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Of course, individual farmers are worse off than one would expect on the basis of the average figures. In fact,
farmers face a variable environment within watercourses, with different canal water supply and variable qualities of
tubewell water.

Results reported by Murray-Rust and Vander Velde (1992) suggest that farmers, operating relatively close to a
Relative Water Supply'® of 1, manage their water with some precision, adjusting their tubewell water supply to the
canal and public tubewell supplies. With these values of Relative Water Supply and the problem of groundwater
quality, the authors conclude, however, that it is not surprising then that secondary salinity is building up rapidly
in tail areas with no water allocated by farmers for leaching of salts. Long-term monitoring of the irrigation practices
of sample farmers, however, would be needed to establish the trend in secondary salinity related to the use of
irrigation water of different qualities.

Another important issue which has not been addressed in this paper is related to the water table depth and the
sustainability of groundwater extraction. Data collected by IIMI since 1989 at two reaches of Mananwala Distributary
show that lowering of the water table seems to be a regular phenomenon over time.'” In the long run, a decline in
the groundwater level would increase pumping costs (especially for the tail farmers where depletion of the aquifer
seems to be slightly faster) thus decreasing the demand for groundwater over time. This process would continue until
the system reaches a steady state. The impact of this process, however, could be severe for small tubewell owners
and small farmers and would have an impact on the agricultural production as well. The slower private tubewell
development observed in the area for the last few years could have its origin in the depletion phenomenon of the
water table.'®

Problems of groundwater quality and water table depletion not only concern tubewell owners but nearly every
farmer who purchases tubewell water. Water markets give access to groundwater resources to non-tubewell owners
(mainly smaller farmers) and thus improve the equity in groundwater supply.' The supply of canal water (and its
impact on the demand for extra irrigation water ?) and the tubewell power source have an impact on the development
of water transactions among farmers. Prices paid by farmers are much higher than prices paid for canal water through
the water rates or abiana suggesting that there could be a potential for increase in canal water charges, if canal water
supply is made more reliable.

Three important aspects have now to be considered by researchers, line agencies staff, policymakers and funding
agencies: the use and dissemination of research results, the monitoring of the conjunctive use environment and a new
research agenda on conjunctive use in Pakistan.

IIMI’s knowledge of the O&M of private tubewells has now to be used by public agencies and research institutes
in their planning and project preparation. Several examples highlight this need.

Defined as the ratio of the water supply to the demand.

A similar conclusion is found in the study on private tubewells undertaken by NESPAK/SGI for the
Government of Pakistan (Government of Pakistan 1991a). According to their data, the groundwater
resources have already been overmined in Sheikhupura District where Mananwala Command Area is
located.

The exceptionally high rainfall which has affected the country in 1992, has, however, partly recharged the
aquifer as shown by more recent IIMI data, highlighting the imp&ttance of water table monitoring over a

long period of time.

Khan et al. (1990) report that 48 percent to 60 percent of the farmers of the project and non-project areas
were purchasing private tubewell water.
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i) The "without project” situation of the SCARP Transition Pilot Project (STPP) (Government of Pakistan
1985) was based on a 3 percent yearly increase in the number of private tubewells for the period 1985-1988.
The trend in tubewell development before 1985 presented in this paper for Mananwala Area suggests that
much higher figures for the annual tubewell growth rate could have been used at the project appraisal stage.
Most of the private tubewell development would have happened anyway without the STPP. Thus, the use
of the 3-percent figure has led to an over-estimation of the economic indicators calculated for the STPP.

ii)  The actual tubewell density used in the second SCARP transition project (Government of Pakistan 1991a)
is 2.1 private tubewells per 100 ha of CCA, much lower than the average 7.6 value for 14 watercourses or
the 6.9 value calculated for the 26,800 ha of Mananwala Command Area. Thus, figures related to the current
pumpage by private tubewells have been under-estimated by at least 50 percent. If the expected target of
10 new private tubewells per public tubewell abandoned is reached, it will accelerate groundwater depletion
in the area.

iii) Groundwater depletion has already been reported in the area in the study undertaken by NESPAK for the
Government of Pakistan (Government of Pakistan 1991b). In their study, however, no PTO tubewell has
been included. Thus, the problem of groundwater depletion in the area has been underestimated by 25
percent and would be even more acute than presented in this study.

Although water table and salinity are not directly related anymore as it was in the past (they were usually named
the twin menaces), they are variables from the same conjunctive use environment and thus need to be monitored.
With the importance of secondary salinization and the decline in water tables, a serious monitoring of the conjunctive
use environment has to be included in the agenda in the context of a sustainable agriculture. Although important
variables are already monitored by several institutions in Pakistan, the lack of coordination among institutions and
their narrow approach of the conjunctive use environment are serious constraints for an efficient monitoring (Murray-
Rust and Vander Velde 1992). Moreover, in the present situation, private tubewell data are not collected by any
public agency.

Murray-Rust and Vander Velde (1992) propose three items for further research on conjunctive use, ie., to
determine realistic critical limits for surface water/groundwater ratios at different water qualities; to develop a model
to predict salinity changes over time; to analyze factors other than water quality and location that affect farmer
cropping choices in a conjunctive-based irrigated agriculture.

With 85 percent of the variation in tubewell operation explained by the percentage of electric tubewells (with
lower O&M costs) in a specific command area, the present study suggests that economic variables (O&M costs,
landholding size, etc.) have to be included in further work on tubewell O&M on farmer cropping choices and on
environmental issues (water-table depletion, secondary salinization) directly related to tubewell operation and
conjunctive use. It suggests also that a farm (or tubewell owner) level analysis would be required (and perhaps more
appropriate) to further understand conjunctive use management by farmers and its impact on secondary salinization.

The impact of water markets on the agricultural production and on the environment (especially secondary
salinization and water table depth) would have to be assessed as well. More research is needed to compare water
markets and their impact on the quality of irrigation services offered to farmers (in terms of quantity, equity,
reliability) with other ways of water allocation (as public tubewells or tubewells with multiple ownership).
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Appendix I

Map of the Research Area

Mananwala Distributary Command
IIMI Sample Watercourses
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Appendix II

Characteristics of Sample Watercourses

Mananwala Distributary

Distance Design Private
Watercourse from discharge cca Public tubewell
number head (1/s) .(ha) tubewell density
(km) (TW/100ha)
24R 7.4 24 171 No 10.5
43R 13.2 30 225 No 12.0
71R 21.7 38 289 Yes 12.8
114R 34.8 31 231 Yes 10.0
121R 37.0 34 255 Yes 6.3
141R 43.0 68 514 Yes (2) 8.6
143R 43.7 12 87 Yes 8.0
Karkan Minor
Distance Design Private
Watercourse from discharge CCA Public tubewell
number head (1/s) (ha) tubewell density
(km) (TW/100ha)
10R 3.2 31 158 Yes 11.4
25R 7.7 18 91 No 5.5
27L 8.2 35 200 Yes 1.5
36R 11.1 33 167 Yes 1.8
37L3 11.4 35 177 Yes 6.8
54R 16.7 46 232 No 8.2
84TR 25.7 77 388 Yes 3.1
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Appendix III

Private Tubewell Data Collection

After 5 years of intensive research, IIMI-Pakistan has gained a good experience in the collection of data related to
the management of private tubewells within a conjunctive use environment. The main objective of this short appendix
is to describe the methods used by IIMI-Pakistan to collect primary data directly related to private tubewells and
analyzed in the present study. Methods to collect data related to other aspects of the irrigation system (surface water
or crop data for example) and used in this study will not be described here.

Data collection methods of IIMI-Pakistan field staff can be classified into three broad categories: (i) observation,
(ii) measurement and (iii) interview. Most of the time, several methods are used to complement one another and
improve the accuracy of the information collected. Direct measurements will have the first preference whenever
possible. The following Table presents the three approaches used for the main variables describing the private
tubewell environment in Mananwala Area.

Information Data collection method

Basic characteristics

Location Observation

Power source Qbservation and interview
Technology Observation and interview
Investments costs Interview

Tubewell water supply

Discharge Measurement
Operation Measurement and interview

Tubewell management

Use of water at farm Observation and interview
O&M costs Interview
. Water sales Interview

Environmental variables

Groundwater quality Measurement and interview
. Water table depth Measurement and interview

The first step in the collection of tubewell data is a tubewell census of the sample watercourse command areas
selected as basic sample units. Basic tubewell characteristics are collected through field visits and interviewing
tubewell owners. The use of maps (canal patwaries or chakbandi maps) facilitates a clear identification and location
of the private tubewells. Owner’s name, location of the tubewell (distributary name, watercourse, square and kila
[field] numbers. Vander Velde and Johnson 1992. Appendix A.), date of tubewell installation and investment costs,
bore depth, source of power, etc., are the main characteristics collected during the tubewell census.
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Several methods exist to measure tubewell discharges. The quickest one is the trajectory method, giving a good
estimate of the discharge when the tubewell delivery pipe is strictly horizontal and pipes are fully filled by the flow
of water. An L-stick with a fixed Y-axis length gives an X-axis value directly proportional to the discharge. Flumes
(earthen watercourse) and current meters (lined watercourses) can also be used to measure discharges. Comparisons
between fluming and trajectory methods have shown that differences are not significant and that the less time-
consuming trajectory method can be confidently used.

The source of power influences the choice of the method used to collect private tubewell operation.

(1) For electric tubewells with WAPDA electric meters in working conditions, a calibration of the meter
(number of electric units for one hour of operation) gives the possibility to convert the reading of electric
units into number of hours of operation. A regular calibration of the meter is however needed (at least once
a month or after any major change in the motor size or suction pump setting).

(ii)  For diesel tubewells, a vibration meter (small device recording the period of vibration) can be installed on

the delivery pipe or preferably on some parts of the engine. The use of this device with other sources of
power has been found less successful.

(iii) Interviews of tubewell owners have been used to collect the number of hours of operation for two types of
tubewells : PTO tubewells, and electric tubewells with WAPDA electric meters in poor working conditions.

Tubewell owners and key informants (numberdar or village head-man, WAPDA officials,etc.) are interviewed to
gain a better understanding on the management of private tubewells. Regular interviews of the tubewell owners (for
the number of hours sold or their O&M costs) are complemented by specific topic-oriented interviews to answer
particular questions (for example their strategy regarding water sales) pertaining to groundwater management.

Piezometers have been installed in specific locations for a regular monitoring (monthly measurements) of changes
in the water table depth. For the quality of the groundwater, two methods have been used: a complete analysis of
groundwater samples in certified laboratories (Directorate of Land Reclamation, Irrigation Department, Lahore, for
example) or a direct measurement in the field using an EC meter. The second method has the advantage of being
rapid and gives instantaneous results. .
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Appendix IV

Irrigation Water Supply for 4 Mananwala Watercourses
January 1989 - December 1991
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