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Abstract   
Since 1723 in the Qing Dynasty, Taichung Luchuan Irrigation Canal has been a sub-branch of  

Huludun Irrigation Canal system, which was constructed and developed by the private sector. In the  
1800’s, Huludun Irrigation Canal system made more than 3000 hectares of wastelands into fertile  
agricultural lands. During the Japanese colonial period, the authority started promoting urban  
development planning for Taichung City in 1896. The function of Luchuan Irrigation Canal located  
in the center of Taichung City was gradually converted from irrigation into urban waterway.  

After World War II, a lot of shield houses were built along Luchuan Irrigation Canal to  
accommodate numerous migrated people from mainland China. Those refuge residents made canal  
water severely polluted and difficultly for downstream farmer uses. Eventually, the city government  
upheld the policy with the “out of sight” concept and covered up the canal top in the 1980’s to avoid  
residents nearby to contact with the deteriorated water of Luchuan Irrigation Canal. This practice  
kept people away from the waterway, and the life brought from irrigation canal dimmed to be  
neglected by people.  

In the beginning of this century, several advocates from irrigation association, historical groups,  
and urban renewal associates initiated to uncover the canal and bring the canal memory back. Since  
2015, along with society change and expectations, the city government accompanied with interested  
citizens are devising new ways of relating to each other and working together to get Luchuan  
Irrigation Canal better in the aspects of safety, environment, and culture of water.   
In the Luchuan Irrigation Canal renovation movement, the public-private-partnership (PPP)  process 
was implemented to carry out Sustainable Development Goals (SDGs). At first, the idea of  social 

inclusion has been conducted by inviting vulnerable peoples such as vagabonds and foreign  
workers resided close to Luchuan Irrigation Canal to participate in sorts of discussions. In addition  
of participants from official water management sectors, such as water bureau, water company and  

irrigation association, the residents, businessmen, community school kids, and NGO representatives  
within the watershed were all involved. Until now for seven years of the PPP process, the Luchuan  
Irrigation Canal waterfront renovation has become one of the most attractive civil and tourist spots  
in Taichung City. As a result, the Luchuan Irrigation Canal has been selected as one of the vivid  

examples of resilient cities with SDGs presented in 2021 Glasgow UN Climate Change Conference.   

Keywords   
Taichung Luchuan Irrigation Canal, water environment improvement, public-private  
partnership, Sustainable Development Goals (SDGs)   

1  Project Engineer of Taiwan International Institute for Water Education.     
Corresponding author, email: crystal.chang.tiiwe@gmail.com     

2  Associate Researcher of Taiwan International Institute for Water Education   



2 
 

3  Project Engineer of Taiwan International Institute for Water Education   
4  Research Fellow and Director of Taiwan International Institute for Water Education  

Main Text   
1. Luchuan Irrigation Canal History   

1.1. Millennia of Culture   
Taichung City is located in the heart of Taiwan, where human settlement has been  documented 

since 4,000 years ago. Following the Dutch occupation in the early 17th century  and followed by 
the Zheng, Qing, Japanese, and Republic of China periods, Dutch, Tangshan  Han, Japanese, 
mainland Chinese, and foreign migrant workers moved in one after another,  blending with the local 
culture to form this multi-cultural city.   

1.2. Irrigation and Land Reclamation   
Before the Qing Dynasty, the Taichung Basin was inhabited by the Taiwanese Plains  

Indigenous Peoples, who lived by hunting and gathering. The development of farming land  was 
limited by irrigation technology. At the beginning of the Qing Dynasty, the Han Chinese  migrated 
to the Taichung Basin on a large scale. Their reclamation was mainly carried out in  two ways: (1) 
the southern side - from the northern bank of Wu Creek to the northern side of  the basin; (2) the 
northern side - on the southern bank of Dachia Creek, led by Zhang Dajing,  drew Dachia Creek 
water for irrigation and gradually expanded to the southern side of the  basin from Feng Yuan.   

In the middle of the Qing Dynasty (1723~1735), the Huludun Irrigation Canal system,  led by 
Zhang Dajing, had the most profound impact on the land's development and the  irrigation 
construction system in the Taichung Basin. By the end of the 18th century, the  Huludun Irrigation 
Canal System had irrigated more than 3,000 hectares of land, and the  landscape of the Taichung 
Basin had been radically changed.   

A map of the irrigation area within the Taichung State irrigation system drawn in the  Japanese 
period (1933) (Figure 1) clearly shows the main canal routes (red line in Figure 1)  and irrigation 
areas (yellow region in Figure 1) in the Taichung Basin at that time. The  Huludun Irrigation Canal 
system crosses Feng Yuan and forks eastward into another canal  that leads to Tanzi and Beitun, 
among others. This waterway continues southward into the old  Taichung city, crosses the railroad 
tracks near the Taichung station, and turns southwestward,  eventually merging into Wu Creek. The 
waterway connecting Dachia Creek and Wu Creek is  the Luchuan Irrigation Canal (blue line in 
Figure 1).   

Figure 1. Right: Widespread   
distribution of Huludun Canal   

Irrigation system in the   
Taichung Basin (yellow   
region) (‘Taichung State   

Irrigation Canals Managing   
Associations (part), 1939,   
Center for GIS, RCHSS,   

Academia Sinica). Left: The   
waterway connecting Dachia   

Creek and Wu Creek is the   
Luchuan Irrigation Canal (blue   

line), 1945, Center for GIS,   
RCHSS, Academia Sinica).  

1.3. Subsurface Flow Utilization   
The water source of the Luchuan Irrigation Canal is not only from the upstream canal  and the 

plentiful rainwater but also the abundant subsurface flow. Situated next to the  Luchuan Irrigation 
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Canal is the water source of Taichung Park. In 1914, a well was drilled to  
draw groundwater, Taichung's earliest source of domestic water (Figure 2). The former site of  the 
Taichung Brewery, built next to the Luchuan Irrigation Canal, was also built for its  excellent 
groundwater quality, so in 1916, the Taisho Brewery Company established the  Taichung Factory, 
specializing in the production of sake and rice wine.   

Figure 2. An example of an ancient well with abundant groundwater in South District, Taichung (as shown on  the 
left side). "Taichung Water Source Site Pumping Room", the birth of Taichung City’s modern  drinking-water 
facilities, was built in 1914 in the Japanese period (as shown on the right side). (《市街之味： 臺中第二市場的
百年風味》, Poching YU, 2017, published by Vista Publishing Co., Ltd.)   

1.4. Transformations of the Farms   
The Luchuan Irrigation Canal flows downstream from the central district of Taichung to  the 

southern district and passes through the top of Qiaotou, the central transportation hub  between 
Dadun Street, Dali, Wuri, and Wubong. Because of the well-developed water system  and fertile 
land, it has created the largest rice cultivation area in Taichung and the top-ranked  "first-class 
farmland" in Taiwan, establishing the largest settlement in Taichung. During the  Japanese era, in 
1943, the Governor's Office of Taiwan saw the excellent soil and abundant  irrigation water in the 
Luchuan Irrigation Canal in Dingqiao. As a result, it moved the High  School of Agriculture and 
Forestry in Taipei to this area, laying the foundation for the  development of National Chung Hsing 
University (NCHU), which was the first university  founded for agriculture in Taiwan.   

Prior to World War II, the Luchuan Irrigation Canal in the urban area had become a neat  urban 
river, while several sections of the Luchuan Irrigation Canal downstream still maintain  a natural 
meandering stream appearance (blue line in Figure 1 left). In 1990, the winding  Luchuan Irrigation 
Canal next to NCHU was straightened, landscaped, and linked to the  campus to become a lush 
green open space. In addition, a large amount of farmland in the  area was initially developed under 
the urban plan with the widening roads and land  construction, creating a new urban space.   

1.5. Management System Turnover   
Most of the irrigation canals in Taiwan from the Qing Dynasty onward were developed  with 

private funds, and water rents were collected from the beneficiary farmers, who elected  
representatives to manage and operate them. In the Japanese era, a publicly managed water  
consortium was established in 1921, bringing in government financial resources and  technology 
and transforming the private irrigation organization into a public organization  with the public 
interest. After the war, in 1945, the government changed the management of  irrigation to a private 
organization elected by the farmers in the irrigation area, with  government subsidy funding; in 
2020, the private irrigation organization was transformed into  a public agency, and its private 
property was shifted to public ownership. The Luchuan  Irrigation Canal is also in the process of 
adjustment and changes with the system change.   

2. Luchuan Irrigation Canal and the Transformation and Development of  
Taichung City   

2.1. Taichung Urban Plan and Luchuan Irrigation Canal Improvement  The Japanese 
Governorate introduced the modern European urban planning system and  

actively developed urban plans for various regions of Taiwan to transform the traditional  urban 
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space of the time. In 1896, William Kinninmond Burton (1855-1899), a technician in  the Japanese 
Ministry of Internal Affairs, and Hamano Yashiro (1869-1932), a student, were  invited to Taiwan 
by the Governor General's Office to conduct a sanitary survey and to  understand the environmental 
problems of the time. After understanding the environmental  problems of the time, he proposed a 
set of urban planning designs based on the sanitary  survey, namely the "New Urban Design of 
Taichung" and the "Report on the Design of  Taichung City Street (Figure 3). "   

Burton and Hamano's urban planning and design were based on the "chessboard street  
contour", which Burton believed was a square, grid-like contour that allowed for the proper  
distribution of critical public buildings and straight lines for important traffic movements in  the 
city, as well as the necessary adjustment of the direction of the rivers and waterways in  the city to 
avoid flooding.   

Figure 3. Burton, W. K.,   
and Yashiro, H. proposed  
the ‘Report on the Design   

of Taichung City Street’   
(as shown on the left  

side) and illustrated the   
difference between   

roundabout street contour  
and chessboard street  

contour (as shown on the   
right side). (《台灣總督府  

檔案》, Vol.101 No.42,   
Library of Taiwan   

Historica)  

2.2. The Pioneering River of Epidemic Prevention   
Based on Burton's and Hamano's plans, the Governor's Office of Taiwan implemented  several 

urban plans for the urban area of Taichung after 1900, among which the "45-degree  skewed street 
profile" and the "urban river correction" are closely related to the formation of  the present urban 
landscape of Taichung.   

Burton's concept of a 45-degree skewed street profile was first announced in the  "Taichung 
Urban Plan" in 1900. Based on a checkerboard street profile, the original east-west  and north-south 
roads were slanted at an overall angle of 45 degrees. From the perspective of  environmental 
sanitation, this planning approach can increase the sunlight exposure of streets  and buildings and 
improve the efficiency of daylight exposure for sanitation.   

The urban plan corrects the existing rivers by straightening them and moving them  between 
the city streets, hoping to achieve sanitation and disinfection through sunlight to  prevent the spread 
of diseases. As a result, the city's rivers not only overflowed but also  improved environmental 
sanitation and slowed the spread of infectious diseases. In 1943, the  Luchuan Irrigation Canal south 
of the railroad tracks was partially modified for the last time  by the Taiwan Governor's Office, and 
the shape of the Luchuan Irrigation Canal has been  largely finalized since then. Through successive 
urban plans, the Luchuan Irrigation Canal  was transformed from a plain river with a diffuse flow 
to a neat urban river.   

These "forward-deployed" improvement measures have laid the foundation for the  
development of Taichung today. It is also the first water management project in Taiwan with  the 
goal of public health, which has a special significance in the history of river improvement  in 
Taiwan.   

3. Overloaded Luchuan Irrigation Canal during Urban Development   

3.1. Waterfront Refugee Houses   
After the Nationalist government moved to Taiwan in 1949, it brought many soldiers,  

officers, immigrants from other provinces of mainland China to the city, and it is estimated  
that about 100,000 people came to Taichung. Some of the immigrants had no place to live, so  they 
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cut down the willow trees along the Luchuan Irrigation Canal and built dry-rail buildings  along the 
riverbank, using simple timber panels to build roofing walls to live, with half of the  houses on land 
and half on the Luchuan Irrigation Canal. This is how the Stilt Houses were  born. As the Stilt 
Houses are located close to the river, all the living is here, and much  domestic sewage is discharged 
into the Luchuan Irrigation Canal (Figure 4). Thus, the river  and stream are sacrificed for urban 
development.   

Figure 4. Refugee houses along the riverbank. (Ruji YU and Xiuzhu Zhang)   

3.2. Stilt Houses Demolitions   
In 1968, Taichung City adopted the "build first, demolish later" approach and contracted  out 

the market's construction, then demolished the illegal structures after the market was  completed in 
1971 to accommodate the tenants that had their houses demolished to make a  living.   

At the same time, photographer Mr. Yu Ru-ji carefully planned the Luchuan Irrigation  Canal 
"Concentric Garden" greening campaign, which the government and the people  promoted. Also, he 
invited students from universities and colleges near Taichung and nearby  residents to complete the 
campaign together. The geographic advantage of Jianguo Market's  proximity to the train station 
has led to the area's development and the market's expansion,  making the central district of 
Taichung City an essential economic and trade hub in central  Taiwan.   

3.3. Forgotten Memories following Waterway Covering   
As the population of Taichung City continues to grow and many vehicles circulate, the  train 

station has become the most critical point for travel from north to south. In response to  the enormous 
traffic demand, the city government covered the waterway as a road, a parking  lot, and a temporary 
market for vendors.   

The First Square along the Luchuan Irrigation Canal was completed in 1990 and became  the 
busiest new landmark in Taichung. However, after 2000, with the shift of business focus,  it 
gradually became a holiday gathering place for Southeast Asian migrant workers due to its  
convenient transportation and the rise of Southeast Asian stores. Although the Luchuan  Irrigation 
Canal in front of Dongxie Plaza has been transformed into urban park, it is still not  in sight, and the 
beautiful waterway has been reduced to an urban underground gutter.   

4. The Luchuan Irrigation Canal Protected by Public-Private Partnerships   

4.1. The Voices of Farmers Residing in Luchuan Irrigation Canal   
During the urban expansion, farmers downstream suffered from the pollution of the  Luchuan 

Irrigation Canal by urban sewage, resulting in the gradual disappearance of  farmland. However, 
today, fortunately, there are still 13 hectares more of farmland  downstream of the Luchuan 
Irrigation Canal that has not been zoned as urban land and  continues to be used for irrigation 
purposes as a food supply area (Figure 5). The irrigation  canal of this farmland is now called the 
"Luchuan Subbranch of Liangyi Waterway." In 2015,  the responsibility for river management was 
transferred from the central government to the  
Water Resource Bureau of Taichung City Government (Taichung WRB), which initiated the  Water 
Environment Improvement of Taichung Luchuan Canal (WEI-Luchuan). As a  result of the 
water environment improvement of the Luchuan Irrigation Canal in the middle  and upper reaches 
of the city, the water quality downstream is much cleaner than before, and  as a result, fish can now 
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be found swimming in the canal and rocks can be seen under the  water (Figure 6). Although the 
irrigation area is not as large as before, the "Luchuan  Subbranch of Liangyi Waterway" is still rich 
in vegetation, beautifying the landscape and  making it easier to control water intake and facilitate 
water management on farmland.   

Figure 5. The irrigation areas of Luchuan Subbranch of 
Liangyi Waterway  and its farmland.   
Figure 6. A clearly visible school of  fish can be seen in 

the   
canal inlet. 

The farmers who are still operating the farmland have been in the area for at least a  century, 
and most of them are old, describing that they are losing the meaning of farming and  the hope of 
future farming as the area of farmland is gradually declining, which genuinely  reflects the voices 
of farmers' worries.   

4.2. Long-term Conservation Communities of the Luchuan Irrigation Canal  As time evolved, 
the Luchuan Irrigation Canal attracted many foreign populations along  its shores. From the 
Japanese era, when more than 50,000 people lived there, to the post-war  period, when nearly 
100,000 immigrants moved in, the symbiosis of the Luchuan Irrigation  Canal basin is now 
populated by different groups of people, such as residents, farmers, local  opinion leaders, NGOs, 
newcomers, migrant workers, and street people. Before the  government started WEI-Luchuan, a 
group of local citizen groups had long been concerned  about the Luchuan Irrigation Canal, and 
they each cared about the Luchuan Irrigation Canal  from different aspects.   

4.3. Launch of WEI-Luchuan   
The Luchuan Irrigation Canal is currently approximately 6 kilometers long. With urban  

development and the population living near the water, the water quality has deteriorated,  turning 
the Luchuan Irrigation Canal into a foul ditch. The waterway is covered, forming a  barrier between 
people and the water, reflecting the speculative mentality that not seeing is  not seeing. Due to the 
various problems arising from the Luchuan Irrigation Canal, Taichung  WRB has been actively 
promoting the WEI-Luchuan since 2015, starting with the opening of  the waterway cover, 
combined with the railway elevation project, extending south to the  campus of National Chung 
Hsing University. To upgrade the level of improvement from  water safety, water environment, and 
sublimation to water culture, introducing humanities,  history, ecological restoration, and 
environmental education, the vision of the Luchuan  Irrigation Canal is gradually realized (Figure 
8).  
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Figure 7. Comparison of the Luchuan Irrigation Canal 
with the  WEI-Luchuan (1971 left vs 2021 right). (Yu 
Ru-ji and TIIWE)   4.4. Developing Cross-community 

Partnerships   
Figure 8. The WEI-Luchuan  nearby NCHU 

Through a series of activities organized by WEI-Luchuan, Taichung WRB has been able  to 
foster more connections with local organizations so that the voices of those who care about  the 
Luchuan Irrigation Canal can be heard.   

The Taichung City Government values the diverse and compatible water culture of the  
Luchuan Irrigation Canal and hopes to create a tight and cohesive living circle in the Luchuan  
Irrigation Canal to remove the cultural barrier between each other so that this group of  foreigners 
can feel warm and fuzzy. For example, the second generation of new aborigines  will be allowed to 
sing songs in their native language to convey the meaning that Luchuan  Irrigation Canal nurtures 
multiple cultures, allowing new aborigines to introduce their home  water environment and share 
their expectations for Luchuan Irrigation Canal; the second  generation of new aborigines will be 
invited to join the river cleaning activities to transform  their love for the land and rivers into action 
(Figure 9). In order to alleviate the anxiety of  migrant workers during the construction period of 
WEI-Luchuan, the city government  produced the first signboard in six languages and multi-
language transportation guidelines for  migrant workers in need. In addition, a large mosaic wall 
was created using the "water  market" as the base picture to enhance the memories and sense of 
identity of migrant workers  and new residents of the Luchuan Irrigation Canal (Figure10).   

Figure 9. The activities for new aborigines to get closer to  
Luchuan Irrigation Canal, especially the second  
generation of new aborigines.   

Figure 10. The first signboard in six languages (as  

shown above) and the large water  
market mosaic made of migrant  
workers’ photos (as shown below with  
a red square). 

In addition, the Luchuan Irrigation Canal is surrounded by a group of neighbors who are  often 
regarded as negative assets of the city. In promoting WEI-Luchuan, the city began to  consider the 
issue of counseling and resettlement of the residents along the Luchuan  Irrigation Canal, and with 
the joint efforts of the government and community groups, a  win-win situation was created. The 
city held a Dragon Boat Festival at the Luchuan Irrigation  
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Canal, where trained street people served as city guides to explain the cultural connotations of  the 
Luchuan Irrigation Canal and the origins of Taichung's old city development to the  participants 
(Figure 11). This group of friends, who call the street their home, will use their  life experiences to 
lead visitors to experience the land. Through the Luchuan Irrigation Canal,  the government has 
built a bridge between different communities so that the Luchuan  Irrigation Canal is no longer a 
specific community but the guardian river of Taichung's  symbiotic community.   

Figure 11. The city tour guide, who was a street resident near the Taichung Railway Station, guided tourists  
through the Luchuan Irrigation Canal at Dragon Boat Festival in 2020.   

4.5. Luchuan Irrigation Canal Water Culture Showcase   
In order to continue to deepen and expand the education on the Luchuan Irrigation Canal  water 

culture and environment, Taichung WRB has built the "Luchuan Irrigation Canal Water  Culture 
and Environmental Education Center." It will also serve as an essential base to care  for the 
underprivileged and to train the residents as city guides, allowing the public to witness  the story of 
Luchuan Irrigation Canal's life transformation (Figure 12).   

A book published in 2021 will document the humanistic development and renovation  process 
of the Luchuan Irrigation Canal, emphasizing that water conservation projects are not  only about 
water treatment but also cultural and historical preservation (Figure 13)   

Figure 12. View of the ‘Luchuan Irrigation Canal Water 
Culture and  Environmental Education Center’ from 
outside (as shown on  the left side, Xiuzhu, Zhang) and 
inside.   
Figure 13. A book about the Luchuan  Irrigation Canal 

published   
by Taichung City   
Government. 

4.6. Luchuan Irrigation Canal Selected as a Representative Case of SDGs Resilient Cities  
After seven years of public-private-participation, the collaboration and remediation of  Luchuan 
Irrigation Canal has evolved into not only a part of the local community's life cycle  but also a 
tourist attraction (Figure 14). As a result, Luchuan Irrigation Canal was selected as  one of the 
SDGs resilient cities case studies in the report "The Role of Culture in Climate  Resilient 
Development," which was co-presented at the United Nations Climate Change  Conference 
(COP26) in 2021 (Figure 15).  
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Figure 14. After the water improvement, this renovated waterfront of the urban canal, in the middle and upper of  
the Luchuan Irrigation Canal, has become one of the most attractive civil and tourist spots in Taichung  City.   

Figure 15. “Water Environment Improvement of Luchuan Canal” was selected as one of the SDGs resilient cities  
case studies in the report "The Role of Culture in Climate Resilient Development," which was  co-presented at the 
United Nations Climate Change Conference (COP26) in 2021. Luchuan Canal was  rewarded SDG3 (Good 
Health and Well-Being), SDG6 (Clean Water and Sanitation), SDG9 (Industry,  Innovation and Infrastructure), 
SDG10 (Reduced Inequalities), SDG11 (Sustainable Cities and  Communities), SDG13 (Climate Action), SDG15 
(Life on Land), SDG17 (Partnerships for the Goal)  (as shown on the right side with a red square).   

5. Conclusion   
The Luchuan Irrigation Canal has evolved from its earliest role as an irrigation canal for  food 

production to a multifunctional urban waterway with water safety, water environment,  and water 
culture in response to the changing times and urban development, and more  importantly, it has 
become a warm home for accepting different groups and supporting the  socially disadvantaged. 
Nevertheless, the initial role of the irrigation canal can still be found in  the agricultural fields 
downstream of the Luchuan Irrigation Canal. With these adjustments, the  transformation of the 
Luchuan Irrigation Canal is not stopping but moving in the direction of  sustainable development.   

Acknowledge   
Since 2015, the Water Resource Bureau of Taichung City Government has supported a series  of 

public-private participation plans to enhance the Water Environment Improvement of Taichung  
Luchuan Canal (WEI-Luchuan) to be more sustainable for the city. The achievement in this article  is 
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Abstract 
Demands for socio-economic infrastructure (roads, bridges, schools, hospitals, dams, irrigation 
systems, etc.) are increasing while financial resources and capacity in rural areas are still 
limited. As a result, several countries around the world are forced to seek innovative and 
effective ways of financing and technical support in the implementation of new projects. The 
Public-Private Partnership (PPP) is one of the main sources of innovative financing and 
technical support. The PPP can facilitate the implementation of structuring projects among 
which irrigation systems. This study presents the key results of a general PPP investigation 
done in Mali by the Observatory of Sustainable Human Development (ODHD) in 2017. It also 
provides the key outcomes of the case study of the PPP project implemented from 2008 to 
2011 on the 3500-hectare gravity irrigation system of Baguineda, located 30 km from Bamako. 
The key results show that, in general, the success of PPP projects is conditioned to: i) 
streamline the PPP procurement process through specifically designed provisions to increase 
efficiency and reduce abuses; ii) design and implement effective resource mobilization 
procedures; iii) adopt an environmental impact management tool; vi) control the quality of 
equipment set up under PPP contracts and v) design and implement a good maintenance 
system for infrastructure carried out in PPP mode. For the specific case of the irrigation system 
of Baguineda, institutional and organizational rearrangements consistently improved the water 
management institution (Office of the Irrigation System of Baguineda, OPIB) and the water 
users’ association (GUE/farmers). The PPP project with the private group AHT-BETICO 
produced water and maintenance management manual, height consistent group training and 
several sheets to be used in active interaction by farmers and the OPIB agents. However, post-
project interview pointed to the need to continue building awareness actions for better water 
and maintenance management toward water user associations. 
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1. Introduction 
The international community’s agenda, “Transforming our world,” through the SDGs, suggests, 
in terms of financing, not only in the usual sources of financing, which have shown their limits, 
but to explore alternative sources of innovative and mixed financing including the Public-
Private Partnership (PPP). In 2017, ODHD (Observatory of Sustainable Human Development), 
in order to produce its National Human Development Report, conducted a study in Mali under 
the theme Public Private Partnership and Sustainable Development in Mali. The general 
objective was to analyze the conditions for the effective implementation of the public-private 
partnership in Mali’s sustainable development process. The investigation was carried out 
throughout surveys. Several sector of successful PPP implementations were revealed, among 
which irrigation development projects, including the area of the Office of Irrigation Scheme of 
Baguineda (OPIB) and the Office du Niger. In the analysis presented below, the investigations 
of ODHD are presented first, followed by the case study of the irrigation scheme OPIB that 
was involved in a PPP with private structure having shown solid competences in the area of 
management and maintenance of irrigation infrastructure at the Office du Niger in Mali (AHT 
GROUP AG/BETICO, 2010; Klaartje Vandersypen et al., 2007). 

2. Methodology of the Observatory of Sustainable Human 
Development (ODHD) in Mali 

The methodology used by the investigations performed by ODHD included a documentary 
review, which made it possible to take stock of the PPP issue, and especially the different 
meanings of the PPP concept and a participatory approach, made up of surveys and individual 
and collective interviews (focus groups), field visits and study tours and exchanges of 
experience across Mali (ODHD/UNDP, 2018). 

Interviews and surveys were conducted among public structures, professional and beneficiary 
organizations and groups. They were carried out using a qualitative approach and a 
quantitative approach. Each approach was animated with its own tools. These were the 
interview guides for the qualitative approach, and questionnaires for the quantitative approach. 

For qualitative interviews, five guides were developed to facilitate interviews with PPP project 
leaders, the PPP Unit bound to the Prime Minister Office, economic operators who had or had 
not benefited from PPP projects, beneficiaries of PPP projects and institutions and other 
structures involved in the PPP.  

With regard to quantitative surveys, questionnaires were produced and submitted, in addition 
to the first four actors mentioned, to the following structures: the Directorate General of Public 
Procurement and Public Service Delegations (DGMP), the Regulatory Authority for Public 
Procurement and Public Service Delegations (ARMDS) and the Technical and Financial 
Partners (PTF). 

The questionnaires and interview guides covered the following main topics: stakeholders’ 
perception (knowledge of the PPP concept, the texts governing it, the opportunities and risks 
involved), experiences in identifying, setting up and implementing PPP projects (types of 
contracts, procurement procedures, relevant economic sectors, etc.), difficulties/solutions and 
associated benefits (beneficial and negative effects), sectors of intervention, types of contracts 
and contracting procedures.  

A total of 92 actors were targeted, but 71 (or 77%) responded. The sample was a reasoned 
choice of the Scientific Committee of the ODHD and concerned the sites of Sélingué (Sikasso 
region), Ségou, Macina and Niono (Ségou region), Baguineda and Mourdiah (Koulikoro region) 
and the District of Bamako. Non-responses were generally explained by the unavailability of 
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some respondents despite multiple reminders. Field operations took place over a period of 
three weeks. 

3. Results and Discussion of the ODHD study on PPP 
3.1. PPP as Potential Solution to Public Service to the Population 

The concept of Public-Private Partnership is polysemic. In the context of this study, public-
private partnership is defined as a contractual instrument between the public and private 
sectors for the implementation of public investment policies, which are defined on the basis of 
a development or growth strategy. The use of the PPP offers clear advantages to the various 
partners (State, private, beneficiary populations, local authorities). However, the PPP is not 
without risks. Partnership is only truly effective when it organizes risk sharing. 

Mechanisms and instruments for financing the economy that are domestically sourced 
(taxation, banks, microfinance, etc.) and those from outside the country (foreign direct 
investment, official development assistance and remittances by emigrants) are increasingly 
insufficient to meet growing social demand. Thus, growth and opportunities in promising 
sectors face the problem of insufficient access to finance. 

Building on the potential benefits of the Private Financial Partners (PFP), Mali developed a 
National PFP Strategy in 2016, the objectives of which were 

- to compensate for the lack of structuring infrastructure in Mali; 
- to promote the quality and sustainability of infrastructure through the use of the 

private sector and the sustainable and optimal use of public funds; 
- harmonize Mali’s approach with that of the West African Economic and Monetary 

Union (WAEMU). 

3.2. Genesis and Strengthening PPP in Mali 
In addition to the national strategy, Law No. 2016-061 of 30 December 2016 on Public Private 
Partnerships was adopted by the National Assembly and promulgated by the President of the 
Republic (ODHD/UNDP, 2018). In order to avoid various interpretations, the law, in its article 2, 
gives its definition of the usual terms and concepts among which, the Public-Private 
Partnership. However, this law raises many questions, creates confusion in some respects and 
its application would have been difficult if corrections were not made quickly. At the institutional 
level, Decree No. 2017-0050/PM-RM on 9 February 2017 establishing the Public-Private 
Partnership Unit places the PPP Unit with the Prime Minister as an advisory body. 

The field survey revealed that the knowledge of the PPP concept by contracting and project 
authorities, on the one hand, and by economic operators, on the other, was limited 
(ODHD/UNDP, 2018). However, in terms of opportunity, they believe that the PPP is above all 
to help the State to set up in a shorter period of time infrastructure and equipment (41.2%)—
such as irrigation schemes—to fight unemployment and poverty. Specifically, operators (50%) 
see it as an alternative to support for development, a palliative to the lack of aid, an essential 
strategy for the development of certain subsectors. In terms of risks, these different actors, 
including beneficiaries, fear non-compliance with contractual commitments (35%) due in 
general to the rigor of contracts and their monitoring, mismanagement or corruption (50% of 
economic operators) and poor risk sharing, the delivery of poor quality or inappropriate 
equipment, poor maintenance. 

3.3. What Kind of PPP Projects? 
PPP projects identified and set up by contracting authorities and project promoters had the 
following dominant factors:  
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- staff-type: generally, of the “operation of existing public infrastructure or facilities”; 
- local scale: rural economy sector and agriculture subsector;  
- kind of investments characterized by: i) contracts of “construction or transformation of 

public infrastructure or equipment without participation in private financing”; ii) 
regional scope; iii) rural economy; iv) agriculture subsector. 

3.4. Positive and Negative Effects of PPP Projects 
The PPP projects carried out and visited as part of the study had positive and negative 
effects on the beneficiaries. The positive effects were broken down into economic gains 
(16.7%), capacity building (16.7%), better health offers (6.7%) and food security (20%). The 
negative effects concerned unmet services; waste due to inappropriate equipment; 
frustration caused by unequal access to equipment and services; decreased in productivity 
due to poor maintenance. 

3.5. Conditions for PPP to Be Efficient and Successful 
The investigations showed that for PPP projects to be truly effective, it is essential to:  

- for project authorities: i) produce adequate contracts and respect their clauses 
(22.5%); ii) to have a private sector with the required capacities (20%).  

- for economic operators: i) rigorously execute contracts (60%); ii) have private 
operators with sufficient financial resources (20%); iii) have rigor in the setting up of 
contracts (20%). 

- for technical and financial partners: i) have a rigorous design of the projects (16.7%); 
ii) to have a favorable environment for PPPs (16.7%).  

The following aspects were recurrent in the qualitative interviews: i) dispel the crisis of 
confidence; create favorable conditions for the business market; properly apply the texts 
(loyalty and respect for the commitments made). 

Given the low level of economic and social infrastructure, Mali can use the full range of PPP 
contracts provided for by law, while giving priority to: 

- Public-Private Partnership projects for the consolidation and resilience of the national 
economy: 

o rehabilitation,  
o maintenance,  
o strengthening of existing economic infrastructure. 

- structuring public-private partnership projects. The ODHD investigations in Mali 
(ODHD/UNDP, 2018) identify three types of structuring PPP projects: 

o rural poles of development; 
o the creation of competitiveness clusters 
o the integration into the global value chain of exporting products and industries.  

- innovative public-private partnership projects: i) energy efficiency; ii) eco-design; iii) 
digital economy. 

The PPP developed in the case of Baguineda Irrigation Scheme responds to a demand for 
strengthening and existing rural economic infrastructure by bringing together a private 
structure (AHT-BETICO) in order to help a semi-public institution (Baguineda Irrigation 
Scheme Office, OPIB) and a water user association (WUA) in the organization and 
maintenance of the irrigation system.  
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4. The Irrigation Scheme of Baguineda 
4.1. Irrigation Management Bodies Institutionalized 

The irrigation scheme of Baguineda is a very old realization of the 1920s. It is located 30 km 
northeast of Bamako on the right bank of the Niger River and currently occupies about 3,000 ha 
of alluvial terraces on the 4,500 ha that the valley has in this area (Keïta, 2008). It is fed by 
gravity from a catch on the Niger River “the dam of egrets.” This outlet also feeds 2,800 m 
downstream, the Sotuba hydroelectric power plant (Figure 1). This irrigation scheme, which 
gave satisfaction to farmers over a long period of time, saw its level of operation fall sharply in 
the early ’80s. 

The Office of the Irrigation Scheme of Baguineda (OPIB) is a public establishment of an 
industrial nature1—a mixed organization composed by national officers and contractual 
agents—attached to the Ministry of Agriculture. It was created by Law No. 98-011-P-RM of 19-
01-98, following the project to rehabilitate the Irrigation Scheme of Baguineda, financed by 
Japan and the African Development Bank (AfDB) from 1989 to 1998. Its activities are framed 
by a plan contract drawn up in a tripartite consultation framework (State, OPIB, farmers) 
renewed every three years (Bazile et al., 2017). 

OPIB’s missions are as follows: 

o promote the development of the main crops, food and vegetable crops; 
o improve productivity, agricultural production and farmers’ incomes;  
o group producers into self-managed structures (WUA) and ensure their training;  
o ensure the management (operation and maintenance) of the irrigation infrastructure. 

 

o   

 
1 In French : “Etablissement Public à Caractère Industriel.”  
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o Figure 1 : Baguineda irrigation system network 

 

4.2. Organization for Operation and Maintenance 
The Operation and Maintenance agency OPIB is composed of four elements which are one 
General Direction, three “Divisions” and one specialized cell (BETICO-BCEOM, 2005). The 
four components are: i) Administration and Finance Division (DAF); ii); Rural Advice and 
Vulgarization Division (DCRVA); iii) Division of Works (DT); iv) Planning and Followup Cell. 

The two divisions DT and DCRVA are responsible for irrigation scheme water distribution. The 
DT consists of two sections: The Water and Infrastructures and the Studies and Markets 
Sections. The DCRVA also comprises two sections, directed by a Section Manager. In the 
irrigation system operation and maintenance, the two divisions work closely together. 

More specifically, the DT has in charge: i) evaluation of works to be implemented; ii) water 
management in the whole irrigated system; iii) maintenance of the infrastructure, buildings and 
materials (auto park and electricity generator). 

The Water and Infrastructure Section is responsible for all activities concerning the distribution 
(on time and in quantity) of irrigation water on the networks and the maintenance of water 
infrastructure (canals, drains, tracks and structures). The Sectors supervise farmers in the 
management of irrigation and also in the maintenance of the hydraulic and hydro-agricultural 
infrastructure (AHT-BETICO, 2009). 

Irrigation water management is based on the good collaboration between the two partners, 
OPIB agents and farmers. In the organization of the irrigation scheme, there are two key 
agents: The waterman (“aiguadier” in French) as agent of the OPIB (with 1 key, the key of a 
secondary canal socket) and the head of the secondary canal as the representative of all 
farmers on a secondary canal. 

As shown in Figure 2 ; the irrigation system is divided into 4 geographical sectors, each of 
which is supervised by a “Chief Sector.” The 4 sectors are: i) Kobala-Coura: CSK1-CSK17 
secondary canals; ii) Baguineda Camp: CSB1-CSB12; iii) Sébéla: CSB13-CSB18; iv) Tanima: 
CSB19-CSB25, CST1 to CST6 and CSS1 to CSS4.  

 

 

CPEE
all the 4 sectors

CIE
secondary canals

& drains

GUE
tertiary canals

 &  drains

CPIE
     sector or group     

    of secondary    
      canals and drains    
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Figure 2 : Irrigation and Maintenance Institutions at Local Level 

The irrigation system operation and maintenance are implemented, in principle, on the basis 
of co-management (Figure 2) implicating OPIB/DT agents and farmers. This irrigation system 
is managed as follows: i) at the level of each of the 421 tertiary canals (CT), the irrigation is 
implemented by a Water Users Group (GUE); ii) Irrigation and Maintenance Committee (CIE) 
has in charge of the management of each of the 42 secondary canals (CS); iii) the 
representatives of all the CIEs in a sector (geographical group of secondary canals and 
dominated blocks) composed the Parity Commission of Irrigation and Maintenance (CPIE). 
The CPIE manages per sector level (4 sectors); iv) the Parity Commission for Exploitation and 
Maintenance or CPEE coordinates all the CPIEs in the whole irrigation system level. It resides 
at OPIB and the president is the Deputy Director of OPIB. 

The GUE and the CIEs sensitize and inform their farmer members, gather information about 
irrigation and the maintenance needs. They work together with the OPIB sector agents. It is a 
role of CPIEs to prepare the detailed annual program cropping activities and maintenance at 
the sector level. They also record farms which have difficulties and supervise the cropping and 
maintenance activities. 

The CPEE is the institution that makes decisions. Its responsibility is 

- an annual program elaboration, execution, schedule and prospective budget of work 
- proposals of the list of farmers exempted from water fee payment or expelled from 

the crop land 
- periodically revise the water fee amount to adjust to the secondary canals and drains 

maintenance needs2 
- participation to market elaboration, attribution and implementation supervision 
- approval of progress reports of maintenance implementation using water fees. 

The meetings of the GUEs are informal, as well as their irrigation programs. The other 
institutions have regular formal monthly meetings with reports. 

Individually a farmer makes a contract called “Agricultural Exploitation Contract” or CEA that 
is signed by the farmer and by the General Director of OPIB. The contract is continued 
automatically during 3 cropping seasons. After a period of 3 years without any failure, the CEA 
is replaced by a “Agricultural Exploitation License” or PEA. The validity period of a PEA is 5 
cropping seasons (5 years) (Keïta, 2008).  

4.3. The Financial Resources 
The bulk of OPIB’s budget is financed by the Malian State. The OPIB derives part of its income 
from the fees paid by the farmers of the irrigation system. The amount of fees collected by the 
Office was between €100,000 and €125,000 in 2008. Most of this amount (87%) of the fee 
would be used for the maintenance of secondary channels, and the remaining amount (13%) 
would be allocated to the operating budget of the institution (Keïta, 2008). 

The water fee is 48.8 euros/ha in the rainy season. In the dry season, 10% of this amount is 
collected. Therefore, the main contribution comes from the rainy season fees. In the 2007 rainy 
season campaign, 98% of the water fees were paid to OPIB. 

The basic contract links the Ministry of Agriculture, OPIB and farmers through one 
representative. Since farmers are not organized in Federation, their representative person is 

 
2 The primary canal and drain maintenance are supported by a contribution from the Malian National Budget. These amounts were estimated 
in 2008 to respectively 157,000 and 96,000 euros. Source: OPIB administration. 
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designated by farmers with OPIB’s assistance. The basic contract is called “Contrat-Plan,” 
lasting three years... 

5. PPP Between OPIB, WUA and a Private Group of Enterprises 
5.1. Baguineda Irrigation System in Difficulties 

Over time, the irrigation scheme of Baguineda has undergone numerous rehabilitation and 
consolidation works, the last of which date back to the 1990s. Indeed, the Government from 
1987 onwards requested the assistance of Japanese cooperation and the African 
Development Bank for the rehabilitation of the main infrastructure and the resumption of 
developments. Despite major interventions on the main irrigation canal and secondary 
networks, the efficiency of the water infrastructure remained poor. In 2008, a new project 
financed by the African Development Bank (AfDB) allowed the lining of the main canal on the 
most degraded sections. This work on this coating was completed in June 2010, and made it 
possible to conduct a rainy season campaign (June to October) without major irrigation 
difficulties throughout the project with the support of technical assistance in water 
management. However, many of the recommendations of the previous diagnostic reports had 
not been implemented by the OPIB and the farmers even though they constituted the basic 
element of good water management within the irrigation project areas. Hence, management 
and maintenance problems occurred in the subsequent years. 

More specifically, the following problems were recurrent: 

i) watermen had always faced difficulties in regulating the water slide on the 
thresholds of secondary intakes. As these intakes were not secure, farmers used 
other means to open the gates of their convenience. There were also cases of 
systematic breaking of weirs, particularly at the locations of secondary canals of 
CSK13, CSB23, CSB24, CSB25. These situations constituted an obstacle to good 
water management and resulted in a relatively high irrigation water consumption; 

ii) the farm plots of the secondary canals CSK13, CSB4, CSB12 and CSB14 had 
frequent irrigation difficulties due to the non-maintenance of the secondary and 
tertiary canals: weeding of tertiary canals, sediment cleaning of secondaries, and 
breaches on the channels. 

5.2. The Public-Private Partnership as a Solution 
The OPIB, drawing from the positive experience of a private partner with the management 
issues in a much wider and complex irrigation system of Office of Niger (AHT GROUP 
AG/BETICO, 2010),  acting on behalf of the Ministry of Agriculture, contracted for twenty-four 
(24) men months spread over a total period of three years (36 months)—from 2008 to 2011—
a Public Private Partnership with the private group of enterprises named BETICO and AHT 
(BETICO et al., 2010). The specific objectives of this PPP were to provide technical assistance 
helping OPIB and the WUAs to 1) identify the constraints preventing farmers to bring normal 
irrigation water amounts to crops; 2) produce water management tools easy to use by the 
DT/Water Service, and 3) train OPIB’s technical agents in the use of those water management 
tools. The project was funded by the FAD (African development Fund of the African 
Development Bank). 

6. What the OPIB/WUA/PPP Produced 
At the start of the mission, the PPP technical assistance developed a work plan in collaboration 
with the OPIB/DT Division. This plan served as a guide for the conduct of the missions. 
Technical Assistance during the campaign of June 15 to November 15, 2010, focused mainly 
on monitoring irrigation principles and improving the efficiency of water consumption in the 
irrigation scheme. Overall, irrigation water consumption was higher than in the previous year 
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for most of the secondary canals (between 14,000 m3/ha and 119,000 m3/ha). This is 
explained by the abundance of water related to the lining of the main canal, the defect of the 
internal network (secondary and tertiary canals), the irregular monitoring by field agents 
(waterman) and the indiscipline of the operators.  

After identification of the constraints, the following solutions proposed by the Technical 
Assistance of AHT-BETICO were accepted and most of them applied by OPIB and the WUA 
and the farmers.  

6.1. Technical Solutions 
They included 

- producing a Water Management Manual (see extract in Table 1; 
- securing secondary and tertiary water intake structures;  
- respect for the variation of the flow according to the cycle of the different speculations, 

that is to say to adjust the flow according to the needs of the plants;  
- the implementation of limnimetric scales allowing a more correct and easy reading of 

water levels on secondary outlets and regulators; 
- proper maintenance of the irrigation and drainage network; 
- strengthening network monitoring; 
- tools and equipment available for good management and maintenance (a water 

management manual was produced; see extract in Table 3) adequate (limnimetric 
scales, flow scales); 

6.2. Organizational Solutions 
They were made up of 

- professional training (Table 2) of managers and agents in hydraulics, agricultural as 
well as in the management and maintenance of an irrigation system (executives and 
agents without adequate training, without any training, etc.); 

- knowledge of the hydraulic infrastructure of irrigation and drainage networks and their 
operation (nominal PE in the canals, operation of automatic valves, mask modules, 
etc.); 

- motivation of some agents (little interest of hierarchical superiors for their work, poor 
housing in the areas, low level of remuneration); 

- improving communication between OPIB management, zones and GUE/Farmers 
(Table 4); 

- application of sanctions described and provided for in the Plan Contract (in case of the 
demolition of structures, non-maintenance of tertiary networks), which means that the 
farmers have little interest in the operation and maintenance of its tertiary network. 

7. How is Baguineda Irrigation System Doing in 2022 
Since the OPIB/WUA/AHT-BETICO Public-Private Partnership ended eleven years ago, it was 
important to what situation prevails in the irrigation system of Baguineda. This study had the 
opportunity to conduct a short interview in June 2022 with General Director—Sir. Seydou 
Bassié TOURE—(no more in charge) of OPIB during the AHT-BETICO PPP project period. 
The global appreciation of Mr. Toure his that the PPP actions had an excellent impact on the 
water management from the main, secondary and secondary canals, where OPIB agents are 
essentially in charge. The communication with the GUE (WUA) was sustainably improved. 
However, irrigation and maintenance activities at tertiary levels, managed by the GUE/Farmers 
still need performance improvement, and sanctions need to be applied (Table 4). Actions of 
awareness-raising and capacity building should continue to help the farmers. 
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8. Conclusions 
Demands for socio-economic infrastructure (roads, bridges, schools, hospitals, dams, irrigation 
systems, etc.) are growing while financial resources and capacity in a rural environment are 
still limited. As a result, several governments around the world are forced to seek innovative 
and efficient ways of financing and technically support for new projects implementation. Public-
Private Partnership (PPP) is one of the main sources of innovative financing and technical 
support. The execution of projects in PPP mode has many advantages for the country, 
including the transfer of risk and the reduction of budgetary constraints. On the other hand, the 
PPP also carries risks including non-compliance with contractual commitments due in general 
to the insufficiency of contracts and their monitoring, poor risk-sharing which can be considered 
as an insufficiency of the project building process and the contract, the supply of inappropriate 
or poor-quality equipment, etc. Therefore, it is the key to success to i) streamline the PPP 
procurement process through specifically designed provisions to increase efficiency and 
reduce abuses; ii) design and implement effective resource mobilization procedures; iii) adopt 
an environmental impact management tool; vi) control the quality of equipment set up under 
PPP contracts; and v) design and implement a good maintenance system for infrastructure 
carried out in PPP mode. In the case of OPIB/WUA/AHT-BETICO for an improvement of water 
management and maintenance in Baguineda, the partners, and especially the WUA/farmers 
benefited from an efficient selection of the private partner who had already proven capacities 
with previous work at the Office du Niger irrigation system. After identification of the main 
constraints, several training and water/maintenance management tools were provided and the 
stakeholders helped to apply them. 
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Table 1 : Maintenance of the irrigation system in Baguineda 

Degradation factors  Impact on the network Prevention Repairs  

The wandering of animals 
on the network 

 Degradation of 
embankments, creation of 
overflow zones 

 Prohibition of animal access 
to the perimeter or creation of 
corridors of passage 

Reprofiling of embankments, 
reloading of degraded dikes  

 Breaks in thresholds and 
cases of theft of 
structures 

Inability to ensure the 
regulation of the water slide 
(waste of water, conflict in 
water management, risk of 
flooding, ...)  

Awareness-raising Repair or recovery of 
damaged thresholds 

Sanctions 

Unauthorized breaches 
and nozzles in the 
jumpers of the canals 

Degradation of the 
embankment of the dike by 
erosion 

Check the operation of the 
network 

Plugging of breaches in the 
dike  

Lack of water downstream 
(conflict in water 
management) 

Awareness-raising 
Sanctions 

 Fish weirs in the canals Modification of the flow 
section of deposits (deposits 
at the right of the dike): lack 
of water downstream (case 
of the canal); upstream 
flooding (drain case) 
Conflict in water 
management 

Awareness-raising 
Sanctions 

 Punctual cleaning in case of 
deposit  

Poor management of 
irrigation water 

Flooding of plots Train irrigators in good 
management of irrigation 
(control of the water hand) 

  

Regular drain maintenance 

Traffic on the canal 
embankments 

Flooding of plots Damage to 
embankments (risk of 
overflows and flooding of 
plots) 

Awareness-raising 
Sanctions 

Gradient rider enhancement 
by embankment  

The grassing of riders and 
belt dikes 

  Awareness-raising 
Sanctions 

Weed 

Aquatic plants and other 
weeds inside the canals 

Decrease in flow section 
(decrease in flow) 

  Channel cleaning or mowing 

Wear and tear of canal 
embankments and dikes 

Risk of flooding of plots    Embankment 

The poor structure of the 
soil causing infiltration in 
the embankments and 
dikes 

Risk of flooding of plots 
 

Packing down  

Degradation of the network 

Reference: (AHT-BETICO, 2009) 

Table 2 : Training Provided Through the PPP Technical Assistance in Baguineda 

N° Theme of the training Date Trainer Training 
Manual 

01 Using Pis5 software  Mahamadou DIARRA OK 

02 Using a flow meter to measure 
flow From 13 to 15 October 2008 T. Bokkers Practical 

session 

03 Irrigation Network Maintenance From 14 to 15 January 2009 Lansine KEITA et Issa 
ALBEYDOU OK 

04 Using a GPS to produce field 
maps 28/01/2009 Lansine KEITA OK 

05 Use of Software ArcMap and 
ArcGIS From 23/04/2009 to 29/04/2009 Brigitte LONCINI OK 

06 Use of a Database (ACCES & 
SQL)  Mahamadou DIAKITE  

07 Water the main irrigation canal June 2009 T. Bokkers OK 

08 How to use a digital topographic 
level device (Total Station) 23 July 2011 Yacouba BA and 

Lansine KEITA OK 

 How to fight against water 
hyacinth 2011   

     
Reference: (AHT-BETICO, 2009) 
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Table 3 : Campaign Plan, Planning and Coordination of Water Management Service (DT) Activities 

 ACTIVITY 
2009 COMPLETION 

INDICATOR RESPONSIBLE Assistance Budget XOF 

D J F M A M J J A S O N D      Estimation 

1 Activity Planning x x                   x x   Zone Director Heads of Service   
1.1 Determination of the Objectives for the year 2000 x x                  x x Campaign Plan Zone Director Chief GSE   
  ° Amount of fees                                         100,000,000  

  ° Setting the crop calendar                          Chapter 4 of 
Manual       

  ° Areas to irrigate                          Chapter 4 of 
Manual       

  ° Water demand forecasts                          Chapter 6 of 
Manual       

  ° Volumes of maintenance works on primary and 
secondary networks (E/PME/UE)                          Chapter 9 of 

Manual       
  ° Volumes of maintenance works on Tertiary network 

(Farmers)                    x     Chapter 9 of 
Manual       

1.2 Preparation of the annual budget (see fees) x x                    x Budget Zone Director Chief GSE   
  ° Staff (salaries, bonuses; promotions)                                           15,000,000  

  ° Logistical means                                            2,000,000  

  ° Office equipment                                            2,000,000  

  ° Staff training                                            2,000,000  

  ° Famers training                                            2,000,000  

  ° Cost of maintenance works on primary and 
secondary networks (E/PME/UE)                                         120,000,000  

  ° Cost of maintenance works on Tertiary network 
(Famers)                                          30,000,000  

1.3 Preparation of a training program x x                x x x Program Zone Director Chief GSE 
  

2 Implementation of Activities                                  
2.1 Zone Program / by plot / Secondary Canal                            Chief GSE / TA Plot Chief   
                             (Reports)       
  ° Preparation of the crop calendar (off-season/ winter)                  Plot Chief Waterman   
  ° Watering of the irrigation network (off-

season/winter)   x       x              Impoundment Plot Chief Waterman   
  ° Distribution and management of flows   x X x x x x x x x x     Record book Waterman     
  ° Application of the water turn   x X x x x x x x x x       Waterman Tertiary canal Chief   
  ° Network monitoring x x X x x x x x x x x x x Daily report Waterman     
  ° Preparation of maintenance work on primary 

network (E/PME/UE) x x X                x x Planning Chief GSE / TA     
  ° followup of maintenance work on primary network 

(E/PME/UE)       x x x x             Volumes 
released Head of Maintenance Unit Teams   

  ° Preparation of maintenance work on tertiary network 
(Famers)     X x                  Planning Chief GSE / TA Waterman / Tertiary canal 

Chief   
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 ACTIVITY 
2009 COMPLETION 

INDICATOR RESPONSIBLE Assistance Budget XOF 

D J F M A M J J A S O N D      Estimation 

  ° followup of maintenance work on tertiary network 
(Famers)         x x x     x x     Volumes 

released Plot Chief / Waterman Tertiary canal Chief   
  ° Monitoring and evaluation of water management x     x     x     x     x Report Chief GSE / TA     
  ° Monitoring and evaluation of maintenance on the 

secondary network x     x     x     x     x Report Chief GSE / TA     
  ° Monitoring and evaluation of maintenance on the 

tertiary network x     x     x     x     x Report Chief GSE / TA     
  ° Updating the database: Management and 

Maintenance x     x     x     x     x Database Technical Assist. (TA) Chief GSE   
  ° Update Operation Manual x     x     x     x     x Manual TA Chief GSE   

2.2  Training                          Internship/course 
attended Zone Director Chief GSE/-U.E.   

  ° Management/IT internship (Heads of 
Department/U.E.) x     x                x Internship AfDB Program TA              5,000,000  

  ° Basic Hydraulics course (Plots Head /Waterman 
/Head E.U.)       x     x       x     Course TA Chief GSE             2,000,000  

  ° Practical course on the water turn (Secondary Canal 
Chief/—tertiary)       x     x       x     Course TA Chief GSE             2,000,000  

  ° Exchange visits (Waterman/Secondary Canal 
Chief/—tertiary/Farmer) x     x     x           x Visits TA Chief GSE             2,000,000  

3  Monitoring and evaluation                            Chief GSE Chief U.E. 
  

3.1 Meetings & Reports (Management & Maintenance)                                  
  ° Daily report                          Report Plot Chief Waterman   
  ° Weekly meeting (exchange of experiences) x x X x x x x x x x x x x Minutes meeting Chief GSE Plot Chief /U.E.   
  ° Monthly technical meeting x x X x x x x x x x x x x Technical note Chief GSE TA   
  ° Monthly report x x X x x x x x x x x x x Reports Chief GSE Plot Chief /U.E.   
  ° Field visits / meetings with farmers x x X x x x x x x x x x x Visits Minutes Chief GSE Plot Chief /Waterman   
  ° Annual report                         x Report Chief GSE Plot Chief    

 

Reference: (AHT-BETICO, 2009) 
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Table 4 : Weekly Basis Monitoring Process of Water Management Service (DT) Activities 

GUE/Farmer GUE/Chief CT CIE/ Head of CS/GUE GUE/CPEE 

(Waterman) (Waterman/Chief 
CT) 

(Waterman/Plot 
Chief) 

(Head of Water Management 
Service) 

• Inform in the area 
under cultivation 

• Collecting the 
areas under 
cultivation from the 
farmers 

• Collecting the areas 
sown from the heads 
of TC 

• Setting the agricultural calendar 
(annually) 
—   start and end of the season 
—   off-season 

• Expressing his 
water needs 

• Planning the 
tertiary canal 
irrigation program 
with the Waterman 

• Plan the SC irrigation 
program with the  
Waterman 

• Participation in awareness-
raising of farmers in the 
framework of the Water 
management (GUE) 

• Plan irrigation 
according to the 
water turn 

• Monitoring farmers 
for compliant 
implementation 

• Monitor TC chefs for 
compliance 

• Establishment of sanctions 
—warning 
—caution 
—proposal to evict 

• Controlling 
irrigation at the plot 
level 

• Give the 
information from 
farmers on possible 
malfunctioning of the 
TC 
• Meeting with 
farmers and Head of 
SC 
• Meeting with 
Waterman 

• Passing on 
information from 
farmers on the 
malfunction of the SC 
• Meeting with the 
Heads of TC 
• Meeting with 
Waterman and the 
Head of Perimeter 

• Annual meeting on forecasts 
and realizations of  
water consumption of the 
secondary canals and the  
perimeter 
• Monthly meeting with the Heads 
of the SC 
• Monthly meeting with the Head 
of the Water Management 
Department 

Reference: (AHT-BETICO, 2009) 
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ABSTARCT 

Water use efficiency is the prime concern for the irrigation projects, where 
in huge investments were made in the projects for welfare of people. It is found 
that unless farmers are involved in an organized way in operation, management 
and maintenance, the objectives of the irrigation schemes would not be realized. 
Therefore, Government of Karnataka (India) has formulated participatory 
irrigation management through formation of water user cooperative societies 
(WUCS). To achieve the best irrigation practices in Karnataka (India) focus has 
been placed on participatory Irrigation Management (PIM). In 2000 Government 
of Karnataka has brought in amendments to the Karnataka Irrigation Act (1965) 
and provided for formation of WUCS under Karnataka Cooperative Societies Act 
(1959) for transfer of water management to water user co-operative societies 
(WUCS).  

For effective implementation of PIM in the state the Government of 
Karnataka has established water and land management institute (WALMI), 
Dharwad. One of the mandates of WALMI is capacity building of stakeholders for 
effective implementation of PIM through strengthening water user cooperative 
societies (WUCS). WALMI has been training water users and engineers in the 
past 37 years. The rejuvenated WALMI has seriously engaged with WUCS to 
improve their performance. A preliminary study was conducted to find out 
effectiveness of training programmes of WALMI on performance of PIM. Results 
of study of performance of WUCS in Bhadra CADA revealed better performance 
of WUCS in the post training period. Therefore, it is recommended that the 
number and quality of training programmes for effective implementation of 
participatory irrigation (PIM) should be strengthened.  

 
Keywords: PIM, Water User Fees, Water User Cooperative Societies.  
 
INTRODUCTION  

Irrigation in India is dominated by canal irrigation system which was built to 
ward off the havocs and distresses of famines and to increase agricultural 
production. These irrigation systems have been entirely Government managed 
with from top to bottom concept. The administration or management authorities 



2 
 

of such projects have not been able to enforce water control decisions efficiently. 
This has resulted in unwanted problems of mismanagement of irrigation 
structures, land degradation, cost escalation and socio-political conflicts. Water 
use efficiency is also the prime concern for the irrigation projects. In India water 
use efficiency 25%-30% only. It is found that unless farmers are involved in an 
organized way in operation, management and maintenance, the objectives of 
irrigation schemes would not be realized. The failure of large scale irrigation 
projects has led to increased support for a system which could be run and 
maintained by the users themselves. In view of this, need for participatory 
irrigation management (PIM) was felt. Participatory irrigation management (PIM) 
refers to the involvement of farmers (water users) in different aspects of irrigation 
management such as planning, designing, construction and supervision, policy 
and decision making, operation and maintenance (O and M) and evaluation of 
irrigation system. Adoption of PIM is expected to resolve these water conflicts. 
With the given poor level of water use efficiency and wastage, system can be 
improved only through the institutional mechanism of PIM. 

It is a known fact that about 80-90 per cent of water available in India and 
Karnataka state is consumed by the irrigation sector. The water use efficiency in 
agriculture (irrigation) is only about 25-30 per cent in surface flow irrigation, 
resulting into loss of large quantity of water. Participatory irrigation management 
has been practiced in several countries of the world including Australia (IMT), 
Mexico, USA and others. The Indian Water Policy 2002 states that ‘‘management 
of the water resources for diverse uses should incorporate a participatory 
approach’’ (Government of India (GOI), 2008a). 
 
PIM IN KARNATAKA 

Government of India has accepted PIM as one of the solutions for improving 
irrigation systems and issued guidelines to the states to adopt PIM Acts. PIM is 
the principal policy of Government of Karnataka too in achieving efficient and 
sustainable water management in the irrigation command areas of the state. 
Based upon global experience, participatory irrigation management (PIM) has 
been found to be a panacea for the ills of irrigation. Main objective of PIM is 
efficient, equitable and sustainable irrigation management. 

Karnataka has made several legislative provisions in this regard to improve 
water management. The Karnataka State Irrigation Act (1965) was amended in 
2000 to make provision for PIM. One of the important provisions of the Act is 
formation of Water User Cooperative Societies (WUCS). Thus, WUCS are formed 
under Karnataka State Irrigation Act 1965 and Karnataka State Cooperative Act 
(1959). Main function of WUCS is to obtain water from the irrigation corporations 
(Nigam) and distribute to its members on equitable basis, pay water user fees 
and improve water management system in its jurisdiction. The WUCS, although 
formed two decades ago in Karnataka have been experiencing serious difficulties 
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and many have become defunct. There was all round helplessness and apathy 
towards these societies. Several historical, political, economic and socio 
psychological factors have hindered the progress of WUCS in the state.  

Constrains for PIM in Karnataka  
Several constraints have been identified by the researchers in successful 

implementation of PIM and working of WUCS in Karnataka (Ganapathy, 2008). 
These can be classified as organizational, technical and financial.  

The WUCS were formed without much preparation under the compulsion 
to fulfill conditionality imposed by the funding agencies. The process placed 
emphasis on number of societies registered rather than qualitative aspects. 
Therefore, societies remained on papers rather than being effectively grounded 
at the field level. Hence, the beneficiaries could not understand the concept, 
usefulness or relevance of societies. The PIM Act of Karnataka abundantly 
makes clear the benefits of formation of WUCS to the farmers, and the Water 
Resource Departments. But, unfortunately, neither the farmer-beneficiaries nor 
the officials involved in PIM are clear about the Act, Rules and Regulations 
governing the PIM.  

As already mentioned farmers have different political affiliations and any 
arrangement for sharing critical natural resource like water will clash with political 
interests of some individual / group/ party. The political affiliations gain upper 
hand over the affiliation for sharing resource. Effective functioning of WUCS 
requires constant supervision by the authorities like Nigams/ CADAs at least in 
the initial phase of functioning of societies. But, this is not happening due to 
constraints of staff, mobility etc on the part of agencies of supervision.  

Water supply system in the command areas is improper because of 
several technical and engineering problems. There are breaches in canals, 
embankments or aqueducts. There is problem of improper alignment, lining of 
field channels. Diversion chambers, gates are damaged and as a result water 
does not flow as expected. These create hurdles in proper sharing of irrigation 
water by the beneficiaries. At present the size (hydraulic unit) of WUCS ranges 
between 500-1000 ha, which limits their level of transactions. At times these small 
units are vulnerable for loss.  

The societies have not maintained their financial records/ accounts 
properly. This is due to low level of financial transactions, lack of understanding, 
training and incentive to maintain records. All these lead to maladministration and 
lack of interest of members in the affairs of the society. The irrigation act provides 
for collection of water charges by the societies from water users and paying the 
collected money to the irrigation corporation and to retain part of the revenue for 
use by the society. There is also a provision for one time grant up to a maximum 
of Rs. 0.5 million/ society for repair and upkeep of the canals and other irrigation 
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structures within the jurisdiction of the society. Further, to promote PIM, 
Government of Karnataka has recently taken up a welcome step to provide an 
annual grant of Rs. 0.1 million / society for its smooth functioning. Unfortunately, 
due to lack of awareness and understanding of such provisions and acts of 
Government the societies have not succeeded in collecting water charges from 
the users and hence their financial base is poor. Due to neglect and long time 
lag, the societies remained dormant and have become sick.  

Research Methodology  

It was planned to assess the effectiveness of training programmes of 
WALMI, Dharwad on performance of WUCS. Towards this end, office bearers of 
44 WUCS from Bhadra command area were interviewed. One primary function 
of WUCS is to arrange water management and collect water user fees (water 
tax). Data were collected on performance of WUCS and collection of water user 
fees from 2015 to 2020. The results were analyzed by tabular format and are 
presented in table and chart forms. 

Government of Karnataka, Water Resources Department has taken 
decision to form WUCS across the state for efficient use of water. Totally six 
Command Areas Development Authorities (CADA) are functioning in the state. 
Total numbers of targeted WUCS to be registered are 4,533, out of these 3,470 
WUCS are registered and MoU of 2,493 WUCS is completed. Out of these 
currently 1,710 WUCS are functioning at various levels of performance. 

Table 1: Progress on PIM in Karnataka 
Year Area 

Irrigate
d 

(No. of 
WUCS) 
Target 

Registratio
n MOU Handin

g Over 
Functionin

g 

31-10-2018 20386
76 4172 3222 2232 2201 1663 

31-01-2020 21248
63 4329 3369 2352 2352 1627 

31-01-2022 22322
43 4533 3470 2493 2493 1710 

(Source: GOK.2022) 
 
Efforts of WALMI in strengthening PIM 

Effective implementation of PIM through formation, strengthening and 
rejuvenation of WUCS is an important mandate of Water and Land Management 
Institute (WALMI) Dharwad. In view of the enhanced importance attached to 
development, conservation and use of natural resources like water and land, 
Government of India and Government of Karnataka have established several 
useful institutions. Around 1980s several states in India started water and land 
management institutes. WALMI, Dharwad is one such institution established by 
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Karnataka Government under World Bank assistance. Presently, the institute is 
located in Dharwad, Karnataka, India.  

Office bearers of WUCs and the engineers are being trained in WALMI, 
Dharwad to make effective utilization of water supplied by the irrigation 
corporations on volumetric basis and distribute among the members of WUCS. 
They have been trained to prepare water budgets, crop plans and demand water 
from the corporations. The office bearers of WUCs are trained on maintenance 
of canal network and irrigation structures. WUCS are provided with several grants 
by both state and federal governments for maintenance of irrigation system and 
other incentives.  Farmers are trained on utilization of grants for canal 
maintenance.   

Water- soil - crop demonstrations are conducted for water saving and 
utilization and improving water use efficiency on the farmers’ fields in the irrigation 
command areas throughout the state. Organic farming and integrated farming 
systems have been promoted through the WUCS to save water. PIM has been 
created on a Federated structure with hierarchical system at various levels. All 
these democratic institutions are strengthened to improve the overall irrigation 
network in the command area. The WUCS are formed under micro irrigation 
projects too in the state. Here also efforts are made to strengthen the WUCS to 
maintain and improve the water use efficiency.  

 
The number of beneficiaries trained in WALMI has steadily increased in the 

last three and a half decades. The number of trainees which was only 27 in 1986-
87 has tremendously increased to about 12,000 during 2021-22(Fig. 1). 

 

 
Fig:1 Number of Participants Trained From 1986-87 to 2021-22 

 
 Further, with rejuvenation of WALMI around 2017-18, the number of 
trainees has increased from 3682 during 2017-8 to 11,973 during 2021-22 (Fig 
.1). 
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As can be seen from Table.2 the number of trainees has been increasing 
since 2017-18. The number of trainees has increased from 3682 to 11973 within 
a period of five years. This reflects the commitment of Government of Karnataka 
and WALMI Dharwad in effectively implementing PIM through capacity building. 
Several innovative outreach methods have been used in transferring knowledge 
and technology to the stake holders. Large number of stake holders in PIM has 
been gathered during annual mega events like World Water Day, Environmental 
Day etc to educate farmers on water conservation and disciplined utilization.  

 
Table 2: Number of participants trained during 2017-18 and 2021-22 
Year/ 
 

2017-18 2018-19 2019-20 2020-21 2021-22 

Number of 
trainees 

3682 4629 6958 6677 11973 

 
Figure 1 also reflects the increase in number of trainees trained in WALMI, 
Dharwad. 

 
Fig:2 Number of participants trained during 2017-18 and 2021-22 

 
Categories of participants trained during 2021-22 
 

A variety of stake holders have been trained in WALMI. As can be seen 
from the figure 2 These are farmers, engineers of water resources department, 
officials of WALMI, students and youth and the members of general public. 
Among these highest percentage of participants (67 %) are farmers followed by 
engineers (23 %). 
 

Participants 
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Participants 
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Fig: 3 Categories of participants trained during 2021-22 

WALMI imparts training to these stakeholders on the following topics to 
educate them about the concept and tasks:  

i. Irrigation Act, PIM Act, CADA Act and Rules & Regulations related to PIM 

ii. Administrative and technical matters, book keeping, reporting etc 

iii. Principles and procedure of establishing the MoU between WUCS and 
Nigams 

iv. Levying of water charges, collection by the WUCS and payment to Nigams.  

v. Organizing Inter- state visit of office bearers and members to various 
institutions and irrigation projects.  

vi. Facilitating formation coordination within and among the Federations of 
WUCS in the state and providing technical guidance to Federations. 

vii. Trainings one personality development and conflict resolution.   

viii. Special efforts has been made to bring farmers – engineers together to 
achieve effective water management 

Innovativeness of training programmes 
A variety of innovative training modules have been developed through 

experience and expertise in the WALMI. The scope of the existing training means 
and methods has been modified and meet the current challenges. Table .3 
depicts the types of capacity building activities under taken in WALMI.  

 
 
 
 
 
 
 

Table 3: WALMI activities in strengthening PIM 

Series
2, 
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Series
2, 

Engi…

Series
2, 
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Series
2, 
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s



8 
 

Sl No Nature of activity 
1 Training office bearers of Water User Cooperative Societies / Farmers (On 

campus) 
2 Training for rejuvenation of Water User Cooperative Societies (Outdoor)  
3 SATCOM Trainings  
4 Special Events / Programmes    
5 Workshops on rejuvenation of Water User Cooperative Societies  
6 Online Training Programmes  
7 Visit to Water User Cooperative Societies  
8 National and International Online Webinars and Meetings  
9 Engineers Trainings  

10 Training for teaching and non-teaching staff of WALMI  
11 Programmes on rejuvenation of Water User Cooperative Societies under 

LIS and MIS  
12 Seminar and campaigns  
13 Television, Radio Serial Programmes and Street Plays  
14 Compilation of Database of Water User Cooperative Societies  
15 Handbook of FAQ on Participatory Irrigation Management (PIM) 
16 Workshop on MGNREGA scheme implementation for canal maintenance 

in Malaprabha Command Area in Dharwad District  
17 Reclamation of Soil salinity and Water logging  
18 On campus demonstration and farmers field demonstration  
19 Felicitation to achievers  
20 Policy advocacy  

 
Measures for strengthening of PIM and functioning of WUCS 

There are several measures suggested for improvement of PIM in the world 
as well as in India. One of the most important measures suggested for effective 
implementation of PIM is capacity building. Regular and qualitative trainings to 
office bearers and members of WUCS are necessary for strengthening PIM. 
These training programmes are organized at WALMI, Dharwad and in command 
areas. These trainings should cover aspects like Irrigation Act, PIM Act, 
Cooperative Societies Registration Act, Rules, Regulations, by laws, 
maintenance of accounts and other official documents reporting etc. It is 
important to make membership compulsory for all farmers (holdings) within the 
hydraulic unit identified by the WUCS as jurisdiction of the society. WUCS should 
be empowered to collect water charges and pay to Nigams. The procedure can 
be simplified to ensure greater tax collection. Electronic data base about water 
charges levied, collect and paid should streamline this activity. There is a need 
to enlarge the size of the WUCS so as to make them sustainable and financially 
feasible.  

CADA should monitor functioning of WUCS and guide them in day today 
activities and smooth functioning. WUCS should be encouraged and guided by 
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CADA to maintain canals and field irrigation canals in proper condition. Land 
Development Officer (LDO -Co-operation) of CADA should be strengthened to 
perform these activities in better ways. CADA should ensure periodic elections, 
conduct of periodic meetings of GB / EC etc. This can ensure keeping vested 
interests away and under control and ensure entry of fresh and genuine members 
into management. Nigams should ensure volumetric measurement of water by 
installing appropriate measuring devices. Water Resource Department has to 
focus on this crucial issue to ensure success of PIM by committing funds and 
personnel required for the purpose. This will help enforce tax collect and thereby 
enhance revenue generation to the Water Resource Department. WUCS should 
be empowered, apart from water management, to take up subsidiary activities 
like procurement and supply of farm inputs and sale of farm produce of farmer 
members.  

Warabandi- is one of the effective means of proper water distribution which 
needs to be encouraged. Irrigation officers (EE) of Nigams should prioritize 
supervision of WUCS (apart from the day today engineering works) as one of 
their important activities and focus upon issues concerned to implementation of 
PIM effectively. The official member of the WUCS should compulsorily participate 
in GB/EC meetings and other activities of the societies and act as friend and 
guide. Identify the number, extent and nature of sick societies, analysis causes 
and take steps to rejuvenate such societies appointing a nodal officer for a short 
period until the society is rejuvenated. Release, supply and spatial and temporal 
distribution of water into the command should be effectively coordinated among 
Nigams, CADAs and WUCS by ensuring proper decisions and communication. 
There is a need to enforce compulsory water and soil testing in cultivated lands 
of members. Institution like WALMI, Dharwad, Agricultural / Horticultural 
Universities / KVK should train farmers regarding crapping systems, crop 
selection and crop-water management.  

Success of PIM hinges upon cooperation and coordination among these 
stake-holders in the system. This has to be nurtured by the state bureaucratic 
and political setup. WALMI can be entrusted with a responsibility to develop 
success stories of WUCS which are working effectively and propagate among the 
farmers in the command areas. Deliberate and systematic time bound campaigns 
should be launched through print, electronic and social media to clear 
misunderstanding about WUCS and PIM in general. Public should be sensitized 
and encouraged to talk favourably and positively about WUCS to create a sense 
of broad based public acceptance of PIM. Water rights of individuals and the 
entities need to be clearly defined and enforced effectively (Poddar, et al, 2011). 
Most of these measures have been tried by the water resources department and 
the responsibility of operationalization of PIM in the state is entrusted to WALMI, 
Dharwad.  

Impact of WALMI trainings on performance of WUCS 
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A study of 44 WUCS under Bhadra command area of Karnataka revealed 
that there was improvement in functioning of WUCS as a result of training 
programme in WALMI. The respondents opined that there was a general 
improvement in functioning of WUCS as a result of training in WALMI. The 
societies started organizing regular official meetings, conducting periodic 
elections, maintaining official accounts and collection of water user fees (water 
tax)in the post training period. Success of WUCS was taken as an important 
parameter for the success of the WUCS.  
Impact of WALMI training on water user fee collection during 2015 to 2020 

As depicted in Table.4 the data on water user fees collection from WUCS 
in Bhadra CADA were analyzed for the period 2015 to 2020. The results reveal 
that there was increase in collection of water user fees during this period. The 
respondents opined that the training created awareness about skills to collect the 
fees. An average of Rs. 18,732/annum was collected.  

The amount collected increased to Rs. 55,372/annum during 2018-202. 
These figures were worked out on three year (2015-2017) average basis.  

Table:4  Impact of WALMI training on collection of WUF during 2015 to 
2020  

Periods WUF collection 
(Rs./ WUCs/annum) 

Before training (2015-2017) 18,732 

After training (2018-2020) 55,372 

 

             

Fig :4 Year wise WUF collection from Bhadra command area (2015-20) 

Series1, 
Before training 

-2015-17, 
18732

Series1, After 
training- 2018-

20, 55372

W
U

F 
co

lle
ct

io
n 

Rs
./

W
U

CS
/Y

ea
r

periods 

 Before training -2015-17

After training- 2018-20



11 
 

As can be seen from the figure 4, the WUF collection was Rs. 2.70.054 during 2015-
16, Rs. 3,77,766/Annum during 2016, Rs, 1,76,377/annum during 2017. However, since 
2018 it can be seen that the WUF collection has improved to Rs. 10,71,001/annum, which 
was the highest. During 2019 and 2020 the fee collection has slightly declined but it is above 
the period before 2018. This reveals the impact of WALMI trainings on fee collection. 

Table:5 Year wise WUF collection during 2015 to 2020        

Years 2015 2016 2017 2018 2019 2020 
WUF Collection 

/annum 2,70,054 3,77,766 1,76,377 10,71,001 7,86,095 5,79,284 

Note: WUF collection from 44 WUCS 

 

 

Fig 5. Year wise WUF collection from Bhadra command area (2015-20) 

 Based on feedback from the farmers and engineers before and after 
training and workshops and some basic impact assessment, following 
improvements have been observed in progress of PIM in the state.  

i. Formation of new societies. 
ii. Revival of defunct societies.  
iii. Enhancement in organizational activities of WUCS. 
iv. Water savings. 
v. Extension of irrigated area within the jurisdiction of WUCS. 
vi. Voluntarily paying water use fees by the WUCS.  
vii. Improvement in financial base of WUCS. 
viii. Enhancement of confidence level of office bearers. 
ix. Improvement if federal structure of WUCS. 
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Farmers opined that there was an improvement of water management and 

as a result of which there was water savings too. Trainings highlighted on 
effective coordination and cooperation among water users and between WUCS 
and irrigation officials. Irrigation structure were repaired and looked after well by 
the beneficiaries, there was water saving. It is observed that about 2.5 per cent 
of irrigated area is enhanced resulting into increase in cultivation of land due to 
improvement in water management.  
 
Conclusion 

For effective implementation of PIM in the state the Government of 
Karnataka has established water and land management institute (WALMI), 
Dharwad. One of the mandates of WALMI is capacity building of stakeholders for 
effective implementation of PIM through strengthening water user cooperative 
societies (WUCS). WALMI has been training water users and engineers in the 
past 37 years. The rejuvenated WALMI has seriously engaged with WUCS to 
improve their performance. A preliminary study was conducted to find out 
effectiveness of training programmes of WALMI on performance of PIM. Results 
of study of performance of WUCS in Bhadra CADA revealed better performance 
of WUCS in the post training period. There was improvement in fucntining of 
societies, collection of water user fees, maintainenance of accounts and financial 
base through collection of water user fees. Therefore, it is recommended that the 
number and quality of training programmes for effective implementation of 
participatory irrigation (PIM) should be strengthened.  
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MAKING MINOR IRRIGATION SCHEMES SUCCESSFUL 
THROUGH COMMUNITY MANAGEMENT – AN EXAMPLE 

FROM WEST BENGAL, INDIA 
Archisman Mitra1, Mohammad Faiz Alam2, Alok Sikka3, Aditi Sanjay4, Amarnath 

Giriraj5, Prabhat Kumar Mishra6, Akhilesh Parey7 and Debashis Roy8 

ABSTRACT 
 
The growing emphasis of bringing green revolution in eastern India necessitates the 
creation of irrigation infrastructure in rainfed, single cropped regions where agricultural 
growth has stagnated as a result. Depending on the development of a private 
groundwater irrigation economy may not be suitable in all regions, especially in the very 
poor and marginalized sections that may not have enough liquidity to invest in irrigation 
infrastructure. This implies that the Government needs to invest in creating irrigation 
infrastructure and then hand it over to the community for effective management and 
operation. The “West Bengal Accelerated Development of Minor Irrigation (WBADMI) 
Project” in West Bengal does exactly that with focus on handing over both surface and 
ground water infrastructure to the community after creating and training farmers on 
effective management and operation through Water Users’ Association. The project 
also provides agricultural support services for agriculture, horticulture, and fishery in an 
effort to maximize the returns from the irrigation infrastructure. 
 
In this paper, we have used survey data from 670 farmers in 215 schemes across the 
state, consisting of both WUA members and non-WUA farmers, to estimate the impact 
of this project on improving critical agricultural and economic indicators for small and 
marginal farmers. Our analysis also focuses on the institutional and management 
aspects of these Water User Associations and the role of agricultural support services 
in achieving full potential of new irrigation infrastructure. We use different metrics like 
universality of membership, democratic functioning, fee collection and financial 
transparency to understand WUA’s impact on the success of minor irrigation schemes. 
We find significant increase in cropping intensity, crop diversity and yield for project 
farmers in comparison to the non-project farmers. Our results indicate that WUAs can 
be an effective institution for the proper operation and management of irrigation 
infrastructure. We also found that the positive outcomes in WBADMI schemes are 
correlated with the adoption of new technologies and better agricultural practices, which 
have been facilitated by effective agricultural support services, in terms of additional 
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training and input support from the project. Thus, it is not enough just creating these 
WUAs, but it is equally important to properly train the WUA members and setup with 
proper guidelines for their effective functioning.  Lack of proper planning and control 
leads to water misuse, low fee collection and lack of maintenance. It threatens long 
term sustainability of the infrastructure.   
 
Keywords: agricultural support services; minor irrigation infrastructure; participation; 
water management; water user associations 
 
1. Introduction 
 
Type Irrigation is critical for global food security, as irrigated areas are two to four times 
more productive than rainfed areas (Fraiture et al., 2009) and are relatively much more 
resilient to weather extremes (Challinor et al., 2014; Koundouri et al., 2006). In India, 
irrigation development has received high priority since independence through 
government’s successive five-year plans (Sikka et al., 2021). Till the 1970s, major and 
medium surface irrigation projects were the main source of irrigation in India but later 
minor irrigation schemes9, especially groundwater irrigation, has been the main driver 
of irrigation growth in India (Mukherji, 2016). Groundwater irrigation played a major role 
in ushering green revolution in the groundwater abundant states of Punjab and Haryana 
(Mukherji, 2020; Shah, 1993). Groundwater irrigated area, mostly private, currently 
account for 63 % of total irrigated area in 2014-15 compared to only 29 % in 1950-51 
(Jain et al., 2019).  
However, the growth and development of irrigation through private groundwater market 
has not been uniform across India and still approximately half of India’s net sown area 
remains rainfed (GoI, 2021). Most parts of North-Western and Peninsular India 
witnessed high growth in irrigation density, while the unirrigated half in large parts of 
eastern and central India remains vulnerable to water deficits with large yield 
gaps(Singh et al., 2009). The reasons for low irrigation development remain lack of 
incentives (markets, energy) or high poverty or unfeasible terrain or limited groundwater 
resource or a combination of these (Mukherji, 2016; Sarkar, 2020; Shah, 2008). In such 
rainfed and dryland agriculture regions, governments have been investing in building 
minor irrigation structures to provide limited or supplemental irrigation through micro 
level surface water bodies/ponds and/or enhanced groundwater recharge to wells 
(Sikka et al, 2021). These have been as part of large watershed development programs 
or as community based minor irrigation projects, that played a key role in achieving 
food security, livelihood improvement and poverty alleviation in these areas (Joshi et 
al., 2005; Kerr, 2002; Sikka, 2009). 
Participatory irrigation management (PIM), involving the beneficiaries in the planning, 
implementation and monitoring, and sharing the benefits and costs amongst them, has 
been central in the development and management of many of these minor irrigation 
schemes (Joshi et al., 2005; Sikka, 2009). The focus on participatory approach has 
been due to the recognition of comparative advantage of local community over 
government agents to manage and monitor resource use, as their livelihoods depend 
on that resource (Meinzen-Dick et al., 2002). This participatory approach is mostly 
implemented and promoted through water user associations (WUAs) (Gandhi et al., 
2020; Reddy & Reddy, 2002; Sikka, 2009).  WUAs are identified as formalized, not-for-
profit and user-based organizations that aims to manage the irrigation system with 
elected representatives from among farmers who are the primary users of the irrigation 
water (Aarnoudse et al., 2018; Gandhi et al., 2020).  
Multiple studies have studied the successes and failures of minor irrigation schemes 
and their management through WUAs. The literature on PIM indicates that effective 

 
9 Minor irrigation schemes are defined as schemes having culturable command area of less than 2000 
hectares (GoI, 2017) 
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community participation can lead to better water management, reduced government 
operations cost and better accountability(Gandhi et al., 2020; Joshi et al., 2005).  Joshi 
et al (2005) in their meta-analysis of 311 case studies on watershed programs in India 
find that projects with participatory approach resulted in higher benefit-cost ratio (BCR) 
of 2.37 as against a BCR of 2 in projects with low participation. The evidence on such 
effectiveness of WUAs in better management and operation, equitable and reliable 
supply etc. has been mixed and the successful cases are unlikely to be socially 
engineered as it depends on multiple internal and external factors(Mollinga et al., 2007; 
Mukherji et al., 2009). Some internal challenges of PIM include lack of co-operation 
and interest among the farmers, lack of financial sustainability, inefficient technical 
knowledge and inequitable distribution of benefits (Garces-Restrepo et al., 2007; 
Reddy & Reddy, 2002; Senanayake et al., 2015; Sikka, 2009). Challenges could also 
be external such as lack of legal backup, ineffective policies, and rigid water 
bureaucracies (Aarnoudse et al., 2018; Sikka, 2009).  
Despite these limitations, there has been continuous investments in community 
managed minor irrigation schemes promoted by governments and donors in South 
Asia. This has become particularly important in the context of developing irrigation in 
eastern India, in accordance with Government’s priority of “Bringing Green Revolution 
to Eastern India” (Pathak et al., 2019). Given these continued investments into 
community owned minor irrigation projects, and context-specific nature of such 
projects’ performances, we study in this paper the West Bengal Accelerated 
Development of Minor Irrigation (WB-ADMI) project launched in 2012. The objective of 
this case study is to understand the potential successes and challenges of using this 
model in developing irrigation access in relatively poorer, rainfed single crop areas in 
eastern India and to draw recommendations for more sustainable and equitable minor 
irrigating schemes in this region. 
 
2.  Accelerated Development of Minor Irrigation (ADMI) scheme, West 

Bengal 
 
West Bengal located in eastern India, bordering Bangladesh, is the most densely 
populated state in India (Census, 2011).  West Bengal’s is intensively cultivated with 
60% of its land area under cultivation and 34% of its total labour force is employed in 
the agricultural sector (GoI, 2020, 2021).  Paddy is the main crop with West Bengal 
being the top producer of paddy nationally (Mukherji et al., 2020). Monsoon (June-Oct) 
and summer (January-May) are the main paddy growing season, with production in 
winter season dependent completely on irrigation water availability (Buisson et al., 
2021). Overall, West Bengal is a water abundant state with high rainfall during the 
monsoons and underlain with rich aquifers systems with shallow groundwater levels 
(Sarkar, 2020). Despite this, overall irrigation development remains low with only 
around 50% of its 5.2 million hectares of net sown area being irrigated (Mukherji et al., 
2020). Additionally, there is high spatial variability in agriculture and irrigation 
development across state (Figure 1). Cropping intensity (Figure 1) is highest in the 
central districts supported by intensive irrigation (Figure 1). Groundwater is the main 
source of irrigation in the state (covering 66% of net irrigated area in 2010-11 (Modak, 
2021)). In contrast, western and northern districts are less developed (Figure 1). 
This spatial variability is a result of both natural and social factors. There is large 
climatic variability due to the presence of diverse physiographic zones stretching from 
Himalayas in the North to coastal regions in the South with average monsoon rainfall 
ranges from around 1350 mm for Birbhum district in the west to more than 3000 mm 
for Jalpaiguri district in the north (GoWB, 2017).  Similarly, there is a large variability in 
groundwater development with overall groundwater stage of development at 42 % but 
ranging from greater than 90% in Nadia centre to around 5% in Jalpaiguri in the north 
(Central Ground Water Board, 2017).  Not having access to affordable irrigation is often 
cited as one of the main reasons why the state did not experience rapid agricultural 
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development like the northern and western states of Gujarat and Punjab during the 
Green Revolution (Sarkar, 2020).   
 

 
 

Figure 1 – District wise variability in irrigation and cropping intensity across West 
Bengal 

 
Sustainable irrigation development to boost agricultural productivity and farmers’ 
incomes through irrigation development has become one of the key policy-aims of the 
government. Consequently, alongside efforts to energize the private groundwater 
irrigation markets through liberalization policies (Buisson et al., 2021; Mukherji et al., 
2020), the decade of 2010 also saw the launch of multiple minor irrigation projects (e.g., 
“Jal Bharo, Jal Dharo”, “Jal-tirtha” and “WBADMI”) in West Bengal that emphasized the 
need for water conservation through harvesting rainwater and reducing surface runoff 
(GoWB, 2021). The main objective these programs have been to make water available 
throughout the year for providing irrigation during the dry months, and other purposes 
like domestic use/animal husbandry. 
The West Bengal Accelerated Development of Minor Irrigation (WB-ADMI) project was 
launched in 2012, financed through a loan from the International Bank of 
Reconstruction and Development (IBRD) and the International Development 
Association (IDA) and implemented by the water resources department of the state 
government (GoWB, 2014). The project overall objective was to increase agricultural 
production and achieve crop diversification in mono-cropping areas to enhance income 
of small and marginal farmers, through the creation of groundwater and surface water 
schemes. This was to be achieved through broader four interlinked project activities 
(Table 1). What made the ADMI scheme different from other minor irrigation schemes 
(largely focused on creation of infrastructure) in the state was the focus on developing 
community-based organizations (WUAs) to manage and operate these minor irrigation 
infrastructures and providing agricultural support services to farmers (Table 1). The 
rationale was that these will help achieve the full potential of created infrastructure in 
the new irrigated areas.  
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Table 1- WB-ADMI Project Component Activities 
 

A. 

Strengthen community-
based institutions (i.e. 
Water Users’ 
Associations – WUAs) 

Capacity building, knowledge-sharing and 
institutional development for WUAs to look after 
the operation and maintenance of irrigation 
infrastructure 

B. Construction of irrigation 
infrastructure 

Creating minor irrigation schemes (surface, 
groundwater and lift irrigation systems) to service 
small and marginal farmers 

C. Agricultural support 
services 

Encouraging crop diversification, horticulture and 
fishery and adoption of improved technologies 
and practices, as well as creating new income 
generation activities 

D. Project Management 
Overall monitoring of the project at district and 
scheme level and coordinating between different 
departments 

 
The project relied heavily on partnership with NGOs to ensure better engagement 
between the community and the government department, and to create these WUAs, 
where farmers within the command area of the scheme are all eligible for membership. 
The WUAs were handed over the responsibility of the operation and maintenance of 
the schemes. The WUA farmers need to pay a stipulated membership fee and are 
charged for irrigation services, that are used for the maintenance and functioning of the 
WUA.  
The creation of irrigation infrastructure is often the necessary condition to increase 
agricultural production and farmers’ income, but in the absence of additional support ( 
like access to improved agricultural technology, capacity building of farmers and proper 
marketing of the produce etc.) the full potential of irrigation access remains unlikely to 
be realized. The institution of WUA provides a natural way to organize farmers in a 
group who can then be provided with these agricultural support services and improved 
technologies easily (with help from government extension agencies). With this 
objective, WUA farmers under this project were provided with agricultural support 
services that include providing WUA with agricultural machinery (e.g., power tiller, and 
zero tillage machine); training WUA farmers on seed treatment, vermi-compost, pest 
management etc. and also creating farmer producer companies that link these farmer 
groups directly to the market. To help farmers diversify their livelihood opportunities, 
plantation programmes involving female farmers and fishery interest groups were 
developed under the project.  
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Figure 2 - Scheme Type across West Bengal Source: WBADMI webpage 
 
Till mid- 2020, 2756 schemes were completed and  handed over to WUA under WB-
ADMI, across 1535 villages in 202 blocks and 20 districts. Out of the 2756 handed over 
schemes, most were Water Detention Structure (WDS), followed by  Tubewell (TW) 
and Pump dug-well (PDW) (Table 2). Most of the surface water schemes are in the arid 
districts of Bankura, Birbhum, Paschim Medinipur, Jhargram and Purulia, where 
groundwater resources are relatively limited. Most of the schemes in Northern Bengal 
are TW, followed by RLI and PDW (Figure 2).  
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Table 2- Types of schemes handed over under WBADMI project 
 

Scheme Type 
Number 
(% of 
total) 

Description of Scheme Type 

Water Detention 
Structure  
(WDS) 

1179  
(43%) 

Tanks/ reservoirs of various shapes and sizes (new 
or rejuvenated) for rainwater harvesting that can be 
used by command area farmers with their own 
pumps. 

Tube well  
(TW) 

704  
(26%) 

Tube wells (mostly electric, and few solar-powered) 
to pump groundwater and then distributed through an 
underground piped network. 

Pump dugwell  
(PDW) 

418  
(15%) 

These are open dug wells with a solar or electric 
pump installed for use in the command area. 

River Lift 
Irrigation  
(RLI) 

198  
(7%) 

Using pumps (electric) to lift water from perennial 
rivers and then distributed into farmer’s field through 
an underground piped network. 

Check Dam  
(CD) 

167  
(6%) 

Masonry dams/barriers created across 1st, 2nd and 
3rd order streams to harvest  monsoon  water  that 
can be pumped for irrigation by command area 
farmers. 

Creek 
rejuvenation 

90  
(3%) 

Desilting completely derelict creeks and using the  
rejuvenated waterways for irrigation purposes. More 
than 200 km rejuvenated. 

 
3. Data and Methods 
 
3.1 Data  
 
In 2019, State Project Management Unit (SPMU) along with World Bank, jointly 
collected survey data from a representative sample of 240 MI schemes across all the 
districts in West Bengal, for the purpose of “ground-truthing” the project’s administrative 
data. The data collection in each district was carried out by project officials from the 
neighbouring district. The survey data had two components –  a) scheme-level 
information collected using a WUA-level questionnaire and b) farmer-level data from 
both WUA and non-WUA farmers using a household-level questionnaire. Out of this 
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sample of 240 schemes, we only included 215 schemes with consistent data and non-
missing information.    
 
3.1.1 Scheme level data  
 
The schemes were selected from the list of handed-over schemes between 2014 and 
2018, using a stratified random sampling design based on scheme types and districts. 
Among the sampled schemes, most were TW (99 schemes, 46%) followed by RLI (41 
schemes, 19%), WDS (32 schemes, 15%), PDW (20 schemes, 9%), CD (16 schemes, 
7%) and creek (8 schemes, 4%). In terms of districts, Jalpaiguri, Jhargram, Birbhum 
and Kochbehar constitute 47% of the total number of schemes, while North 24 
Parganas, Hooghly, Purba-Midnapur and Howrah have less than 5 schemes each. All 
of the creek schemes were in the South 24 Parganas district (Table S1). 
The scheme-level survey collected information on season-wise cropping pattern and 
irrigation charges for both before (“baseline” period) and after (post – project period) 
the scheme implementation for the entire command area (i.e. area where the scheme 
currently provides irrigation). The “baseline” however did not refer to any fixed 
reference year, but rather the average condition in pre-ADMI period. The “after” period 
refers to agricultural year 2018-19. This scheme level survey also covered data on 
WUA as an institution in terms of membership pattern, WUA governing system, 
collection of fees and WUA expenditure etc. These scheme level  data were collected 
in a participatory approach interviewing lead farmers and members of WUA governing 
body and based on the administrative registers kept by the WUA groups. 
 
3.1.2. Farmer level data 
 
In all the 215 WBADMI schemes, farmer level data was also collected using a 
household survey. For this purpose, two WUA farmers and one non-WUA farmer were 
sampled from each village where the schemes are located. The two WUA farmers in 
each village included one male and one female member respectively, selected 
randomly from the list of male and female members in the WUA register. For the 
selection of the non-WUA farmer, the survey team asked the WUA members to identify 
a random non-WUA farmer in the same village. 
The farmer level sample included 670 farmers in total, out of which 445 were WUA 
farmers (67.9%) and the remaining 225 were non-WUA farmers. The percentage of 
female farmers in the sample is 35.2% , while Scheduled Tribe (ST) farmers constituted 
18.4% of the sample. Also 75% farmers in our sample are marginal (cultivated area up 
to 1 hectare) farmers (Table 3). For our results, we use sampling weights (constructed 
as the inverse of the selection probability) to ensure that the results are representative 
of the population10.  
The household survey collected recall data on agricultural practices for the preceding 
agricultural year i.e., 2018-19 (post – project period) and also for the “baseline” period 
before scheme implementation, defined as pre-ADMI. Pre-ADMI period does not refer 
to a specific year but the average cropping conditions in pre-intervention years. The 
household-level survey focused on individual-level outcomes of agriculture, irrigation, 
income, and livelihood along with demographic details and farmers’ perceptions on the 
functioning of WUA and agricultural support services provided. 
 

 
10 The total number of non-WUA members in each WUA was not available in our dataset. Hence, a rough 
estimate was computed by utilising the Population Enumeration tables at village levels for West Bengal from 
the 2011 Indian Census data website (Census, 2011). The total male and female population of each village 
in our dataset were compiled from the Census and the total number of male and female WUA members were 
subtracted from the total population of village to determine the total number of non-WUA members. Following 
this, we estimated the probability of farmer selection in the same manner done for WUA male and female 
farmers and calculated the sampling weights. 



24th International Congress on Irrigation and Drainage 
6-12 July 2021, Sydney, Australia 

Q.62 
R.62.2.00 

 

 
9 

Table 3 - Characteristics of farmers in the sample 
 
 Total 

Total sample size 670 

WUA members 455 (67.9%) 

ST (Scheduled Tribe) farmer 123 (18.4%) 

Female 236 (35.2%) 

Marginal Farmers (cultivated area <=1 hectare) 500 (74.6%) 
 
3.1.3. Case studies 
 
Additionally, we conducted 10 case studies using focus-group discussions for an in-
depth analysis of few selected WUAs where certain specialized interventions were 
combined with the schemes for an enhanced approach of development. The criteria for 
selecting these case study locations were to highlight certain focus areas like gender 
inclusion, additional income generation through horticulture and fishery activities, 
product marketing through farmer producer companies etc. (Table S2). 
 
3.2. Methodology 
 
In this paper we present a descriptive analysis of both the scheme-level and farmer-
level data to assess WUA performance by comparing different agricultural and 
institutional indicators over time and across groups of farmers. We use the scheme 
level data to capture changes within the command area at the scheme level between 
pre and post scheme implementation (referred to as pre-ADMI and post-ADMI 
hereafter). While the farmer level data is used for a contemporaneous comparison of 
WUA versus non-WUA farmers.  
We look at changes in cropping intensity and crop diversification within the command 
area to capture the scheme’s impact on agricultural outcomes. Since only a small 
proportion of net sown area was being cultivated in post monsoon season previously 
due to lack of irrigation, any change in cropping intensity (= 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  𝐶𝐶𝐺𝐺𝐺𝐺𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶  𝐴𝐴𝐺𝐺𝐶𝐶𝐴𝐴

𝑁𝑁𝐶𝐶𝑁𝑁 𝑆𝑆𝐺𝐺𝑆𝑆𝑆𝑆 𝐴𝐴𝐺𝐺𝐶𝐶𝐴𝐴
∗ 100) 

mostly reflect increase in post-monsoon cultivated area. To capture the diversification 
of cropping pattern we use the crop diversification index (CDI):  CDI= −𝛴𝛴 𝑝𝑝𝑖𝑖 ∗ 𝑙𝑙𝑙𝑙𝑙𝑙 [𝑝𝑝𝑖𝑖] ; 
where pi is the proportion of area under crop i in a particular scheme. CDI is lowest at 
0 when there is only one crop. As the number of crops increase and area under each 
crop is more equally distributed (i.e., no single crop dominates), the index value 
increases, indicating more crop diversification. To evaluate the effectiveness of 
agricultural support services, we look at the impact of farmer training on agricultural 
outcomes (cropping intensity and yield) and adoption of improved agricultural practices.   
To appraise the institutional performance of WUAs, we analysed three aspects of 
WUAs in this study: 1) inclusivity, 2) democratic participation, and 3) financial 
sustainability. Inclusivity is assessed by analysing whether these schemes have 
targeted marginalized regions and also by analysing the composition of WUA and WUA 
executive committees in terms of  representation of marginalised and female members. 
Democratic participation is assessed and discussed in terms of the selection of 
executive committee through voting. Financial sustainability of WUAs is analysed 
based on the water charges and revenue collected and expenditure incurred by these 
WUAs and  then comparing the current surplus with expected maintenance cost of 
schemes. This assessment of WUA functioning uses the scheme level data to compare 
across different scheme types and identify the reasons for any shortcomings. 
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4. Results 
 
4.1 Increase in Cropping intensity 
 
Results show the main impact ADMI scheme was in terms of bringing more area under 
cultivation that was previously kept fallow due to lack of irrigation during the non-
monsoon season i.e. Rabi and Pre-Kharif season (Figure 3). The total Rabi area 
increased from 782 hectares in Pre-ADMI years to 3,263 hectares in Rabi 2018/19 
(more than four times increase). For Pre-Kharif season, total cultivated area increased 
from just 576 hectares to 1,930 hectares (more than thrice). This led to increase in 
average cropping intensity from 129.3% in Pre-ADMI years to 183.1% after scheme 
handover. Additionally, the results show that ADMI scheme also led to new land 
brought under cultivation within the WUA command area. Total Kharif area (which can 
be taken as a proxy for total cultivated with command area) for the 215 sample schemes 
increased by 21% from 3,476 hectares (ha) in Pre-ADMI years to 4,198 ha in 2018 
(Figure 3).   
 

 
 

Figure 3 - Total cultivated area of sample schemes season wise 
 
The increase in cropping intensity was seen across all scheme types, although with 
some variation (Figure 4).  The increase in cropping intensity is highest for TW schemes 
(60.5 %), followed by Creek (54.3 %), WDS (50.4 %), LI (49.2 %), CD (45.6 %) and 
PDW (44 %) schemes. The LI (199.8%) and TW (194.7%) schemes have the highest 
cropping intensities in post-ADMI period. This reflects the higher storage and perennial 
nature of developed source water i.e.,  groundwater for TW schemes and river for LI 
schemes. For LI schemes, the existence of a river as water source before the scheme 
meant that the baseline cropping intensity was already high (150.6%) and consequently 
the increase post intervention was comparatively lower.   However, it is interesting to 
find that surface water schemes with limited storage like WDS and CD have also been 
quite successful in improving cropping intensity. Though, limited water availability 
means that their post intervention cropping intensity are relatively lower than TW and 
LI schemes. 
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Figure 4 - Cropping Intensity across minor irrigation scheme types 
 
The above analysis is based on the scheme level data, in Table 4 we use the farmer 
level data to compare the cropping intensity between WUA and non-WUA farmers to 
capture the impact of the project. In the pre-project period both WUA (127.1%) and 
non-WUA (123.9%) farmers had similar cropping intensities (no significant difference). 
But in post-ADMI period the cropping intensity for WUA farmers increased by 38.4 
percentage points to 165.5%; while it increased by only 13.8 percentage points for non-
WUA members (Table 4). It implies that average increase in cropping intensity was 
almost 24 percentage points higher for WUA member11.  
 

Table 4 - Cropping Intensity between WUA and Non-WUA farmers 
 
 
 
 
 
 
 
 
 
*(**){***}Statistically significant at the 10% (5%) {1%} level; Based on Mann-Whitney tests 
 
4.2 Increase in crop diversification 
 
Results show that not only are the WUA farmers cultivating more area, but they are 
also growing more varieties of crops (Figure 5), thereby reducing the dependency on 
paddy as the only source of income. Both the number of different crops (vegetables, 
pulses, mustard, sesame) and proportion of area under these different crops have 
increased in the ADMI command areas. Share of paddy in different seasons (Boro + 
Aman + Aus) has gone down from 82% (mostly Aman - 72%) in Pre-ADMI years to 

 
11 Since WUA members were sampled to include equal number of male and female members, while for 
non-WUA members it is mostly male farmers, we also look at the sub-sample of only male WUA members 
versus male non-WUA farmers. The results remain similar i.e., 37.5 percentage points increase for WUA 
members compared to just 12.2 percentage point increase for non-WUA farmers.  

 WUA Non-WUA Sig. 

Pre-ADMI 127.1% 123.9% n.s. 

2018-19 165.5% 137.7% *** 

% point change 38.4% 13.8%  
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66% (53% share is Aman) in 2018-19 for WUA farmers; while in the same period share 
of potato grew from 6% to 8%, other vegetables grew from 1% to 6% and mustard from 
3% to 7%. Boro share also increased from 9% to 12%.  
The crop-diversification index (CDI) more than doubled from 0.21 in pre-ADMI years to 
0.45 in 2018-19, capturing this increase in diversity away from paddy. Increase in CDI 
across districts is the highest in western lateritic districts of Bankura, Birbhum, 
Jhargram and Purulia as more farmers in this region shifted to other crops like 
vegetables, mustard, sesame rather than Boro paddy after scheme introduction. This 
is because the project officials promoted less water intensive crops instead of Boro 
paddy in these regions with limited use of groundwater, to maximise the irrigated area 
during the non-monsoon season. 
 

 
 

Figure 5 - Share of different crops in farmer's gross cropped area 
 
Majority of farmers have continued to cultivate Aman paddy during the Kharif season 
(93.9% in post-ADMI vs 91.1 % in pre-ADMI) (Table 5). But with irrigation becoming 
accessible during Rabi and Pre-Kharif season, more farmers have started to cultivate 
other crops like Boro paddy (19.2% farmers to 34.2% farmers), mustard (14.1% to 
32.8%), potato (22.3% to 37.3%), brinjal (7.9% to 14.5%) and other vegetables (from 
9% to 27.6%) (Table 5).  
 

Table 5 - Percentage of WUA Farmers cultivating major type of crops 
 

 Pre-ADMI 2018-19 
Aman Paddy 91.1% 93.9% 
Boro Paddy 19.2% 34.2% 
Aus Paddy 2.9% 1.4% 
Potato 22.3% 37.3% 
Brinjal 7.9% 14.5% 
Mustard 14.1% 32.8% 
Other Vegetables 9.0% 27.6% 
Sesame 4.6% 7.7% 
Pulse 2.9% 6.3% 
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4.3. Impact of Agricultural support services  
 
4.3.1.  Impact of extension and capacity building activities 
 
One important aspect of the WBADMI project has been to demonstrate new and 
improved agricultural practices to farmers, along with training and providing them with 
input support to increase productivity. Overall, 90% of farmers in our sample reported 
to have received some form of training on improved agricultural practices (other than 
fisheries/horticulture or on institutional practices). Trainings were on nine primary 
practice areas: seed treatment, seed preservation, farm mechanics, polyhouse, high 
value cropping, vermi-compost, organic farming, SRI, and pest-management. Seed 
Treatment had the most reach with 80% of sample farmers receiving training followed 
by seed-preservation (64%) and pest-management (62%).  
Our analysis show that the extent of training received is correlated with better 
agricultural outcomes in terms of higher cropping intensity and higher paddy yield 
(Table 6). The cropping intensity for those WUA farmers who received at least some 
training increased by 34-35 percentage points after the handover, while it increased by 
only 5 percentage points for WUA farmers who received no training (Table 6). Similarly, 
in the Pre-ADMI years, the yield of paddy was similar across farmers, but after project 
implementation, farmers receiving 5 trainings or more show 60% increase in yield (from 
3.3 to 5.3 tonnes/ha), farmers receiving more than one, but less than five trainings show 
increased paddy yield by 43% (from 3.2 tonnes/ha to 4.6 tonnes/ha); and for farmers 
receiving no training, the increase in yield was only 29% (from 3.5 tonnes/ha to 4.5 
tonnes/ha).  
 

Table 6 - Agricultural outcomes across different levels of farmers’ training 
 

  
No training At least 1 training 

but <5 training >=5 training 

  Before After Before After Before After 

Cropping Intensity 
(CI) 125.2% 130.1% 121.1% 155.9% 127.0% 161.0% 

Paddy yield 
(tonnes/hectare) 3.5 4.5 3.2 4.6 3.3 5.3 

 
4.3.2.  Adoption of improved agricultural practices 
 
The WUA farmers have received agricultural support services under the project, and 
we find a correlation that more of these WUA-farmers have adopted climate resilient 
and improved agricultural practices, compared to the non-WUA farmers. As shown in 
Table 7, for WUA farmers the practice of mulching increased from 6% to 16% post-
ADMI, while for non-WUA farmers the increase was much smaller from 1% to 3%. Inter-
cropping and pulse intensification also saw substantial increase from 8% to 37% and 
6% to 25% for WUA farmers, as the project had put emphasis on farmers to diversify 
into different crops and practice inter-cropping. No such increase was observed for 
non-WUA farmers in our sample. Zero-tillage adoption even for WUA farmers are still 
quite low at 9%, but it is still higher than for non-WUA farmers at just 3%. There was 
also substantial increase observed in the proportion of WUA farmers practicing 
improved agricultural practices like seed-treatment (11% to 45%), seed-preservation 
(20% to 33%), SRI (4% to 31%), mechanized farming (7% to 33%), cultivation of high-
value crops (2% to 26%), improved pest management (6% to 36%), use of vermi-
compost (3% to 19%) and organic farming (11% to 28%). This extent of increase could 
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not be observed for non-WUA farmers during the same period. This is an important 
contribution of the ADMI scheme.  
However, adoption of these practices (except seed treatment) is mostly limited to less 
than one-third of the WUA farmers still. So, there is substantial scope for improvement 
here. With extension and outreach activities as a critical pathway to achieve impact, it 
is important to intensify and diversify extension activities to reach more farmers.  
 
Table 7 - Climate resilience practices amongst WUA farmers compared to non-WUA 

farmers 
 

 Non-WUA farmers WUA members 

 Pre-ADMI Post-ADMI Pre-ADMI Post-ADMI 
Mulching 1% 3% 6% 16% 
Inter-cropping 3% 11% 8% 37% 
Pulse-Intensification 2% 6% 6% 25% 
Zero-Tillage 1% 3% 2% 9% 
Seed treatment 7% 20% 11% 45% 
Seed Preservation 11% 16% 20% 33% 
SRI 2% 8% 4% 31% 
Farm-mechanization 1% 12% 7% 33% 
Polyhouse 0% 1% 1% 6% 
High value crops 1% 6% 2% 26% 
Pest-Management 5% 16% 6% 36% 
Vermi-compost 1% 6% 3% 19% 
Organic farming 3% 5% 11% 28% 

 
4.3.3. Promotion of integrated farming system model 
 
The WB-ADMI scheme has emphasised on integrated farming systems around 
ponds/water bodies incorporating crop-horticulture-livestock-fishery to encourage 
multiple use of water, increase in economic water productivity and ensuring steady 
income for farmers.  We studied multiple case studies of integrated farming under this 
project through focus group discussions that show their success and potential to 
enhance farmers income and resilience.  
Plantation with inter-cropping is one such example where till the plants are matured, 
crop is cultivated in the land in between the plants and then farmers can get regular 
income from the orchard. Irrigation is provided from the infrastructure created under the 
project. Fishery in the water bodies has also already attracted many farmers into 
Fishery Interest Groups. There is a growing interest among women to get involved in 
fisheries activities. Stocking of diverse fish species in the ponds, and carp 
culture/composite fish culture/desi fish culture has increased income substantially. 
Efforts should be put to promote such integrated farming model, with the help from 
relevant government schemes and departments. The fact that this handholding support 
is provided even after the project end, through Government extension network is 
crucial. 
 
4.4 Focus on equitable irrigation access through WUA 
 
The focus of the WBADMI scheme has been to target poorer districts in the state with 
little irrigation access, mostly rainfed single crop regions. High metered tariff for 
electricity in West Bengal has limited the access of irrigation water for poorer farmers 
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through informal groundwater market (Shah & Chowdhury, 2017). Unequal 
development of irrigation intensity across the state, especially in the western and 
northern districts, reflects the correlation between low irrigation intensity and high 
density of poorer, marginalized group of farmers. This necessitates the targeted 
development of irrigation infrastructure by the government in these regions and the 
WBADMI scheme has accordingly prioritized those regions. The intention was to create 
these irrigation infrastructures in poorer parts of the state and then hand over the asset 
to the community through the Water User Associations. The WUAs can act as an 
inclusive institution for management, operation and maintenance of the infrastructure 
with representation from the marginalized sections of the rural society. 
The two districts with lowest irrigation access in the state i.e. Purulia & Jhargram (only 
14.8% and 17.1% of operational holdings being irrigated respectively – Ag census 
2015) are also the ones where the highest number of schemes were handed over (13% 
and 24% of total number of schemes) (source: WBADMI website). In comparison, the 
fertile alluvial plains covering approximately 50% of the state’s net cropped area in 2018 
with high irrigation intensity, had only 16% of the WBADMI schemes located there. 
 

 
 

Figure 6- Distribution of SC/ST population across Blocks in West Bengal 
 

The prioritized blocks under this project also had high density of scheduled caste and 
scheduled tribe farmers (Figure 6). More than 80% of the WBADMI schemes are in 
blocks where the proportion of SC and ST population is more than 29.31%. In fact, 55% 
of the schemes are in blocks where the proportion of SC and ST population is more 
than 50%. 
Not only by targeting districts with high population share of marginalized communities, 
but through a conscious choice of encouraging farmers from SC and ST category to 
join the association, the project ensured farmers’ representation in WUA from these 
groups. Approximately 30% members in the WUA, both as general members and in 
the governing body were from the SC category, whereas ST representation is 22.7% 
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as general WUA members and 21.1% in the governing body (Table 8). For comparison, 
proportion of SC and ST population in the state was 23.51% and 5.8% respectively 
(Census, 2011).  
In terms of land size of farmers also, the project targeted marginal farmers, with 98.7% 
WUA members being marginal farmers in the sample. Overall command area per user 
is much less than 1 hectare and more than 95% of the schemes have average area per 
user less than 1 hectare. 
 

Table 8- Proportion of SC, ST and female farmers in WUA membership 
 

 

Average proportion of 
SC Members 

Average proportion of ST 
Members 

Average proportion of 
Female Members 

 

Membership 
in WUA 

Membership 
in 

Governing 
body 

Membership 
in WUA 

Membership 
in 

Governing 
body 

Membership 
in WUA 

Membership 
in 

Governing 
body 

CD 
(N=17) 23.4% 21.1% 31.8% 34.5% 16.9% 33.0% 

TW 
(N=39) 36.0% 37.5% 15.2% 13.1% 14.1% 27.9% 

PDW 
(N=21) 34.4% 34.7% 38.4% 33.8% 17.3% 36.3% 

LI 
(N=47) 32.9% 29.1% 12.1% 13.4% 10.3% 27.4% 

Creek 
(N=10) 48.4% 53.0% 8.1% 11.9% 8.0% 29.6% 

WDS 
(N=20) 7.7% 5.5% 41.0% 37.3% 35.4% 47.8% 

Total 
(N=232) 30.9% 30.9% 22.7% 21.1% 16.9% 32.4% 

 
Average proportion of female WUA members is 16.9%, while in the Governing body 
female representation is around 32.4%, which is above the target of 30% female 
Executive Committee members. Female membership in WUA and Executive 
Committee is highest for WDS schemes, followed by PDW and CD schemes, while it 
is lowest for Creeks, LI and groundwater schemes. In 38% schemes, either female 
membership in WUA is less than 5% or female presence in Executive Committee is 
less than 25%. Most of these schemes are TW, LI or Creek schemes. There could be 
few reasons for this – firstly most of the WDS schemes are set-up in the tribal region of 
Purulia and Jhargram, and female participation outside family is comparatively higher 
in tribal societies as compared to other regions. Also, the WDS schemes are often 
smaller and have less scope for revenue generation, while Creeks, TW and LI schemes 
have larger command area with electric pumps generating larger revenue activity. In 
such cases male farmers are often more reluctant to share power with female farmers. 
Thirdly, in surface water schemes with limited storage capacity rabi cultivation is low, 
and men are more involved in other activities of labour, or they migrate. Hence, women 
farmers are more involved in WUA activities. In contrast, in groundwater schemes or 
LI, water source is perennial requiring year around involvement in agriculture with 
relatively higher costs of O&M. In such schemes, agriculture is the primary occupation 
and is controlled by men. 
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But our FGDs also indicate some worrying signs in terms of the on-paper vs actual 
power of female WUA members. In many schemes the female members are only for 
the sake of formality. This is partly reflected in the fact that the top members of the 
Executive Committee i.e. Chairman, Secretary and Treasurer are 90% male, although 
more than 30% of Executive Committee members are female (Figure 7). In terms of 
caste composition, the situation is better, as between 25 -30% of the top 3 positions 
are occupied by general category individuals, which is slightly more but close to the 
proportion of general category farmers within WUA (around 20%). So, the project has 
been successful in targeting marginalized sections but in terms of female engagement 
in decision making positions it is still lacking. 
 

 
 

Figure 7- Composition of top 3 positions in Executive Committee 
 
4.4.1 Democratic participation 
 
In almost all the schemes, the Executive Committee was selected democratically 
through an Annual General Meeting (AGM) where at least 50% members were present 
(40% schemes reported Management Committee selection in an AGM with all 
members). However, in most of schemes no changes in executive Committee 
happened after the initial selection. No explicit voting is done for reselection of 
Executive Committee members at the end of year, and previous committee gets re-
elected. In most of the cases, the Executive members selected initially are replaced 
rarely in the event of incidents like migration, death etc. but not as a periodic process 
of change. One likely reason is that the skill and time required to maintain the books 
and finance etc., exclude many people to contest for these positions.   Maintenance of 
records are necessary but over the long term, this carries the risk of putting WUA power 
with few members creating power imbalance and alienating marginalized members, 
resulting in elite capture of the WUA.   
 
4.4.2 Financial viability of WUAs 
 
Collection of revenue from users as irrigation fees is required to build the corpus for 
required maintenance of the irrigation infrastructure (Figure 8). Results show that the 
collection of fees in our sample schemes for 2018-19 was highest for TW schemes 
followed by LI schemes (Figure 8). These schemes have the characteristics that the 
groups own the pumps that are used for irrigation and the WUA needs to pay back for 
energy. This makes it very important to collect fees from the users. While if the farmers 
are using their own pumps as in the case for WDS schemes, instead of a WUA tubewell, 
it is often much more difficult to get payment for usage of water reflected in very low 
collection of irrigation fees (Figure 8). 
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Figure 8 - Average collection of water charges for 3 seasons in 2018-19 across 
scheme types 

 

 
 

Figure 9- Mean Surplus of WUA Committee (income – Expenditure) across last three 
years 

 
Income of from water charges is complemented with income from membership fees, 
profit from fisheries and fees collected from renting out any machinery from the WUA 
etc. On average, water charges account for only 50% of total collection of fees. These 
additional fees help in building corpus fund for the WUA (Figure 9). Creek schemes 
show relatively high revenue collection, despite low collection of irrigation fees, as these 
creeks have large fishery interest groups that give a large amount of revenue to the 
WUA. Rest of the WUA scheme types i.e., CD, PDW and WDS have very low total fee 
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collection in a year. The huge variation in fee collection across all scheme types, 
indicates that there are many schemes where the total fee collection is even lower. The 
collection of water charges is quite low in general, and in TW and RLI schemes, where 
it is higher, revenue is mostly used for payment of energy charges, and little is left for 
maintenance (Figure 9).  Although TW schemes have the highest collection of water 
fees, given the high charges for electricity, their expenditure is also quite high. 
If we compare the adequacy of fees collected for the maintenance purpose.  Assuming 
at least 5% of the total capital cost is required for maintenance annually, results show 
that only for 17.5% of schemes have enough revenue collection in 2018-19 for covering 
maintenance. Most of these are in RLI, TW and Creek schemes. Assuming a more 
conservative 2% of capital cost as the required maintenance cost, we find that still 59% 
of schemes are below that level. This indicates that the collection of revenue is not 
enough to create a corpus that can take care of the maintenance of the infrastructure 
for most of these schemes. 
 
5. Learning from the WBADMI project 
 
Our analysis is based on the data collected on the last year of the project when there 
was still active support from the project officials for the beneficiaries. Although the data 
indicates that for the project beneficiaries several critical agricultural outcomes have 
substantially improved after project implementation, the ultimate success of the project 
will be judged on their long-term sustainability. Whether even after the withdrawal of 
direct support from the project officials, these Water Users’ Associations (WUAs) will 
survive and whether these irrigation infrastructures will be maintained properly, is the 
crucial question. This needs to be studied going forward with a gap of five-six years, 
but even at the current stage there are some signals on the likely challenges for the 
coming years could be – like elite capture of WUA, financial sustainability, profitability 
of agriculture etc. We discuss below some suggestions on how to address those issues. 
These learnings would help in making such schemes sustainable even after the end of 
the project period. 
 
5.1.  Capacity building for leadership positions 
 
Our results mostly reflect positive evaluation of the WUA as an inclusive institution with 
high participation of marginal farmers and representation from farmers belonging to SC 
and ST categories. But as discussed above, the top leadership positions in WUA 
executive committee are mostly male and rarely these committees are changed 
through election. To prevent the leadership positions in WUAs to be dominated by local 
elites, there should be requirement of some restrictions of the length of WUA leadership 
and concurrently capacity building exercises should be done to train more people for 
leadership activities.  Also, more focus should be given in targeted training of women 
farmers in management, record-keeping, and financials for encouraging greater 
participation of women in leadership positions. These interventions and trainings to 
increase women participation and involvement should be more nuanced and holistic 
considering local social dynamics. There is also need for a leaner institutional 
framework of the WUA, by removing the requirement for too many separate sub-
committees like Works (O&M) sub-committee; Water Management sub-committee; 
Monitoring & evaluation sub-committee & Finance sub-committee. Our interactions 
indicated that in practice there were rarely the existence of these separate sub-
committees. 
 
5.2.  Planning, capacity building and convergence for financial sustainability 
 
The extent to which the MI schemes are financially viable is one crucial factor for their 
future sustainability. As results on collection of charges shows that this is often not the 
case. Based on the project’s experiences, we can identify certain learnings and 
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innovations at smaller scale that needs to be scaled up for improving the future financial 
sustainability of WUA managed irrigation schemes. 
 
5.2.1 Convergence with other government development schemes 
 
The project has spent considerable resources to help create these association of 
farmers and build their capacity through training in many villages across the state. This 
provides a considerable scope for convergence with other developmental schemes of 
the state and central government (e.g., MGNREGA, RKVY, PMKSY, NRLM, KUSUM) 
for mutual benefit and effective use of resources. Such convergence can provide crucial 
financial resources for repair or maintenance as required and creating more value from 
the water infrastructures created under such minor irrigation schemes, which in turn will 
affect long term financial sustainability of these schemes. 
There have been some very good examples in the project where WUAs farmers have 
successfully mobilized resources from other government departments. Examples 
include plantation of trees with Forest Department or the Agricultural Technology 
Management Agency (ATMA); pond re-excavation though MGNREGA; field channels 
through Department of Agriculture, pisiculture with support from Fishery Department 
and converging funding from Central Finance Commission (CFC) & State Finance 
Commission (4th SFC) grants etc. Despite these success stories, this aspect of 
convergence is largely missing. Convergence with existing institutions including 
Agriculture, Fishery, Rural Development, and relevant schemes must be given high 
priority to harmonize synergy and optimize the benefits from investments made under 
similar projects.  
 
5.2.2 Steps to prevent electricity payment default 
 
In general, electric tubewell schemes had high collection of fees and meticulous 
maintenance of records. But our focus group discussions  revealed that even tubewell 
schemes had challenges in terms of financial viability. In some cases, the electric 
connection for the tube well has been disconnected by the Utility due to non-payment 
of bills. The farmers informed that the billings were sometimes irregular, and they 
unexpectedly got very high bills, which they did not have the capacity to pay. West 
Bengal has a comparatively high electricity tariff and if bills are irregular then farmers 
can be unaware of how much electricity is being consumed and what is the charge that 
has accumulated. It becomes difficult for the WUA to estimate what could be potential 
bills and how to set the water fee. In this context, it can be helpful to give training to 
WUA farmers to understand the electricity tariff structure and how the water fees should 
be determined.  
In some cases, it can also be useful to shift to solar pumps (the tubewell and distribution 
infrastructure is already there) via convergence with existing government programme 
on solar irrigation. With solar pumps, the operating cost could be minimized and even 
in remote locations and off-grid areas pumps can be energized for accessing water. 
There are also successful models of Solar cooperatives to incentivize farmers for 
saving energy by evacuating and selling the unused solar energy to grid and thereby 
also help conserve groundwater.  
 
5.2.3 Making surface water schemes financially viable 
 
For Water Detention structure schemes individual pumps are used to abstract water 
and as a result these are functioning in a decentralized way. This has manifested in 
weak WUAs with non-existence of water management plans, overall low performance, 
and much lower fee collection. The re-excavation of these water detention structures 
over time, in any case unlikely to be financed by the poor farmers and would require 
outside assistance or convergence with other government scheme, especially 
MNREGA. But short-term small repair and maintenance needs to be financed by the 
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Water Users’ Association, which is currently lacking for most schemes. One way 
forward could be to provide such WDS schemes with a centralized pump and a piped 
distribution network (or where possible gravity fed distribution system). If irrigation 
access has to be using this WUA pump it will be possible to collect enough water fees 
from the users and it will provide easier access to poorer farmers who do not have their 
own pumps. 
 
5.2.4 Corpus of maintenance fund 
 
The current level of water fee is insufficient to cover future maintenance requirement of 
aging infrastructure. Often the maintenance would be too costly for farmers to do on 
their own. In such cases, it becomes imperative to create a corpus at the project level 
for future maintenance activities. Some of the funding should be ear-marked from the 
very beginning to create a corpus fund for maintenance which can be used in future for 
large repair and maintenance. The fund can be managed by the water resource 
department with set rules for their management and distribution in the future. This as 
an idea should be explored to prevent the investment made in rural irrigation 
infrastructure to become defunct in few years.  
 
5.3. Training local technicians for maintenance and repair 
 
One serious threat to such projects is the long-term sustainability of scheme 
infrastructure after handing over. Regular maintenance is necessary to operate these 
schemes but in many project locations, knowledge for the required O&M was missing 
among member farmers. Often with no nearby facilities for such services and no local 
mechanic, the infrastructure can quickly become damaged and unusable well before 
its useful life. Thus, there is crucial need to train local people who can provide support 
for all non-major repair and maintenance in such circumstances. 
 
5.4. On Farm water demand management 
 
The WBADMI project has helped in enhancing access to irrigation water through 
surface as well as groundwater schemes, but it has largely not been linked with efforts 
to promote on-farm water demand management. Lack of on-farm water management 
is specifically crucial for small size irrigation schemes like WDS and PDW, with limited 
storage capacity. Emphasizing on farm water management practices would help bring 
more area under irrigation and enhance water productivity.   Only in few schemes there 
is use irrigation efficient technologies such as drip and sprinkler, polyhouse horticulture 
and underground pipes for water distribution in tubewell schemes.  With ADMI project’s 
core objective being to expand irrigation access, its focus on demand side management 
has been sporadic.  
Investments on improving on-farm water management including micro irrigation, 
channel to field irrigation, piped irrigation and use of land-levellers can contribute 
significantly to improve the water use efficiency in such schemes. Also, in groundwater 
schemes, over-abstraction leading to long term risk of groundwater depletion can be 
avoided through effective water demand management. There is need to promote water 
management interventions like AWD, DSR, soil moisture sensor-based irrigation, 
promotion of drip, sprinkler, and rain gun; land levelling, channel to field irrigation, and 
better irrigation scheduling. For this purpose, convergence with relevant schemes and 
programs can be explored. 
 
5.5. Collective marketing for farmer produce 
 
Another important way to achieve full potential of the agricultural growth facilitated 
through the new irrigation infrastructure, is to create direct market linkages for 
beneficiary farmers. Linking up of WUAs members to a new marketing channel through 
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formation of a Farmer Producer company has been shown to be an effective 
intervention in the WBADMI project. The example of the Farmer Producer Company 
(FPC) named “Bangabhumi Farmers Producer Company Limited” formed with the 
participation of several Water Users Associations (WUAs) has demonstrated the 
potential benefits of developing a viable business model of collective marketing of 
farmer’s produce. The FPC is a registered company, but it acts as a block-level 
“federation of WUAs” that provides direct market linkage for WUA farmers and 
maximize their profit. The FPC is member of a state level FPC named “Samiyog Agro-
Farmers’ Producer Company Ltd.” – a collective of 10 such FPCs all over the state. 
Their goal is to make the FPC as a branded product that can spread business across 
the country. Such collective marketing in a cluster-based approach can be a very good 
option for increasing WUA farmer’s profitability. This provides strength for aggregating 
inputs requirement as well as aggregating producers’ outputs for better marketing and 
bargaining capacity. The existence of WUAs make such an approach a very practical 
option for development. 
 
6. Conclusion 
 
The growing emphasis of bringing green revolution in eastern India necessitates the 
creation of irrigation infrastructure in rainfed, single cropped regions where agricultural 
growth has stagnated as a result. Depending on individual farmers to invest in tubewell 
and electric connection; and developing a groundwater irrigation economy may not be 
suitable in all regions, especially in the very poor and marginalized sections that may 
not have enough liquidity to invest in irrigation infrastructure. This is even more true for 
off-grid areas, where diesel-based groundwater irrigation may be too expensive. This 
implies that the Government needs to invest in creating irrigation infrastructure and 
then hand it over to the community for effective management and operation. One option 
would be to sufficiently subsidize well drilling, tubewell buying and getting electric 
connection, so that individual farmers even poor farmers can set up their own pumps. 
However, such an unbridled expansion of groundwater irrigation may not be 
sustainable in all regions in East India, even if they receive high rainfall. Instead, a 
planned approach of setting up minor irrigation infrastructure and handing it over to 
farmers, although costly, might be more effective. The WBADMI scheme in West 
Bengal does exactly that with focus on handing over both surface and ground water 
infrastructure to the community after creating and training farmers on effective 
management and operation through Water Users’ Association. The WBADMI scheme 
has successfully bundled agricultural support services to WUA members and the 
positive impacts of the scheme that we can see in our results are a joint effect of 
irrigation infrastructure, community management and agricultural support services. The 
scheme is successful in increasing cropping intensity and crop-diversity of beneficiary 
farmers, and it targets more marginalized sections of the rural community as 
beneficiaries. However, the success as witnessed during the project period concealed 
some potential challenges for long term sustainability of such schemes like elite capture 
of WUA, financial sustainability, lack of water demand management and capacity 
building that can maximise returns from the irrigation infrastructure, and also lack of 
sustained monitoring of the schemes. Capacity building of WUA farmers, creating 
linkages for sourcing funds required for major repairs through convergence with other 
government programmes, encouraging on farm water management and developing 
models for marketing farmer produce are some of the important steps required for the 
long-term sustainability of such community managed irrigation structures. 
Overall, the project has been successful in converting ‘Means’ in the form of improved 
access to irrigation water with ‘Ends’ in the form of increased agricultural production 
and livelihood generation. It has shown how community managed minor irrigation 
schemes can help in enhancing agricultural production of small and marginal farmers 
in the rainfed single-cropped regions of eastern India. 
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ANNEXURE 
 
Table S1 - Distribution of sample schemes for “ground-truthing data” across districts 
 
District CD WDS LI TW PDW Creek Total 
Bankura 1 2 5 1 0 0 9 
Bardhhaman 0 0 4 13 0 0 17 
Birbhum 8 2 2 1 8 0 21 
Dakshin-Dinajpur 0 0 3 9 0 0 12 
Darjeeling 0 0 0 6 2 0 8 
Hooghly 0 0 1 2 0 0 3 
Howrah 0 0 0 1 0 0 1 
Jalpaiguri 0 0 2 24 7 0 33 
Jhargram 5 18 1 2 2 0 28 
Kochbehar 0 0 6 14 0 0 20 
Malda 0 0 3 6 0 0 9 
Murshidabad 0 0 3 4 0 0 7 
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Nadia 0 0 7 1 0 0 8 
North 24 Parganas 0 1 0 3 0 0 4 
Paschim-Midnapur 0 2 0 4 1 0 7 
Purba-Midnapur 0 0 0 2 0 0 2 
Purulia 2 7 3 0 0 0 12 
South 24 Parganas 0 0 0 0 0 8 8 
Uttar-Dinajpur 0 0 1 5 0 0 6 
Total 16 32 41 98 20 8 215 

 
Table S2 - List of sites for Case study 

 

District WUA Name Focus Area 

South 24 Parganas Kailashnagar  WDS Fishery 

South 24 Parganas Kumirmari WDS Women institution 

Hooghly Naskarpur Ghatipara Farmer producer 
company 

Bankura Arrah II Mini RLI Women institution 

Kalimpong Benda krishakbandhu & Bich-Kagay Tulsi Floriculture 

Howrah Balichak Thakuranichak Polyhouse 

North 24 Parganas Durlavpur Agri-horticulture 

Bankura Jamirdiha Atuutnow  Orchard 

Birbhum Kartick Danga Kalimata Orchard 

Purulia Amtore RLI Orchard 

 



1 
 

Participatory Irrigation Management in Bihar, India 
 

By 
  

Prof. L. B. Roy 
Professor of Civil Engineering 

NIT Patna, Patna-800005 (INDIA) 
PH: 6201850031, 9430248909  

Email: lbroy@nitp.ac.in 
 

Abstract: Water is essential for the agricultural production and for the economic growth of any 
country. However, the distribution of water in India restrains its use. Because of erratic spatial and 
temporal distribution, it is necessary to build infrastructures to capture, store, and allocate water 
among different water users. Easy locations to tap surface water have almost exhausted. Also, 
there is regional imbalance of availability of water in India. Participatory Irrigation management 
(PIM) is shifting of basic irrigation management functions from the government agency to any 
private sector entity i.e.  a nongovernmental organization (NGO), a local government (Panchayat), 
or a local organization with farmers at its base. Low performing irrigation schemes in India 
urgently require technical, management and institutional support. PIM can help in improving water 
use efficiency. The present paper gives an overview of the progress in PIM India with special 
reference to Bihar, an eastern state in India. Apart from this, the paper also describes the salient 
features of the Bihar model of PIM and Vaishali Area Small Farmers Association (VASFA), a 
case of a community managed cluster of tube wells. 

1. INTRODUCTION 

Zwart and Bastiaanssen (2005), using kg/m3 measure from 82 cases from published work, found 
that for wheat to be 0.5-1.9 kg/m3, for rice to be 0.5-1.7 kg/m3, for seed cotton to be 0.39-0.95 
kg/m3 and for maize to be1-3 kg/m3. IWMI analyzed water productivity data for 23 live irrigation 
schemes in 11 countries from Asia, Africa, and Latin America and found that the values ranged 
from US$ 0.03/m3 for a system in India to US$ 0.91/m3 for a system in Burkina Faso with an 
overall range of US$ 0.25/m3. PIM is very important in developing countries due to cost of the 
system, incentives to irrigation users and the enhancement in the efficiency of the system. 

Bihar, with a geographical area of 9.4163 million hectares and the population of 104.1 million is 
the 12th largest state in terms of the area and the third biggest state in terms of the population of 
the state after the formation of Jharkhand state in November 2000 as per 2011 census. The 
population density is 1106 persons per sq. Km against 382 persons per sq.km for the country. The 
state’s predominant factor in the economy is agricultural as it contributes about 24% of its GDP 
against 17% for the country overall. The State has predominantly plain and fertile cultivable land 
of 6.441 million Ha which is almost 70% of its total geographical area. The soil is most suitable 
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for multiple cropping under irrigated agriculture. The State must support about 8.6% population 
of the country on just 2.86% area of the country with 16% of surface water and 6.5% ground water 
resources of the country. About 10% area of the state is affected from drainage congestion and 
about 17%pf its area is drought prone. 73.63% of the geographical area of North Bihar is prone to 
floods. Out of 38 districts, 28 districts get flooded (of which 15 districts are the worst affected) 
causing huge loss of property, lives, farmlands and infrastructure. The major rivers in Bihar are as 
given in Figure-1. 

 

Figure 1. Major Rivers in Bihar 

In the absence of adequate rainfall, most parts of Bihar, including North Bihar, which is prone to 
floods, face drought situations. The areas of South and Southwest Bihar are more vulnerable and 
often experiences severe drought situations. As per the data of Water Resource Department of 
Bihar Government, only about less than 50% of farmlands are irrigated out of which 63% comes 
from tube wells, 31% comes from surface irrigation projects (canals) and the rest 4% comes from 
other sources. Hence, more than 50% of farmlands are dependent on rainfall, which makes farming 
vulnerable in the state. Further a large number of tube wells are lowering the groundwater level, 
which is another aspect of drought in Bihar. Thus, Bihar is heavily dependent on Rainfall for 
cultivation of crops. It receives on average 1080 mm rainfall every year and about 85% of it 
happens during Monsoon. But this rainfall is not constant during every year. Monsoon higher than 
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the average, while in some other year it is much lower than the average rainfall, and after every 2-
3 year there is drought like situation. 

2. EXISTING SITUATION OF IRRIGATED AGRICULTURE 

In India by the end of XIth plan (2007-2012) 108.91 M ha of irrigation potential has been created. 
However, there is a gap of about 21.52 M ha between the irrigation created and that being utilized. 
The reason for underutilization of the created irrigation potential can be traced to rigidity in 
planning, improper funding, non-participation of the beneficiaries and poor upkeep of the system 
by the administrative and development machinery of the Government at the various levels, which 
took sole responsibility for the upkeep of the irrigation system. Therefore, there is an urgent need 
of PIM. 

Ninety percent of the crop area in Bihar is still devoted to food grains, but its productivity is low. 
The level of organization is low and the percentage of people dependent upon agriculture is high. 
At the time of independence, only the area of 0.404 M ha was under irrigation in the state. The 
state’s irrigation potential under major and medium irrigation is 6.6295 M ha, of which only 2.7828 
M ha of irrigation potential has been created. However, the utilization is only 2.196 M ha as per 
the available records. This may be attributed partly due to incomplete construction of the systems 
and their distribution networks, and partly due to the increasing deterioration of the systems 
because of the poor maintenance. Therefore, the farmers are dissatisfied with the performance of 
the systems. 

3. PARTICIPATORY IRRIGATION MANAGEMENT 

As per the Economic Development Institute (EDI) of the World Bank: ‘PIM refers to the 
involvement of irrigation users in all the aspects of irrigation management and at all levels. ‘All 
aspects’ includes the initial planning and design of new irrigation projects or improvements as well 
as construction, supervision, financing, decision rules, operation, maintenance, monitoring and 
evaluation of the system. ‘All levels’ refers to the full physical limits of the irrigation system’. 
Based upon the specific situations, various combinations of private sector participation in building, 
owning, operating, leasing and transferring water resource facilities, may be considered. WUAs 
and other local bodies should particularly be involved in the operation, maintenance and 
management of the water infrastructure/facilities at appropriate levels with a view to transfer the 
management of such facilities to the user groups/local bodies. The WUAs should be given freedom 
to fix rates subject to the floor rates determined by an independent statutory Water Regulatory 
Authority (WRA), set up in each State, after a wide-ranging consultation with all stakeholders. 

 3.1 Status of PIM in India  

There is not much historical evidence of management of irrigation systems by farmers. In AD 4th 
century, Chanakya, the author of Arthashastra (a treatise on political economy) urged the rulers to 
help the farmers in the construction of irrigation schemes and also give them various incentives. 
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In Vijayanagar Empire (AD 13th - 16th century), now the part of Karnataka, a number of diversion 
weirs and canals were built by rulers, and in which farmers participated voluntarily. Resolution of 
conflicts and routine maintenance were achieved through voluntary participation. In Tamil Nadu, 
the Chola king Karikala had built an anicut across the river Cauvery (which is also known as Grand 
Anicut). Certain parts of the irrigation system were maintained by the Government and were 
known as' Sarkari' and the rest of the parts were maintained by farmers, which were known as - 
Kudimarammat' (farmer maintenance). Himachal Pradesh had an ancient system called 'kuhl', in 
which, the irrigation was managed by the community. In the hilly regions of Uttar Pradesh also 
there was a tradition of farmers’ managing diversion schemes. Similarly, Maharashtra has the 
“Phad" system, in which irrigation is managed by a group of farmers with the system of rotation 
cropping pattern.  

Bihar has developed a PIM model, which is as per its needs and ground conditions, and is popularly 
called as, ‘Bihar Model of PIM’. Farmers have liked the programme at large and they think that 
PIM can reduce the irrigation related problems. They have also appreciated the efforts of Water 
and Land Management Institute (WALMI) Patna (Roy, 2019). The farmers of the state are of the 
opinion that a lot can be achieved, if the officers of the state WRD also respond adequately. 

3.2 History of PIM in Bihar 

Prior to 1870s, there was no government involvement in irrigation in Bihar. Farmers managed all 
irrigation works. Irrigation was mostly carried out individually by lifting water from smaller rivers 
and from dug wells. The Irrigation systems serving groups of farmers were known as ahar-pyne 
systems.  A pyne is a channel from a river. An ahar is a small tank fed from a pyne. These systems 
were built and managed by the farmers. The management unit was the village. Several villages 
might be served by a single ahar or a single pyne. In this case, there was coordination among 
villages, although the overall organization was managed by a local zamindar (landlord or tax 
farmer). In most large surface irrigation systems in the state, particularly in the older ones, villages 
continue to be important not only for managing the village channels, but also for protecting water 
delivery to the village channel (Pant and Verma, 1983). 

Until independence, expected returns were a major consideration when planning the construction 
of an irrigation system. Hence, such constructions proceeded rather slowly and carefully to ensure 
appropriate returns. Following independence in 1947, Bihar, like other states in India, began to 
view the provision of irrigation service as a means of agricultural development. This led to rapid 
expansion of Government irrigation systems in the state. Most of this is accounted for by the 
development of additional large river diversion systems or expansion of existing ones  

In 1968, the then Bihar state Irrigation Department suggested that it will take full operation and 
management responsibilities for the remaining ahar-pyne systems. This was resisted by the farmers 
and ultimately the idea was dropped. Therefore, many of these systems still managed by farmers’ 
communities, particularly in South Bihar. 
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3.3 PIM and Gender 

PIM has provided the opportunities for the active participation of women, and thereby it ensures 
equity in gender in irrigation water management i.e.  PIM reduced the risks of gender biases to a 
great extent. Apart from other livelihood activities, women undertake most of agricultural 
activities as men in Bihar and elsewhere in the country. Thus, the active participation of women 
in PIM, can make activities in irrigation works effective, inclusive and equitable. 

3.4 Status of PIM in Bihar 

 Before the construction of the first major diversion scheme in the State, namely, the Sone Canal 
System (1874), Bihar had traditional irrigation systems of ahars, pynes, tanks and dug wells for 
irrigation. These systems were constructed with the leadership and support of local landlords, 
popularly known as zamindars. Management of these systems was done by the farmers 
themselves. 

During British rule, the irrigation systems were considered as an economic enterprise. The water 
charges were as high as five times that prevailing today. Thus, the economic sustainability of the 
system was guaranteed. The acts, rules and regulations for the management of systems were severe 
and their implementation was strict. But farmers’ participation was sought in the form of 
Lumberdars or Sattedars who helped the department in the management of the canal system on 
nominal remuneration as a percentage of canal revenue collected. Farmers were satisfied with the 
irrigation service.  

The necessity of PIM was realized in Bihar due to the need for increase in agricultural production 
and problem of fiscal availability. The experiment of PIM in the Paliganj distributary admirably 
attempted in a challenging environment exposed the need of a larger strategic framework. Rather 
than occurring as a part of an overall state policy and strategic plan, this action experiment arose 
as a locally induced initiative. To sustain it, a more systematic policy and comprehensive 
programme have been launched by the Water Resources Department of Bihar. Rules for 
implementing PIM in the State, covered under the Bihar Irrigation Act, 1997 have been prepared 
by the department, which is popularly called as ‘Bihar Model of PIM’. It outlines the following 
implementing process and other details. 

Till 31st March 2020, the number of irrigation systems transferred to WUAs, and the command 
area covered are 64 and 1,91,456 ha in Bihar. However, the latest status of WVAs for irrigation 
systems in Bihar is given Table-1. In Bihar the number of WUAs formed is more than 80 and the 
command area covered is 0.21 M ha, whereas those in India is 84,779 and 17.842 m ha 
respectively. The members of WUAs in the state are motivated and trained so that they can actively 
participate in PIM activities. Similarly, the officers of WRD, Govt. of Bihar are also being trained 
so as to promote PIM amongst the farmers. 
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Table-1 Present Status of WUAs in Bihar 

Sl. No. Status of WUAs No 
1. No. of irrigation systems transferred 64 
2. No. of irrigation systems to be transferred to WUAs 17 
3. No. of WUAs applied for registration 30 
4. No. of WUAs under motivation 511 

Total 622 
 

3.5 Recent Development Strategy for PIM in Bihar 

Traditionally, farmers’ participation in water distribution from ahars, pynes and tanks still 
continues, though with less effectiveness, especially in the districts of Gaya, Nawada, Bhagalpur, 
etc. (Pant and Verma, 1998).  

The Minor Irrigation Department of the state issued orders to hand over live i. e. functional state 
tube wells to Panchayats (1991) on the lines of West Bengal on attractive terms. Only 13 per cent 
could be handed over during a period of 8 years. But Panchayats in Bihar were non-functional, 
and elections were not held for many years, so the transfer programme of 1991 could not succeed. 
There was also the problem of uneconomical functioning of tube wells and lift irrigation schemes. 
There were problems of power availability and mechanical breakdowns because of which farmers 
were reluctant to take over. In contrast, management of minor surface irrigation schemes 
(reservoirs or wells) is comparatively simpler, but the decision to transfer them came after seven 
years. In this programme, farmers were also trained in modern agricultural practices, pump 
operation and repair and in establishing linkages for providing agricultural inputs and marketing 
of produce by promoting federation of FOs (Roy, 2002). There are a few other NGOs also engaged 
in such activities, but progress is neither satisfactory, nor it has spread. 

Similarly, lift irrigation schemes were also to be handed over without the liability of salary of staff. 
But the results were not encouraging. Recently, under the World Bank aided Bihar Plateau 
Development Project (BPDP) 438 minor irrigation schemes have been created, which includes 257 
gravity schemes registered under the State Cooperative Act. These 438 schemes were handed over 
to beneficiary farmers by the end of the project period, i. e. June 1999. But very little has been 
done so far to enhance the capability of farmers in managing these schemes successfully in a 
sustained manner. This requires immediate attention, particularly by the World Bank itself. 

4. PIM IN VAISHALI AREA SMALL FARMERS ASSOCIATION (VASFA)  

The State of Bihar has experience of organizing a small group of farmers of community tube wells’ 
construction and management under the Food for Hunger program (1968) with Indo-Norwegian 
solidarity fund support through Vaishali Small Farmers Association (VASFA).   
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4.1 Development 

 In North Bihar VASFA exists since 1971, where small farmers in 14 villages were organized 
through the efforts of Padmashree K. D. Diwan. VASFA has sustained itself for last 51 years. It 
has helped in enhancing the economic return of small farmers of the area. Till 1994, 16 associated 
societies on the model of VASFA came up in nearby districts with 800-1000 families in each. 219 
villages have been adopted. It has 12560 families covering 3260 acres. With time, the association 
saw the need for better understanding with non-member residents in the village as also for social 
harmony. Therefore, landless farmers were also taken as members. The function of VASFA 
expanded to number of other activities like integrated agricultural development, procurement, 
storage and distribution of purchased inputs, service center through a mechanical workshop 
undertaking repair of diesel engines, pump sets and other agriculture equipment and undertaking 
various government sponsored activities and programs of rural developments e. g. bio-gas, sanitary 
latrines, drinking water tube-wells, rural houses, different training programs, upgrading of cattle 
and  social forestry, etc. Thus, VASFA is a case of PIM in community tube wells.  

4.2 Process 

Exploratory work in this area started in 1969 following severe drought of 1965-66 and 1966-67. 
Landholding was very small (mostly less than one hectare) and not at once place. VASFA area 
falls under alluvial plains of North Bihar. It is said that the area is floating on water with abundance 
of ground water resource. However, the soil in the area is such that it needed frequent irrigation. 
The key objective of bringing together farmers was improved agriculture, higher productivity and 
income. Therefore, quality irrigation by means of group ownership of tube wells was thought to 
be an appropriate solution. Though cultural activities existed in the area, there was no sense or 
organization, and the villagers were highly divided. It was possible to identify some persons who 
were willing to collaborate in this venture of community tube-wells. Therefore, a campaign for 
group tube-wells and group organization was undertaken. Group and mass meetings were 
conducted in the area. The farmers were not enthusiastic initially, but ultimately agreed to go along 
with the program. It was a bottom-up approach.  

VASFA was registered in 1971 under Societies Registration Act 1860. The tube-wells were 
installed in 1975 with the bank loan. This program was supported by Freedom from Hunger 
Campaign (India) – now called CAPART, and collaboration of number of donor agencies and 
organizations within the country. 

4.3 Organization  

The organization at the tube well level has a Dalpati (group leader) elected by the members and he 
is responsible for running and maintaining the tube well including the channels. The second office 
bearer, Vyavasthapak (manager) is to look after the supply of water to each plot within the 
command and is to manage the accounts. The above two elected members are authorized to appoint 
an operator. The second tier is a zonal organization. 14 villages are divided into three zones. All 
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the members of a zone elect a zonal chairman, who looks after the developmental activities related 
with VASFA in his zone. 

Executive Committee of the zone consists of the chairman and the group leaders. The third-tier 
organization is VASFA, which is formally registered. Each Dalpati is a member of the Executive 
Committee of VASFA. The Chairman of VASFA is elected directly by members of each group. 
The zonal chairmen are the vice-chairmen of VASFA. The lower zonal organization and units at 
tube well level, though informal and linked structurally with VASFA, are autonomous and function 
without interference in their day-to-day activities by VASFA. 

Thus, the design of the organization incorporates a healthy balance of direct and indirect elections. 
Direct and indirect election of zonal chairmen and the chairman of VASFA is meant to provide 
stability in leadership. The Chairman’s tenure is for one year and it has already been provided that 
the chairman will be elected by rotation from three zones. The democratic principles of 
participation by larger mass have been the guiding force. 

4.4 Present Status 

 VASFA is considered a successful model, but in the opinion of Mr. Diwan it has many problems 
too. Elections are not regularly held. Elected managers are not uniformly motivated or effective. 
Many tube wells have become nonfunctional due to their short useful life or poor repair and 
maintenance. Enough financial resource could not be mobilized in time for their renovation. 
Service fee concept was not introduced from the very beginning. At present the organization is not 
in a vibrant stage, even though the functions are being performed. Reassessment of its 
performance, role and function are required to be done for drawing lessons and for rejuvenation of 
the societies. However, despite above deficiencies the organization has succeeded in retaining its 
identity for more than 50 years in s somewhat difficult environment. 

5. LESSONS FROM BIHAR PIM MODEL 

The current strategy of extending PIM in other distributaries has the potential success on a 
sustainable basis. Under the annual programme of PIM undertaken by WALMI, Patna, a state level 
conference was during November 10-11, 1998.  In this seminar, the then Minster for WRD, Bihar, 
in his inaugural speech told that farmers should be involved in preparing plans for repair of canals 
and execution of works should be done by engineers and farmers in a participatory way. 
Contractors are not required for such works. These works should be done with the cooperation of 
farmers’ committees, and if necessary, rules of the department may be amended. He suggested that 
recommendations be made so that the Government can act in this regard. 

It is worth to mention that all the received papers were mostly from large commands. The 
command area of the Paliganj distributary is as given in Figure -2. In the seminar the participants 
had reached an agreement that the new approach of macro-to-micro is very successful in the 
Paliganj distributary, therefore, this approach of PIM may be tried elsewhere in Bihar. 
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However, the lessons from the transfer of lift irrigation systems in the state are as given below. 

i. Transfer cannot be made effective by order only. A planned program is needed to follow 
up the orders for implementation and necessary support. 

ii. The institution to which the transfer is proposed should be carefully selected with adequate 
consultation with farmers’ community. 

 

 

Figure 2. Index Map of the Paliganj Distributary of the Sone Irrigation Scheme 

6. CONSTRAINTS IN IMPLEMENTATION OF PIM 
 
The head reach farmers have their vested interest in continuing with the existing arrangements 
and the tail reach farmers may not be so keen to form WUAs as the supply of water in canals 
in such areas remains inadequate and erratic. Therefore, the differences in perception and 
conflicts of interest inhibit the process of coming together of upper reach farmers and lower 
reach farmers. There may be conflicts of interest between a WUA and a Gram Panchayat about 
the issue of owning the system. Larger the size of the project, complex would be its operation 
and maintenance Therefore, the formation and functioning of WUAs in large projects will be 
different. Similarly, there are several other constraints in implementation of PIM in India with 
special reference to Bihar as mentioned below. 
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• Lack of legal backup and policy changes, 
• System deficiency, 
• Uncertainty in availability of water,  
• Fear of financial viability, 
• Lack of technical knowledge, 
• Lack of leadership, 
• Lack of publicity and training, 
• Lack of demographic diversity, 
• Mega Irrigation Projects and  
• Adoption of the PIM in efficient systems. 

7.0  Monitoring and Evaluation 

Though PIM has been introduced and promoted in India for more than three decades, the 
acceptance of the concept has been sluggish, scattered and site specific. There is no authentic figure 
available regarding number of WUAs in existence. At an International Conference some years 
back, the then Advisor, Planning Commission, Mr. Navalawala (1995) admitted that the problem 
caused is due to lack of data. But this lack of data persists even today. Why then there is poor 
progress of PIM in India? The following could the main reasons. 

i. PIM is not a national programme in true sense i. e.  no target has been fixed, 
ii. There is inadequate staff support for PIM. 

iii. Legal support is lacking, 
iv. There is a lack of clear accountability in the supply of water, and 
v. The rates of water charges are too less to meet O and M expenditure. 

Bihar’s first Irrigation Commission was formed in 1967 and the report was published in 1971. 
Similarly, Bihar’s 2nd Irrigation Commission was formed in 1991 and the report was published in 
1994, which there was focus on PIM. WALMI Patna can play a vital role in implementation, 
monitoring and evaluation of the three-tier system of the PIM program in Bihar namely, the WUAs 
at village level, the Distributary committee and the Project Committee. 

8.0 Rationalization of Water Charges 

As per the national water policy (1987, 2002 and 2012) the water charges should be adequate to 
cover the annual operation and maintenance charges and also a part of the fixed costs. In order to 
meet equity, efficiency and economic principles, the water charges should preferably/ as a rule be 
determined on volumetric basis. WUAs should be given statutory powers to collect and retain a 
portion of water charges, manage the water allocated to them and maintain the irrigation system. 
The Vaidyanathan Committee (1991) of the then Planning Commission on pricing of irrigation 
water mentioned that on an average the revenue collection was Rs.50/ha as against the operation 
and maintenance cost of Rs.250/ha for surface irrigation systems. Since1998 the water charge 



11 
 

effective in Bihar for Kharif paddy and all kharif crops is Rs.220/ha whereas for Rabi jawar and 
for all Rabi crops is Rs.187.5/ha. Therefore, there is a dire need for the rationalization of water 
rates so as to meet the expenditure on account of water rates of operation and maintenance of the 
system. Therefore, many states in India have already revised the water rates.  

 

9.0 IMPACT ASSESSMENT OF PIM PROGRAMME IN BIHAR  

In the previous CAD Programme, there was a provision that the management subsidy at the rate 
of Rs. 275 per ha, to be paid in three years. It was insisted upon initially so as to encourage the 
formation and functioning of Water Users’ Associations. However, the subsidy was increased to 
Rs. 500/- per ha as a one-time functional grant to be shared by the central Government, State 
Government and the farmers at the rate of Rs 225:225:50 respectively. For projects included under 
the restructured programme, this grant is further enhanced to Rs. 600/- per ha in the proportion of 
270:270:60 to be shared by the central Government, State Government and the farmers 
respectively.  However, State governments have to bear similar costs for non-CADA projects.More 
reliance is to be placed on the capability of farmers. Farmers were to be made to realize that they 
had to solve their problems themselves. External agencies and government can only support their 
efforts.  

10.0  CONCLUSIONS 

The following are the conclusions. 

1. Even after adoption and promotion of PIM in Bihar and other states in India for more than 
three decades, its acceptance is still sluggish, scattered and site specific.  

2. Farmers, in general, have an appreciation for PIM due to getting the feeling of ownership 
and are they are also of the opinion that PIM can reduce problems relating to irrigation. 

3. Farmers have liked the efforts of WALMI Patna and are of the opinion that much more can 
be achieved if the State WRD officers also respond effectively. 

4. The path breaking significance, obtained from the experience of PIM in the Paliganj 
distributary of the Sone irrigation system, is that the management of a larger area than the 
existing perception in India of about 500 ha can be entrusted to FOs. 

5. VASFA is considered a successful model of PIM at community level for a cluster of tube 
wells. However, it has many problems too e. g.  elections are not regularly held; the elected 
managers are not uniformly motivated or effective and many tube wells have become  
nonfunctional due to their short useful life or poor repair and maintenance. 
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