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DECLINING RETURNS FROM GROUND WATER IRRIGATION 
 IN BANGLA DESH 

 
M. A. S. Mandal  

 
 

ABSTRACT 
 

This paper presents an analysis of returns from major groundwater irrigation technologies-deep tubewells and shallow 
tubewells-on the basis of a number of recent studies conducted in different areas of Bangladesh. The inter-year comparisons 
revealed that the returns of tubewell owners/managers as well as water users from irrigated HYV paddy production have 
significantly declined over the years, and the current level of returns are too low to provide incentives for improving 
performance of Irrigation or production. The major factors associated with the decline in returns from irrigation appeared 
to be a decline in yields, an increase in production costs and operation and maintenance costs, and very low harvest prices of 
paddy. Some areas of government interventions are suggested. 
 

 
I . INTRODUCTION 

 
       The literatures on the irrigation development of Bangladesh have stressed primarily 
the supply-side problems of irrigation and related inputs, and suggested technical, 
organizational and structural solutions ( Biswas at a/. 1978; Murshid, 1985; Sattar and 
Bhuiyan, 1985; and Boyce, 1987). But surprisingly, have these studies given little 
importance to the economics- of irrigated crop production, which might have caused 
demand-side problems from the irrigated farmers' point of view. Until very recently, 
profitability of irrigated crop production was not questioned nor evaluated to any great 
extent, mainly because the production of HYV boro paddy production was highly 
profitable until early seventies, when irrigation, fertilizers and other inputs were heavily 
subsidized and prices of inputs and output were more favourable. It was not therefore 
surprising that the costs and returns of Irrigated crops and the economic efficiencies with 
which the irrig3tion equipment operated were being 
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in different locations of the country were not mentioned in the important reviews of irrigation 
performance ( eq. GOB, 1982; 8ottrall, 1983 ). 
 
         In recent years, returns from irrigation is believed to have declined, although the regional 
divesities in terms of physical and environmental conditions precludes any valid generalization. 
However, the government seems to have expressed concerns in important reviews ( GOB, 1987 ). 
The major reason for such concerns is that the declining profitability of irrigated paddy production is 
likely to slow down the expansion of Irrigation and thus may affect the performance of emerging 
irrigation water market. The reversal of this situation warrants empirical understanding about the extent 
and causes of decline in returns from irrigation in different areas of the country. 
 
          This paper attempts to examine the issues related to the costs and returns of tubewell irrigation 
from both tubewell owners' and water users' point of views with a modest intention to derive general 
conclusions. For limitation of data, the study limited itself to only deep tubewell and shallow 
tubewell irrigation, although it is admitted that other farms of irrigation technologies such as hand 
tubewells, low-lift pumps and manually operated pumps are also important. 
 
          Section II of the paper deals with the methodology and sources of data used in the study. 
Returns to water users and returns to tubewell managers/owners are discussed respectively in sections 
III and IV. Section V discusses the returns from irrigation in a more general context and concluding 
remarks are made in the final section. 
 
 

II. METHODOLOGY AND DATA 
 
         This paper is based on an analysis of data as available from three independent sources as 
follows :(i) primary data with respect to irrigated HYV boro paddy cultivation, collected during 
1988 irrigation season from a sample of DTW and STW owners/managers and water users in Ghatail 
Upazila of Tangail district; where one-fourth share of crops was paid as water charges; (II) farm 
level data collected during several extensive field surveys to North Bengal districts, Comilla and 
Chittagong in 1938 irrigation season; and (iii) published and unpublished research reports in relation to 
tubewell irrigation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Declining Returns from Groundwater : Mandal                                                                                                                  45 
 
        The Ghatail survey was conducted on a cluster of 6 DTWs and 29 STWs located in the 
vicinity of eight contiguous villages of Jamoria union of Ghatail upazila in Tangail district. In 
each of the command areas of the sample tubewells, data were collected from the 
managers/owners and five other randomly selected farmers during the 1988 irrigation season. 
There were altogether 35 managers/owners and 175 farmers who were interviewed with 
structured questionnaires. A detailed socioeconomic background of the study area and sample 
farmers and a description of the survey procedures are given in Mandal ( 1989). 
 

 
III. RETURNS TO WATER USERS 

 
Returns from DTWs and STWs 
 

        Costs and returns of HYV boro paddy production have been calculated on the basis 
of the farm survey. In DTW schemes, net return over total cost for owned land under one-fourth 
crop share paid as water charge with some added payment for the linemen in terms of paddy per 
unit of land was on the average as low as Take 1865 per hectare ( Table 1)2. This allowed, after 
deductions for the bank interest on the operating capital @ 16% and recently increased land 
tax, very little for the management services. This situation was far worse in the case of share-
cropped land. When all costs of inputs including family labour were considered, net returns 
from share-cropped land became negative; the share-croppers did have some returns over the cash 
expenses which meant that they had been paid for their family labour at rates much below the going 
wage rates. Under the system where charge was paid as fixed cash per unit of land, the rate being 
Take 1666 per ha., net return appeared to be Take 6586 per ha3. With regards to the type of 
tubewells, net returns per hectare irrigated under STW was about twice as much under DTW, the 
major reason for this difference being about 17 percent higher yield under STWs than DTWs. 
This result is consistent with our earlier results, but why was this difference in yield levels ? One 
plausible explanation based on our field experience was that the timing and quantity of water 
delivery under STW was better than under DTW. Another explanation was the STW own are had 
better control over siting of their tubewalls and also over the selection or ‘screening of plots' so 
that more of better quality plots in terms of good soil and location were irrigated by STWs. 
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Table 1). It may also be noted that the undiscounted benefit-cost ratios in the case of owned 
land under deep tubewells were 1.5 and 1.1 for 1985 and 1988 respectively; while those under 
shallow tubewelli were 1.5 and 1.2 for 1985 and 1988 respectively. 
 
        Ofcourse yields and hence returns to water users varied between villages, regions and years 
depending on soils, topography, date of planting, rainfall, and also cropping intensity. But why 
have yields of HYV boro declined over the years ? A part of the explanation may be that the 
average fertilizer use per unit of boro land declined overtime. For example, a comparison of the 
amounts of Urea, TSP, and M P applied per hectare declined respectively from 241 kg, 128 kg, and 
69kg in 1985 to 216kg, 105kg and 28kg in 1988 ( Table 3). There is another possible 
explanation, almost all tubewell managers alleged that frequent power cut and 
disconnection of power lines at the critical stage of plant growth caused serious interruption 
in water delivery to command area plots, which resulted in reduced yields. This situation 
was more serious in 1988 than in 1985 be~ause 26 out of 29 STWs, and 5 out of 6 DTWs 
in the 1988 sample were electrically operated, whereas only 3 out of 37 STWs and 7 out 18 of 
DTWs were electrically operated in 1985. 
 
 

IV. RETURNS TO TUBEWELL MANAGERS / OWNERS 
 
Returns from water Selling and Own Cultivation 
 

           Managers, / owners' returns came from two sources - water selling and net return from 
their own cultivation in their own schemes. But before we discuss managers'/owners' returns 
from irrigation, we should take note of the different sources of operation, and maintenance 
costs of tubewells. As calculated from the Ghatail survey data, operation and maintenance costs 
per hectare were reported as Taka 2874 for diesel-run DTW and O&M costs ot electrified 
STWs were higher than for diesel-run STWs ( Table 4)4. It may be surprising that for both deep 
and shallow tubewells electricity bills were higher than diesel-mobil bills. One possible 
explanation for this is that there was an intensive electrification of tubewells in Ghatail 
villages, and that unofficial payments of about Take 25-30,000 per DTW, and about Take 10-
15,000 per STW had to be made to the concerned departments ( there were also many news paper 
reports on such act of bribes ). Added to this was the fact that 
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in yield per hectare, with a little increase of paddy in the price coupled with simultaneous 
reduction in tubewell command areas, meant a very large reductions in the total volume of paddy 
collected as water charges ( because one-fourth share of crop was charged for water ), and 
hence reduction in gross and net returns; and (iii) 0&M costs per hectare of command area had 
increased by about 26% for DTWs and about 3% for STWs. The main reason for moderate 
increase in 0&M costs in the case of STWs was that 26 out of 29 sample STWs were electrically 
operated, for which repair and mechanics costs were considerably reduced. 
 

V. RETURNS FROM IRRIGATION IN A MORE GENERAL CONTEXT 
 
         In this section, the empirical evidence of changes overtime in returns from irrigated boro 
paddy production in other parts of the country is discussed. The analysis is based on three 
studies such as, my own update of costs and returns estimates of North Bengal STW irrigation by 
Hamid et a/. (1982); Agro-economic Research Reports of Ministry of Agriculture, and a STW 
study in tour regions of the country by Quasem (1987). It should be mentioned here that there are 
inter-study divergences In respect of the calcuiation of costs and returns of irrigations. 1 have 
therefore adopted intra-study comparison and used the same criteria adopted in the respective 
studies in order to highlight the extent of changes occured in the returns from Irrigated paddy 
production overtime. 
 
        First of all, let us look at the changes occuring with STW Irrigation in the North-West 
Bangladesh. The basis is an update by this author of Hamid et al. ( 1982 ) study by multiplying 
the physical inputs given in the report by the 1988 average prices of respective inputs and 
output as compiled from the information collected through a two week extensive field 
surveys and farmer interviews in the North Bengal districts during 1988 irrigation season. 
 
         In all the regions of NW Bangladesh, net returns to cultivators over total costs in 1988 
were positive but had declined in nominal terms as well as in relation to costs ( Table 7). 
These returns could cover the cost of cash capital at the bank interest rate of 16% for 3 
months, but for many water users who borrowed for boro cultivation from non-institutional 
sources at very high interest rates these returns could not cover the real costs of 
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that yields had declined from 1982 levels. This implied that net returns to boro cultivators 
were likely to be still lower than the estimates presented in Table 7. 

 
Our next piece of evidence on declining profitability is derived from Quasem's recent 

study on the financial costs and returns of boro paddy production from both water users and STW 
owners point of view covering four regions (Quasem 1887)7. These regions represent intensively 
STW developed area of Bogra, less intensive area of Bhagna, Faridpur, special new technology area of 
Chandina, Comilla, and Nagarpur, Tangail with one-fourth crop-sharing with water. Quasem 
repoted that net returns to water users had declined over the period 1981 / 82- 1985 / 86 by 1, 
3, 13 and 16 percent respectively in Chandina, Bogra, Nagarpur and all regions. He also 
estimated that sharecroppers' net return per acre dropped from Taka 199 In 1981/82 to Taka -647 
in 1985/86 in all regions (Quasem 1987, Tables 3.19 and 3.20). The increase in costs of 
purchased inputs, relative to output price was identified as responsible for this. 

 
Finally, the evidence of declining returns are compiled from government documents A 

comparison of nominal costs and returns of irrigated boro paddy of all varieties between 
1981/82 and 1986/87 shows that net return per acre was Take 1117 on full cost basis and Take 
5647 per acre over cash costs, which were respectively 9 and 49 percent higher than obtained 
in 1981/82. This had reduced the undiscounted benefit-cost ratios of boro paddy production 
very significantly (Table 8). The major reason for such decline in rate of profitability was that 
gross returns had increased by 59 percent over the period, while cash costs as well as total 
costs increased by over 70 percent. 
 
The evidence presented above shows contrasting situations regarding the STW owners return 
from tubewells. In intensively irrigated areas like Ghatail. Nagarpur and Bogra, ner returns of 
STW owners had declined because of relatively higher costs of operating tubewells, and decline in 
command areas per STW (in Ghatail an added factor was the decline in yields). In Chandina, 
financial returns to STW owners appeared to be negative although neither command area per 
STW nor yields had changed to any significant extent and prices of water charged by the STW 
owners increased by 38% over the period. My own recalculations of costs and return 
estimates of Humid et a/. (1982) by using 1988 data shows that STW owners in north-west 
districts were able 
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increase of water charges from one-fourth share of crop meant inviting threats of losing irrigable 
plots to competing command areas. Moreover, in recent years STW owners in Tangail have started 
giving a sort of bonus by arranging; to provide supplementary irrigation for T. aman as an 
incentive for the cultivators to continue to use irrigation water for boro production from 
these tubewells in future too. As a matter of fact, being fixed up for long time with crop-
sharing arrangement for water, the declining yields meant reduction of total water fee 
collections by the Tangail tubewell owners. In this situation the most feasible options for the 
tubewell owners were to improve management efficiency so that OEM costs per unit of 
irrigated land were reduced by increasing command area, and total collections were increased by 
improving yields. 

IV.  CONCLUSIONS 

The analysis of the previous sections shows that the returns from HYV boro paddy 
cultivation using groundwater irrigation have declined from both tubewell owners 
/managers' and water users' point of view, and the estimated levels of net returns are too 
low to pay for the management services. The returns to sharecroppers were still lower and 
negative, meaning that they received for their family supplied labour and animal power less than 
the market wage rates. The major variables associated with the decline in returns from irrigated 
paddy production were the decline in HYV boro yields, increase in production costs and 0£tM 
costs resulting from an increase in nominal wage rates and prices of inputs and at the same time 
very low harvest prices of boro paddy. 
 
         The reasons for the reduction of boro yields are admittedly many, such as deplation of organic 
matter content of the irrigated soils, but the most apparent of the irrigated soils, but the most 
apparent one seams to be associated with the reduction in the use of fertilizers per unit of 
land. The increased fertilizer prices resulting from the withdrawal of subsidies partly 
explained this, but the more important reason was the very low prices of boro paddy during 
harvest. The procurement prices of baro paddy were not available to growers. In many 
districts such as Bogra and Tangail, the actual procurement: 
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of boro paddy In 1988 was lower than expected. In recent yeats, post-harvest paddy prices have 
been increased to some extent, but these are not enough to provide incentive to producers. 
Nevertheless, it is very important to ensure these prices during harvest season, when most paddy are 
sold by small and medium farmers. 
 
        In general, in the intensely competitive areas, the returns to tubewell owners/managers 
have declined mainly because average command areas per tubewell have declined and operation 
maintenance costs of diesel-run pumps have Increased. In areas, where water charges are collected 
as crop-share, the declining yields and low paddy prices during harvest have further reduced 
returns to tubewell owners/ managers. 
 
        One of the challenging jobs to improve profitability of irrigated boro paddy is that 
yields must be increased and sustained. This requires continuous improvement in fertilizer uses, soil 
management, agronomic practices, and plant protection measures. From the entrepreneurial point of 
view, tubewell owners/ managers will require to improve their efficiency of on-farm water 
management in a competitive but regulated environment, so that command area per tubewell is 
increased and cost of suppling water per unit of land reduced. Another area of government 
intervention to promote tubewell electrification with regular electricity supplies so that 
operation and maintenance costs of tubewells are reduced. In areas where tubewell 
electrification is already underway, appropriate measures should be taken to minimise 
bureaucratic 'rentseeking' to provide metered connections to tubewells and ensure uninterrupted 
power supplies. 
 
Notes : 
     

1. The villages were Sadhurpara Golgonda, Momrej Golgonda, Radhanagar Phulhara, 
Sreepur Phulhara, Gunogram, Koidala, South Korna, and Madhya Korna. The area was 
purposively selected for this study mainly because the author was involved in similar 
irrigation studies on 18 DTWs and 37 STWs in Ghatail-Kalihati Upazilas in 1985 and 
1986, which gave an opportunity to compare the performance of tubewells between these 
rwo periods, and provided more insights into the dynamics of changas in the key 
parameters ( for reference see BAU 1985, 1986 ). The cluster of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 


