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Abstract: This study analyses participation in tank irrigation management. The study was carried out with 533 farmer 
households using tank irrigation in dry zones in three districts in the state of West Bengal in India. By employing a 
Principal Component Analysis it was found that the most important factors affecting farmer’s participation are 
farmer’s perceptions related to the (1) tank condition, (2) water distribution system, (3) water sharing arrangement and 
(4) water availability in the tanks. These four factors, explaining 72.8% of farmer’s participation in tank irrigation 
management, should be taken into consideration for enhancing farmer’s participation in tank irrigation management. 
Regression analyses indicate that a better condition of the land, a higher social status, an increase in the need of 
irrigation water and absence of other irrigation sources, lack of membership in other organisations, and lack of other 
sources of income would lead to a higher level of farmer’s participation. The estimated game theoretic model on 
participation indicates that the sharing of tank irrigation benefits among the farmers is not harmonious and there is a 
scope for improving the water distribution system and water sharing arrangements to achieve sustainable tank 
irrigation management in India. 

Keywords: Participation; tank irrigation management; India; principal component analysis; regression analysis; game theoretic 
model estimation. 

1. INTRODUCTION 

Rainfed areas in India still account for about 60% of the total cultivated area and are home to the 
majority of rural poor and marginal farmers. The livelihood of rural people has often been severely 
affected by repeated draughts and erratic rainfall. The irrigation sector will also likely be strongly 
affected by climate change in India with the predicted increased variability in precipitation 
(Palanisami et al 2010). It is well documented in the literature that irrigation plays a vital role in 
improving the yield or productivity in the agricultural sector and the impact of irrigation on 
reducing poverty is striking (Roy 2006, Balasubramanian et al 2003, Anbumozhi et al 2007). 
Among the irrigation sources, tank irrigation is considered important in the dry zones as it can play 
a very critical role in the sustainable irrigation development in these areas (Jana et al 2012, 
Sengupta 1985, Shah 2003). Tanks generally have a small scale surface reservoir, deriving their 
inflows mainly from rainfall run-off. Tank irrigation has various benefits, namely tanks can have a 
wider geological distribution than large-scale projects, tank investments tend to be less capital 
intensive, tanks have fewer negative environmental impacts and tanks can provide a variety of 
livelihood options to the rural people (Narayanmoorthy and Deshpande 2003, Palanasami and 
Easter 2000, Vaidyanathan 2006). In spite of these advantages, tank irrigation has declined in 
almost all states in India over the years. One of the important causes of a decline in tank irrigation is 
weakening community co-operation (Chakravarty et al 2006, Bardhan 2000, Agarwal et al 2009, 
ADB 2006, Shah 2009, Gomathinayagam et al 2004, Sreedhar 2007). The potential importance of 
tank irrigation can also be taken from the fact that ground water is overexploited in some places in 
India leading to the threat of water scarcity (Vargese et al 2012a, 2012b).  

In India the water tanks are predominantly found in the Decan plateau and eastern part of India. 
The tank irrigated area in India has declined from 3.47 million hectares in 1952-53 to 2.92 million 
hectares in 1999-2000 and the share of tank irrigation among the total irrigated area has decreased 
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from 16.51% to 5.18% during the same period.  One of the most important reasons for the decline 
in tank irrigation is the disappearance of village institutions that were managing the tanks. The 
village level organizations have changed, due to a vast increase in the number of irrigators, a shift in 
land control from small to large landowners, changes in the attitude of farmers, and the emergence 
of well-irrigation in the tank command area (ADB 2006). Other important reasons for the decline in 
tank irrigation in India are inadequate and unreliable water supply from the irrigation tank, changes 
in rainfall patterns, absence of local institutions for management, large-scale infestation of weeds 
and loss of grazing land in the tank bed, encroachment of the tank bed and supply channel, silting of 
tank water spread and supply channels, dilapidated and weak or cut-down tank boundaries, low or 
no resource allocations for maintenance, urbanization, extinction of tanks, unsustainable large-scale 
groundwater development and the decline in gravity flow in tank-fed irrigated area (ADB 2006, 
Gomathinayagam et al 2004). 

There are two cultivation seasons for rice in India: the monsoon or Kharif season (July to 
October) and the dry or Rabi season (October to March). Aman paddy is grown in the Kharif 
season, whereas Boro paddy is grown in the Rabi season. Paddy is the main crop in the West 
Bengal state with a share in the gross cropped area of 71%. Irrigation water supplements the 
monsoon rain in the Kharif season, whereas during the Rabi season it is generally the sole water 
source. The main water sources for irrigation in the state are canals, wells and tanks. Water 
availability is higher in the Kharif season, because of the monsoon rains and the subsequent 
availability of tank water. In the Rabi season, the bore-wells are the main water supply sources.  
Although the whole of eastern India, except for some parts, lie in a humid zone with an annual 
rainfall sufficient for Kharif crops like paddy and maize, the occurrence and distribution of rains is 
highly variable. This often has severe consequences for crop cultivation in eastern India, where 
paddy is the most important crop. The entire crop may fail due to missing one or two critical 
waterings. In eastern India, over centuries, tanks and ponds constituted an important source of 
supplemental irrigation water for crops during periods of water stress.  

Community institutions can have various functions in different irrigation systems. For example, 
they aim at pooling efforts and resources in constructing and maintaining field channels at the local 
outlet level and at regulating water allocation and monitoring violations. In the case of tank 
irrigation, community institutions also aim at desilting, weeding, stopping encroachments on tank 
beds; at repairing, maintaining, and controlling water allocation from public and community 
tubewells; and at controlling groundwater overexploitation with privately owned pumps in areas 
with fragile aquifers (Bardhan 1999, 2000). The history of local community-level cooperation in 
water management in South Asia is mixed. There are examples of successful local communities and 
also numerous cases of failure of cooperation. It is important to understand the underlying factors 
behind them. As the tank irrigation management varies across regions, our analysis has been 
confined to the dry zones in West Bengal as there are a limited number of studies on tank irrigation 
in these areas. Among the states in India, West Bengal is also one of the states with a high number 
of tanks. There is a good scope for flow irrigation from small tanks due to the gradients of land. The 
main sources to these tanks are mainly catchment runoff and water diverted from flooding rivers 
during the rainy seasons. These water bodies are largely multi use in nature and a large percentage 
of them are used for non-irrigation purposes.  

However, irrigation development in West Bengal is also biased in favour of well-irrigation like 
in other Indian states. Out of the 2.47 million hectares of irrigated land in West Bengal State in 
2011, the source-wise percentages are as follows: Government canal – 24.7%, Tube-well – 38.8%, 
tanks – 10.9% and others – 25.6% (GoWB 2011). The heavy reliance on tube-well irrigation is 
causing pressures on ground water resources. Out of 269 blocks assessed for ground water 
resources in West Bengal, 38 blocks fall under the ‘semi critical’ category and one block falls in the 
‘critical category’ (GoWB 2012). On the other hand, the state is facing inadequate and erratic 
rainfall in successive years mainly in South Bengal Districts. More than 80% of annual precipitation 
occurs during the monsoon and that too erratically with respect to time and space causing drought-
like situations in summer and floods during monsoons. The onset of the monsoon is also observed 
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to be delayed in recent years (GoWB and GoI 2010). Various issues relating to tank irrigation have 
been discussed by a number of authors, e.g. Evans et al (2012), Jana (2010), Malik et al (2014), 
Ojha (2007), Palanisami et al (2014), Pant and Verma (2010) and Tiwary (2009). 

In this backdrop the aim of the paper is to determine the factors that affect farmer’s participation 
in tank irrigation management. The outline of this paper is as follows. Section 2 discusses the used 
material and methods. This entails a description of the study area and highlights the characteristics 
of the collected primary data. Section 3 analyses the primary data employing a Principal 
Component Analysis. The derived factors are used in a multiple regression analysis. Section 4 sets 
up a game among farmers competing for using the tanks adjacent to their villages. This game is 
estimated and the results are discussed. The final section concludes. 

2. MATERIALS AND METHODS 

2.1 Description of the study area and framework of the study 

West Bengal, with more than 65% of the population engaged in agriculture and related sectors, is 
primarily an agricultural state. Among the farmers, more than 90% are poor, small and marginal 
(NABARD 2012). Furthermore, the performance of the agriculture sector often influences the 
growth of the economy. The data used in this study have been collected by undertaking a primary 
survey during the period of 2008-09. A total of 533 households have been interviewed and were 
selected randomly from the command area of 181 tanks scattered in the dry zones of three districts 
in West Bengal, namely Purulia, Bankura and Paschim Medinipur. The study blocks and villages 
were selected based on discussions with officials from the department of irrigation, the Principal 
Agricultural Officer and other officials in the districts. The main selection criterion was to identify 
regions that fall in dry zones where the possibility of tube-well irrigation is rare. Overall, 181 tanks 
have been selected from 102 villages, falling under 27 Gram Panchayats that are situated in 11 
blocks in the three districts of West Bengal (Table 1). 

 
Table 1. Number of blocks, Gram Panchayats, villages, tanks and households in the three surveyed districts 

 of West Bengal  

Districts No. of Blocks selected 
No. of Gram 
Panchayats 
selected* 

No. of villages 
selected 

No. of tanks 
selected 

No. of 
households 
selected 

Bankura 2 
(Chatna, Bankura-1) 

5 26 52 155 

Purulia 3 
(Hura, Purulia -2, Para ) 

8 
 

27 60 198 

Paschim Medinipur 6 
(Jhargram, Jamboni, Keshiary, 
Salboni, Medinipur Sadar, 
Gopiballavpur -1) 

14 49 69 180 

Total Sample 11 27 102 181 533 

* A Gram Panchayat is a local self-government institution at the village level in India. 

 
The districts in which the surveys have been conducted are shown in the map of Figure 1.  
Most areas of the selected districts fall in the dry zone. The average annual rainfall in the 

districts varies between 1,300 to 1,400 mm mainly falling within 70 days during the monsoon 
season. The land types in the surveyed zones in these districts are generally of three categories:  

(i) Fallow Uplands (called Tarh land) in the top of the terrain with very thin topsoil and very 
low water-holding capacity,  

(ii) Medium uplands (called Baid land) with low organic matter and low moisture holding 
capacity.  
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(iii) Low Lands (called Kanali/sol land) with lands loamier than Baid and are most 
advantageously located in terms of water availability.  

 

Figure 1. Location of the study area. 

In these regions, 50-60% land is medium upland, 20-30% is fallow upland and the remaining 10-
30% is low land. As the water holding capacity of the fallow upland is very low, there is a high 
need for irrigation water in Tarh and Baid lands (Chatterjee 1995). The average cropping intensity 
(Gross Cropped Area/Net Cropped Area) of the districts under study is about 140 which is far 
below the state average of 180. The percentage of families below the poverty line in the region is 
about 35% which is above the state average of 27%. As the land surface is mainly characterized by 
the presence of hard rocks and lateritic soil, surface water sources like canals, small rivers and tanks 
are the main irrigation sources. More than 90% of the farmers in the region are marginal (owning 
less than 1 ha of land) and small (owning between 1-2 ha of land) with a holding of about 72% of 
agricultural land.   

Some characteristics of the sample 181 tanks surveyed are as follows: 
 Management category by ownership of tanks: Personal – 69, Government – 32, Community 

– 80.The presence of formal water management associations in the tank command area are 
rather limited. Among the 181 tank surveyed most of the tanks are managed informally with 
only 41 tanks having formal management.  These informal institutions are not always 
effective in water acquisition, water allocation and distribution, maintenance and conflict 
resolution.  

 Average number of beneficiary farmer families per tank is 67.2. 
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 The average water spread area is 2.9 hectares, whereas the average depth of the tank for the 
whole sample is 3.1 meters. 

 The average water availability in the tank is 10.3 months and the water used for irrigation 
purposes for 6.2 months as water is used for other purposes like fishing and bathing. 

 Average cultivated area per tank is 23.1 hectares of which 20.5 hectares are sown in the 
Kharif season and the rest in the Rabi season. This shows that most of the agricultural land is 
not sown in the Rabi season. 

 The average price of irrigated land for the whole sample is Rs 22,591 per hectare and the 
average price of non-irrigated land is Rs 13,158 per hectare.*  

 
In total 533 household heads have been interviewed with the help of a structured questionnaire 

which was designed for primary data collection from three districts in West Bengal, namely 
Paschim Medinipur, Bankura and Purulia. The questionnaire included different household 
characteristics like socio-economic characteristics (age, education level, religion, caste etc.), 
attitude of the households towards tank irrigation, participation in tank irrigation management, 
benefits from irrigation management, etc. Overall, 35 quantitative and qualitative variables are 
derived for the present study (see Table 2). Response score for some of these variables has been 
taken on 1-5 scale, where 1 stands for “totally disagree” and 5 for “totally agree”.   

To evaluate all variables simultaneously and, thus, to determine factors characterising the role of 
farmers in relation to tank irrigation management, a Principal Component Analysis is used 
(Harman, 1967). Furthermore, the derived factors are used in a multiple regression analysis, namely 
Ordinary Least Squares to explain variation in the role of farmers in relation to tank irrigation 
management. In applying these statistical techniques, Version 12.0 of the Statistical Package for 
Social Science (SPSS) is used. In addition, a non-cooperative game model is formulated and 
estimated (using the Simple Threshold Method) to analyse voluntary participation in the 
management of tanks situated in their villages.  

2.2. Characteristics of the collected data  

In order to obtain an insight into the composition of the interviewed 533 farmers, Table 3 shows 
some features of the families interviewed. Table 3 reveals that the percentages of family members 
of the respondents are 27%, 22%, 46% and 5% respectively for different age groups, namely below 
14, 15-25, 26-60 and 60+. The majority of the household members have reached secondary school 
with 14.4% of the household members being illiterate. Hindu is the dominant religion of the sample 
families and the majority of the surveyed households belong the backward castes like scheduled 
caste (SC), scheduled tribe (ST) and other backward caste (OBC). 

The primary survey of 533 households reveals the following characteristics in the data set.  
 The net sown area per household is 1.15 hectares. 
 Aman paddy is the main crop with a share of non-Aman in gross cropped area of 16%. 
 Average percentage of irrigated land of the households is 65%. 
 Percentage of households with the general caste is 37%. 
 Percentage of households having National Rural Employment Guarentee Scheme (NREGS) 

job card is 75%.†  
 Average family size is 6.4. 
 Average education of the head of the household is 5.25 years in school. 

                                                 
 
* 1 US dollar has been traded at around 61 Indian Rupees in Jan-Oct 2014. 
†  The National Rural Employment Guarantee Act (NREGA) is an Indian job guarantee scheme, which provides a legal guarantee 

for one hundred days of employment in every financial year to adult members of any rural household willing to do public work-
related unskilled manual work at the statutory minimum wage. 
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 Percentage of households with irrigation source other than tanks is 10.5%. 
 Percentage of households producing Boro paddy in Rabi season is 6.7%. 
 Percentage of households growing vegetables is 9.2%. 
 Percentage of households with member of a Self Help Group (SHG) is 55%.‡  
 Percentage of households attended regularly Gram Sansad Meeting i.e. village meeting is 

67%. 
 Percentage of households with credit facility is 28%.  
 Average annual willingness to pay for tank maintenance is Rs 177.  
 Percentage of households with storage facility for agricultural produce is 7%. 
 Average number of off-farm workers per family is 0.84. 
 Average monthly family expenditure is Rs 2,927. 
 
The variables in Table 2 can be divided into the following categories: 
 #1–12: variables describing the perception of the interviewed persons concerning the state of 

the water tanks in their village. These variables will be interpreted as indicators of farmer’s 
participation in tank irrigation management in the sense that they reveal their personal 
opinion on the state of the tanks in the village, which is a result of the quality of tank’s 
management. These will be aggregates (see below) into the main dependent variables. 

 #13–31: independent variables that will explain the variation in the derived indicators of 
participation in tank irrigation management. 

 #13–15: land variables describing the characteristics of land adjacent to the tanks. In general, 
a better condition of the land would translate into a higher level of participation (positive 
sign). 

 #16–19: social variables describing social aspects of the interviewed persons. In general, a 
higher social status (higher caste, job card, education) would lead to a higher level of 
participation. The impact of family size on level of participation is more difficult to establish, 
but smaller families could be argued to be more participatory, because it will be easier to 
agree on a participatory strategy in a smaller group (Bardhan 2000). 

 #20–22: water variables describing either the need for water or the availability of other 
irrigation sources. In case of other irrigation sources the need for participation in tank 
irrigation management is expected to be lower. However, once the need for irrigation water 
increases, participation may be expected to increase as well. 

 #23–25: institutional variables showing membership to various organisations. It could be 
expected that participation is lower once such membership is present, as the attention will be 
focussed on other organisations. 

 #26–29: economic variables representing various aspects that could influence the budget of 
the family. A higher willingness to pay (WTP) for tank maintenance would either indicate 
that the tank is important or that the interviewee has a high income. If the tank is important, a 
higher level of participation could be expected, but a higher income does not necessarily lead 
to higher participation. The possession of a storage facility would lead to a higher level of 
participation as tank water is needed. A high number of off-farm workers shows that there 
are good alternative sources of income and participation would be expected to be lower. The 
level of family expenditure is an indication of income level, but there is a priori no clear link 
to participation. 

 #30–31: locational variables showing the districts. Purulia and Bankura is closer to the state 
Capital city Kolkata and are drier compared to Paschim Medinipur. It could be expected that 
participation in tank irrigation management would be higher in these two districts. 

 
                                                 
 
‡  A self-help group (SHG) is a village-based financial intermediary usually composed of 10–20 local women. 
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Table 2. Description, labels, units and scale of the quantitative variables as derived with a questionnaire  

in the primary survey 

No. Description   Label Unit Scale 
1 Role of the Panchayat in tank development RPAN ---- [1 – 5] 
2 Fund availability for tank maintenance FUND ---- [1 – 5] 
3 Maintenance of tank bund/embankment MAINEM ---- [1 – 5] 
4 Maintenance of tanks (desiltation, etc.) DISILT ---- [1 – 5] 
5 Suez System(lock gate) SUEZ ---- [1 – 5] 
6 Channel/lining between tank and land LININING ---- [1 – 5] 
7 Maintenance of channels CHANNEL ---- [1 – 5] 
8 Water sharing system WATSH ---- [1 – 5] 
9 Control of water use WATCON ---- [1 – 5] 
10 Water entry/exit System WATENEX ---- [1 – 5] 
11 Adequacy of tank water ADTANK ---- [1 – 5] 
12 Certainty of getting water CERTTANK ---- [1 – 5] 
13 Net area sown  NETAREA Hectare [0.06-6.01] 
14 Proportion of non-Aman paddy in gross cropped area PNAMNGCA ---- [0 – 0.83] 
15 Percentage of irrigated land PNIRRLAD % [5 - 100] 
16 Caste code (General=1, Others=0) GEN ---- [0,1] 
17 National Rural Employment Guarantee Scheme (NREGS) Job Card 

(Y=1,N=0) 
DJOBCARD ---- [0,1] 

18 Family size HSIZE Number [1- 19] 
19 Education of the head of the household EDUHEAD Years [0 - 17] 
20 Other irrigation source dummy (Y=1/N=0) OTHERIRR ---- [0,1] 
21 Boro paddy dummy (Y=1/N=0) ABORO ---- [0,1] 
22 Vegetable dummy (Y=1,N=0) DVEG ---- [0,1] 
23 Member of a Self Help Group (SHG) (Y=1,N=0) DSHG ---- [0,1] 
24 Gram Sansad meeting attended regularly (Y=1,N=0) DGSANSAD ---- [0,1] 
25 Presence of a credit  facility (Y=1,N=0) DCREDIT ---- [0,1] 
26 Willingness to pay per year for tank maintenance  WTP Rupees [0- 5,000] 
27 Storage facility (Y=1,N=0) DSTORAGE ---- [0,1] 
28 Off-farm workers in the family  OFFFARM Number [0-8] 
29 Monthly family expenditure  FAMEXP Rupees [200 – 10,000] 
30 Household belonging to Purulia dummy (Y=1/N=0) DPURULİA ---- [0,1] 
31 Household belonging to Bankura dummy (Y=1/N=0) DBANKURA ---- [0,1] 
32 Calculated variable: Profit from farming PAYOFF Rupees [282 – 124,958] 

 
Table 3. Family features 

Features Frequency % 
Age groups (all members)   
0-14 918 27 
15-25 747 22 
26—60 1592 46 
Above 60 174 5 
Education levels  (Excluding children)   
1. Illiterate 456 14.4 
2. Primary school 917 29.0 
3. Secondary school 1442 45.6 
4. High school 203 6.4 
5. College – University  141 4.5 
Religion   
1. Hindu 525 98 
2. Muslim 8 2 
Caste ( family)   
1. General 199 37 
2. OBC 175 33 
3. SC 59 11 
4. ST 100 19 
Principal Occupation ( family)   
1. Cultivation 451 85 
2. Business 53 10 
3. Service 29 5 
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3. ANALYSIS OF FARMER’S PARTICIPATION: METHODOLOGY AND 
RESULTS 

3.1 Principal Component Analysis  

The first step in the analysis is to find factors that represent farmer’s participation in tank 
irrigation management. The first twelve variables in Table 2 show psychological response variables 
of the 533 interviewed households on their perception on the functioning of water tanks in their 
village. These have been included in the questionnaire to measure indicators of farmer’s 
participation. As stated above most water tanks are managed in an informal way, however 42 water 
tanks were found to have more formal management structures. These twelve indicators of farmer’s 
participation will be used in a Principal Component Analysis to determine the key factors affecting 
farmer’s participation in tank irrigation management. Table 4 shows the result. The first four factors 
turn out to have eigenvalues with a value greater than one, leading to four factors. 
 

Table 4. Principal component analysis of twelve indicators of farmer’s participation in tank irrigation management 

  
Tank 
condition 

Water 
distribution 
system 

Water 
sharing 
arrangement 

Water 
availability in 
the tank 

Description: Code:  PC1 PC2 PC3 PC4 

Role of Panchayat in tank 
development 

RPAN 0.842 0.170 0.016 -0.264 

Maintenance of pond 
bund/embankment 

MAINEM 0.795 0.280 -0.126 0.118 

Fund availability for tank 
maintenance 

FUND  0.786 0.344 0.046 -0.105 

Maintenance of tanks (desiltation, 
etc.) 

DISILT 0.571 0.550 -0.002 -0.149 

Channel/lining between tank and land  LINING  0.282 0.878 0.053 0.051 

Maintenance of channels  CHANNEL  0.225 0.874 0.084 -0.006 

Suez system (lock gate) SUEZ  0.497 0.567 -0.150 0.333 

Water sharing system WATSH -0.106 0.012 0.798 0.226 

Control of water use WATCON 0.236 -0.160 0.791 0.177 

Water entry/exit system WATENEX -0.222 0.308 0.674 -0.133 

Adequacy of tank water ADTANK 0.021 -0.047 0.197 0.827 

Certainty of getting water CERTTANK -0.434 0.153 0.078 0.627 

Variance explained   35.7% 17.8% 10.8% 8.5% 

Note: Rotation method: Varimax with Kaiser normalisation. Rotation converged in six iterations (N=533). 

 
Interpretation of the result in Table 4 yields that the most important component of farmer’s 

participation is related to the tank condition, explaining 35.7% of the variance. The first factor has 
four dominating indicators of participation (variables with a factor loading larger than 0.5 in 
absolute terms, indicated in bold in Table 4). In the first factor farmers participate in tank 
maintenance and government organizations are concerned about that.  

The second factor is less important than the first factor, explaining 17.8% of the variance, 
representing maintenance of tanks and channels, in short the water distribution system. There are 
three dominating indicators of participation here. In the second factor, farmers tend to gain in the 
form of maintenance of channels and lock gates of the tank. 

The perception of the water sharing arrangement is the third factor, explaining 10.8% of the 
variation. There are three dominating indicators of participation in this factor, consisting of the 
water sharing system and control of water use among the farmers.   

Water availability in the tank is represented by the last factor, explaining 8.5% of the variance. 
The fourth factor consists of two participatory indicators only, namely adequacy of tank water and 
certainty of getting water. 
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3.2 Regression Analysis  

To explain the variation in the four factors of farmer’s participation in tank irrigation 
management, we have also undertaken a multiple regression analysis, using the nineteen 
independent variables as presented in Section 2.2. The following model is estimated by using 
Ordinary Least Squares (OLS): 

Factori = constant + β1 NETAREA + β2 PNAMNGCA + β3 PNIRRLAD + β4 GEN  

+ β5 DJOBCARD + β6 HSIZE + β7 EDUHEAD + β8 OTHERIRR + β9 ABORO + β10 DVEG 

+ β11 DSHG + β12 DGSANSAD + β13 DCREDIT + β14 WTP + β15 DSTORAGE  

+ β16 OFFFARM + β17 FAMEXP + β18 DPURULIA + β19 DBANKURA +  error (1) 

Equation (1) shows that the four factors, which were found with the Principal Component 
Analysis, are used as the dependent variables. Nineteen variables enter the regression equation as 
independent variables. 

Table 2 shows the meaning of the variables, which are included in the regression. The result is 
presented in Table 5. 

Interpretation of Table 5 yields a number of additional insights into the process of farmer’s 
participation in tank irrigation management. First of all, except for being a member of SHG, all 
other included variables are at least once significant in explaining the variation in participation. This 
demonstrates the independence between the institutional variable of being a member of SHG and 
farmer’s participation in tank irrigation management. 

Two aspects are important in interpreting the regression results: (1) whether the included 
independent variable is statistically significant and (2) whether the sign of the estimated coefficient 
matches with the expected sign as hypothesized in Section 2.2. Below, we will analyze the results 
for the independent variables together for the groups as identified in Section 2.2. 

Land variables (#13–15) describe characteristics of land adjacent to the tanks. In general, a better 
condition of the land would translate into a higher level of participation (positive sign). In five of 
the six significant estimates the sign is positive as expected. The only exception is that the higher 
the share of irrigated land, the worse the condition of the tank. This may be caused by a conflict 
over sharing scarce water sources, whereas the share of irrigation land goes up, insufficient water 
remains for irrigation. 

Social variables (#16–19) describe social aspects of the interviewed persons. In general, a higher 
social status (higher caste, job card, education) would lead to a higher level of participation. The 
impact of family size on level of participation is more difficult to establish, but smaller families 
could be argued to be more participatory. Again, four out of five significant estimates have the 
expected sign. The only exception is family size, which sign was already argued to be difficult to 
establish.  

Water variables (#20–22) describe either the need for water or the availability of other irrigation 
sources. In case of other irrigation sources the need for farmer’s participation in tank irrigation 
management is expected to be lower. However, once the need for irrigation water increases, 
participation may be expected to increase as well. All four significant estimates for cultivating 
water intensive crops have the expected sign. Concerning the presence of alternative irrigation 
sources, two of the three significant estimates have the expected sign. The exception is that having 
other irrigation sources would increase participation in water sharing. This could be seen as a 
situation where the input of tank water is still considered important for irrigation, even though 
alternatives are available, but these could be considerably more expensive or too difficult to access.  

Institutional variables (#23–25) show membership to various organizations. It could be expected 
that participation is lower once such membership is present. These independent variables have 
particularly few significant estimates, where only two out of twelve estimates are significant, but 



44 S.K. Jana & W. Lise 

 

these have the expected sign. As mentioned before, being a member of SHG is not related to 
participation in tank irrigation management at all.  

 
Table 5. Regression analysis to explain variation in farmer’s participation 

Description  Tank condition 
Water distribution 
system 

Water sharing 
arrangement 

Water availability 
in the tank 

 Code PC1 S.E. PC2 S.E. PC3 S.E. PC4 S.E. 

  (Constant) 0.630** 0.183 -0.350 0.221 -0.426 0.222 -0.674** 0.209 

Net area sown NETAREA 0.015 0.044 0.124* 0.054 0.037 0.054 0.059 0.052 

Proportion of non-Aman in 
gross cropped area 

PNAMNGCA 0.045 0.221 0.006 0.268 1.291** 0.268 0.626* 0.253 

Percentage of irrigated land PNIRRLAD -0.004** 0.001 0.008** 0.002 -0.001 0.002 0.004* 0.002 

Caste code (GEN=1, Others 
=0) 

GEN 0.243** 0.073 0.017 0.089 0.050 0.089 0.161 0.084 

NREGS Job Card 
(Y=1/N=0) 

DJOBCARD 0.228* 0.090 0.151 0.110 0.038 0.110 -0.063 0.103 

Family size HSIZE 0.036* 0.014 -0.026 0.018 0.011 0.018 -0.045** 0.017 

Education of the head of the 
household (Years) 

EDUHEAD 0.015 0.009 0.006 0.011 0.022* 0.011 0.008 0.010 

Other irrigation source 
dummy (Y=1/N=0) 

OTHERIRR -0.063 0.119 -0.381** 0.145 0.343* 0.145 -0.874** 0.137 

Boro paddy dummy ABORO 0.082 0.147 0.127 0.179 -0.133 0.179 0.511** 0.169 

Growing vegetables  DVEG 0.422** 0.130 0.386* 0.157 -0.230 0.157 0.491** 0.149 

Member of SHG  
(Y=1/N=0) 

DSHG 0.085 0.081 0.040 0.098 0.172 0.098 0.047 0.093 

Gram Sansad  meeting 
attended regularly 
(Y=1/N=0) 

DGSANSAD -0.106 0.075 0.030 0.091 -0.211* 0.091 0.021 0.086 

Credit  facility (Y=1/N=0) DCREDIT -0.316** 0.080 -0.118 0.098 -0.164 0.098 0.030 0.092 

Willingness to pay per year 
for tank maintenance (Rs) 
(10–4) 

WTP -2.523* 1.001 -2.936* 1.214 0.201 1.214 -0.489 1.146 

Storage facility (Y=1/N=0) DSTORAGE -0.051 0.154 0.199 0.187 0.368* 0.187 -0.244 0.176 

Off-farm workers in the 
family (No) 

OFFFARM 0.017 0.030 -0.053 0.037 -0.118** 0.037 -0.036 0.035 

Family expenditure (10–5) FAMEXP -5.358 2.941 4.084 3.569 0.291 3.570 7.613* 3.370 

Household belongs to the 
district Purulia (Y=1/N=0) 

DPURULIA -0.803** 0.090 -0.612** 0.110 0.182 0.110 0.581** 0.104 

Household belongs to the 
district Bankura (Y=1/N=0) 

DBANKURA -1.471** 0.102 -0.359** 0.124 0.309* 0.124 0.249* 0.117 

R2 adjusted  0.403  0.121  0.120  0.216  

F- statistic  19.88  4.84  4.82  8.72  

Note: The presented values for Willingness to pay/Years for tank maintenance (indicated with 10–4) needs to be divided by 104, 
whereas the values for family expenditures (indicated with 10–5) needs to be divided by 105. Statistically significant estimates are 
indicated by stars: * P<0.01, ** P<0.05. S.E. stands for standard error. 

 
Economic variables (#26–29) represent various aspects that could influence the budget of the 

family. A higher WTP for tank maintenance would either indicate that the tank is important or that 
the interviewee has a high income. If the tank is important a higher participation could be expected, 
but a higher income does not necessarily lead to higher participation. The two significant estimates 
have both a negative sign indicating that a higher income leads to lower participation. The 
possession of a storage facility would lead to a higher participation as tank water is needed. The one 
significant estimate has the expected sign. A high number of off-farm workers shows that there are 
good alternative sources of income and participation would be expected to be lower. Again, the one 
significant estimate has the expected sign. The level of family expenditure is an indication of 
income level, but there is a priori no clear link to participation. In this case, the opposite conclusion 
to WTP is found, namely that a higher income leads to higher participation as tank water has a good 
availability. This indicates that the main interest of families with higher incomes is water 
availability, but not in maintaining the tank and the distribution system.  
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Locational variables (#30–31) representing the districts show their remoteness of the main urban 
capital Kolkata. Purulia clearly is the most remote district closely followed by Bankura. Also 
Purulia and Bankura are drier as compared to Paschim Medinipur. It could be expected that 
participation in tank irrigation management would be higher in these two districts. First of all, seven 
of the eight estimates are significant, which demonstrates the importance of these locational 
variables. The signs are mixed where four estimates show a negative sign and three estimates a 
positive sign (as would be expected). The lower level of farmer’s participation from Purulia and 
Bankura can be due to various reasons. One possible reason is that the quality of the tanks and 
distribution system is lower in the two districts which therefore lead to lower levels of participation.  

4. GAME: METHODOLOGY AND ESTIMATION 

For studying the opportunities of local people to voluntarily participate in the management of 
tanks which they use, we set up a non-cooperative game model. The strategy is to choose the level 
of participation in tank irrigation management. Here participation means how a farmer perceives the 
local people in the village to manage an adjacent tank. A participating farmer adheres to tank 
management rules that are prevalent in the village. This participation is awarded with the right to 
(partially) access the tank from which they appreciate the benefits (=their net payoff). Let us refer to 
this situation as the participation game. It is useful to think in terms of “games” as it is able to 
differentiate between harmonious and conflict situations. In a harmonious situation, water sharing 
and use will be done in an economic optimal way so that the highest benefits are obtained. 
However, in a conflict situation, water sharing will be sub-optimal. New institutional structures will 
be needed to overcome these conflicts, where building institutions is a slow process (Ostrom, 1990). 

Taking these considerations into account, we can demonstrate the mechanism of this game by a 
metaphorical two-person two-strategy representation. In order to formalize possible conflicts, which 
can emerge between farmers, let us restrict the analysis to two equal farmers {1, 2}. In the case with 
n farmers contesting for access to the tank, we can distinguish between farmer 1, the challenger, 
and farmer 2, the contender, which is composed of all other farmers contesting for the same tank. 
For that we need to assume that the challenger interprets the actions of other farmers as a 
simultaneous move. Hence, we are dealing with a 1 versus n–1 person game (see also Lise et al 
2006). 

The simplest form of such a game consists of only two persons, who have a choice between two 
alternatives: to participate or not. When both farmers participate they obtain x. When one farmer 
participates, while the other does not, the single participant keeps the rules as formulated during the 
village meetings, obtaining b, while the other cheats on these rules, reducing the protection of the 
tank, obtaining a. This ‘cheating’ can be detected through ‘social fencing’, where the rule-abiding 
farmer spots cheating. Finally, when both deviate, rules are not adhered to by both farmers, 
obtaining y. Table 6 shows the resulting payoff matrix. 

 
Table 6. Payoff matrix for the participation game 

  Farmer 2: (contender) 
  Participate Do not participate 

Participate x,x b,a Farmer 1: 
(challenger) Do not participate a,b y,y 

 
Even though it is difficult to motivate which game would be found a priory, a possible outcome 

of this game is a “prisoner's dilemma”, where the dominating strategy is “do not participate” and 
deplete the tank, while it would lead to collective better results when both farmers would mutually 
participate, keeping the restoration rate of the tank optimal. Hence the following inequality could 
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hold: 

a > x > y > b (2) 

It is also possible that there are other types of games.  
For estimating the participation game we need to quantify the payoff which is measured as the 

benefits from tank resources (the variable PAYOFF as shown in Table 2). 
Next the strategy of the challenger is the strategy for farmers, measured as the level of 

participation. These are chosen as water distribution and sharing, namely the second or third factor 
as derived in Section 3.1, both of them relate to private benefits to the challenger. The strategy of 
the contender, which is the strategy of all other farmers as perceived by the challenger, can be 
derived by taking the perception of the quality of the tank, which is the first and the fourth factor, as 
derived in Section 3.1. The first and the fourth factor is in a way the perception of the farmers of the 
joint action of all other farmers. 

To interpret the value of the strategy, the strategy of the challenger and contender are normalized 
into a fraction between 0 and 1. 

After these steps, it is possible to assign the payoffs into four “payoff groups” by taking 0.5 as 
the threshold value, as follows. We define participation values above 0.5 as participative behaviour 
in the sense that a farmer has a participatory attitude, while participation values below 0.5 indicates 
that a farmer is not participating. This simple way of dividing the payoff observation into four 
groups is referred to as the Simple Threshold Method (STM) (Lise 2007). Assigning the payoffs is 
done as shown in Table 7. 

 
Table 7. Assigning farmer's level of participation 

Level of participation of challenger Level of participation of contender Payoff group 
‘participate’ ‘participate’ X 
‘participate’ ‘do not participate’ B 

‘do not participate’ ‘participate’ A 
‘do not participate’ ‘do not participate’ Y 

 
Finally, the payoffs can be calculated by applying formula (3), where |X| denotes the number of 

observations in payoff-group X and πi the payoff of farmer i:   

1 1 1 1
; ; ;i i i i

i A i B i X i Y

a b x y
A B X Y

   
   

        (3) 

In order to obtain insight in the assignment of payoffs to payoff groups, the choices of the 
challenger and the contender are plotted in Figures 2–5. The choice of the challenger represents 
respectively water distribution system (factor 2) and water sharing arrangement (factor 3). The 
choice of the contender represents the perception of the tank condition (factor 1) and the water 
availability of the tank (factor 4); a participation value above 0.5 is a positive perception, while a 
participation value below 0.5 means a negative perception. Figures 2–5 show the result for the 
Simple Threshold Method where the division into four payoff groups is indicated by the thick lines. 

Interpretation of Figures 2–5 already leads to an interesting outcome, namely that the most 
frequent occurrence of mutual participation is found with respect to water sharing arrangement and 
tank condition. This is shown in the figures by the concentration of data at the upper-right cell (= X) 
in Figure 4. B is the right lower cell, A is the left upper cell and Y is the left lower cell (this is also 
indicated in the figures by putting an upper-case letters in the four cells). 
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Figure 2. Scatterplot of water distribution system with tank condition 

 

Figure 3. Scatterplot of water distribution system with water availability  

 

Figure 4. Scatterplot of water sharing arrangement with tank condition  
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Figure 5. Scatterplot of water sharing arrangement with water availability  

The game estimation results, using the primary data as explained in Section 2, are presented in 
Table 8. 

 
Table 8. Estimated participation games 

  a b x y Payoff order Name of the game 

16829 19415 14001 16607 1. Water distribution system 
with tank condition (220) (33) (19) (261) 

b>a>y>x Reverse Non-coordination 
game 

17094 15029 18362 16027 2. Water distribution system  
with  water availability (251) 75 122 85 

x>a>b>y Assurance game 

15396 18450 18444 15077 3. Water sharing arrangement 
with tank condition (122) 145 85 181 

b>x>a>y Pareto game 

14841 15802 19997 15785 4. Water sharing arrangement 
with water availability (213) (70) (160) (90) 

x>b>a>y Pareto game 

Note: the number in the brackets denotes the number of observations within the payoff group, from which the payoff is derived by 
taking averages using equation (4). Payoffs are expressed in Indian Rupees. 

 
For the first game, a non-coordination game is estimated. In the reverse non-coordination game it 

is optimal for the players to take opposite actions (Lise 2007). A reverse non-coordination game for 
the game on water distribution system with tank condition implies that optimal strategy of the 
challenger is to choose the opposite of the strategy of the contender. For the second game an 
assurance game is estimated. In the assurance game it is a matter of coordination to arrive at the 
equilibrium of the game. For both the third and the fourth game a Pareto game is estimated. Under a 
Pareto game the individual strategy matches with the group strategy and reaching the Nash 
equilibrium of both farmers participating is the expected economic outcome. Hence, the first game 
shows a situation where the conflict is unlikely to be resolved, whereas in the second game the 
conflict can be resolved by a well-organised tank irrigation management organisation. In the other 
two games there are no conflicts and mutual participation is the natural outcome.   

As a policy conclusion we can observe that tank irrigation management in India is not always a 
harmonious affair. Institutions are needed to improve the management of tanks and to overcome 
conflicts in sharing scarce water resources.  

5. CONCLUSIONS 

This study has analysed farmer’s participation in tank irrigation management in dry zones in 
India. The study has identified factors determining farmer’s participation in tank irrigation 
management. Statistical methods have been employed to evaluate the primary data obtained from 
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533 interviewees. The four most important factors that emerged from the analysis are: (1) tank 
condition, (2) water distribution system, (3) water sharing arrangement and (4) water availability in 
the tanks. These four factors explain 73% of farmer’s participation in tank irrigation management 
and should be taken into consideration to enhance farmer’s participation in irrigation tank 
management in the region under study.  

A regression analysis has been undertaken to analyse the process of farmer’s participation in 
tank irrigation management. Most of the estimated significant variables have the expected sign, 
whereas the exceptions can be explained by getting deeper into the context. From this we can draw 
the following lessons. A better condition of the land, a higher social status (higher caste, job card, 
education), an increase in the need of irrigation water and absence of other irrigation sources, lack 
of membership in other organisations, lack of other sources of income would lead to a higher level 
of farmer’s participation in tank irrigation management. The link between level of income and level 
of participation is mixed. These relations should be kept in mind for designing policies to improve 
tank irrigation management.    

Furthermore, the derived four factors can be grouped into two. Factor 2 and 3 can be considered 
as personal decision variables representing personal benefits from usage of the tank, whereas factor 
1 and 4 can be considered as the behaviour of all the tank users simultaneously, as it describes the 
effectiveness in water provision of the tank. This division into personal and group characteristics is 
a key ingredient for estimating a 1 versus n–1 non-cooperative participation game, as this provides a 
proxy for farmer’s strategy. In addition, the net benefits from tank usage were also measured during 
the primary survey, which is a good proxy for the payoff in the game.  

The analysis with the participation game also reveals that there are conflicts concerning sharing 
the tank benefits in the study area. To overcome these conflicts, management organisations of 
irrigation tanks will need to be strengthened. These were observed to be rather weak and mainly 
based on informal structures. There is also scope for water distribution system and water sharing 
arrangement to stimulate participation in tank irrigation management and achieve sustainable tank 
irrigation management in the dry zone in India.  

The analysis of farmer’s participation in tank irrigation management in dry zones in India is also 
important for the management organizations of irrigation tanks in the study area. They will need to 
be strengthened in order to overcome the conflicts concerning sharing the tank benefits, stimulate 
participation in tank irrigation management and achieve sustainable tank irrigation management in 
the dry zone in India. 

ACKNOWLEDGEMENTS  

We are thankful to participation of 533 respondents in the West Bengal state in this study. We 
are also grateful for comments of two anonymous referees, which greatly helped to finalise the 
paper. Remaining errors are ours.  

REFERENCES 

ADB (2006), Rehabilitation and Management of Tanks in India, http://www.adb.org/documents/studies/tanks-india, Asian 
Development Bank. 

Agarwal, A., I. Khurana and S. Narain, Eds. (2009), Making Water Everybody’s Business, Centre for Science and Environment, New 
Delhi. 

Anbumozhi, V., K. Matsumoto and E. Yamaji (2007), Sustaining Agriculture through Modernization of Irrigation Tanks: An 
Opportunity and Challenge for Tamil Nadu, India.http://cigrejournal.tamu.edu/submissions/volume3/LW%2001%20002.pdf. 

Balasubramanian, K. R. And N. Selvaraj (2003), Poverty, Private Property and Common Pool Resource Management: The Case Of 
Irrigation Tanks in South India, Working Paper No. 2-03, SANDEE. 

Bardhan, P. (1999), Water Community: An Empirical Analysis of Cooperation on Irrigation in South India, University of California 
at Berkeley, http://emlab.berkeley.edu/users/webfac/bardhan/papers/BardhanWater.pdf 

Bardhan, P. (2000), Irrigation and Cooperation: An Empirical Analysis of 48 Irrigation Communities in South India. Economic 
Development and Cultural Change, Vol. 48, No. 4, July, pp. 847-865. 



50 S.K. Jana & W. Lise 

 

Chakravarty, K. K., G. L. Badam and V. Paranjpye, (Eds.) (2006), Traditional Water Management Systems of India, Aryan Books 
International, New Delhi. 

Chatterjee, N. (1995), Irrigated Agriculture, Rawat Publications, Jaipur.  
Evans, A. E. V., M. Giordano and T. Clayton, (Eds.) (2012), Investing in Agricultural Water Management to Benefit Smallholder 

Farmers in West Bengal, India. AgWater Solutions Project Country Synthesis Report. Colombo, Sri Lanka: International Water 
Management Institute (IWMI). 28p. (IWMI Working Paper 148). doi: 10.5337/2012.210. 

Gomathinayagam, P., R. Sakthivadivel, and T. Shah (2004), Rejuvenating Irrigation Tanks through Local Institutions. Economic and 
Political Weekly, Vol. 39, No. 31, July 31. 

GoWB (2011), District Statistical Hand Book, Bureau of Applied Economics and Statistics. Government of West Bengal. 
GoWB (2012), Economic Review, 2011-12, Government of West Bengal.  
GoWB and GoI (2010), West Bengal State Action Plan on Climate Change, Government of West Bengal and Government of India. 
Harman, H. H., (1967), Modern Factor Analysis. The University of Chicago Press, Chicago. 
Jana, S. K. (2010), Prospect of Sustainable Tank Irrigation Options in the Dry Zones of West Bengal, Research Project Report 

Submitted to ICSSR, New Delhi. 
Jana, S. K., K. Palanisami and A. Das (2012), Prospect of Sustainable Tank Irrigation Option in the Dry Zones of West Bengal, 

Indian Journal of Agricultural Economics, Vol. 67, No. 2, 225-237. 
Lise, W., (2007), An Econometric and Game Theoretic Model of Common Pool Resource Management, Nova Science Publishers, 

Inc., New York. 
Lise, W., S. Hess, and B. Purev, (2006), Pastureland Degradation and Poverty among Herders in Mongolia: Data Analysis and Game 

Estimation, Ecological Economics, Vol 58, No. 2, 350–364. 
Malik, R. P. S., M. Giordano and V. Sharma (2014), Examining Farm-level Perceptions, Costs, and Benefits of Small Water 

Harvesting structures in Dewas, Madhya Pradesh, Agricultural Water Management, 2014, Vol. 131, Issue C, pp. 204-211. 
NABARD (2012), State Agricultural Plan for West Bengal, NABARD Consultancy Services Private Limited, Kolkata. 
Narayanmoorthy, A. and R. S. Deshpande (2003), Where Water Seeps! Towards a New Phase in India’s Irrigation Reforms, 

Academic Foundation, New Delhi.   
Ojha, A. (2007), Irrigation – Achievements and Challenges,  India Infrastructure Report 2007, Oxford University Press, New Delhi 
Ostrom, E. (1990), Governing the Commons: The Evolution of Institutions for Collective Action, Cambridge: Cambridge University 

Press. 
Palanisami, K. and K. W. Easter (2000), Tank Irrigation in the 21st Century, Discovery Publishing House, New Delhi.  
Palanisami, K., R. Meinzen-Dick and M. Giordano (2010), Climate Changes and Water Supplies: Options for Sustaining Tank 

Irrigation Potential in India, Economic and Political Weekly, Vol. XLV, No. 26.  
Palanisami K., C. R. Ranganathan, U. S. Nagothu and K. R. Kakumanu (2014), Climate Change and Agriculture in India: Studies 

from Selected River Basins, Routledge. 
Pant, N. and R. K. Verma (2010), Tanks in Eastern India: A Study in Exploration. Hyderabad, India: International Water 

Management Institute, IWMI-TATA Water Policy Research Program; Lucknow, Uttar Pradesh, India: Centre for Development 
Studies. 232p. doi:10.5337/2010.228. 

Roy, S. ed. (2006), Oxford Handbook of Agriculture, Oxford University Press, New Delhi.   
Sengupta, N. (1985), Irrigation - Traditional Vs. Modern, Economic and Political Weekly, November, Special Issue, pp. 1919-1938. 
Shah, E. (2003), Social Designs: Tank irrigation Technology and Agrarian Transformation in Karnataka, South India, Orient 

Longman Private Limited, New Delhi. 
Shah, M. (2009), Participatory Watershed Development: An Institutional Framewor, in Agarwal, A., I. Khurana and S. Narain, eds. 

(2009), Making Water Everybody’s Business, Centre for Science and Environment, New Delhi. 
Sreedhar, G. (2007), Tank Irrigation Management in the Peril – Emerging Issues and Challenge, in P. Narsimha Rao (Ed.) (2007) 

Irrigation Development – Issues and Challenges, Discovery Publishing House, New Delhi. 
Tiwary, R. (2009), Tanks, Multiple Uses and Their Political Ecologies in West Bengal, International Journal of Rural Management 

5(1):21-48. 
Vaidyanathan, A. (2006), India’s Water Resources, Contemporary Issues of Irrigation, Oxford University Press, New Delhi. 
Varghese, S. K., J. Buysse, A. Frija, S. Speelman and G. van Huylenbroeck (2012a), Are Investments in Groundwater Irrigation 

Profitable? A Case of Rice Farms from South India, Journal of the American Water Resources Association (JAWRA) 1-15. DOI: 
10.1111/j.1752-1688.2012.00690.x 

Varghese, S. K., P. C. Veettil, S. Speelman, J. Buysse, and G. van Huylenbroeck (2012b), Estimating the Causal effect of Water 
Scarcity on the Groundwater Use Efficiency of Rice Farming in South India, Ecological Economics, Vol 86, 55–64. 


