteorology (DHM).

The MIP 2016 method is easy to apply which does not need use of complex hydrological model, com-
plicated equations and long term hydrological or meteorological data. It has provision for monthly 
flow estimation to both snow fed and rain fed rivers. Input of one-time discharge and date of mea-
surement will gives a yearly mean hydrograph and hydrograph of 80% dependable flows. This meth-
od is customized to Grass GIS; and also spread sheet is available for quick and estimation. This method 
will be applicable for estimation of e-flows which is one of the key hydrological parameters for river 
diversion/reservoir projects. This paper will focus on introduction of new updated MIP method for 
monthly flow estimation and its application on dependable and e-flow estimation.

Keywords:E-flow; Hydrological regions; MIP methods; Ungauged
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Abstract
Sunsari-Morang irrigation scheme withdraws water from Saptakoshi River through a side intake locat-
ed at Chatara. Koshi River exits the Siwaliks and enters the Terai Plains at Chatara reach. A mid-chan-
nel bar was formed in the river reach near the intake, after the high flow season in 2016 which may 
be attributed to the development interventions carried in the Koshi River upstream of the irrigation 
intake. The bar formation has caused the river to bifurcate. The intrinsic asymmetric nature of the phe-
nomena has resulted in unequal distribution of discharge among the branches. As such less amount 
of discharge flows along the branch towards intake. The discharge available in the branch is reported 
to be insufficient for the irrigation scheme during the dry season flows.Design of mitigation measures 
would first require understanding of the short-term as well as long-term effects of existing infrastruc-
ture in morphodynamics of the river reach. So, this contribution investigates the formation of the 
mid-channel bar and its dynamics using a morphological numerical model. The parameters of the 
model are derived from the field data acquired by previous engineering studies. Satellite image anal-
ysis are carried out to validate the results of the numerical model. Long-term and short-term effects 
of several reach scale non-structural sediment management measures on the bar morphodynamic 
are alsostudied. Based on the model results appropriatemitigation measures are recommended for 
further investigations. 

Keywords:Bifurcation; Numerical Modelling; River Morphodynamics; Sunsari-Morang irrigation 
scheme
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Abstract
Participatory basin planning may be seen as animportant approach to water resources management 
in Nepal: providing options and scenarios for future developments and identifying priorities and de-
mands from different sectors and stakeholders.The concept and implementation of basin planning, 
in conjunction with other development practices, is slowly maturing in Nepal. There is increasing in-
terest from the public and private sectors who want to genuinely empower people at the local scale 
while undertaking regional coordination, where necessary (e.g. to manage upstream/downstream 
competition or international agreements on water resources). 

The basin planning process involves assessing how people currently use water, their future develop-
ment and livelihood aspirations, and the role of water use in meeting those aspirations. The process 
quantifies the water resource available across the basin and distribution during the year using hydro-
logical models. It also promotes understanding the long-term trends in both water availability (e.g. 
noting potential impacts from climate change or major infrastructural development), and how the 
users may need to adapt to those changes. Stakeholder participation is therefore essential to under-
stand population expectations and priorities, to establish future scenarios for development, and to 
define investment allocations to obtain the desired outcomes for managing the water resources in 
the basin.

The Kamala basin in the eastern region of the Tarai in Nepal, has an area of approximately 2000km2 
and a population of nearly half a million people, with most people reliant on agriculture as their main 
source of income. Irrigation is essential for production since the rainfall distribution is concentrated 
during the monsoon (Jun-Oct), and most of the streamflow occurs during four months of the year. 
Floods during the monsoons are a frequent hazard, but water drains rapidly. Water for irrigation be-
comes insufficient after March until monsoon rains start. The existing surface-water canal irrigation 
system could be improved to reduce water loss caused by uncontrolled seepage and evaporation. 
The groundwater system provides adequate water for urban supplies, and is pumped for irrigation in 
some areas.

This study reports our methodology for undertaking basin planning for the Kamala basin. The meth-
odology includes iterative consultation with participatory planning and water resource specialists 
from Nepal and Australia. We also estimate the available surface water resource using the GR4J hydro-
logical model, and how these estimates vary under CMIP5 climate projections.

Keywords: Basin plan; Irrigation; Stakeholder engagement; Water management  
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DIPAK GYAWALI: Mr. Gyawali is a Pragya (Academician) of Nepal Academy 
of Science and Technology and Chair of non-profit Nepal Water Conservation 
Foundation conducting interdisciplinary research at technology-society interface 
from perspectives of Cultural Theory. A hydroelectric power engineer and a 
political economist, he served as Nepal’s Minister of Water Resources in 2002/03. 
He has chaired or served in advisory boards and review missions of various 
international organizations including EU’s review of its water research between 
FP4 to FP6, UNESCO’s International Hydrological Program IHP-6, UNESCO IHE-
Delft for its institutional aspects and course standards, Coca Cola’s  international 
environmental advisory board, US Pacific Northwest National Lab for its 

4-volume state-of-the-art Human Choice and Climate Change, and management specialist to Myanmar’s 
Ayeyarwadi IRBM. He was a member of the panel of experts of the Mekong River Commission reviewing 
its Basin Development Plan, the World Bank’s Inspection Panel on Vishnugad-Pipalkoti HEP, and a PhD 
examiner in Oxford, Wageningen, Anna, Helsinki and Altaao Universities. Currently he is on the technical 
advisory committee of UNESCO’s World Water Assessment Program, the scientific program committee 
of Stockholm International Water Institute, IDS Sussex’s STEPs Center as well as guest senior research 
scholar with the International Institute for Applied Systems Analysis (IIASA) in Laxenburg, Austria.

DR. ADITI MUKHERJI: Dr. Mukherji is a Theme Leader, Water and Air at 
the International Centre for Integrated Mountain Development (ICIMOD) 
and is based in Kathmandu, Nepal. Previously, she was a senior researcher at 
International Water Management Institute, Colombo and New Delhi. She has 
over 18 years of experience working on policies and institutions of water 
resources management in South Asia, Central Asia and Nile Basin. She has a 
PhD in Human Geography from the University of Cambridge, United Kingdom. 
She has published over 50 peer reviewed research papers, including two edited 
books by Taylor and Francis. In 2012, she was awarded the Inaugural Norman 

Borlaug Award for Field Research and Application, endowed by the Rockefeller Foundation and given 
by the World Food Prize Foundation, USA. She is currently a part of the 6th Assessment Report team 
of the IPCC and will contribute as a Coordinating Lead Author in the Working Group II on Adaptation 
and Vulnerability and as a Review Editor of the Special Report on Cryosphere and Oceans in a Changing 
Climate.
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DR. ANJANA SHAKYA: Dr. Shakya is a Capacity Building & Higher Education 
specialist for USAID Paani program. Her major academic and professional 
experience concentrate on strengthening the capacity of individual to institution 
for biodiversity conservation, climate resilience and sustainable water resource 
management.  Prior to Paani program, she was involved in Pilot program for 
Climate resilience led by Ministry of Population and Environment & Department 
of Soil Conservation and Watershed Management; water quality monitoring 
programs of Department of Hydrology and Meteorology, Bagmati River 
Basin Improvement project, Ground Water Resource Development Board; 
and Environmental monitoring activities of various hydropower projects. She 

has been the visiting faculty and research member to Kathmandu University and NORAD organized 
Environment Education and Sustainable development program and Central Department of Environment 
Science, Tribhuvan University. She received M.Sc.(Microbiology) from Tribhuvan University and M.Phil.  
and PhD (Educational Leadership/ Environment Education and Sustainable Development - core research 
area) from Kathmandu University.

BASHU DEV LOHANEE. Mr. Lohanee is a Deputy Director General in 
Department of Irrigation, Government of Nepal. He was a Lecturer in Institute 
of Agriculture and Animal science, Tribhuvan University before joining current job. 
He is a founding member and General Secretary of Nepal National Committee 
of ICID (NENCID). Mr. Lohanee has received several awards, fellowships 
and published several book chapters. He has expertise on Irrigation design, 
implementation, supervision, operation & maintenance, water management and 
irrigation management transfer, etc. He completed the research on modelling 
and assessment of population supporting capacity of Tekeze river basin of 
Ethiopia. Mr. Lohanee has completed B. Tech. in Agricultural Engineering from 

Punjab Agricultural University, India and M. Sc. (Natural Resource Management) from ITC, Enschede, The 
Netherlands.

DAMODAR BHATTARAI: Mr. Bhattarai is a retired Civil Engineer from GoN 
service and now working as a freelance consultant particularly procurement 
and contract management in the field of water resources. He worked for GoN 
from 1975 to 2007 in various capacities from District Public Works Engineer 
to Divisional Engineer at District Irrigation Office, Dang; Senior Divisional 
Engineer at the Water & Energy Commission Secretariat, Department of Water 
Induced Disaster Management, to Superintendent Engineer and Deputy Director 
General at the Department of Electricity Development prior to retirement. Mr. 
Bhattarai’s present assignment is to provide support as Procurement Specialist 

for the IWRMP component A and Bagmati River Basin Improvement Project of the Government of 
Nepal funded by the World Bank and ADB respectively under Fullbright Consultancy Pvt. Ltd. He has 
visited various countries like Afghanistan, Austria, Egypt, France, Germany, Belgium, Netherlands, France, 
India, Indonesia, Japan, Malaysia, Norway, Singapore, United Kingdom and United States of America. 
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DR. GUNA NIDHI PAUDYAL: Dr. Paudyal has a Doctorate in Integrated 
Water Resources Modelling & Management, post-doctoral trainings in design 
of hydraulic structures, modelling of water & environmental systems and 
climate change impact. He has built up some 35 years of academic and 
professional experience in hydrology, water resources, river engineering, flood 
risk management and flood forecasting, specialising in the development and 
application of numerical models in large river basins of south and southeast Asia. 
He has been instrumental in setting up real time flood forecasting systems in 
Bangladesh, Thailand and recently in India and Nepal, together will institutional 
capacity building. Dr. Paudyal has been faculty member of Asian Institute of 

Technology (AIIT) and associated as visiting professor to Universities in Japan, Malaysia, external Ph.D. 
examiners to IIT Roorkee, University of Qubec, Canda and other universities. 

DR. IR. KARIM SHIATI: Dr. Shiati obtained B.SC. in Irrigation Engineering 
(1973, Iran); M.SC. in Water Resources Engineering (1977, New Zealand) and 
Ph.D. in Water Resources/Environment (1991, The Netherlands).Dr. Shiati is 
involved in ICID activities since 1993, as the Vice President of ICID (2006-2009) 
and at the present is the Chairman of Asian Regional Working Group ARWG 
(since 2006) and member of ICID work bodies, namely WG – PQW (since 1997), 
WG – Climate Change (since 2006) and member of UN-Water Task Force on 
Water and Climate Change TFWCC (since 2009).At present he is a member 
of Managing Board and Head of Water Resources Department of YEKOM 
Consulting Engineers (since 1978). His key qualifications are Water Resources 

Development, Irrigation & Drainage networks, Water Quality and EIA of water related projects.He is 
currently member of High Council of Iranian National Committee on Irrigation and Drainage (IRNCID).

DR. KHEM RAJ SHARMA: Dr. Sharma is a professor at Nepal Engineering 
College (nec) affiliated to Pokhara University and is working as the Director 
of nec Center for Postgraduate Studies. He served as the member secretary of 
Nepal National Committee of ICID during 1992-1999. He also worked as the 
Coordinator of MSc Interdisciplinary Water Resources Management Program 
of nec during 2009-2014. He has specialized in Soil and Water Resources 
Engineering and worked for the Department of Irrigation (Dol), Government of 
Nepal, for several years as Research Chief and Project Coordinator of irrigation 
development projects. He has also worked as an engineer-in-charge of the 
Integrated Hill Development Project and the Hill Food Production Project. He 

led Crossing Boundaries Project under South Asia Water Partnership supported by the Government 
of Netherlands from 2009-2011, and IDRC supported South Asian Water Fellowship Program at nec 
during 2012-2015. He has authored two books, edited seminar proceedings, published research papers 
in peer reviewed journals and presented numerous scientific papers in national and international forums. 
He worked on a short-term basis for various international agencies as a consultant and has taught and 
guided engineering students on their thesis works.
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DR. KRISHNA P. PAUDEL: Dr. Paudel is Director/Senior Water Resource 
Engineer in CMS Engineering Consult Pvt. Ltd., Nepal. Before joining CMS 
Engineering Consult in 2008, he worked in Department of Irrigation, GON from 
1990 till 2005. Mr. Paudel received his PhD in Hydraulic and Sediment Engineering, 
UNESCO-IHE and Wageningen University, the Netherlands in 2010, MSc in 
Hydraulic Engineering, UNESCO-IHE, the Netherlands, in 2002 and BE (Civil 
Engineering), University of Roorkee (now IIT Roorkee), India in 1989. He has 
about 28 years of overall experience in planning, design, construction monitoring 
and management of Irrigation and Water Resource Engineering works in Nepal. 

DR. LUNA BHARATI: Dr. Bharati has 15 years of post-PhD. experience 
as a scientist and research manager. She is currently a principal researcher at 
the International Water Management Institute (IWMI). The key areas of her 
expertise are in sustainable water resources management, assessing climate 
change impacts and adaptation strategies. Prior to IWMI, she worked for the 
Center for Development Research (ZEF) in Germany. She has a Bachelor in 
Ecology with a minor in Economics from Luther College, USA and a Masters 
in Water Resources from Iowa State University. She conducted her doctoral 
research at the Dept. of hydrological modeling at the Helmholtz Center for 
Environmental Research UFZ, Germany. She has authored over 100 publications 

including 1 book and 34 articles in ISI journals. She has reviewed research proposals for donors and is 
involved in teaching Masters and Doctoral courses at ZEF. She has worked in North America, Europe, 
South Asia and West Africa.

MADHAV BELBASE: Mr. Belbase is a Joint Secretary and presently working 
as a chief of Water Resources Division at Water and Energy Commission 
Secretariat of Nepal, a government organization and an apex body for plan and 
policy formulation in Water and Energy sector of Nepal. He has more than 30 
years of experience in the field of irrigation and water resources planning and 
development in Nepal. He has served as Director General of the Department of 
Irrigation of Nepal for about two years. Under his leadership number of policy 
reforms and institutional reforms in irrigation sector including the drafting of 
Irrigation Bill, restructuring of Department of Irrigation, were accomplished. 
He authored and presented papers in national and international seminars and 

conferences and published articles related to irrigation and water resources issues in Nepal. Mr Belbase 
is actively involved in national and international professional organizations related to irrigation and 
water resources in different capacities and presently he is one of the Vice-President of International 
Commission on Irrigation and Drainage (ICID).
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MITRA BARAL: Mr. Baral had started his professional career as a civil 
engineer in Nepal Telecom in 1993. At present he is a Senior Divisional Engineer 
in Department of Irrigation under Ministry of Energy, Water Resources and 
Irrigation, Nepal and working in the Department as an Acting Project Director 
in Sunkoshi-Marin Diversion Multipurpose Project. He has been Involved in 
Planning, Survey, Design and Implementation of Irrigation & Water Resources 
Management Projects. He has also worked in planning, design and execution 
of water induced disaster prevention projects implemented by Department of 
Water Induced Disaster Management. He has experience in flood risk assessment, 

hazard mapping, design and implementation of disaster mitigation works through river training and 
land slide protection. Mr. Baral received B.Eng. (Civil) from Tribhuvan University (Nepal), M.Sc. (Water 
Resources Engineering) from Katholieke University (Leuven, Belgium) and M.D. (Disaster Management) 
from National Graduate Institute for Policy Studies (Japan) & International Center for Hazard and Risk 
Management (Japan) with an outstanding award. Mr. Baral is also a Technical Auditor. He has taken many 
professional trainings and presented papers in national and international seminars.

DR. PRACHANDA PRADHAN: Dr. Pradhan, born in 1939, was Professor of 
Public Administration in Tribhuban University, Kathmandu, Nepal. In 1972-75, he 
was Dean of Institute of Business Administration, Tribhuban University, Nepal. He 
earned his PhD in Government from Claremont Graduate School and University 
Center, Claremont, California, USA in 1969. He was a Research Associate at the 
John Kennedy School of Government, Harvard, in 1972 and Fulbright Visiting 
Professor at the Center for International Studies, Cornell University, in 1979 
and Visiting Scholar at Workshop in Political eory and Political Analysis (Ostrom 
Workshop in Political Theory and Political Analysis), Indiana University, USA in 
2002. He has been working for last 35 years to promote the knowledge and 

understanding about local organizations and farmer managed irrigation systems in Nepal and elsewhere. 
He has several books and papers to his credit. He has published collaborative book with Lin Ostrom, 
Nobel Laureate titled “Improving Asian Irrigations “(2011) from UK 

DR. PRANITA BHUSHAN UDAS: Dr. Udas is a professional with experience 
on interdisciplinary water resources management. She has more than 15 years 
of experience working on water and gender justice equity issues. She holds PhD 
degree from Wageningen School of Social Sciences, Department of Environmental 
Sciences, Wageningen University, the Netherlands. Currently she works as Gender, 
Water and Adaptation specialist at ICIMOD. Her work focus on understanding 
gendered vulnerabilities and identifying gendered adaptation practices in Gandaki 
River Basin. She is also involved in Koshi River Basin and Indus Basin programs. 
Prior to ICIMOD, her works were on participatory development, governance, 
multi-stakeholder’s processes in development. She has worked for Ministry of 

Irrigation, Nepal government under Water Resources Project Preparatory Facility, Gender and Water 
Alliance, the Netherlands, Disaster Management Group, Wageningen University, Gujrat Institute of 
Development Research, India and Nepal Engineering College, Nepal. Her publications are on gender and 
justice in water sector development and on climate change. 



139

Proceedings of 8TH Asian Regional Conference of ICID

DR. RAM C. BASTAKOTI: Dr. Bastakoti is a Researcher of Institutions and 
Policies at International Water Management Institute (IWMI). Ram obtained 
PhD in Natural Resources Management from Asian Institute of Technology, 
Thailand. Prior to joining IWMI, Ram was working as Senior Research Specialist 
and Adjunct Faculty at Asian Institute of Technology, Thailand. He also served as 
Visiting Faculty at Arizona State University, in which period he was involved in 
developing a research project that examined the robustness of the irrigation 
systems to the external disturbances, including climatic variability, with special 
focus on South and South-east Asian context. Earlier Ram was involved in a Post-
Doctoral Research Programme on Adaptation to Climate Change (PRoACC), 

which was implemented by UNESCO-IHE, the Netherlands in collaboration with partner institutes 
in the Mekong region. He also worked as Coordinator of a regional research network called Mekong 
Program on Water Environment and Resilience (M-POWER) and involved in implementing some CPWF-
funded projects. Ram has been intensively involved in assessing the performance of irrigations systems 
including institutional dynamics covering irrigation systems from several countries. He has published 
several peer-reviewed journal papers, book chapters, and conference papers.

DR. UMESH NATH PARAJULI: Dr. ParajuliI holds a Ph. D. in Agricultural 
and Environmental Science with specialization in Interdisciplinary Irrigation 
Management from the Wageningen University, The Netherlands (1999) and a 
Master of Engineering in Irrigation Water Use Management, from the University 
of Roorkee, India (1989). He has more than 35 years of professional experience 
in planning and designing irrigation schemes in several Asian Countries. Beside 
development works, Dr. Parajuli also has a long association on the research and 
capacity building works. He has been a Professor of Interdisciplinary Water 
Resources Management Course (MSc program) under Pokhara Univeristy, and 
involved in several researches supported by WINROCK International, ICIMOD, 

DFID, IWMI and CDKN. He has several publications, especially in the field of matching technology and 
institutions in irrigation management and river basin management. His recent publication that is worth 
noting here is: Framework for effectiveness and resilience of small and medium-scale irrigation systems 
in Nepal, published by CDKN, 2017.

DR. UPENDRA GAUTAM:  Dr. Gautam is a doctorate in organizational 
effectiveness of rural development.  His post-doctoral research was a comparative 
study of community irrigation in the Philippines and Nepal. His 40 years of 
academic and professional engagements concentrate on rural and community 
irrigation institution building in Nepal, India, Guyana and China. As a founding 
authority he has been instrumental in developing private, non-governmental, 
educational organizations, namely, CMS Engineering Consult, Farmer Managed 
Irrigation System (FMIS) Promotion Trust, Nepal Engineering College, China 
Study Center-Nepal and JVS (Water Resources Development Association)-
Nepal. He is a life member of Indian Institute of Public Administration, Eastern 

Region Organization of Public Administration and a Member of International Association of Common 
Property Resources, Indiana, and a consulting partner of the GWP, Stockholm. He has edited/co-edited 
books and journals on FMIS, China and South Asian studies.
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DR. VISHNU PRASAD PANDEY: Dr. Pandey is a Researcher of Hydro(geo)
logy and Water Resources Management at Nepal office of International Water 
Management Institute (IWMI). Before joining IWMI, he was a Research Fellow 
and Affiliated Faculty at Asian Institute of Technology (AIT), Thailand; a Research 
Faculty at Asian Institute of Technology and Management (AITM), Nepal; and 
a postdoctoral researcher at University of Yamanashi, Japan. Dr. Pandey has 
received several awards and fellowships and published over three-dozens of peer-
reviewed journal papers, several book chapters, conference papers, and edited 
books. His research and professional interests are in the areas of hydrology and 
water resources, groundwater assessment and management, irrigation water 

management, and GIS application in water resources planning and management. Dr. Pandey received 
B.Eng. (Civil) from Tribhuvan University (Nepal), M.Eng. (Water Engineering and Management) from AIT 
(Thailand) and PhD (Integrated River Basin Management) from University of Yamanashi (Japan).
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