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ABSTRACT OF DISSERTATION
ECONOMICS OF LOCAL CONTROL OF IRRIGATION
WATER IN PAKISTAN: A PILQT STUDY

Pakistan's irrigation system is among the world's largest. Gov-
ernment agencies share responsibility for diversion works and delivery
canels while managemant of local distribution networks is left to farm-
ers. Water allocation to farmers is based on rigid weekly schedules
designed to be self-policing. The system achieves administrative par-
simony at the expense of productivity because rigidity of the supply
schedule causes irrequiarities in supply.

t is recognized that farmers use a variety of activities and
transactions to increase productivity by increasing flexibility in both
timing and quantity of water supplies. A detailed description of the
activities is undertaken, their effects on production are examined, as
are the interrelationships of the activities and their possible joint
effects on productivity.

A separate but related objective was an evaluation of a program
for improving local irrigation ditches jointly operated by farmers.
This program was undertaken in response to government estimates that
substantial losses of water occur in watercourses. The program, while
impossible without farmer support, is not generdally Incally-initiated.

The Tocally-initiated activities studied iaclude private tube-
wells, private trading of canal water turns and flexible water right

rotations.
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An interview sample of 130 farmers on 20 watercourses was taken in
1981 in the Faisalabad District, Punjab Province. Ten watercourses had
undergone the watercourse improvement program, while the balance repre-
sented a control sample.

Findings include: (a) use of tubewell water has a strong positive
effect on value of crop production; (b) farmers actively trading canal
water averaged considerably higher productivity than those who reported
Tittle trading; (c) important positive interactions are demonstrated
between tubewell water use and trading on productivity, and among all
Tocally-initiated control measures: (d) the watercourse improvement
program was not demonstrably successful in increasing ejther water sup-
plies or productivity; and (e) mean productivity per acre is higher on
watercourses with a history of cooperative projects than on other
watercourses

Implications include re-evaluation of the watercourse improvement
program, and encouragement of efforts to continue and expand private
tubewell use. Any means to increase local private control of water
supplies, with minimum government interference, will likely have posi-

tive results on productivity.

Raymond Zafar Hannan Renfro
Department of Economics
Colorado State Unjversity
Fort Collins, Colorado 80523
Summer, 1932
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CHAPTER 1
INTRODUCTION AND OBJECTIVES

Pakistan's irrigation system is among the world's jargest. Gov-
ernment agencies share responsibility for diversion works and delivery
canals while management of local distribution networks is left to Tarm-
ers. Water allocation to farmers is based on rigid local weekly sched-
ules designed to be self-policing. Rigidity of the supply schedule
causes periodic shortages or overabundancies of water supply.

The government estima.es that substantial Josses of water occur in
the canals and largely unimproved local water distribution systems on
watercourses. Only in very recent vears has attention been given to
the local water management problen.

Increased supplies =nd improved timing of supplies have also been
provided by both public and private groundwater development and use of
tubewells. However, relatively little attention has been given to
lTocally-initiated alternatives for improving productivity of irrigation
water use in Pakistan.

This dissertation is mainly a descriptive study of the warabundi]
rotation system in Pakistan. From the onset, certain relationships
between farmers served as a focus of attention, These included sale or
trading of water, the ownership patterns of private tubewells and the

IFor‘ definitions of technical or local terms the reader may con-
sult the Glossary at the end of this dissertation.



group cohesiveness of farmers sharing local water delivery ditches
(watercourses). 1In the course of the research another objective was
added: an economic evaluation of a governmental watercourse improve-
ment project.

Mhen results of the study were analyzed, it became apparent that a
common element linked farmers' interaction with regard to their water
supplies: an effort to increase the flexibility of vater supply in
order to meet urgent, but largely unpredictable, crop water demands.
Consequently, analyses of findings are framed with reference to 'meth-
ods of increasing control' of water supplies.

Field work reported in this study was motivated by the fragmentary
descriptions of water related transactions between Pakistani farmers
found in the literature on economics of irrigation in Pakistan.
Descriptions are notably lacking with respect to: the watercourse set-
ting; the workings and alternate forms of warabundi; the nature and
extent of trading canal water; and the nature and extent of private
tubewell water use, in conjunction with canal water supplies. Only
watercourse improvement had been studied in some detail, because of its
unigque project status under the Government of Pakistan's On-Farm Water
Management Pilot Project. However, in no prior study was watercourse
improvement portrayed as only one of a number of possible methods to
obtain added control and flexibility -- i.e., to satisfy crop-water
requirements, in response to evapotranspiration and stress conditions,
with timely and sufficient supplies of water. This study is particu-
larly interested in this "larger picture," so to speak: the interrela-
tionships between these various local methods or options of control and

their effects un productivity.



Flexibility in Satisfying Transient Peak Demand

In order to appreciate the importance of control and flexibility
in the use of irrigation water supply it is well to keep in mind the
conceptual link betwean soil, crops and water requirements in relation
to temperatures, evapotranspiration, crop slress and consumptive use
requirements. Cro 111 experience poviods ot severe evapotranspira-
tion and stress i ctain periods of the growing season, which will
result in sub-optimal yields and production if nou satisfied by water
applications to root zones.

In economics, this basic concept it often discussed with regard to
"peaklcad demand,” as in the example of demand-upply rolationships for
electricity. Three types of demand arce often discussed in this con-
text: (1) base Toad demand, covresponding 1o a predetermined minimum
consumption level: (2) daily and seasonal peak demand, with a variable
base, corresponding to those periods of high (predictable) demand; and
(3) transient peak demand, corvesponding to shorter periods of extraor-
dinarily high (unpredictable) demand.

The shadow price of water varies in relation to peakload demand
and crop stress.  Johnson (1978) used a linear programning model of
crops and found very high shadow prices for irrigation water in
Pakistan correspona to high seasonal peak demand. But these shadow
prices are based on monthly water supplies, and Reuss' work (1980) has
shown that extreme climatic conditions can cause drastic flucluations
in water demand in periods as short as one week, wiere crop require-
ments may exceed canal water and rainiall supplies. These are Lhe

“transient peaks" whose shadow prices must exceed those estimated for



monthly water supplies (see Chanter IV for detailed discussion of this
point).

In the area of Pakistan's Punjab surveyed by this study, ranal
water undoubtedly provides limited flexibility to farmers in control-
1ing water supplies because of the lack of storage capabilities outside
the government-administered dams and reservoirs, with one limited but
important excertion: water can be stored in the topsoil for short
periods of time. Based on a priori knowledge we know that tubewel]
water acts as demand water. in the sense of supplementing canal water
supplies in transient peak demand periods. For the purposes of this
study, the marqginal value product of tubewel] water, as opnosed to

canal water, provides a nroxy of the value of flexible water supply.
Farmer Initiated Methods of Control

Three of the methods for increasing farmer control of water sup-
plies in Pakistan, which are the focus of this pilot study, are
"indigenous," in the sense that they are Tocally initiated and occur
moce or less spontaneously among farmers sharing watercourses. These
methods include private tubewell water use, trading of canal water
(warabundi) turns and the practice of "kachha" warabundi on internal
watercourses. The reader may find explanations of these Urdy and
Punjabi terms in the Glossary and, in detail, in Chapter 1IV.

Briefly. warabundi (literally, "fixation of turns") gives each
farm included in the watercourse command or irrigated area a turn of
the total quantity of su-face water being continuously discharged

through the canal outlet in a sequential downstream pattern —



proceeding from head to tail of the watercourse on a turn-by-turn
basis. Turns are allocated in direct proportion to farm acreage
size.

Internal watercourses convey (diverted) water from the sanctioned
main or primary channel to farwms and fields within a blec’ of land
known as a "square" or a partial square (a full square is typically 25
acres).

Kachha warabund? (kachha literally mezns "adjustable," "flexible"
or "unsanctioned") is a practice of ailocating canal water among multi-
ple users without qovernment interference or involvement. Its antithe-
sis is pakka warabundi which is forwally agreed upon by the Irrigation
Department, and is always based on & rotation of seven days (receiving
a turn once everyv seven days).

The principal advantage of pakka warabundi is that it minimizes
the opportunities for, and frequency of water disputes between irriga-
tors. The primary advantage of kachha warabundi is the potential for
flexibility in rotation cycles and scheduling to accommodate the chang-
ing irrigation needs of irrigators at different relative positions on
either a main or intermal watercourse. Pakka warabundi requires each
Farm to receive a turn at the cana’ discharge or flow on a weekly basis
—on a specific day earh weck, and at a specific time of the day or
night. Kachha warabundi is a system of foosely fixing turns for each
farin based cn a cycle of however many days the majerity of irrigators
concerned deem desirable.

Fachha warabundi on an internal watercourse (i.e., within the
“square") implies that ivrigators sharing a comnon '"nakka" outlet off

the main watercourse mutually agree not to "fix" their respective turns



to the full canal discharged flow (in proportion to irrigated land
holding) on an exact day of the week and at an exact time of the day,
as with pakka warabundi. Instead, these irrigators regularlv alternate
the order of receiving turns, so that each gets an opportunity to
receive the water first among this particular group of irrigators. On
the nther hand, pakka warabundi on an internal watercourse, implies
that an irrigator's (or irrigators') turn is fixed or sanctioned,
regardless of whether the turns of other irrigators in that "square"
are fixed.

One reason for treating the indigenous methods together is the
o priori Tikelihood that they are interrelated. The availability of
tubewell water can decrease the risk inherent in lending or borrowing
partial or full turns. Farmers who are able to purchase tubewell water
on short notice can more than compensate for partial turns foregone, as
the risks of plant stress and willingness to trade are reduced. The
practice of kachha "internal" warabundi can alsc decrease the risk of
obtaining timely water on short no*tice since relatively more ease is
possible in adjusting the turnc of other fellow irrigators on the same
internal watercourse to coincide with own needs. This flexibility is
favorable to tubewell water sales and use because unforeseen circum-
stances may require adjustment of turns on short notice to effectively

utilize tubewell discharges.
Watercourse Ilmprovement

The watercourse improvement program is treated separately from the
other methods of increasing control (it is the sole focus of

Chapter VI) because it is typically not initiated from within the



watercourse command and because it is the subject of considerable gov-
ernment expenditur‘e.2 The process of watercourse improvement is
described in detail in Chapter IV.

Conceptually, watercourse improvement, by reducing conveyance
losses, increases overall Supplies of canal water, with proportionately
greatest gains going to tail-end farmers who are most affected by con-
veyance losses. The overall increase in canal water supply acts to
reduce the urgency of nreed for a flexible supply; and because it
reduces the urgencyv of short-term demand, it potentially increases the

willingness of neighbors to relinquish a partial turn.
Objectives and Procedures

The objectives of the study are to describe the organization of
water distribution below the canal outlets. to estimate the effects of
water control options on crop productivity, to examine interrelation-
chips between these opiinns, and to estimate net returns to both farm-
ers' expenditures and the On-Farm Water Management Pilot Project of
watercourse improvement investments with partial lining.

For this purpose a survey of 20 watercourses was conducted in mid-
1981 in the Faisalabad area of tne Punjab Province of Pakistan, given a
population size of approximately 90,000 watercourses throughout
Pakistan from which samnling could have occurred. Ten improved and ten

unimproved or "control" watercourses were included, and 120 individual

farmers at head, middle and tail locations on these were interviewed.

“The On-Farm Water Management (OFWM) Pilot Project, which began in
1976 as a USAID funded project gained full-fledged project status in
July 1981 under World Bank funding.



Volumes of both canal (surface) and tubewell (ground) water received at
different points on the sampied waterccurses were estimated through
actual measurements.

The ten sample improved watercourses were randomly selected from
OFWM records in Lahore and Faisalabad. The ten control watercourses
were then selected with great care from Irrigation Department records
in Faisalabad on a paired sampling basis according to certain criteria,
as explained in detail in Chapter III.

Because this is a pilot study, with the overall objective of for-
mulating testable hypotheses in the area of locai control of irrigation
water supplies, attention was given to stratified sampling of farms at
different watercourse command positions and different size categories.
The stratification of the individual farm sample into relative water-
course positions enabled a close evaluation of the effect of water-
course improvement on tail farms. This stratification results in a
non-random sample and therefore findings from this research can not be
generally construed to a larger (i11-defined) population, nor to major
implications for policy making. Results can, however, hbe used to sug-
gest important areas for further research.

The statistical analyses used to evaluate the four methods of con-
trol include production function estimation through multiple ordinary
least squares regression techniques, other regression model estimations
and analysis of variance. For reasons mentioned above, and described
in more detail in Chapters ITI and V, significance levels and tests
associated with the statistical analysis can be only interpreted in a
very limited sense: they apply only to this particular sample and not

to a larger jopulation of watercourses or farms.
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Chapter V explores the effects on control and crop production of
the indigenous, locally-initiated farmer options of tubewells, canal
water trading and type of warabundi practiced on internal watercourses.
The effects of differences in tubewell ownership patterns and sources
of tubewell power are also examined. Production function analyses are
used in conjunction with other statistical tests to examine these
issues. [conomic efficiencies of production function input use are
also determined with respect to different sample categories of irri-
gated farms.

Chapter VI examines the benefits of OFWM watercourse improvement
through corresvonding production function and other statistical tests,
including benefit-cost analysis. The effects of watercourse improve-
ment on relative watercourse (farm) position are also examined through
these analytic approaches. Economic efficiencies of production input
use are also determined with respect to sample categories of farms con-
sidered here.

The final chapter summarizes the major findings of the study and
specifies the limitations of the study. Some specific suggestions for
further research in irrigation water control and farm management are

also included.



CHAPTER 11

BAUYGROUND AND PREVIOUS RESEARCH

Descriptions of the warabundi system in Pakistan and the nature
and extent of both canal water trading and tubewell water sale and use
were desired to ascertain their potentials for enhancing localized con-
trols by farmers over uncertain and irregular water supplies. Al]
three control options entail some degree of cooperation and collective
behavior. Information on these and other options available to
Pakistani farmers was also desired to ascertain their relative impacts
on productivity. Some of this information is available in the litera-
ture, although both detailed descriptions and empirical results appear
to be generally lacking.

Importa-it contributions in the literature helped formulate the
theoretical approach to estimation of the value of water to crop pro-
ductivity. Other sources helped pinpoint the major institutional and
technical options for added flexibility in water supplies in Pakistan.
These include the type of warabundi practiced on watercourses, trading
of canal water turns. private tubewell investments and watercourse
improvement. Significant contributions in these resnective areas are
briefly discussed betow. The literature is also notable for its gen-
eral lack of desoripcion end empirical evidence regarding actual pat-
terns ot trade and sale in canal and tubewell water, and the different

types of warabundi systems.
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Analytic Estimates of the Value of Water

Several studies fhave attempted to systematically provide estima-
tion of the value of irrigation water through both linear programming
and production function techniques.

Johnson (1978) used agronomic crop-water response functions to
construct cropping activities which allow various degrees of plant
stress in order to estimate shadow prices of irrigation water during
seasonal peak demand times. Ali (1980) adapted Johnson's model to
examine both optimal earthen waterccurse improvements and optimal 1lin-
ing through a mixed integer {non-linear) programming technique. Both
Johnson and Ali demonstrate that the value of water changes throughout
the year 1in response to predictable seasonal (monthly) peak crop
requirements. However, thev leave aside the difference between canal
and tubewell water in offsetting stress conditions and impacting pro-
ductivity. The option of obtaining timely supplies of canal water
through trading is aiso not considered.

Khan (1975) used both production function and linear programming
techniques to examine the relative values of certain selected inputs to
productivity in Pakistan. His results indicate that the contribution
of water to farm income was greater than that of any other input. The
production elasticity was 88 percen*t higher than the nearest competi-
tor, cash expense, and far above the other inputs of labor, bullock
power and tractor power.

Hussain (1981) used both production and profit function wmodels to
examine both allocative and technical efficiencies on different size

farms in Pakistan. His results suppoirt Khan's finding that water
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contributes more to farm income than any other input, with a qualifica-
tion that the estimatad production elasticity for water is lower in
zones with more saline groundwater.

None of the studies reviewed focus on differences between effects
of canal and tubewell wate: on productivity. Production function stud-
ies aggregatc water inputs into a single annual supply, while program-
ming studies do the same thing on a monthly basis.

With the exception of Al (1980), none of the studies make adjust-
ments for watercourse conveyance losses. Results from this study indi-
cate that failwre te adjust for conveyance losses leads to significant
over-estimation of water application. Fluie measurements indicate that
the conventional estimation methed of aultiplying numbers of irrigation
applications (the sun of canal and tubewell water applications) by an
assumed four and 2 1/7 acre inches per heavy and light applicaticon,
respectively, inflates total volume applied by an averaqge of 115 per-

cent. Further elaboration of these results appears in Appendix C.
Cooperation and Farmer Organizations

The degree of cooveration on a watercourse can hypothetically
relate to the type of warabundi practiced, the degree of canal water
trading, casnh transactions and us. of tubewell water, and whether
watercourse improvement takes place. By affecting water input use, and
other related inputs, the degree of cooperation affects agricultural
productivity. Several studies shed T1ight on these interrelationships
in the Pakistan context.

Merrey (1979) found that there are status-related elements of

Punjabi values and culture that inhibit farmers' ability to cooperate
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in Tocally initiated watercourse rehabilitation projects. In an
expanded study on this broad issue, Mirza and Merrey (1979) observe
that successful OFWM watercourse improvement and cooperative cleaning
and maintenance programs are most likely to occur on walercourses where
farmers are relatively equal in status and power, and have a history of
cooperation on other community projects (see also Haider, et al.,
1979).

Sparling (1980) used the results of Mirza and Merrey to show that
the presence of multiple (two or more) private tubewells adequately
discriminates between the "previous cooperation" watercourses from the
"lTittle or no previous cooperation" watercourses. Furthermore, he con-
ceptually Tinks cooperation to both canal water trading and watercourse
improvement, in a three-way interaction. He argues that as watercourse
improvement (largely a function of cooperation) reduces conveyance
losses and increases overall supplies of canal water available, this
increase acts tn reduce the urgency of need for a flexible supply. The
reduction in urgency of short-term demand tends to increase the will-
ingness of neighborirg irrigators to ralinquish a partial turn of canal
water. Trading is, in fact, an element of overall cooperativeness on
the watercourse, but (as will be seen in Chapter IV) on a smaller

scale.
Warabundi Allocation Systems

Several sources adequately describe the overall canal irrigation
system in Pakistan, including WAPDA (1979), Lieftinck, et al. (1968),
Gibb, et al. (1966), Unti (1972) and Lowdermilk, et al. (1978). Few,

however, attempt to describe the distribution of water below the canal
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outlets. The only serious attempts to describe the warabundi rotation
system in detail are Nasir (1981) in his interpretation of the Northern
Indian Canal and Drainage Act of 1873, in the Pakistan context, and
Malhotra (1920) in the similar Indian context.

Malhotra's major conclusion that the warabundi system, in general
(and pakka warabundi, in particular), is basically an equitable system,
is strongly endorsed by Seckler (1981).

The only published research in the Pakistan context which con-
trasts pakka and kachha forms of warabundi are those of Mirza, et al.
(1975) and Lowdermilk, et al. (1978). Mirza, et al. demonstrate that
switchovers from kachha to pakka warabundi in Punjab were mainly due to
desires of tail-end irrigators and smaller, cisadvantaged farmers to
minimize canal water-related disputes and to avoid thefts by, typi-
cally, head-enders and larger farmers. lLowdermili, et al. indicate
that the overwhelming majority of pakka warabundi arrangements exist on
perennial watercourses in Punjab, and kachha warabundi on non-perennial
watercourses in Sind,3 althouah the impacts of these differences in
warabundi arrangements on productivity were not a major focus of their
study.

None of the above-mentioned sources have discussed the type of
warabundi arrangements present on internal watercourses. The author
believes that tne description of kachha internai warabundi is therefore
an original contribution of this study. The isolated effects of type

of warabundi on either main or internal wa*tercourses on productivity

3 . : ¢
Pereanial watercourses receive canal water year-round, whereas
non-perernial ones receive canal water only during the summer season
wher. river flows are higher.
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has not been the focus of any prior ctudy. Nor has any research dis-
cussed in detail the 1link between canal water distribution systems and

either canal water trading or tubewell water sales.
Transactions in Canal Water

Many publications d=al not only with water distribution under
appropriative cr rotational schemes, but also with water exchanges and
rentals. Gustafson and Reidinger (1971), Burness and Quirk (1979), and
Howe, et al. (1981) specifically argue that adced flexibility is desir-
able to maximize social returns, and that the key to added flexibility
is the institution of organized water markets.

Gardner and Fullerton (1968) demonstrate through regression analy-
sis that rental prices of water are significantly increased by permit-
ting inter-company transfers in areas of Utah (i.e., free exchange of
irrigation water between private companies with storage capabilities
and/or rights to stream flows). Water delivery and use per acre are
also significantly increased through such transfers. One reason con-
jectured is that markets decrease the risk of water shortages, which
may change production functions upward. Anderson (1961) reached simi-
lar conclusions from data analyses of inter-company transters in north-
ern Colorado.

In the Indian and Pakistani context, Gustafson and Reidinger
(1971) arque that water trading and sale should be permitted and made
legal, and that the development of some form of water users' associa-
tions would facilitate these trarsactions.

Tne association could contract with the gevernment for timed

delivery of water and then manage internally the problem of allocation
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among multiple users. It could then auction or sell water available in
excess of guaranteed deliveries to farmers, with the profits either
shared among the members or perhaps devoted to watercourse cleaning and
maintenance. These ideas are reiterated in Reidinger (1980), where
allocation through a water users' association is advocated as a
replacement for the entire warabundi system.

Maass and Anderson (1978) provide evidence that there are other
areas of the world bhesides the United States where water rights are
actively traded or =sold. Simulation analvses indicate substantial
returns from a tvpe of distribution system with active cash transac-
tions in water vights over other more rigid systems - including rota-
tional ones similer to South Asian warabundi.

Whereas most authors agree that theoretically organized water mar-
kets would improve on most, if not all, irrigation water distribution
systems in the world, including Pakistan and India,4 there has been no
empirical research done on the net returns of canal water trading

and/or sale on productivity.
Tubewell Investments and Water Sale

There have been wmany reports of the rapid increase in private
tubewell investments in Pakistan since tiie 1960's. Among the most
notabie are Khan (1975), Johnson (1976), Lieftinck, et al. (1958),

Lowdermilk, et al. (1978) and WAPDA (1979).

Hrhe notable exception is Seckler (1981), who wnile not condemning
Tocal water market operation, does not recommend it in his suggestions
for improving upon warabundi (p. 27). From his survey of 70 farmers in
Haryana, he surprisingly did not encounter any instances of trading
canal water turns.
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Lieftinck, et al. (1968), Lowdermilk, et al. (1978) and WAPDA
(1979) describe the rapid growth in tubewell investments and the enor-
mous potential for tubewell water to supplement scarce canal water sup-
plies. Lowdermilk, et al. cite evidence of active selling activities
in tubewell water in their large sample of 40 watercourses, but do not
demonstrate either the isolated or joint impact (along with canal
water) of tubewells on productivity.

Even Khan (1975) is unable to demonstrate througnh production func-
tion analysis the separate effect of tubewell water use on produc-
tivity, because of an inability %o separate out the effect of tubewell
water from canal water.

Johnson (1976) provides in-depth analysis of the total costs of
private tubewells and costs of tubewell water use per acre foot, but
does not estimate the effects of tubewell water utilization on produc-

tivity.
Watercourse Improvement

The available studies focusing on the economic impacts of OFWM
watercourse improvement include CSU and Mona (1977), WAPDA (1979), GiN
and Shah (1981), Ashraf (1980), Siddiqui (1981), Khan and Sadiq (1981}
and WAPDA (1981).

The detailed study of one improved watercourse in the Sargodha
area of Punjab by CSU and Mona researchers (1977) includes some partial
benefit-cost analysis based on water flow measurements taken both
before and after improvement. Since lack of detailed production data
prevented accurate estimation of direct benefits from improvement,

these researchers used estimates of benefits from an alternative source
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of added water supply, tubewells (Eckert, et al., 1975). Using these
extremely rough estimates of annual net project benefits, they calcu-
lated benefit-cost ratios, assuming a 25-year life of project improve-
ments, ranging from 1.76 (with annual benefits of Rs. 46/acre foot and
a 15 percent discount rate) to 4.74 (with annual benefits of Rs.
96/acre foot and a 10 percent discount rate).

A Targe 61 watercourse survey by WAPDA (1979) includes a support-
ing report on OFWM activities, but, unfortunately, none of the sampled
watercourses were ones improved by OFWM. Mevertheless, the WAPDA
report estimates the economic returns to watercourse improvement, mak-
ing the heroic assumption that net cropped incomr increases an average
of Rs. 500 per acre as a result of improvement. tven so, the calcu-
lated benefit-cost ratio is only a dismal 0.u5, assuming a discount
rate of 8 percent and an exnected 1ife of seven years. If the life is
extended o ten years, the benefit-cost ratio increases to 1.0, the
break-even point.

OFWM Training Institute researchers (Gill and Shah, 1981) observed
from a survey of 11 Punjab watercourses improved in 1978, that cropping
intensities and per acre yields of major crope< rose as a result of
improvemer.t. Based on the observed 20 percent increase in cropping
intensities aicne {(tiey assume a constant net income of Rs. 500 per
acre both before and after improvement), a benefit-cost ratio of 3.25
is calculated, assuming a discount rate of 12 percent and a project
life of five years.

Ashrat (1980) conducted a detailed study of 180 farmers on 15
improved and 15 unimproved watercourses in Punjab, with farmers inter-

viewed at head, middle and tail watercourse positions. Only
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preliminary data analyses have been performed by Ashraf to date. Con-
veyance efficiencies, measured by cut-throat flumes, and cropping
intensities appear to be higher on improved watercourses, but by how
much is unclear. Average per acre yield data with respect to the two
types of watercourses are not provided. Nevertheless, a benefit-cost
ratio of 3.1 is calculated for net returns to farmers, assuming a dis-
count rate of 15 percent and a project 1ife of ten years. The internal
rate of return is a very high 288 percent. Ashraf then calcuiates an
overall internal rate of return of 13 percent to the OFWM wztercourse
improvement project. This rate of return is based on calculations
which include actual project expenditures and estimates of income gen-
erated as adjusted by import (shadow) prices for sugar and wheat, and
export prices for rice.

Siddiqui (1981) conducted a survey of 16 improved watercourses in
sind. Sampling was not done on control, unimproved watercourses, but
instead use was made of bench-mark data from a Sind provincial govern-
ment study covering some 622 farms. Results of Siddigui's study show
that average cropped area and cropping intensities have increased as a
result of watercourse improvement. Yields of major crops also appear
to have increased: percentage differences of 40 percent for sugarcane,
62 percent for wheat and 36 per:zent for cotton were reported. Gross
value of production per acre calculations indicate an increase of 26
percent. However, no statistical tests of significance were performed,
making the initial results inconclusive. No cecst estimates were made,
and no benefit-cost analysis was attempted. Results from Sind may not
compare with results from Punjab, due to the great differences i

soils, land tenure, irrigation practices, waterlogging conditions, etc.
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A recently completed study by Khan and Sadiq (1981) computes a
benefit-cost ratio of OFWM watercourse improvements of 2.32, assuming a
social discount rate of 12 percent and a lite of the p-oject of five
years. If the 1ife is increased to ten years. the ratio improves to
2.53. However, this study suffers from very serious data limitations
(only 43 total farmers were interviewed on two improved and three unim-
proved or control watercourses) and a complete lack of randomization in
the seiection of unimproved {(control) watercourses and individual
respondents with respect to farm size or a11 campied watercourses.

The Planning Division of WAPDA (1981) recontly completed collec-
tion and tabulation of pre-watercourse improvement data on 45 water-
courses being studiad in an cn-qoing evaluation throughout Pakistan.
Four-fifths of these sample watercourses arve cuirently being improved,
and it will be interesting to see their comparative data and results
after post improvement data collection and analyses.

A1l of the above studies, howeve~, suffer from a common lack of
adequate controls fur estimations of the impact of watercourse improve-
ment on productivity. Without the lypes of controls envisioned in this
research in both sampling and production function analysis, it would be
difficult to isolate the independent effect of watercourse improvement
on productivity from all otner effects.

The sampling controls envisioned include pairing sample improved
and control watercoursas with similar soid conditions, climatic condi-
tioas, crappina zoanes, wateriogging and salinity conditions, canal com-
mand position, walercourse commanded area, main watercourse length,

number of farms and farmers, and canal outlet discharges. Other
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controls for the presence of tubewells, type of warabundi, etc. can be
made through the productien function analytic tool.

Discussion of these types of controls to ascertain the isolated
effects of different institutions and technologies on productivity is

the subject of the next chapter.
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Use of the production function
as a statistical tool

The selection of unimproved watercourses based on a paired sam-
pling technique, as described in detail below, was an attempt to con-
trol for major watercourse characteristics, including Tength, canal
outlet discharge, number of branches, number of farms and farmers,
presence of tubewells, etc. The selection of individual farms,
although stratified according to watercourse comnand position and farm
size, was also based on paired sampling techniques (see below). Farm-
ers were expected to differ in their use of inputs, which may account
far part of the production changes attributed to watercourse improve-
ment. 1t was also hoped that the research would unearth man, unantici-
pated variacions with respect to .ubewell water use, trading of canal
water, types of warabundi distribution systems, and even categories of
improved watercourses.

Use of the production function analytic technique was, therefcre,
contemplated as a means of statistically controlling for these varia-
tions. Production function estimation using multiple regression tech-
niques would enable the isolation of the effects of different control
enhancing activities and selected inputs (X) on a dependent variable,
gross value of production (Y), of the general form (see Heady and

Dillon, 1261): Y = f(X . Xn). Detailed discussion of the produc-

‘l’
tion functions actually specified and estimat~d, their properties and

interpretations, are presented in the analytic Chapters V and VI.
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watercourses,b and relatively influential farmers on control water-
courses, familiar with watercourse-relatod affairs. Questions asked of
key informants relate to warabundi dictribution. tubewell water sales,
canal water trading and watercourse leve) cooperation. The scoring
system is a revised version of that suqgested by Mirza and Merrey
(1979), expanded to encompass all types of watercourses.

The scorina system is based on actually traversing each sample
main watercourse from canal outlet to the tail, assigning penalty
points according to different categories affecting watercourse clean-
ing, maintenance and quality.  Unfortunately, there were numerous prob-
Tems encountered in assigning relative weignts to these different
categories. Consequently, follow-up water flow neasurements were taken
on each watercourse in cooperation with Lahore and Faisalabad OFWM per-
sonnel, who provided manpower, flumes and jeeps to assist the author,
his two field assistants and his brother-in-law in this effort.7 These
measurements enabled accurate estimation of both conveyance losses (and
indirectly, watercourse quality), and water flows received by indi-
vidual sampled farmers.

The secocnd type of questionnaire was designed to collect indi-
vidual sample farmer data. The individual farmer questionnaire (a copy

of which also appears in Appendiy B) contains questions relating to

6A watercourse committee or water user association is usually set
up as part of OFWUM watercourse improvement, primarily to collect money
from farmers for associated masonry work.

7Cana1 water flows were estimated using cut-throat flumes
(Skogerboe, et al., 1973), and the "trapezoidal” technique was used for
estimating tubewell discharges (Trout and Early, 1976). Modifications
in the proper use of flumes in the Punjab context wera also exercised,
according to Mohsin, et al. (1976) and (1979), Niazi and Ahmad (1976)
and Ahmad and Early (1976).
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pairing each sample improved watercourse, with an unimproved or control

watercourse similar in each of the above respects.

The selection of individual

sample farms

The design used for selecting individual sample farms and farmers
to be inferviewed was based on a stratified (non-random) sampling tech-
nique, in order to ohtain o representative view of the total water-
course cbmmand. The design was to select two sample farms from the
head one-thivd of the watercourse conmand, including the farm receiving
the first schoduled warabundi turn (the first irrigater); two from the
middle one-third; two from the tail, including the farm receiving the
last scheduled warabundi turn (the last irrigator); and all tubewell
owners,

The sample was also to be drawn so that it was representative of
relative farm size categories.‘ That is, whenever a farmer operating
five acres or less (five acres is the approximate mean farm size in the
Faisalabad area) was interviewed another farmer was to be interviewed

in that same relative watercourse position operating more than five

acres.
Unanticipated Factors

Several unanticipated factors emerged which affected the selection
of sample watercourses. First, it was observed during pre-testing the
questionnaires that watercourses had been improved as early as 1977
(the time of project inception), in the area around Faisalahad where

OFWM watercourse improvements had been unusually active. Therefore,
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Of course, all these efforts to control for seemingly extraneous
factors were eventually partially controlled for through production
function analysis. It can, nevertheless, be nypothesized that these

efforts at control strengthened any production function estimates.
Statistical Description of the Sample

Table ITI-1, below, shows some of the characteristics of the sam-
pled watercourses.

Three of the sampled improved watercourses have a cooperatively
owned (electric) tubewell serving all the farmers on these water-
courses, but no sampled control watercourses have this ownership
arrangement. In fact, none could be found in the Faisalabad area.
Consideration was given to eliminating any improved watercourses with a
cooperatively owned tubewell from the sample, but because these par-
ticular tubewell ownership patterns presented another potential means
to gain added flexibility over water supplies, it was decided to retain
them in the sample.

The sampled improved watercourses also show a marked tendency to
either have electric-powered tubewells, or no tubewell at all; whereas
the sampled control watercourses tend to either have diesel-powered
tubewells, or no tubewell at all. This sampling bias is unfortunate,
but is thought to be random, and controlling for the type of tubewell
power source would have meant sacrificing some or all of the other con-
trols.

Majcr statistics with respect to the 20 sampled watercourses are
presented in Table III-2. This table reveals several interesting fea-

tures. The average length of 1ined sections on sampled improved
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Table III-1. Summary Characteristics and Categories of Sampled
Watercourses (total numbers, means and standard devia-
tions).

OFWM improved Unimproved or
watercourses control watercourses

Total number 10 10
No. improved in 1977 3
No. improved in 1978 3 -
No. improved in 1979 3
No. improved in 1980 ]

Total no. of watercourses
with private tubewells 7 7

No. with single family p
owned tubewells(s) 3 4

No. with joini family
owned tubewell 1 3

No. with cooperatively ;
cwned tubeweil 3 0

No. with one tubewell
No. with two or nore tubewells 2 1

No. with electric-powered
tubewel1(s) 6 2

No. with diesel-powered
tubewel1(s) ] 5

Std. Std.
Mean Dev. Mean Dev.

Average main watercourse
length with branches (feet) 15,730 4,093 17,193 6,121
Average no. of hranches off
main watercourse channel 3.6 1.7 3.5 1.4

Average watercourse commanded
area (acres) 373.0 71.6 381.3% 64.6

Average no. of Farms 78.9 25.5 . 91.7 24.2

Average sive of farm (acres) 1.8 4.3 0.7

8>
no

Average avtnorized canal outlet
discharage (ouncon o ¢ Fos) 1.1 0.23 1.14 0.23

Average authovized canal oullel
discharge per commanded acro
c.f.s. .003  0.0002 .003 0.0002
(15
acre









http:a~<$nd2.60

36

Other sample watercourse

and farn differences

There are, of course, many other differences between villages,
watercourses and farmer-irrigators that are difficult to control.

These differences  such as leadership. education, caste, origin,
degree of cooperation (i.e., number of cooperative pirojects and/or dis-
putes in the village in recent memory), number of active organizations,
and number of institutional services - can prepare one village for eco-
nomic progress but not another. Some of the changes observed on the
improved watercourses way be due to uncontrolled variables which are
not duplicated un other watercourses and in other villages. However,
the education level of sampled farmers was almost identical: a mean of
4.00 years of schooling on improved watercourses and 3.97 years on con-
trol watercourses, with no significant difference demonstrated at the

5 percent level using the t-test.

Tables I11-3 and I11-4, below, show the caste and origin distinc-
tions between the two types of watercourses, with relative frequencies,
computed chi-square test values and corresponding significance levels.
Table III-3 demonstrates that there are significant differences (at the
2.5 percent level) between the two types of watercourses with respect
to caste. In particular, control watercourses appear to have consider-
ably more Jats, and fewer Rajputs, than imrroved watercourses. How-
ever, both types of watercourses are deminated by Jats, and the
frequency of castes other than Jats and Rajputs is remarkably similar
between the two types.

Table ITI-4 shows that there are no significant differences

between the twc types of wetercourses and origin status. Both types of



37

Table I1I-3. Type of Watercourse and Castle Differences.

Number of Lupiroved Unlmprovci Row Relative row
maJor caste watercourse uatercourse Lota] frequency
Jat 28 a4, 69 .53
Rajput 20 6 26 .20
Arain 11 11 v 17
AN other* 6 7 13 .10
Co]umn Total 65 65 ]30

Re]at1ve Cv]umn
Frequengy

.5 .5

*A1 other includes Dogar, Gujar, Gondal, Sheikh, Christian and Nai
(Barber).

= 10.07, d.f. = 3, significance level = 2.5

Table III-4. Type of Watercourse and Oriqin Differences.

Origin Improved Unimproved Row Relative row
cateqory watercourse watercourse tota] frequen\y
Local* 0 2 2 .015
Settler* 20 13 33 .254
Refugye* 45 50 95 .731
Column Total 65 65 ]30
Re]atlve Lo]nmh 5 5

Frequency

*Local means the original inhabitants of canal 1rr1gated areas; settiler
means Fhe persons whno settied the canal colonies in the late ]800 5
and early to mid-1900's: refuyee means the personﬁ who emigrated from
present day india to present-day Pakistan et the time of independence
from the Bvritish 11 1947,

C3.dT, duFe = 2, significance Jevel = 26



watercourses are apparently dominated by refugees, with a lower fre-
quercy of settlers and practically no locals.

The results from Tables T11-3 and 177-4 are generally consistent
with the observations of Mirza and Merrey (1979), who showed that
watercourse improvement tended to occur on refuaee and settler domi-
nated watercourses. Their finding that watercourse improvement also
tended to occur on watercourses dominated by one particular caste does
not appear to be true of this particular sample. However, this
hypothesis cannot he adequately tested because of the non-random nature
of the sampling of farms.

With regard to overall watercourse-level relationships, there is
no significant difference between type of watercourse and number of
water-related disputes on the watercourse, as shown by the t-test, but
there are significant differences between number of collective proj-
ects, numbher of active organizations and number of institutional ser-
vices in the vi]!aqe.8

The types of water-related disputes include water theft (and
related murder cases), refusal to turn canal water over to downstream
irrigators (due to disagreements over what reaches were included in the
sanctioned main watercourse), last farmer status at the end of main
channels and branches and use of illegal (unsanctioned) nakkas off the
main watercourse.

The type of cooperative projects include watercourse improvement,
Tining of village dvains, mosque committees, collective tubewells,

8The respective 95 percent confidence intervals (student's distri-
bution) fer these four factors are .3+.385, 1.8+.58, 2.7+.58 and
2+1.47.
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overall system, agronomic environment, watercourses, tubewells, wara-
bundi, trading and process of watercourse improvement is necessitated

by the general lack of adequate detailed information in the 1literature.
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into the main or primary watercourses to farmer's internal or secondary
watercourses and individual field parcels through smaller outlets
(nakkas).

Several key references describe the development and major charac-
teristics of the canal irrigation system in the Indus basin, including
WAPDA {1979), Lieftinck. et al. (196R), Gibb, et al. {1966) and
Lowdermilk, et al. {1978). These sources provide details of the cur-
rent system which irrigates an area of some 35 million acres through
several link canals (taking water from western rivers to supplement
eastern river flows), 43 major canals using river water diverted by 16
barrages to tens of thousands of watercourses.

After Malhotra (1980), Map 3 shows a typical surface irrigation
distribution system. Four or more conveyance types, according to size,
can be identified. These inciude main canals, branch canals, distribu-
taries and watercourses. River flows are diverted by a structure of
headworks into a major {main) canal. Weir and gate structures at junc-
tion points divert water into branch canals and sub-branches and into
distributaries and minors. Canal outlets permit continuous flows of
water from distributaries and minors at reqular intervals into water-
courses. Canal outlets are fixed, brick and cement structures with
small apertures which are constructed such that each watercourse
receives a continuous flow without the necessity of periodic regulation
by the Irrigation Department. The main watercourses as well as the
smaller outlets off the main watercourse are determined and sanctioned

(i.e., made legal) by the Irrigation Department, although the operation
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and maintenance of the system below the canal outlet is left to the

9
farmers.

Chaks and watercourses

The final links in the canal irrigation system for delivery of
water to the crops are the series of main and internal watercourses.

In each canal command the irrigated land is divided into administrative
units called “chaks." A chak has no pre-ordained size, but usually
corresnonds to the area historicaily included in a village or in two or
more sub-villages. The typical main watercourse command area in the
areas surveyed for this studv is about 400 acres.

It is the responsibility of the Trrigation Department to deliver
canal water to all land included in the commanded or rrigated area of
the chak, and the number and lengths of main, sanctioned wateicourses
vary in order to meet this ohjective. To assist in this task, the land
in a chak is divided into squares or partial-squares, where a typical
full-square in the Faisalabad area 15 25 acres, and are assigned num-
bers beginning with the number ore. Each square or partial square is
then assigned a sanctioned (official) smaller nakka outlet off the main
watercourse trom which to receive canal water.

The canal outlets, main waterccurses and major nakkas are speci-

fied and sanctioned in every case by the Irrigation Department with the

9There are special cases when Irrigafion Denartment officials
intervene in operations below the canal outlet. These include the
sanctioning of inain watercourses, with branches and major nakkas off
the main channels, the sanctioning of pakka warabundi schedules and the
settlement of water related disputes. See the Canal and Drainage Act
of 1873 (Nasir, 1981) for details, official responsibilities and juris-
diction.
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considerable slope variations and certain fields in a square cannot
effectively get canal water from one nakka alone without incurring con-
siderable dead storage losses. The authorized nakkas are indicated on
the Chak P]ans,10 and the users of any other nakka found on the main
watercourse are punishable by a fine of Rs. 200 (maximum) per offense
and/or imprisonment not exceeding three months (Nasir, 1981). Reducing
to a required minimum the number of earthen nakkas on the main water-
course helps to reduce seepage losses.

At nakka locations, water is diverted into the various branches of
the internal watercourses by constructing earth dams in the main water-
course just adjacent to or slightly downstream of the nakka opening,
and to individual fields by cutting into the main watercourse bank, and
later restoring it. These continual cuts into the banks and incomplete
restorations contribute to seepage losses throughout the length of the
main watercourse.

One curious aspect of the system is that there is no general pro-
vision for runoff into the system of open drains from either the dis-
tributaries or watercourses, presumably because flows into
distributaries can be cut-off during periods of heavy rain and flood-

ing, and because surplus supplie$ are assumed to not exist during other

10Chak Plans are detailed maps of the area included in the chak
command with Tocation of outlets, main watercourses and branches, sanc-
tioned nakka outlets off the main watercourse, village locations, open
drains, roads and unirrigated lands. The canal outlets ("mogas") are
specified with a title and number, R.D.# (reduced distance — distance
in meters from the junction of the distributary with the branch canal),
and a specification of whether the outlet is on the right {R) or left
(L) hand side of the distributary in relation to the direction of canal
flow. Copies of Irrigation Department Chak Plans are included in
Appendix A, and show details of sample watercourses surveyed in this
research.



periods. Nevertheless, there are occasions when farmers do not desire
the full supply of canal water being received: notably in times of
heavy monsoon rains; in the later growth stages of certain crops just
prior to harvesting when heavy irrigations may actually decrease
yields; and where waterlogging (condition of a high groundwater Lable)
may be a prohlci,

To help cope with ail these situations of real or potential sur-
plus conditions, the main watercourse could in many cases be extended

to allow watercourse run-off into an adjoining drain.
The Agronomic Environment

References to the physical soil-crop-water relationships are a
recurring theme throughout this report. It has been remarked that this
study does not examine these relationships through estimation of
explicit water response functions. However, an overview of the crops
grown in areas surveyed in relation to the two major seasons and pre-
dictable seasonal peak water demand periods will facilitate understand-
ing farmer motivations in tubewell water selling and canal water
trading activities.

The major summer crops grown in the surveyed Faisalabad area are
maize and sorghum fodders, maize grain, and relatively lesser anmounts
of rice, cotton, veqgetables, fruits and tobacco. The major winter
crops are wheat, fodder (primarily berseem), with some vegetables and
fruits. Sugarcane is the major cash crop and has a year-long maturity
period (unleas cut prematurely for todder).

The major periods of high seasonal demand for irrigation water

are: (1) March and April, when heavy presowing irrigations are given
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in anticipation of major sugarcane crops; (2) May and June, when heavy
presowing irrigations are applied in expectation of major fodder crops,
and when temperatures are at their highest in the year and stresses on
sugarcane and fodder crops in early growth stages are also the highest;
(3) August, when some heavy presowing irrigations are given to maize
grain crops, prior to the onset of monsoon rains in August and
September; and (4) October, November and December, when heavy presowing
irrigations are applied to important wheat and fodder crops in the win-
ter season, and when anticipation of annual canal closures (typically
for four to six weeks in December and Jan :ary) encourage heavier than
usual irrigations.

[solated and infrequent frosts in the winter season (typically in
January and February) may also stimulate water demand in attempts to
warm soil temperatures and preserve plant growths. Periodic sudden
rises in temperaturc and stress conditions throughout the year also
bring about unpredictable transient peak demand.

A diagram of weekly rainfall for a Punjab experimental station in
1975, reproduced below from Reuss (1980, p. 43), demonstrates periods
when water supplies are typically low. Canal water supplies on a typi-
cal watercourse are assumed by Reuss to be constant at ahout one cm per
week. The figure on the following page shows the rainfall plus the
canal water supplies assumed by Reuss, plus weekly evapotranspiration
for nine-month sugarcane crop also present in Reuss. Notice the diver-
gence of evapotranspiration and water supplies during the months of
April, May-June, August, and October-December.

The important difference is the vertical distance between the

evapotranspiration and tne net water supply. Note that this distance
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is subject to considerable weekly variation which can be accounted for
by alternate periods of rainfall and intense heat. The general shape
of this difference will be the same from year to year, but the profile

of weekly spikes will vary. It is the unpreaictability of this weekly

profile which motivates the demand for flexihle water supplies.
Irrigating with Tubewell Water

The typicai method of irrigating with tubewell water is to simul-
taneously use (mix) this water with canal water; that is, for indi-
vidual irrigators to arrange for the punping of tubewell water into the
watercourse during one's warabundi turn at the full discharge of canal
water being received through the outlet. The reascns for doing this
are likely twofold: one, to minimize seepage and transient losses; and
two, because of the (pakka) warabundi scheduling.

Losses can be minimized by using tubewell water simultaneously
with canal water because once the dry perimeter of the watercourse is
wetted in the normal course of warabundi, adding tubewell water to a
wetted perimeter will maximize the amount of tubewell water reaching
the field. Of course, if an irrigator is in dire need of water on any
particular day (due to stress conditions) he may disregard this factor,
and try to bring tubewell water tu his crops regardless of whether it
is his turn at canal water on that day or not. In fact, the major rea-
son for using tubewell and canal water simultaneous!y is undoubtedly
the limitation on tubewell water use imposed by warabundi.

If, for example, a tubewell is located at the head of a water-
course, downstream users and/or purchases of tubewell water can only

uss this water during their own turn, when they have uninterrupted
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right to the total discharge and flow in the watercourse, or when the
main watercourse length between their nakka Tocation and the tubewell
Tocation is unused or empty of water.

From the poirt of view of irrigators downstream of the tubewell,
the main watercourse i« cipty enly when upsiream users (upstream from
the tubewell location) are diverting all canai water flows through the
outlets into their internal watercourses and fields. This period of
upstream diversion may be very short if the acres irrigated upstream of
the tubewell are very few. It can be Tonger the farther the tubewell
is located down the watercourse. But if this is the case, then the
number of potential users and purchasers of tubewel] water will be
fewer, since ficlds located upstream from a tubewell cannot use tube-
well water, if canal water irrigation is also practiced, unless another
set of watercourses is present solely or primarily for tubewell water
conveyance.

To make this clear, we consider Map 4, below, of .ampled water-
course No. 20. HWe see from the map of this watercourse that a tubewell
is located in sauare No. 86, near the major paved road, roughly in the
middle one-third of the watercourse command. This is a small diesel
tubewell of estimated 1.2 cusec discharge, jointly owned by four culti-
vators with landholdinygs in square numbers 86 and 90 (among other frag-
mented holdings at head, middle and tail locations). This tubewell can
irrigate lands in squares 86, 90, 85 and 91, by conveying the water
through an internal watercourse (not drawn) to roughly point F, where
it meets the main watercourse (the elevation of the tubewell is higher

than at point F). Fields irvigated off the main watercourse upstream
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of point F cannot effectively use this tubewel] water because of higher
slope conditions.

The tubewell could be used to irrigate lower elevation lands on
the other side of the paved road (such as lands in square numbers 86,
85 and 84), but no internal watercourse was constructed to pass under
the paved road for this purpose. The Jjoint owmers of this tubewell
apparently feel that their returns are maximized by having the tubewell
Tocated on the tail of this branch where most of their lands are posi-
tionad. However, if sufficient demand for timely tubewell water exists
on this watercourse, and if many other irrigators will pay the price
demanded to cover all costs, then both social and individual returns
might be increased by placing the tubewell at the head. Since this is
a generally sweet water area this is a feasible alternative as well.

Nevertheless, the current situation dictates that only the lands
in squares 86, 90, 85 and 91, on the same side of the road as the tube-
weli, can effTectively utilize groundwater pumped up by this tubewell.
Cultivators in square No. 86 as well as those downstream from point F,
can use the tubeweli water with canal water during their own turns, or
alone without canal water mixing when the upstream sections of the main
watercourse are empty. The collective turn for this area included in
four squares, as seen below from the pakka warabundi schedule for this
watercourse, includes turn numbers 8-15 and lasts a total of 28 hours
and four minutes, not counting nikal time (see columns 2 and 5). Since
the irrigators in square No. 86 on this branch must transport the water
from point b (the junction of rhe branch and the main channel section)
to poinl I o begin their tucae, the walercourse branch above puint F

remains emply for a long pericd of 139 hours and 20 minutes.



Consequently, for all practical purposes, the irrigators on this par-
ticular branch can utilize tubewell water virtually any tipe,

However, if the tubewell was located at the head between points A
and E, for example, few, if any, irrigators on the right-hand branch
could use tubewell water, and all downstream users from point E could
only use tubewell water during their respective turns when water is
diverted upstream into the right-hand branch. Other considerations of
tubewell water sales and use are discussed below in subsequent sections

of this chapter.
]}y;*twp_p§§jp>typggi;[fkwgygpundj

It will be recalled from Chapter I that there are two basic types
of warabundi: "pakka" and ”kachha."]] The principal advantages of
both types were also specified.

Kachha warabundi was most common in Punjab in the early days of
the large-scale canal settlements in the late 1800's and early 1900's
when the number of irrigators per canal and watercourse command were
considerably fewer than the present, and time-keepers (often village
headmen or religious ieaders such as Muslim maulvis or Hindy priests)
were employed and provided with clocks to dictate when a person's time
to irrigate began and ended.

The time-keepers served an additional purpose of facilitating
exchanges or trades in canal water, acting in a limited way as irriga-

tion water market coordinators. With the spread of inexpensive wrist

]]Since no good English translations exist of the concepts "pakka"
and "kachha" in the context of warabundi, these local terms will be
retained throughout this dissertation.
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watches and clocks throughout the population, the principal role of the
time-keensr was largely gone, and time-keepers are seldom encountered
today on watercourses in the Punjab. Apparently, his role in coordi-
nating water exchanges was not appreciated highly enough in the
majority of cases to warrant his continued employment, or the very
presence of pakka warabundi could not allow him to function in this

role.
An Example frow Pakka Warabundi

Detailed descriptions of pakka warabundi are only found in the
Canal and Dirainage Act (as interpreted by Nasir, 1981, and more
recently, by Malhotra, 1980). Since neither of these descriptions is
entirely complete nor particularly succinct, another interpretation is
presented here.

A typical pakka warabundi schedule is presented below. This
schedule corresponds to Map 4, above, of sample watercourse No. 20.

The watercourse map and warabundi schedule are copies obtained with the
consent of the Faisalabad Division irrigation authorities, prior to
translations from Urdu and minor revisions based upon field observa-
tion.

As seen from Map 4, this is an unimproved watercourse with a total
irrigated area of 351 acres, and a total watercourse length of 13,530
feet or 2.56 miles. It consists of a main channel 6,160 feet long
(from positions A to 0, also including points £, I, J, K and M, on the
map), two wdajor Lranches (one connecting points A to D, and the other

from £ to ),

and two very small branches (one from K Lo L, and the

other from M to N).
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There are 94 distinct farms on the watercourse, yet only 29 sanc-
tioned turns exist. The authorized discharge is 1.07 cubic feet per
second (c.f.s.), according to Irrigation Department records, but the
measured discharge was found to be approximately 1.35 c.f.s.

From the sanctioned pakka warabundi table we see that the first
irrigator is located in square No. 88 next to the canal outlet, recmiv-
ing water at sanctioned nakka position A of Lhe map, of 52 minutes per
week for a total of 1.9 acres in commanded (irrigated) area. Under
Schedule A, when the warabundi rotation starts every other year at
6 A.M. Monday, his turn is from 6 A.M. to 6:52 A.M. Under Schedule B,
when the warabundi starts every other year at 6 P.M. Monday, his turn
s from 6 P.M. tc 6:52 P.M. We also see from column 17 that he is the
only irrigator included in this allotted turn, and from columns 6-9
that he is not entitled to any extra "bharai" or filling time nor to
any "nikal" or emptying time of the main watercourse. He is not enti-
tled to any bharai time because no time transpires in filling the
watercourse; the watercourse is already filled with water at the start
of his turn. This is so because under normal running conditions (i.e.,
when the canal is not closed and when the last irrigator(s) is not
trading his turn with an upstireamer), the last irrigator(s) is complet-
ing his turn and utilizing the full continual flow into the main water-
course just prior to the start of the first irrigator's turn.

To make this clear, let us look at the last sanciioned turn in the
table, No. 29. Ue see that irrigators concerned here have a net turn
of one hour and <ix minutes. On Map 4 we see that their authorized

nakka is at point 0. During their turn the nakkas Teading to all the
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branches (namely, at points A, E, K and M) will be closed allowing the
full discharge to run directly to their open nakka at point 0.

Assuming the warabundi is running under Schedule A, at precisely
6 A.M., Monday morning, the first irrigator at the head will open his
sanctioned nakka at point A and divert the entire discharge into his
fields or internal watercourse by closing the main watercourse channel
adjacent and slightly downstream from his nakka.

Since a very small area is being irrigated from this first nakka
(only 1.9 acres), this farmer can irrigate his fields directly from
this sanctioned nakka. But if a larger area was to be irrigated from
one sanctioned nakka, such as a complete square or 25 acres, the nakka
would discharge into an internal watercourse, off of which other
(unsanctioned) nakkas permit the irrigation of separately owned fields
or parcels of land.

Returning to the last irrigators on this watercourse, and again
assuming operation under Schedule A, we observe that their net turn is
a function of an allotted amount of time based on command area (col-
umn 5), some additional bharai time (column 7), and some nikal time
(column 9) which is subtracted from the sum of allotted command area
time and bharai time.

Given that bharai tiwe is additiona® time given to those irriga-
tors as a form of compensation for filling an empty, dry watercourse,
we see that the last irrigators must bring the water from point M to
point O where their sanctioned nakka is located, a total of 1,100 feet
(five acres) length (column 6). In accordance with the recommended
bharai allotment of five extra minutes of turn per acre (Nasir, 1981)

the total bharai addition for these last irrigators is therefore 25
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minutes (column 7). This time of five minutes per acre is roughly the
average time needed for a normal discharge of between one and 2.5
c.f.s. in Punjab to travel (flow) in an unwetted main watercourse.

Nikal time, on the cther hand, refers to an already full water-
course, whereby the Tast irrigators on the main channel, as well as all
branches, can empty (or drain off) the remaining quantities present in
the watercourse into their sanctioned nakkas once the watercourse is
closed upstream. In the case of the last irrigators on the main chan-
nel in owr example irrigaticn at point 0, their supply of the full
canal discharge ends with the upstream closure of the main channel at
point A by the First irrigator. However, even though the main channel
is clozed and the irrigators' turn offi ially ends, there is still
water present in the main channel which can be emptied or drained off
into these last irrigators' fields. Furthermore, this water is legally
the property of these last irrigators, to which oniy they are entitled
(Nasir, 1981).

Nikal time is normally calculated at the rate of three minutes per
acre length (Nasir, 1981), as the estimated flow time for water to
travel in a wetted perimeter. Consequently, for the last irrigators in
our example, who are entitled to emptying the water in the main chaniel
of Tength 6,160 teet (28 acres, colum $), their nikal time is calcu-
Tated as one how and 24 minutes (colum 9). This time is deducted
from their allotted time hased on CCA of two hours and five minutes.

It is dmportant to note that whereas the nikal time is deducted
from the altotted time based on (1 A, and does not appear in the net
turn calcutation, it is a vital partion of net Lime from the farmer's

point of view. The approximale fime actually received by these "last"
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irrigators is the net time appearing in column 10 plus the nikal time
in column 9. In fact, having the right to nikal is a highly valued
asset, and many of the water disputes between tail farmers on main
channels and branches are related to last turn and last irrigator sta-
tus.

Tail farmers perceive the quantity (volume) of water received from
nikal to be higher than that received under normal irrigation. That
is, since relatively more water is lost over time (on a per minute
basis) in wetting a dry perimeter (as reflected in bharai time of five
minutes per acre length of 220 feet) than in transporting water through
a wetted perimeter (as reflected in nikal time of three minutes per
acre length), more water may be received per turn on a per acre basis
by receiving nikal rather than bharai alone. Because this perception
is widespread (it is also reported by Malhotra, 1980), it is reasonable
to expect that on a given main channe] or branch, more water is being
received per acre by "last" irrigators than by other, nearby tail irri-
garors not receiving nikal.

With this understanding of bharai and nikal we are now in a posi-
tion to look at the warabundi scheduling for the watercourse as a
whole. From the sanctioned warabundi table we see that all net turns
must total to 168 hours, the total available hours in a full week, as
shown in column 10. The total nikal time allotments are summed (col-
umn 9), and this total is added to 168 hours; similarly the total
bharai time allotments are summed (column 7), but this total is then
subtracted from the sum of 168 hours and nikal time. This leaves the
total available time to be alloted to all the sanctioned nakkas and/or

turns on a per acre basis.
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In our example, this total to be equitably allocated to all sanc-
tioned turns is 165 hours and 57 minutes (168:00 + 3:05 - 5:08 =
165:57). The way of determining average time per acre is to divide
time available hy the total CCA. The average time per acre in this

165.95 hours)

example is 28.37 minutes ( BE] acrec ) -

Irrigation Water Transaciions and Tradin
)

The Canal and Drainage Act (Nasir, 1981) states that it is illegal
to sell or sublet the whole or any portion of one's authorized right to
canai water under pakka warabundi without the permission of an
Irrigation Department official. The one exception to this is when
one's canal water right is sold simultanesouly with the land to which
the water right applies. This has been expanded in case Taw (Nasir,
1981) to a general prohibition of any exchange of canal water. There
are no restrictions, however, on sales of tubewell water. It is NOSsSi-
ble that the law was passed (in 1873) to give the govnrnment authority
to prosecute in the event of inappropriate (e.g., coerced) exchanges,
and ignored otherwise.

Despite these legal prohibitions, irrigators do trade canal water
turns, and occasionally sell and buy canal water. When a tubewell is
present. they may also infrequently trade canal water for tubewel]l
water (see, for example, Lowdermilk, et al., 1975 and 1978, and
Gustafson and Reidinger, 1971). When two or more tubewells are present
on.a watercourse, the owners of these tubewells could trade tubewell
water with cach other, althcuah there is little incentive for doing
this unless one of the tubewells is oul of order and tubewell water is

desired on loan.
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Thie primary motivating factor behind trades is to gain more con-
trol over water supplies in response to crop-water requirements; Hor-
rowing from others to supplement one's own, given supplies during
periods of relatively high water demand, and lending to others during
periods of relatively Tow demand.

Since no formal market in water rights exists, irrigators also
seek to reduce risk by trading. By establishing a pattern of trading
with a number of other irrigators, one can increase the chances of
being able to borrow some water from others during periods of high
water requirements. But to gain this level cf relative certainty, one
must accommodate the demands of others whenever possible; refusal to
trade with a fellow irrigator may mean rejection of one's own request
from this irrigator at some other time.

Given the same general cropping patterns on a given watercourse,
and roughly the same water requirements per cropped acre, the extent of
trading cannot be too great. That is, although a primary motivation
for trading exists during periods of high water requirement and demand
whenever crop stresses are high, the extent (and volume) of trading
must be constrained by overall supplies available. Moreover, the scope
for trading depends upon variation of stress conditions from farm to
farm.

This may, in fact, vary due to weekly variations in the status of
water stored in a given field. The capacity of soil to store water
lends a degree of flexibility. At the beginning of any week different
fields will have different quantities of water stored in their soils,
If & particular farmer is caught with Tow soil moisture in a field with

a vulnerable crop, in a week which has particularly hot, dry weather,
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he may be abie to borrow some water from farmers whose more sensitive
Cruis aiic buffered by high soil moisture. Thus, on a week-to-week
basis, there should be scope for farmers to gain flexibility through
trading since their soil provides a small but important source of stor-
age.

The nature and extent of irrigation water sales and exchanges, and
their significance in both reducing risk in the timing of water sup-
plies and promoting farm productivity, have largely been ignored. The
fact that weter sales and exchanges exist in spite of the existing leg-
islation is an anomoly that officials and policy makers choose to
igncre. Irrigation officials and the local courts will ordinarily not
enforce the edicts against sales and trading unless it can be proven in
a case to their satisfaction tha*t the water transactions between two or
more farmers is harming any other farmer.

It is notable that water transactions are largely restricted not
so much by legal prohibitions but by the irrigation system itself, and
that the degree of restriction depends upon the type of warabundi in
practice. The irrigation system provides underpriced surface water to
joint property watercourses, and a warabundi system allocates this
water through a rotation cycle of turns to each farm location in the
command area in proportion to the size of farm. The water is taxed
indirectly through abiana (see Glossary), but it is really a direct tax
on farm production that, in itself, does not encourage the efficient
use of water. At any rate, the current system, with its general lack
of storage capacity and discouragement of private sector erforts in
irrigation water control, is not generally conducive to an organized

water market and resulting demand system. Trading and cash
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transactions in canal water are, therefors, restricted in scope, taking
place between individual irrigators whenever and wherever feasible.
Transactions under these condition< are made very difficult due to
the prohibitive information and contrcl costs involved. Pakistani
canal water irrigators with farms located on watercourses may become
potential traders several times throughout the two cropping seasons in
the face of periodic shortages of canal water received in relation to
crop stress situations and crop-water requirements. But their poten-
tial to meet these extra requirements through trading is often 1imited
by uncertainty, information costs, and transaction costs: in not know-
ing where water surpluses in the system may exist, in not being willing
to incur the costs involved in both discovering where they are, and in
procurring them for use. In their view, these costs may be higher than

the value of water obtained.
Trading within Warabundi

The potential for water transactions, and trading in particular,
is further restricted by pakka warabundi, which was ingeniously
designed to economize on managerial and administrative resources in the
face of formidable control and information problems inherent in large
water allocation systems.

The potential for trading is greater on kachha warabundi water-
courses where historically an official, farmer-employed "time-keeper"
could help to bring potential traders together, and facilitate a trade
oy readjusting the turns of intervening irrigators. Although the use
of time-keepers on all watercourses and the institution of kachha wara-

bundi on the great majority of Punjabi watercourses are largely things
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of the past, for reasons explained above, kachha warabundi has managed
to survive on the smaller watercourses with generally fewer than 20
irrigators per watercourse. As also indicated above, however, the
majority of pakka warabundi watercourses are actually a combination of
pakka warabundi on the main watercourse and kachha warabundi on the
internal watercourses. That is, whereas turns are fixed for each sanc-
tioned nakka on the main watercourse, turns are very seldom fixed for
each irrigator shariny this common fixed turn and sharing a miniature
system of internal watercourses within each square.]2 This system of
combining nakka warabundi on the main watercourse and kachha warabundi
on internal watercourses (i.e., within the squares) is sometimes also

referred to as "rozwari."

]2As an aside, th~ fixation of turns within a square is in prac-
tice an extension of "khatewar," and not "pakka," warabundi. In
khatewar warabundi one turn is allocated per irrigator per rotlation
cycle irrespective of land fragmentation and multiple Tand hoidings of
an irrigator on the same main watercourse. Within a square an irriga-
tor can also have several land holdings in different positions and even
irrigated from different branches of an internal watercourse. If this
is the case, then an irrigation official could only sanction turns
within a square under pakka warabundi by first sanctioning tnhe internal
watercourse (including it as an extension of the main watercourse),
sanctioning nakkas inside the square, and then sanctioning a turn to
each nakka (and parcel!). This would be a very detailed and laborious
Job, and would also violate the quidelines set up in the Canal and
Drainage Act, limiting government interference and involvement below
the outlet. Therefore, if serious disputes warrant the allocation of
sanctioned turns within a square, officials normally assign a fraction
of the joint turn to each irrigator in proportion to total size of
holding within the square, in the "khatewar" style.

It is also interesting to note that "internal” bharai and nikal
times can also be taken into account on internal watercourses in much

the same way as on main watercourses. As on main watercourses, bharai
and nikal tines can be allocated by fellow ivrigators on an internal
watercourse, and tuins can follow a fixed patiern. lowever, because

the distance and number of irrigators involved are so small, these com-
pensation times are usually ignored on internal watercourses.
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The irrigators sharing a common sanctioned turn and set of inter-
nal watercourses on a pakka warabundi (main) watercourse are usually
very small in number {i.e., ten or less in the Punjab, with an average
of about five farmers in full 25+ acre squares), are often related (due
to subdivisions of original square holdings within an extended family
from genaration to generation), and typically have an established pat-
tern of cooperation in allocating sanctioned turns and bharai and nikal
times, maintenance of both main and internal watercourses, cropping
input procurement and use, etc. Thus, their scope for trading among
each other is very high, and 1ittle problem is encountered in adjusting

the turns of intervening irrigators to permit a trade.
A Typical Trade of Canal Water Turns

To illustrate a typical trade, applicable to any type of water-
course or warabundi, assume two partners in a trade are separated by
two intervening irrigators on a watercourse. The upstream trader is
designated as i and the downstream irrigator as i+3. The two interven-
ing irrigators, also with canal water turns, are designated as i+1 and
1+2, respectively, proceeding in a downstream direction. Further
assume that the acreage parcel or farm sizes for each of these four
cultivators are the same and that their sanctioned turns based on acre-
age size are two hours each per week, ignoring for the moment any rele-
vant bharai and nikal times. Irrigator i+3 wishes some extra water
this particular week and has struck ar agreement with irrigator i to
borrow one hour's worth of i's turn, with an understanding (often an
"unspoken" agreement) that i is entitled to reclaim his Tent out hour's

worth of turn at some future time. To bring about the exchange,
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however, irrigator i+3 must also enlist the cnoberation of irrigators
i+l and i+2 to slightly adjust the timings of their turns from the pre-
determined warabundi schedule. The general pattern of an exchange of
this type is for irrigator i to begin his turn on schedule. but to stop
one hour before the end of his turi and relexse the water flow in the
watercourse over to i+l onc hour earlier than Lhe usual time. Irriga-
tors i+l and i+2 take their respective turns in order, with the slight
one hour forward adjustment in time. At the end of i+2's turn, i+3 can
then take his regular turn plus the extra hour passed on from i. At
the end of three hours turn he will then turn the water over to irriga-
tor i+4 at the normally scheduled time.

The transfer from i to i+3 is now complete and irrigator i may or
may not reclaim his hour of turn. If he does, it is called a trade or
exchange; if not, it is called a gift. If he lends one hour and getls
back one hour it is called a one-to-one exchange, and the net effect on
total supplies to each irrigator is zero; however, in terms of produc-
tivity of water we assume that the net effect of any trade is positive
for all traders.

To return to our example, let us assume that irrigator i wishes to
reclaim the hour of turn lent to i+3. He will request this return of
one hour in relation to his own, as well as irrigator i+3's, crop
requirements. If the terms of the trade were for i to lend to i+3,
and, for example, for i+3 to return the hour of borrowed water the fol-
Towing warabundi cycle, then i will Tikely reclaim his hour regardless
o whether 143 it in dire need of his fu11 turn or not. However, if
the tevms of trade arve wore Juosely fixed then i will reclaim his hour

more or less at i+3's convenience; although, of course, there is an
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incentive for i+3 to readily comply with i's wishes in order to not
adversely affect the potential for further trades.

To complete the exchange, i will, with the consent of i+1, i+2 and
1+3, take his reqular turn plus the one hour. Then i+1 and i+2 will
take their respective turns, but one hour later than usual. Irrigator
1+3 will receive a reduced turn of one hour, and i+4, will, again,

begin his turn at the reqularly scheduled time.
The Nature and Extent of Canal Water Trading

Based upon sampled farmer responses to questions regarding trad-
ing, several interesting pieces of information emerged. Table IV-2,
below, summarized many of these data. All farmers trade approximately
six times as many partial turns as full turns, but active traders trade
four times as many full turns as inactive traders. The lower 1imit on
trades is six minutes but the upper limit ranges from ninety-three min-
utes for active traders to only twenty-nine minutes for inactive trad-
ers, with the upper 1imit for all farmers fifty-two minutes. Farmers
trade with an average of three to four others.

Tables IV-3-1V-6, below, present other data relating to trading
partners, trading periods (months), constraints on trading of canal
water turns and constraints on trades between canal water and tubewell
water. Since only six sampled farmers reportedly traded canal water
for tubewell water. and always on a one-to-one basis of exchange (i.e.,
one unit of canal water for one unit of tubewell water), the majority
of constraints on trading canal water for tubewell water presented here
relate to non-traders of this type. These are frequency tables so more

than one response per sampled farmer is possible.
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Table IV-2. Reported per Farmer Nature and Extent of Trading in Canal
Water Turns, Including Active and Inactive Traders,

1980-81.
M active  Iactive
Variable farmers traders traders
No. of Observations 120 a2 ;1
Mean No. of Partial Turns Traded 6 7 b
Mean No. of Full Turns firaded 1 4 1
Mean No. of Hours Traded 5.3 12.4 2.2
Mean Percent of Warabundi Time Traded 6.3 16.5 2.5
Mean No. of Farmers Traded With 3 4 3 |
Mean Time Limits on Trades
Lower Limit (minutes) 6 7 6

Upper Limit (minutes) 52 93 29
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Table IV-3. Frequency of Sampled Farmer Responses:

Traders, 1980-81.

Relation of

inside square

Others, far away

% of
Categories Frequency total
Friends, neighbors and relatives
110 75
Friends, neighbors and relatives
outside square, but nearby 32 22
5 3
147 100

Total

Table IV-4. Frequency of Samples Farmer Responses:

(months), 1980-81.2a/

Trading Periods

% of
Categories Frequency total
March-April 13 6
May-June 102 44
August-September 1 5
October-November-Decemher 108 36
Total 234 101/
%éMore than one response per sampled farmer is possible.

~ Does not add to 100 due to rounding.
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The most frequent trading partners are irrigators within one's own
square, commonly serviced canal water by one common sanctioned nakka
outlet which leads to a series of smaller, internal watercourses. Some
trading goes on with other nearby irrigators outside one's own sruare,
but virtually no trading goes on with irrigators far away from the
squares immediately preceding or following one's own on the main water-
course.

The most frequent periods of trading in the Faisalabad area are
the hot, pre-monsoon sumver months of May and June, as well as October-
November-December. May and June are the months when kharif crops of
fodder (usually maize and jowar sorghum) are receiving heavy pre-
planting irrigations and first irrigations after planting, and major
sugarcane crops are receiving early post-planting irrigations. In
October to December, major wheat and rabi fodder (typically berseem)
are receiving heavy pre-planting and early, post-planting irrigations.
Considerably less trading goes on in March and April, when land is
being prepared for sugarcane planting, and August and September, when
land preparation for maize grain planting is taking place.

It may also be mentioned in this chapter that the.e are the peri-
ods of heaviest tubewell water application as well.

Obviously, the greatest perceived constraint on canal water trad-
ing (i.e., constraints on any trading for non-traders, as well as con-
straints on additional trading fo'- traders) is "non-cooperation of
intervening farmers," who may refuse to adjust their turns ahead or
behind in time to accommodate potential (distant) traders.

Although only six sampled farmers actually traded canal water for

tubewell water, or vice-versa, always on a very small scale, all
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farmers expressed their opinions on trades of this nature. Easily the
largest perceived constraints are "canal water is better quality" than
tubewell water, in that canal water contains less salts and more sedi-
ments or silt (which farmers find useful in adding to topsoil and
facilitating bullock-and-tractor-related farm operations) and "no spare
canal water" to trade, also apparently expressing an aversion to trade
away any supposedly superior quality canal water.

Regression analysis also reveals that trading is inversely related
to farm size. Equation 1, below, indicates percent of time traded is
only 6 percent higher on smaller farms, but the estimated coefficient
value is significant at the 1 percent level according to the t-ratio.

% of Time Traded = 10.84 - .65 Size of Farm (acres) (Tv-1)
(3.00)***

P = 07  n=126 F = 8. 00k

There are two possible explanations for “his observed tendency.
First, frequent and relatively small time and volume trading is propor-
tionally more significant with regard to shorter turns and smaller
farms. Larger farms have more flexibility and degrees of freedom
within the farm with respect to stress and crop-water requirements than
smaller farms, even within the same crop type. Also, irrigation of
larger farms with greater volumes of water per turn is more difficult
than irrigating with smaller absolute volumes per turn. That is, it is
more difficult while irrigating larger areas of land to ensure that
water is equitably applied to all fields and all parts of each smaller
field. This may, i nart, decrease the incentive to obtain more water

through trading.
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Table IV-5. Frequenc; of Sampled Farmer Responses: Constraints on
Canal Water Trading, 1980-81.3/
% of
Constraints Frequency total
Non-cooperation of intervening farmers 106 65
No need to trade; full canal water turn needed;
tubewell water plentiful and easy to obtain 37 23
Others refuse to trade; different length of turn 15 9
Length or slope of the watercourse 6 4
Tota 164 1012/
a/

~lz-/Does not add to 100 due to rounding.

Table IV-6. Frequency of Sampled Farmer Responses:
Trading Canal Wates for Tubewell Water (or vice versa

More than one response per sampled farmer is possible.

Constraints on

)

1980-81.3/
N N % of
Constraints Frequency Total
Non-cooperatian nf intervening farmers 14 9
Canal water is better quality 64 42
No spare canal water to trade 45 30
No sparc tubewell water to crade 8 5
No need to trade 4 3
Slope of watercourse; traders on different
branches 16 11
Total 151 100

a . .
~/M0re than one response per sampled farmer is poscible.
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The Process of Watercourse Improvement

The final option considered here for farmers in canal irrigated
areas to gain control and flexibility over the use of water supplies is
watercourse imorovement, conducted primarily by provincial On-Farm
Water Management (OFWM) Pilot Project Cells of the Pakistan Ministiy of
Agriculture,

The general procedure for watercourse improvement, as experienced
on campled watercourses, i5 for one of the OFWM employees to approach
the infiuential farmers on a watercourse in the general OFWM project
area about the prospect of improving the wa*ercourse. Because this is
a relatively new and often misunderstood project, farmers seldom take
the first step of approaching the OFWM personnel themselves.

After the initial contact farmers are required to provide the sig-
natures of some two-thirds of the concerned farmers on a given water-
course signifying the consensus approval of the incrovements to come.
Farmers must also collect money in advance for hirad labor expenses.

Under the guidance of OFWM personnel equipped with surveying
instruments, the work of earthen improvement of the main joint-farmer-
property watercourse commences from the canal outlet to the end of the
watercourse. All trees, bushes and vegetation within about five feet
either side of the channel are removed, the banks are dug up, the chan-
nels are straightened, and the hanks and freeboards are reshaped to
specified dimensions with considerable earth compaction.

At the completion of this laborious work, hired masons and labor-
ers are brought in to install prefabricated lTocally-produced concrete

outlet structures at specified points along the watercourse,
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presanctioned by the Irrigation Department, to allow the canal water to
flow from the main, joint property channel to farmers' fields through
internal watercourses. These masons also generally line sections of
the main watercourse with bricks and a layer o7 cement where water
losses are considered most severe.

The project provides all cement, bricks and concrete outlet struc-
tures free of cost to the farmers. Due to perceived cost-tc-the-
project considerations the lined section has generally been restricted
to ont/ 10 percent of the total main watercourse length. This has Leen
increased to a maximum of 30 percent as of July 1981 under the new
World Bank-funded status (Wor : Fank, 1982). The masons will also con-
struct specified numbers of concrete buffalo wallows (small tanks for
the required periodic bathings of water buffaloes) and culverts (small
overpassas). Justification of watercourse lining is that it serves as
an effective means of extending the life of the overall improvement.

To date little attention has been paid to the question of ontimal chan-
nel lining (for example, see Clyma, et al., 1981, Ali, 1980, and
MaThotra, 1980). It should also be noted that the internal water-
courses, and often times some or all of the branches of the main chan-
nel, are left totally unimproved, again due to perceived cost

considerations.
Summary

In this chapter the macro system of canal irrigation, cha%s and
watercourses was described as purely background material. Detailed
descriptions of irrigating with canal water, through warabundi, and

tubewell water, using an example from one of the sample watercourses of
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this research, demonstrated the complexity of existing institutions to
allocate water on watercourses. The fact that pakka warabundi on the
main watercourse is typically comprised of mini-systems of both pakka
and kachha warabundi on internal watercourses, raises questions of
relative impacts on productivity of the two basic types of warabundi.

Discussion of the agronomic environment, on the other hand, raises
issues of consumptive water use requirements of major crops in relation
to periodic and unpredictable shortfalls in water supplies. Both tube-
well water selling activities and added canal water supplies obtained
through trading are seen as potential means to overcome both seasonal
and transient peak demands for water. Tradirg canal water turns is
explained in some detail because of a lack of description in the 1it-
erature.

We continue this discussion of gaining control over water supplies
to help meet peak demands in Chapter V by presenting and interpreting
results with regard to three indigenous farm methods of control. The
detailed description of these methods in Chapter IV enables the formu-
lation and testing of tentative theories based on a relatively small

number of sample observations.



CHAPTER Vv
INDIGENOUS METHODS USED BY FARMERS
TO INCREASE CONTROL OVER WATER SUPPLIES

It was seen in Chapters III and IV that trading of partial turns
and purchase of tubewell water are common in the 20 watercourses vis-
ited, and that kachha internal ::arabundi is also a common feature.
Each of these practices add some measure of flexibility to farmer allo-
cation of water. This chapter is devotad tc a statistical analysis of
the relationships between each of these practices and productivity (as
calculated by gross income per acre), and to interrelationships of the
measures themselves. Another method, watercourse improvement, is the
object of a USAID, World Bank and Government of Pakistan program to
improve conveyance efficiencies of Pakistani watercourses. This chap-
ter is devoted to analysis of the three indigenous methods while water-

course improvement will be the subject of Chapter VI.
Interpretation of Statistical Tests of Significance

The nature of sampling and data collection procedures has yielded
non-random samples, limiting the interpretation of statistical tests
and levels of significance throughout Chapters V, VI and VII. Only
with regard to the estimation of conveyance efficiencies for improved
and control watercourses did this study assume a hypothesis testing
nature with a predictive or verifiahle theory. This is because the set

of improved watercourses selected was based on a random sample. The
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predictive theory tested was that conveyance efficiencies are greatly
(and significantly) increased as a result of watercourse improvement
(see Chapter VI for tests of this theory).

Significance levels and tests for other relationships will be
reported throughout these chapters but always with zn essential reser-
vation: results from this study cannot be strictly inferred to a
larger population of watercourses or farms in the province. The
reported t- and F-ratios, and corresponding significance levels are
intended only to effectively demonstrate the relative strengths of cor-
relaticns and interrelationships as related to this specific not pre-

cisely — random sample.

Interrelationships

One reason for treating the indigenous methods together is the
a priori likelihood that they are interrelated. In Chapter IV it was
shown that the warabundi system and the physical layout of watercourses
impose 1imits on timing of purchases of tubewell water. The same envi-
ronment 1imits the scope for trading canal water turns ailocated
through warabundi. However, the availability of tubewell water can
decrease the risk inherent in Tending or borrowing partial turns. This
is because farmers who are able to purchase tubewell water on short
notice can more than compensate for partial turns foregone. Therefore,
tubewell water acts directly to reduce the risk of plant stress by mak-
ing large amounts of water available on short notice; and it also acts
indirectly to reduce risk by increasing willingness to trade, which is

a form of flexibility.
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To illustrate with an examnle, let us assume a farmer (Mr. A)
operating an average size farm or parcel of four acres in the
Faisalabad area obtains weekly allocation of canal water through pakka
warabundi of two hours (30 minutes per acre), and that he also has easy
access to tubewell water by purchasing from a private tubewell owner.
This farner 1; approached by a neighboring farmer (Mr. B) who requesis
to borrow 30 minutes of A's canal water turn during a period of pre-
dictably high evapotranspiration. Since tubewell water is available to
A on short notice (i.e., typically during ona's canal water turn), he
will Tikely .end this amount of canal water to B, with the security of
knowing thal if ususuall;, high, unpredictahle evapotlranspiration and
stress conditions prevail and A is suddeniy caught short of canal water
suppiies, he can obtain tubewell water to satisfy crop consumptive use
requirements .

The practice of kachha internal warabundi can also decrease the
risk of obtaining timely quantities of tubewell water on short notice
by the fact that relatively more ease is possible in adjusting the
turrs of other irrigators, on the same internal watercourse, to coin-
cide with one's own needs. This flexibility is favorable to tubewell
water sales because unforeseen circumstances may require adjustment of
turns on short notice to effectively utilize tubewell discharges.

For example, an irrigator (Mr. A) may wish to purchase some tube-
well water during his predelermined warabundi turn of canal w cer, but
may not be able to obtain the required quantity of tubewell water pre-
cisely when desired Lecause of unforeseen circumstances. 1f he prac-
tices Lachha internal warabundi in cooperation with other irrigators on

the same internal watercourse, he may be able to ablain flexibility from
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fellow kachha warabundi irrigator (Mr. B) whose turn falls after A's
that particular rotation week. Mr. B can take his turn before A, until
the tubewell is again able to discharge water into the watercourse des-
tined for A's fields. This is not to say that pakka internal warabundi
irrigators cannot strike similar flexible arrangements for obtaining
tubewe !l water with neighboring farmers, but only that it will be
easier for kachha internal warabundi irrigators who have an established
precedent of cooparation with neighbors. It should also be noted that
this practice of adjusting turns and timings constitutes trading, by
definition.

Trading is conceptually related to the practice of kachha internal
warabundi even without the presence of one or more tubewells in a
watercourse command, or tubewe1l water use per se, because of this
relative ease in pursuading other neighbors using the same internal
watercourse to adjust turns to meet individual needs.

With these conceptual linkages outlined, we are now in a position
to examine both the isolated and joint effects of these indigenous
methods of augmenting water control on productivity. Differences in
medn per acre gross income for the different sub-categories employing
various water control options can be seen in Table V-1. Similarly,
differences in each of the explanatory variables, cropping intensity
and percent of high water using crops grown can also be seen.

Following discussion of the overview of data relating to the vari-
ous indigenous methods of farmer control, results from production func-
tion analyses of the direct impacts of control methods on productivity

are presented and discussed. Results from tests on the types of
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interrelationships between different control options are also presented

und interpreted.
An Overview of Indigenous Methods of Control

_This section highlights simple mean and variance data relating to
thé three methods of indigenous farmer concrol over water supplies
appearing in Table V-7 below. This table divides the production-
related data into different sub-categories, beginning with a contrast
between "tubewell water ucers" and "non-tubewell water users." The
sub-category of tubew:11 water users is then sub-divided into three
sets of sub-sub-categories of (1) actual tubewell owners and tubewell
water buyers, (2) singly owned tubewell users and joint propeity tube-
well users, and (3) electric-powered tubewell users and diesel-powered
tubewell users.

Other important sub-categories of active and inactive traders and
kachha and pakka internal war.tundi users follow the various tubewell
water sub-categories. Finailyv, mean and standard deviation data for
the entire sample are presented.

Percentage differences in contrasted sub-sample means are also
displayed, and significance (confidence) levels are indicated where

applicable using the students' t-test.

Tubewell water use and productivity

The contrast between tubewell water users and non-tubewell water
users is - lear-cut: tubewell water users realize higher per acre gross

incomes on average and use a great deal more per acre cash inputs and
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tractor power than non-tubewell water users, and less bullock power per
acre,

Within the sub-category of iubewell water users, a much sharper
contrast is exhibited between actual tubewell owners and other tubewell
water users (buyers). Both mean per acre qross incomes and tubewell
water use are higher on tubewell owning farms. Obviously actual sam-
pled tubewell owners can exert more control over water supplies with
favorable impacts on praductivity.

The same general pattern of relationships as above is demonstrated
in contrasts of users of singly owned tubewells versus users of joint
property tubewell.. Both per acre gross incomes and tubewell water use
are much higher for users of singly owned tubewells.

It appears likely that usars of singly owned tubewells exercise
more control over tubewell water supplies than users of joint property
tubewells. As a conjecture, this may be largely due to increased effi-
ciency experienced in ti. peration of single owner tubewells, supply-
ing consistently more tubewell water, more frequently, with positive
productivity implications to all users. This issue will be explored in
more detail below with further analyses using production function and
regression techniques.

Surprisingly, there is no great difference in mean per acre gross
incomes or tubewell water use between users of electric-powered and
diesel-powered tubewells. As explained in Chapter 111, energy price
differentials between electricity and diesel were very high in 1980 81,
In fact, the average per hour price for electric tubewell water in the
sample was only eight rupees, against an average price ot twenty rupees

per hour for diesel tubewell water. Apparently, energy price
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differentials were not great enough to have major effects on either
tubewell water use or productivity. This result is consistent with the
idea that tubewell water is being 'rationed’ (i.e., used to capacity).
This issue will be explored in more detail below, with the discussion
of marginal value products and opportunity costs of key inputs.
However, other possible reasons for these phenomenon may be: (1)
a relative lack of sample observations for diesel-powered tubewell
users in comparison to a large number of observations for electric-
powered tubewn1l users; and (2) the fact that diesel tubewell users use
32 percent more diesel tractor power per acre (but 31 percent less bul-
Tock pewer per acre) than electric tubewell users, with the implication
that somehow the joint effect of diesel-powered tubewells and tractors
partially offsets the effect of Tower-cost electric-powered tubewells.,
There is no general pattern demonstrated betwcen tubewell owner-
ship arrangement and power source. Of a total of fifteen sampled tube-
wells which regularly engage in tubewell water selling activities, six
are singly owned and electric, four are jointly owned and electric,
three are singly owned and diesel, and two are jointly owned and die-

sel,

Trading and productivity

Comparisons are also made here between groups of "active" and
"inactive" traders. It was discovered that only 16 sample tarmers (or
12 percent of the total) do not trade at all, making any statistical
comparisons between thc groups of (all) traders and non-traders largely
inconclusive because of a lack of degrees of freedom in the group of

non-traders.
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Data in Table V-1 indicate that active traders realize much higher
mean per acre gross incomes than inactive traders. Active traders also
use considerably more tubewell water per acre,

This last result, in conjunction with analysis of variance results
already discussed, suggests that trading is positively related to tube-
well water use, and that trading, like tubewel) water use, strongly
impacts productivity. llowever, before we pass judgement on these
issues and discuss their implications, it would be well to examine the
other types of analyses which are used below to address these two
indigenous methods of control.

Other simple relationships are suggested by Table V-1 regarding
the type of internal warabundi which warrant attention before discus-
sion of more complex issues.

Type of internal warabundi
and productivity

Interestingly, differences in mean values do exist between su
samples of users of "kachha" and "pakka" internal warabundi, but
t-tests reveal nothing of significance with regard to this particular
sample — even with regard to per acre tubewell water use which is 42
percent higher on average for users of kachha internal warabundi.

Obvicusly, analysis of mean and standard deviations does not rep-
resent the whole story, or even begin to critically examine the ques-
tion of how tubewell water use, trading and kachha‘interna1 warabundi
relate to farmer control of variability of productivity (as measured by

gross income per acre).
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Production Function Analyses

A more sophisticated test of the relative impacts of methods cof
increased farmer control and flexibility on productivity is production
function analysis. Covariance analysis (Fisher, 1970, and Johnston,
1972) is used to test for di fferences in gross value production func-
tions between two respective sub-samples. Covariance tests ask the
question: Has the impact of tarmer control method significantly
changed the productioa function?]3

One measure of the effects of method on control anc flexibility is
the percent of variation explained by farm inputs under each farmer
option, through interpretation of computed R2 values, Another measure
is through analyses of individual estimated coefficient values.

Separate log-linear Cobb-Douglas gross income (or gross value of
production) functions were estimated for separate sub-samples, and a

joint production function was also estimated for the combined sample.

13The covariance test is specified by Fisher (1970), for cases
when the number of parameters to be estimated is less than the resncc-
tive sub-sample sizes, as the computation of an F-ratio, to be compared
with a tabular F value with appropriate degrees of freedom:

o= (r'r-e'e)/x
e'e/(N-2k

where r'r = joint (restricted) sum of squared residuals, without dummy
variables, for two or more sub-samples; e'e = sum of the respective sum
of squared residuals for the individual sub-samples; K = number of
parameters to be estimated; and N = pooled sample size.

This test appears to be a variant of the traditional test of
hypotheses involving more than one regression parameter (see, for exam-
ple, Kmenta, 1971), but with use of an unrestricted model which
includes all possible combinations of intercept and slope dummies with
the specified independent variables. The degrees of freedom in both F
tests are apparently the same, but the user of the covariance test does
not have to go through the process of specifying all dummy variables in
the unrestricted model.
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In addition to the various rec¢cessions estimated and displayed
beluw (these permitted the covariance test Lo be performed), another
pooled sub-sample regression equation was estimated when contrasting
the paired sub-samples of singly-owned and joint nroperty tubewell
water users, active and inactive trading farms and kachha and pakka
internal warabundi practicing farms,

The basic model and variables used in analyzing data with regard

to the indigenous methods of control are listed below.

6IA, = AR LA LT LI
where:

GIA = gross income per acre in rupees (sum of crop yields times
prices received'

i = type of farm; i = 1-14
(1 = tubewell water using; 2 = non-tubewell water using;
3 = actual tubewell owning; 4 = tubewell water purchasers;
5 = cingle-family owned tubewell water usings;
6 = cooperatively- and joint-family owned tubewell wuior
using; 7 = electric-powered tubewell water using;
8 = diesel-powered tubewell water using; 9 = canal wate,
trading; 10 = non-canal water trading; 11 = active canal
water trading; 12 = inactive canal water trading;
13 = kachha "internal" warabundi practicing; 14 = pakka
“internal" warabundi practicing)

A = coustant shift tevn (slope modifier)

11}

CWA = canal water used per acre in acre inches
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TWA = tubewell water used per acre i, acre inches

CIA = cash inputs used per acre iu rupees

LBA = labor used per acre in man days

BHA = bulloc. power used per acre in hours

TRA = tractor power used per acre in houre

e = natural Togrithmic base

u = disturbance or error tern

and A, X]j, X2i’ X31, X41, XSi and X61 are coefficients to be

estimated,

This medel allows ordinary least squares regression analyses to Le
computed, for different combinations of sample categories of farms.
This particular Cobb-Douglas model was uscd for reasons of ease of com-
putations, small standa~d errors of sstimated coefficients and high
levels of efficiency in predicting outputs for given inputs.

This approach is a mocdified version of the Lau-Yotopoules (1971)
profit model, tested empirically in the Pakistan centext by Khan and
Maki (1979). However, instesd of using a measure of profit as the
depend:nt variahle, a meacure of gross (croonproduction) revanue was
used for simplicity, with generally favorable results. Limitaticns of
standard Cobb-Douglas type models are cenerally well known but were not
an over-riding concern because the objective of the regressions is to
test tentetive hypothesis which may later be the subject of larger

studies.]4

]4Some key references, with relevance to this study, on the spe-
cial features ana limitations of the Cobb-Douglas include: Alcantara
and Prato (1973), Lau-Yotopoulos (1971), Khan and Maki ©1979),
Binswanger (1974) and Sindhu and Baanante (1981) — for variants of the
standard Cobb-Douglas; Berr and Horrel (197€) — for mis-specification
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Gross valne of production function results are displayed in Tables
V-2 to V-5, below, with respect to: (1) tubewell water using, non-
tubewell water using and all farms; (2) users of single.family owned
tubewells, users of joint property tubewells and all tubewell users;
(3) active, inactive and arl tradiers s and (47 kachha and pakka interaal
warabundi farms, awi a1l Farins.

Covariance tesis indicate that the Tipacts of single ownership
tubewell avrangements and active trading of caral water positively and
greatly Tupect produccivity. The nacts of tubewell water use and
kachha internal waranundi also positively impact crop production, but
their respective dearees o tmpact are significant only at the 25 pey-
cent level in this particular sample,

Contrasts between R2 values indicate that the percent of explained
variation of the models increases somewhat through all control methods .
How much of an increase, however, is unknown because the R2 differences
may also be a result of the inclusion of an extra independent variable
(e.g., in the case of *the tubewell water per acre input for the class
of tubewell water users, and no such input for non-tubewell water
users) and/or more variction in the dependent variable (GIA) per se.

There are two factors which tend to cause & larger range of depen
dent variable values, given thac the error term is normally distrib-
uted. First, for two estimates which are, in Fact, similar, the one
with the targe range about explanatory variables will demonstrate a

larger range on the dependent variable, ana there fore more explained

bias: Heady aud Ditlon {1961) - fur agggredgation bias; and Sampath

(1979), ae Suavey (1972), Johnston {1977) and Koutsoyiannis (1971) -
for simultaneous equation bias.
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Table V-2. Regression Coefficients Relating Logarithms of Gross Value
of Production per Acre to Logarithms of Various Inputs for
@ Sample of Tubewell Water Using, Non-tubewell Water Using
and A1l Farms, 1980-81 (Cobb-Douglas Model).

Tubewel1 Non-tubewell
water A1l water
Explanatory variable Unit users farms users
Canal Water per Acre Acre Inches -.02 -.01 -.02
(.15) (.18) (.18)
Tubewell Water per Acre Acre Inches .13 .05 0
(2.36)** (1.78)* (0)
Cash Inputs per Acre Rupees .58 4 .30
(8.07)xx* (5 27)*%* (3.46) ***
Labor per Acre Man Days .16 .25 .26
(1.51) (3.53)%** (2.78) %%
Bullock Power per Acre  Hours .03 .07 1
(.71) (2.27)** (2.37)**
Tractor Power per Acre  Hours .04 2 .18
(.39) (2.08)** (2.63)**
Intercept 3.47 4.28 4.72
R? 43 .35 .35
Overall F-Statistic 6.70%%  11,07*** 6.78%*
Error Sum of Squares/
(n-K-1) .15 .14 1
Covarianre Test
F-Statistic 1.63
Sample Size (n) 60 129 69

Sum of Non-intercept
Coefficients .96 .89 .83

(Figures in parentheses represent t-ratios.)
*Significance at the 10 percent level.
**Significance at the 5 percent level.

***Significance at the 1 percent level.

K = Number of parameters being estimated.
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Table V-3. Regression Coefficients Relating Logarithms of Cross Value
of Production per Acre to Logarithms of Various Inputs for
3 Sample of Irrigated Farms Using Either Single-Family
Owned or Cooperatively and Joint-Family Owned Tubewells,
and all Tubewell Users, 1980-81 (Cobb-Douglas Model).
Users of Users of
single- cooperatively
family A1l and joint-
owned tubewell  family owned
Explanatory variable Unit tubewells users tubewells
Canal Water per Acre Acre .09 -.02 -.27
Inches (.63) (.15) (1.19)
Tubewell Water per Acre Acre .03 .13 .24
Inches (.51) (2.36)** (2.81)**x
Cash Inputs per Acre Rupees .83 .58 .46
(3.64)**x (4 (7)*** (2.64)**
Labor per Acre Man .003 16 .20
Days (.03) (1.51) (1.20)
Bullock Power per Acre Hours -.05 .03 .07
(.91) (.71) (1.20)
Tractor Power per Acre Hours -.05 -.04 -.02
(.38) (.39) (.12)
Intercept 3.22 3,47 4.58
R? .61 .43 .59
Overall F-Statistic 6.31** 6.70*** 5.34%*
Error Sum of Squares/
(n-7) 12 15 T
Covariance Test
F-Statistic . 3.40***
Sample Size (n) 31 60 ; 29
Sum of Non-intercept
Coefficients .85 .96 .68
(Numbers in parentheses represent t-ratios).

*Significance at the 10 percent level.
**Significance at the 5 percent level.
***Significance at the 1 percent level.
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Table V-4. Regression Coefficients Relating Logarithms of Gross Value
of Production per Acre to Logarithms of Various Inputs for
a Sample of Irrigated Farms, Including Active and Inactive
Traders of Canal Water Turns, 1980-81 (Cobb-Douglas Model).

Active
Explanatory variable Unit traders
Canal Water per Acre Acre Inches -.04
(.31)
Tubewell Water per Acre Acre Inches .02
(.57)
Cash Inputs per Acre Rupees .86
(5.94)%%*
Labor per Acre Man Days .13
(1.33)
Bullock Power per Acre Hours -.01
(.16)
Tractor Power per Acre Hours .04
(.39)
Intercept 2.74
RZ .63
Overall F-Statistic 9.63***
Error Sum of Squares/
(n-7) .08
Covariance Test
F-Statistic
Sample Size (n) 42
Sum of Non-intercept
Coefficients .98

Inactive

A1l
traders

t

raders

-.05
(.48)

.05
(1.84)

.43
(5.07)***

.18
(2.43)***

.05
(1.61)*

A2
(1.53)*

4.61
.37

10, 33%**

.13

3,38%*x*
113

.78

.03
.19)

.02
.51)

.34
.35)***

.25
L31)**

.09
J12)

13
81)*

42
.32

L03**

.13

N

.86

(Numbers in parentheses represent t-ratios.)
*Significance at the 10 percent level.
**Significance at the 5 percent level.

***Significance at the 1 percent level.
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variation. It can be seen from Table V-1 that none of the paired sub-
samples exhibit sizable and consistent differences in explanatory vari-
able standard deviations. Second, for two estimated relationships with
similar ranges about explanatory variables, that relationship with the
“steeper" gradient should show the greater explained variation. The
slope of the gradient in the case of a Cobb-Douglas function is
strongly influenced by the sum of non-intercept estimated coefficient
values. This second factor can be thought of as measuring the propor-
tionate change in dependent variable explained variation. On the other
hand, the estimated error sum of squares for each relationship divided
by (n-K-1) -- where n = sample size and K = number of parameters being
estimated — effectively measures the absolute change in dependent vari-
able explained variation.

The much greater R2 value, coupled with the lower adjusted error
sum of squares (see Table V-4), for active, as opposed to inactive,
trading farms certainly appears a large enough difference to suggest
that active trading farms have more g?p1ained variation in theihfest
mated production function than theiriounterparts; and, bx infefgnce
exercise more control over productivigy. S{ﬁi]ar1§, the greaterﬁRZ
value and lower adjusted error sum of§squares value for pq?cticers of
kachha, as opposed to pakka, internaT%Marab%qdi suggest that kachha
internal warabundi practicing farms eﬁercis%ﬁmore control ‘over produc-
tivity than their counterparts. Howeyer, the larger R2 value for tube-
well water using farms, in contrast ta non-tubewell water using farms,
is confounded by a higher adjusted error sum of squares value as wg]].

‘ ! i
Both sub-categories of tubewell water 'using farms (see Table V-3)i
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Differentiating this equation with respect to X, yields (assuming u is
the random disturbance term):

b
S )

1
If the output (Y) is expressed in monetary terms, the marginal value
product (MVP) of an input (X1) can be computed from the geometric mean

of each input and the output:

MVP of X, = 2 -
3K :

1

> =<

1

Opportunity costs are computed as follows:

Canal water. The cost of canal water use is generally underpriced
if measured by the abiana (indirect irrigation water tax) rates or
actual receipts. Furthermore, the opportunity cost for canal water is
a function of timing, in relation to tubewell water availability and
use. Consequently, during periods of irrigation with tubewell water,
the shadqw price of canal water may be viewed as approximately equal to
the marginal value product of tubewell water use, since at this time
canal and tubewell water are perfect substitutes for each‘other. How-
ever, during periods of no, or very little, tubewell water use and
active trading, the shadow price of canal water is about equal to the
price of tubewell water sold as the upper limit. This aséumption is
Justified by reasoning that irrigators, being generally risk averse,
will only buy tubewell water whea the value of that water is greater

than the market price. (If the value is equal to the price they still
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conveyance losses. Since sample farmers were located at different
relative watercourse positions, average loss rates must be used to
estimate actual acre inch flow rates. It was demonstrated in Table
V-1, above, that per acre loss rates differ between improved and con-
trol watercourses, although not by as much as originally hypothesized.
The overall average percentage loss from head to tail is 37 percent.
The average overal] (disregarding relative watercourse position) flow
can then be calculated as 19+ (1.9 X_.83) = .97 acre inches per

2
hour. The average overall opportunity cost can then be calculated as

15.33 rupees per acre inch.

[f analysis is performed with respect to relative watercourse
position, however, the average fluw rates for head, middle and tail
farms are 1.19, .97 and .75, respectively, since the majority of tube-
wells are located at the head. The average opportunity costs, then,
for head, middle and tail farms are, respectively, 10.08, 12.37 and
16.00

Cash inputs. Since cash inputs are measured in rupees, the appro-
priate opportunity cost is simply 1 + i, where i is the interest rate
charge on capital use. The total expenditure of all sampled farms on
fertilizer was 177,986 rupees for 84 percent of total cash inputs
expenditure); and the total expenditures on the other components of
cash inputs, seeds and pesticides, were énly 21,607 rupees and 12,239
rupees, respectively. Therefore, the caéh inputs variable is more
accurately a measure of fertilizer use. An appropriate charge on capi-
tal use is 10 percent per half-year for Pakistan for most crops. How-
ever, the appropriate interest rate on fertilizer use on full-year

sugarcane crops would be 20 percent. Consequently, in order to
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adults and full-time minore were assigned a half unit value, and rart-
time minors were assigned a fourth unit value. Average wages paid to a
total of 53.5 permanent servants came to 3,513 rupees per year or 14
rupees per man-day, or the assumption of 250 man-days of active labor
input per year per servant (the total man-days in 1980-81 was 13,375).
On a similar assumption, the total man-days of family labor in 1980-8]
was calculated as 63,625, and the shadow wage of family labor was
assumed to be equal to the average wage calculated for permanent ser-
vant labor. Tne weighted average wage rate was then calculated as 14
rupees per man-day.

Bullock power. Since some sampled farmers hired bullocks for,
typically, sugarcane hoeing and plowing, the average rental price of
approximately five rupees per hour was taken as the opportunity cost of
a pair of bullocks.

Tractor power. Only 13 sampled farmers, or 10 percent, owned

their own tractor, but all but a very few reported using tractor power
for farm operations. The types of field operations included (in order
of importance in terms of number of operations), wheat plowing, fodder
plowing, sugarcane plowing, fodder planking, maize grain plowing, wheat
planking, surarcane planking, maize grain planking, rice plowing, vege-
table seedbed preparation, cotton plowing and cotton planking. Tractor
power was also very actively used to power mechanical wheat threshers,
and occasionally to haul trollies of farm produce to market. The
weighted average opportunity cost of tractor power is calculated as 10

rupees per hour,
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Table V-6.

Marginal Value Produczts, Opportunity Costs and Ratios of MVP to OC of Major per Acre Inputs of

Sampled Tubewell Using and Non-tubewell Using Farms, as well as All Farms, 1980-21.

Type Marginal Opportunity Ratio of
of Sample Unit of Geometrin value cost MVP to
Farm Size Input measurement mear, product (Rupees) oC
Tubewell 60 Canal Water Acre Inches 25.57 - % 6.50 -
Using Tubewell Water Acre Inches 17.03 27 .61 15.38 1.80
Cash Inputs Rupees 381.32 5.49 1.135 4.84
Labor Man-Days 75.71 7.66%% 14.00 0.55
Bullock Power Hours 39.24 - * 5.00 -
Tractor Power Hours .85 - * 10.00 -
Non- 69 Canal Water Acre Inches 26.32 - * 6.60 =
tubewell Tubewell Water Acre Inches 0 0 15.38 0
Using Cash Inputs Rupees 308.59 2.93 1.135 2.58
Labor Man-Days 73.84 10.63 14.00 0.7¢
Bullock Power Hours 48.09 6.90 5.00 1.38
Tractor Power Hours 2.11 257.50 10.00 25.75
A1l 129 Canal Water Acre Inches 25.97 - * 5.60 -
Farms Tubewell Water Acre Inches 7.92 20.81 15.3C 1.35
Cash Inputs Rupees 344 .43 3.92 1.335 3.45
Labor Man-Days 74.01 11.14 14.00 0.80
Bullock Power Hours 43.97 5.25 5.00 1.05
Tractor Power Hours 2.43 162.81 10.00 16.28
a/

—,Estimated coefficient is insignificant, but different from zero,

b/

—'Estimated coefficient is siynificant at the 20 percent level.

so MVP cannot be interpreted.

ol



Table V-7. Marginal Value Products. Opportunity Custs and Ratins of MyP to OC of Major per Acre Inputs of
Sampled Farms Using Single-Family Owned Tubewells and Cooperatively- and Joint-Famiiy Owned
Tubewells, 1980-87.

Type Marginatl Ratio of
of Sample Unit of Geometric value Cpportunity MVP to
Farm Size Input measurement mearn product Cos™ 0C
Single- 21 Canal Water Acre Inches 23.5¢ - % 6.66 -
Fanily Tubewell Water Acre Inches 20.53 - % 15.25 -
Owned Cash Inputs Rupees 357.50 9.33 1.138 8.22
Tubewell Labor Man-Days 83.3% - * 14.50 -
Using Butlock Fower Hours 43.08 - % 5.35G -
Tracter Power Hours 2.74 - * 10.00 -
Joint- 29 Canal dater Acre Inches 27.83 - * 6.60 -
Property Tubewel?l Water ficre Inches 12.02 58.15 15,38 3.78
Tubewel? Cash Inputs Kupees 408.54 3.55 1.125 3.13
Using Labor Man-Days 66.56 - % 14.00 -
Bullock Power Hours 34.85 - * 5.00 -
Tractor Power Hours 3.34 - % 1C0.0C -
E/Esti.;ted coefficient is insignificant, but different from zera, so MVP cannot be interpreted.

g0l



Table V-8. Marginal Value Products, Upportunity Costs and Ratios of MyP to OC of M

Sampled Active and Inactive Trading Farms, 1980-81.

ajor per Acre Inputs of

Type Marginal Ratio of
of Sampte Unit of Geometric value Opportunity MVP to
Farm Size Input measurement mean prcduct cost 0C
Active 42 Canal Water Acre Inches 24.53 - % 6.60 -
Trading Tubeweli Water Acre Inches 11.30 - % 15.38 -
Cash Inputs Rupees 350.60 9.39 1.135 8.27
Labor Man-Days 73.16 6.80** 14.00 0.46
Bullock Power Hours 41.25 - % 5.00 -
Tractor Power Hours 2.25 - % 10.00 -
Inactive 71 Canal Water Acre Inches 26.35 - % 6.60 -
Trading Tubewell Water Acre Inches 0.65 - * 5.38 -
Cash Inputs Rupees 233.96 3.10 1.135 2.73
Labor Man-Cays 76.17 10.00 14.00 0.71
Bullock Power Hours 46.75 5.87 5.09 1.17
Tractor Power Hours 2.46 161.05 10.00 16.71

%fEstimated coefficient
—Estimated coefficient

is insignificant, but different from zaro
is significant at the 20 percent leve’.

. S0 MVP cannot be interpreted.

vol
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Interrelatiorships

Single regression analyses and analysis of variance (ANOVA) were
used to further examine the interrelationships between tubewells (tube-
well water use), trading and type of internal warabundi discussed at
the beginning of this chapter. Regression results are displayed in
Table V-9 below. Significant relationships with regard to this par-
ticular sample are indicated with respect to all but three estimated
equations.

Interpretation of these results is greatly facilitated with the
help of a diagram, such as that provided below in Figure V-1. This
five-vertex star diagram indicates, along with Table V-9, that the
indigenous farmer options of tubewell water use and trading present the
strongest alternatives to increasing control over water supplies (pro-
duction function results represent a better test of this, and results
are generally supportive) and gross incomes per acre. The practice of
kachha internal warabundi has no apparent direct impact on gross incore
per acre, as opposed to pakka internal warabundi, yet indirect effects
are observable.

Covariance analysis of the previous section tends to support 1inks
between each of the three locally-initiated methods of water control
taken independently and productivity, while controiling for other
inputs. In this section analysis of variance results are used to
explore correlations betweer various means of control and generalized
cooperation. At the same time analysis of variance gives information

about joint effects of the methods on productivity.
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Table V-9. Continued.
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*Significance at the 10 percent level.

**Significance at the 5 percent level.
***Significance at the 1 percent level.
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Analysis of variance main, joint and interaction effects are pre-
sented in Table V-10. Significance levels are indicated in the extreme
right-hand column. Supporting ANOVA tables are presented in Appendix D,
It will be noticed from Table V-10 that joint effects and interrelation-
ships are also indicated with regard to watercourse improvement, the
subject of Chapter VI. These joint effects and interrelationships will
be discussed in that chapter.

There are strong interrelationships indicated hetween the three
indigenous farmer options. Analysis of variance results indicate a
strong interaction effect of tubewell use and trading (see Table v-10),.
There is also a tendency for users of singly-owned tubewell water to be
active traders (and vice versa), and for both users of joint property
tubewell water and non-tubewell water users to be inactive traders (and
vice versa) - see Appendix D, Table D-2(a). Mean gross income per acre
is clearly the highest for active trading, singly-owned tubewell water
users thar for any cther category of trader-cum-tubewel] water users.,

There is also indication that the practice of kachha internal
warabundi is strongly related to both trading and tubewell water use.
Regression results in these regards are supported by ANOYA Tables
D-2(b) and D-3(a), which show that in this narticular sample both
active traders and tubewell water users tend strongly to be practicers
of kachha internal warabundi. The relatively strong three-way interac-
tion between tubewell water use, active trading and kachha internal
warabundi {Table V-10) indicates, for example, that a positive relation
exists hetween per acre gross income and Joint use of kachha internal

warabundi, trading, and tubewel]l use. However, for farms practicing
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Comparisons of farms on watercourses improved in 1977-78 and
1978-80 will enable tests of any crop-related differences in “older"
(those three to four vears old at the Lime of the survey) and "newer"
(those only one to two years old) improved watercourses. Here, it is
hypothesized that the "older” improved watercourses will account for
stronger positive impacts on crop production thar "newer" ones, as
farmers make adjustments, over time, in cropping patterns, cropping
intensities and other related input use in response to continued higher
conveyance efficiencies and increased year-round water supplies (in
relation to conveyance eofficiencies and water supplies received before
watercourse improvement).

Comparisons will also be made between sampled farms at head-,
middle- and tail-relative watercourse command locations, in order to
examine the etiects of watercourse improvement on downstream irriga-
tion. In particular, it is hypothesized that watercourse improvement
will have its most profound effects on tail-enders.

Prior to discussion of these major crop- and income-related
results, however, the hypothesis that watercourse improvement does, in
fact, result in significantly decreased conveyance losses, and improved
conveyance efficiencies, can be examined. Sianificance levels and
tests are directly interpretable here because the improved watercourses

were selected through random sampling procedures.
Watercourse Conveyance Losses and Efficiencies

Perhaps the major expressed objective of the OFWM watercourse
improvement project is to decrease seepage and conveyance losses in the

main watercourses.
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watercourses, do not demonstrate any significant difference at the 10
percent level using the t-test for differcices in mean values.

While these results are discouraqing, the tack of tail measure-
ments on seven watercourses and the inability to measure total losses
in a given warabundi rotation detract from conclusions drawn from Table
VI-1. Canal water use per acre is, in fact, considerably higher (18
percent) on improved watercourses {see Table V1-2). These findings are
supported by simple linear regression results for this particular sam-
ple {presented in Fquaiien VI.3), deronstrating that Tarms on improved
watercourses receive and apply an average of 4.28 acre inches, or 18
percent, nore canal water per acre (given approximately equivalent
canal outlet discharges) than farms on control watercourses.

Canal Water Use per Acre = 23.81 + 4.28D (VI.3)
(2.70)***
Pl = 05 n= 120 F = 7.3]3%k

(D: 1 = improved watercoursa; 0 = control watercourse)

A measure of quality of watercourse
cleaning and maintenance

Another way devised to examine the relative quality of sampled
watercourses in conveying canal water was a scoring system (as
described in Chapter I11), based on assigning penalty points on the
basis of observed silting of head sections; actual counts of cracked or
broken concrete structures (on improved watercnurses only); illegal
nakkas and trees; and observed frequencies of weak or broken banks, rat
holes and vegetation at head, middle and tail locations on the main

watercourses, including branches. According to this method the lower






Based upon these various analyses, it appears that the OFWM water-
course improvement project is decreasing losses in watercourses and
improving convevance efficiencies, but not by the magnitude indicated
from earlier studies. In fact, the observed conveyance losses on
improved watercourses are not decidedly sower than those on control
watercourses. Average nead-to-taii conveyance efficiencies on six
improved watercourses are 01 percent, versus 74 percent on seven con-
trol watercourses. The percentage difference {improvement) is only 9

percent,
Croppiny Intensities and Cropping Patterns

Before analyzing the economic returns to watercourse improvement,
it is interesting to examine whether cropping intensities are higher
and cropping patterns differeat on different categories of farms and
watercourses. Table VI-2, below, summarizes much of the data on means,
standard deviations and percentaqe differences in contrasted sub-sample
means with respect to both cropping intensities and cropping patterns,
as well as per acre qross incomes and main crop production-related
inputs. (This table is similar to Table V-1, above, with respect to
sub-categories of indigenous farmer control enhancing options.)

It is interesting that cropping intensities and cropping patterns
(as measured by the percent of high water-using crops grown) are essen-
tially the same on all watercourses and on ali .ypes of farms. No
strong difference is demonstrated on improved versus control water-
courses, or "older" watercourses improved in 1977 and 1978 versus

"newer" watercourses improved in 1979 and 1980.
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There are, however, substantial differences in all head versus all
tail farmers in cropping intensities and percent of high water-using
crops grown.  There are alsa meaningful differences in both mean crop-
ping intensities and crupping patterns between head farmers on improved
watercourses versus control watercourses. Surprisingly, tail farmers
on control watercourses grow an avcerage of 28 percent more high water-

using crops in 1980-81 than tail farmers on improved watercourses.
Crop Yields and Overall Crop Production

We have seen that the primary objective of the walercourse
improvement project is to reduce conveyance losses in the main water-
course and improve conveyance efficiencies from the canal outlets to
the nakka outlets throughout the main watercourse length. Results of
this research are inconclusive: some tests indicate that some improve-
ments are beina made in this regard by OFWM, but others indicate the
opposite evfect. ‘hether or not there are substantial improvements in
conveyance efficiencies is not clear cut, and, at any rate, is some-
thing of an academic exercise for the purposes of this dissertation,
since any improvements only represent potential benefits. Increased

productivity must be the major test of results.

The production function model used to test the hypothesis that
factor/output relationships on improved watercourses are different from
those on control watercourses, and that these relationships differ
between head, widdle and tail farms is of the same form as that used in
Chapter v, with changes in the types of farms (i). For the purposes of
this chapter, i = 9: namely, 1 = farms on improved watercourses;

2 = farms on control (unimproved watercourses); 3 = farms on






Table VI-3,
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Regression Coefficients Relating Logarithms of Gross Value

of Production per Acre to logarithms of Various Inputs for
a Sample of Irrigated Farms on Improved, Contrel and All

Watercourses, 1930-8

Explanatory variable Unit

Canal Water per Acre  Acre
Inches
Tubewell Waterper Acre Acre
Inches
Cash Inputs per Acre  Rupees
Labor per Acre Man
Days
Bullock Power per Acre  Hours
Tractor Powe~per Acre Hours

Intercept
R2
Overall F-Statistic

Error Sum of Squares/
(n-7)

Covariance Test
F-Statistic

Sample Size (n)

Sum of Non-intercept
Coefficients

Farms on

improved
.28
(1.70)*

.07
(1.96) **

.39
(3.40)%**

.19
(1.95)**

Rl
(2.86)%*+

.20
(2.29)*

3.48
.41
6.61*

.13

65

1.24

(Cobb-Dougias Model).

Farms on

a2l

-.01
(.18)

.05
(1.78)**

.41
(5_27)***

.25
(3.53) %%

.07
(2.27)%*

A2
(2.08)**

4.28
.35

11.07*+*
.14

0.94
129

.89

Farms on
control

watercourses watercourses watercourses

(

(3

(2.

.09
.91)

.04
.92)

.42
.82) **x

.33
95) *k

.05
.80)

.06
.76)

.24
.35
.05%*

14

64

.81

(Numbers in parentheses represent t-ratios.)

*Significance at the 10 percent level.
**Significance at the 5 percent level.
***Significance at the 1 percent level.
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Table VI-4. Mean Yields (in maunds per acre) for Major Crops Grown on
a Sample of Irrigated Farms on Iiproved and Control
Watercourses, with Percentage Differences and t-test
Confidence intervals, 1980-87.

90%
No. of t-test
chser - Tprovard Control pa confidence
Crop vations  watercourses  watercourses diff. intervals
Sugarcane 69 419 346 21 70458
Wheat 126 30 27 11 343
Kharif Fodder 120 289 263 10 26427
Rabi Fodder 105 773 689 12 84481

Maize Grain 70 20 14 43 6+4
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Table VI-5. Regression Coeiticients Relaling Logarithms of Gross Value
of Production per Acve Lo Logarithms of Various Inputs for
a Sample of Ivvigated Farms on [mprovaed Watercourses,
1980-81 (Cobb-Douglas Model),

Faras on Farms on

19777178 A1l farims on 1979/80
mproved inproved improved
Explanatory variable Vel el Cot sy s Hatercourses watercourses
Canal Water per Acre .24 .28 .54
(1.19) (1.70)* (1.9%)
Tubewell Water per Acre .08 .07 M
(1.42) (1.96)* (1.81)
Cash [nputs per Acre .45 .39 .31
(2.87)**x (3.40)*** (1.70)
Labor per Acre 7 .19 .24
(1.38) (1.95)** (1.34)
Bullock Power per Acre .08 R .10
(1.29) (2.86)* (1.88)
Tractor Power per Acre .06 20 .32
(.329) (2.29)=* (2.42)**
Intercept 3.67 3.48 2.57
R? .40 4] .54
Overall F-Statistic 3.42* 6.61%* 3.93%
Error Sum of Squares/
(n-7) .10 .13 .16
Covariance Test
F-Statistic 1.44
Sample Size {n) 38 65 27

Sum of Non-intercept
Loefficionts 1.08 1.24 1.62

(Numbers in parentheses represent t-ratios.)
Stgniticence at the 10 percent Tevel,

FASTgnilromce At the 5 percent level.

FRESTani ficance at the 1 opercent level.,
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non-intercept coefficients are significantly greater than one in all
three sample cases in Table VI-5 indicates increasing returns to scale
in all models.

Referring back to Table VI-2, it is seen that differences of mean
gross income per acre for the two groups are not significant at the 90
percent level. The lack of significant difference in productivities is
somewhat puzzling in view of statistically significant, higher mean
tubewell usage for the 1979/80 improved watercourses. Returning back
to Table VI-5, it is seen, that the estimated variance of the error
term (error sum of squares/[n-7]) is appreciably higher for the
recently improved watercourse sample. This, in combination with the
greater tubewell use within the same sample, indicates that comparisons
may be confounded by unanticipated differences between the two sub-
samples,

Consequently, our tentative hypothesis is not confirmed that age
of improved watercourses is an important factor in determining per acre
gross incomes. But, in order to fully evaluate the hypothesis that
older improved watercourses are yielding substantially more benefits
than newer improved watercourses, we also need to demonstrate that
1977/78 improved watercourses influence per acre gross incomes and
cropping intensities more than control watercourses.

Regression results indicate that the year of watercourse improve-
ment does not noticeably affect either gross incomes per acre or crop-
ping intensities. Equations VI.5 and VI.6, below, demonstrate through
the use of a 1977/78 improved watercourse dummy , D], and a 1979/80

improved watercourse dummy, D2, that neither gross incomes per acre nor
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cropping intensities are greatly affected by watercourse improvement,

regardless of tne year of improvement.

In GIA = 4.35 + .O9D] - .MD2 - .04 In CWA + .05 Tn TWA (VI.5)
(1.16) (1.43)  (.47) (1.57)

+ .40 Tn CIA + .27 In LBA + .05 Tn BHA + .10 In TRA

(4.85)%k%%  (3.46)%%%  (1.72)% (1.95)%%
R = .37  n=102 F =7 99k
CRI = 164.36 + 2.67D, ~ 3.25D, (VI.6)

(.52) (.53)

R = 003 n=129 F= .28

Therefore, it appears that whereas older improved watercourses are
tending to deliver relatively higher gross incomes per acre than newer
improved watercourses (after a period of adjustment to any improvements
realized in conveyance efficiencies), watercourse improvement, irre-
gardless of the year of improvewent or duration since watercourse
improvement occurred, is still not accounting for large crop-value-
related benefits in comparisuns between improved and control water-
courses.

The Effects of Watercourse
Improvement on Tail Reaches

Another hypothesis of this study is that benefits of watercourse
improvement are skewed in favor of tail farms of watercourse commands.
This is because watercourse improvement is designed to substantially
improve the conveyance cfficiencies of middle and tail reaches, yet it
will leave head reaches virtually unchanged. In particular, we would

like to test whether tail Favms on improved watercourses are receiving
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sizably more benefits than tail farms on control watercourses. For
close comparison, a minimum of two tail farms were sampled on all
watercourses, wherever possible, including the "last" irrigator in the
warabundi rotation.

Analyses of mean values, presented in Table VI-1, reveals that
although per acre g=oss incomes are an average of 42 percent higher for
head farms on improved watercourses, they are lower by an average of 11

percent for middle tarms and, more importantly, the mean per acre gross

incomes are equal on tail farms. The large difference in head farms
with respect to type of watercourse is no doubt due in large part to
the 423 percent higher use of tubewell water per acre on improved
watercourses, and 60 percent higher use of all water per acre.

Since the hypothesis that tail farms are benefiting substantially
more on improved watercourses than on control watercourses is not sub-
stantiated in this sample, another model was devised to test whether
there were any significant differences between head, middle and tail
farmers overall. Table VI-6, below, presents the regression results of
a production function model distinguishing between the three relative
watercourse positions, irrespective of type cf watercourse.

Covar iance tests on differences in production function slupe vec-
tors between head and tail farms indicate major differences. The most
striking difference is between tail farms and all other farms where the
estimated per acre canal water coefficient is negative and significant.
This implies that among farms at the tail of the watercourse, those
using relatively more canal water per acre in relation to other tail
farms (i.e., more than the mean of 4.6 acre inches) are realizing

noticeably lower gross incomes per acre.
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Table VI-6. Regression Coefficients Relating Logarithms of Gross Value
of Production per Acre to Logarithms of Various Inputs for
a Sample of Irrigated Farms with Respect to Relative
Watercourse Position, 1980-81 (Cobb-Douglas Model).

M Jead Mid/le Tail

Explanatory variable farms farms farms farms
Canal Water per Acve - 01 .03 .09 -.32
(.18) (.50) (.73) (2.22)%*
Tubewell Water per Acre .05 11 .02 .01
(1.78)** (2.50) %% (.48) (.23)
Cash Inputs per Acre .41 .40 .30 .32
(5.27)%%%  (2.71)%%%  (2.22)** (2.53)**
Labor per Acre L2h ekk .22 .24 .32
(3.53) (1.63)* (2.26)**  (2.,10)**
Bullock Power per Acre .07 10 .05 .13
(2.27)** (2.30)** (.76) (1.59)
Tractor Power per Acre 2 17 .14 .02
(2.08)** (1.82)* (1.00) (.23)
Intercept 4.28 3.95 4.61 5.21
RZ .35 44 .34 .42
Overall F-Statistic 11.07%** 5.29%* 3.19*% 3.86*
Error Sum of Squares/
(n-7) 14 .15 14 .10
Covariance Test
F-Statistic 2.50%*
Sample Size (n) 129 47 44 38

Sum of Non-intercept
Coefficients .89 1.09 .85 .48

(Numbers in parentheses represent t-ratios.)
*Significance at the 10 perceni level.
**Significance at the 5 percenl level.

***Significance at the 1 percent. level.
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This rather curious phenomenon is explained, in part, by differ-
ences wWithin the sample of tail farmers; that is, differences between
“last" irrigators and other tail farmers. It will be recalled that the
stratified sampling technique usad in this research called for two tail
farmers to be interviewed on each watercourse, and, wherever possible,
for one of these tail farmers to be the "last" irrigator — i.e., the
one receiving the last scheduled warabundi turn. It was hypothesized
that because "last" irrigators tvpically receive the largest allocation
of nikal (or emptying the waterceurse) time, they would, in fact
receive more canal water per acre than other tail farmers. This is
apparently true as demonstrated in Table VI-7, below.

Last irrigators use an averaqge of 7 percent more canal water per
acre than other tail farmers (although the t-test shows no significant
difference in mean values, even at the 80 percent level). However,
last irrigators also realize an average of 16 percent less gross income
per acre than other tail farmers. It is probable that last irrigators'’
lands tend to be waterlogged, mplying being in Stage III ot produc-
tion. This would be consistent with the negative and significant canal
water coefficient in Table VI-6. Waterlogging may be largely due to
last irrigators being forced to receive periodic unwanted supplies from
upstream irrigators. It was observed in Chapter IV that many main
watercourses could be slightly extended to an adjoining open tributary

drain to dispose of excess, unwanted canal water supplies.
Efficiency of Production Function Input Use

The cemputational results of marginal value products, opportunity

costs, efficiency of input use ratios and two-tailed t-test-statistics



Table VI-7. Gross Income per Acre and Canal Water Use per Acre Means, Standard Deviations, Percentage
Differences in Means and t-tes: Confidence Intervals for Mean Differences in = Sample of
"Last” Irrigators and Other Tail Farmers, 1980-87.

No. of - h =
obser- St v o st o t
Type ¢f farmer vations Mear dev. in means con int Mear dev ir.omEans conf. int.
"Last" Irrigators 14 2494 908 26.7 13.2
-16 391z422 7 1.6#4.4

Other Tail 24 2885 1020 23.1 6.7

Gel
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are presented in Tables VI-8 and VI-9, below, for improved and control
watercourses, and head, middle and tail farms. Table VI-8 reveals that
for farms on improved watercourses, the tractor power input has the
highest ratio between MVP and opportunity cost, followed by canal
water, cash inputs, bullock power, tubewell water and labor, in
descending order. Profits can apparently be increased with additional
use of all inputs except labor until MVP equals opportunity cost.

Table VI-9 indicates that it is unknown whether canal water is
being efficiently used on head and middle favms (MVP's for these farms
cannot be computed Trom insignificant estimated coefficient values),
but is highly overutilized on tail farms. Also, profits can be sub-
stantially increased by added use of tubewell water on head farms, but
middle and tail farms would benefit fiom decreased use of tubewel]
water.

The Relation of Watercourse Improvement
to Canai Water Trading and Cooperation

It was earlier hypothesized that with decreases in conveyance
losses, canal water trading would be encouraged on improved water-
courses among more farmers and over longer distances. If this is, in
ract. so, then it was also inferred that this would signify ircreased
crop production and incomes. However, since no sizable difference a
per acre gross incomes was demonstrated between improved and control
watercourses, the suggestion is that trading could not be expected to
be noticeably higner on improved watercourses.

One test of this hypothesis using rearession techniques does not

reveal « large correlation between our earlier measure of trading, per-



Table VI-8. Marginal Value Products, Opportunity Costs and Efficiency of Input Use Ratios (éﬂgi) of Major

per Acre Inputs of Sampled Farms on Improved and Control Watercourses, 1980-81.

Marginal Opporiunity  Ratio of

Type of No. of Unit of Geometricz value cost MVP to
watercouvse observations Input measurement mearn product {Runzes) 0.cC.
Improved &5 Canal HWate: Acre Inches 28.1C 36,70 £.50 5.26

Tubewell Yater  Acre Inches 11.65 20.96 1£.38 1.36
Cash Input: Rupees 368.97 3.68 135 3.24
Labor Man-Days 77.27 g.55 14,00 0.62
Bullock Ppower Hours 41.66 3.20 .00 1.84
Tractor Power Hours Z2.66 267.83 10.90 26.18
~ : N 0e on / -

Control 64 Canal Water Acre Inches 23.87 - —7 5.60 -
Tubewel? Vatar fAcre Inches 4,18 - = 15.38 -
Cash Input: Pupees 318.5¢ 4.09 1.135 2.60
Laber Man-Days 70.6C 11.53_, 14.00 1.04
Bullock Power  Hours 46.32 - & £.00 -
Tractor Power Hours 2.18 - ¥ 10.00 -

E/Estimated coefficient is insignificant. but cifferent from zero, so MVP cannot be interpreted.

LE]



Table VI-9. Marginal Value Products, Opportunity Costs and Efficiency of Input Use Ratios (é@%m) of Major
per Acre Inputs of Sampled Firms at Head, Middle and Tail Relative Positions T
on Sampled Watercourses.
Relative Marginal Opportunity  Ratio of
position on No. of Unit of Geometric value cost MVP to
watercourse observations Input measurement mean product (Bupees) 0.C.
Head 47 Canal VWater Acre Inches z28.79 -4/ 2.00 -
Tubewell Yater  Acre Inches 3.74 4z2.14 10.08 4.18
Cash Inputs Rupees 385.92 3.87 1.135 3.14
Labor Mar-Days 76.32 10.76 14.00 0.77
Buliock Power Hours 45,158 3.26 5.00 1.65
Tractor Power Hours 2.74 231.50 10.00 23.156

Middle 44 Canal Water Acre Inches 25.44 - g; 8. 00 -
Tubewell Water  Acre Inches 5.84 - = 12.37 -
Cash Inputs Rupees 246.34 2.96 1.135 2.61
Labor Man-Days £0.10 9.90a/ 14.00 0.71
Bullock Power Hours 41,06 - 3/ 5.00 -
Tractor Power Hours Z2.56 - ~ 10.00 -

Tail 38 Canal Water Acre Inches 23.71 -37.11 / 6.00 -2.32
Tubewell Water  Acre Inches 4,67 - e 16.00 -
Cash Inputs Rupees 290.92 3.02 1.135% 2.66
Labor Man-Days 64.12 13.72b/ 14.00 0.98
Bullock Power Hours 45,89 7.795/ 5.00 1.56
Tractor Power Hours 1.87 - = 10.00 -

a/

ByEstimated ccefficient is insignificant, but diff
— Estimated coefficient is significant

erent from zero, so MVP
at the 20 percent level.

caunot te interpreted.

1)
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cent of time (hours received through warabundi) traded, and a dummy

variable for watercourse improved, as presented in Equation VI.7,

% of Time Traded = 6.16 + .36D (VI.7)
(.17)
2

r- = .0002 n o= 126 F=.03

(D: 1 = improved watercourse; 0 = control watercourse)

ANOVA results, on the other hand, indicate that there is some ten-
dency for more active traders to be located on inproved watercourses,
and for inactive traders to be on unimproved walercourses (see
Appendix D, Table D-36). There is a stronjer Ltendency For tubewell
water users to be located on improved watercourses, and for non-
tubewell water users to be on unimproved walercourses (see Takie D-2c¢).
No apparent relation is demonstrated either way for the types of wara-
bundi practiced on internal weltereourses and the types of watercourses
(Table D-4a). However, a sLrong relationship is demonstrated in the
three-way interaction between tubewell water use, kachha internal wara-
bundi and watercourse improvement (Tables D-6b and V-10); and an even
more remarkable four-way interaction is shown hetween the methods of
farmer control studied here  tubewell water use, active trading,
kachha internal warabundi and watercourse improvement (Tables D-10a and
v-10).

The major implications from this important test are that all meth-
ods are able, by varying deyrees, to increase control and flexibility
over watcr supplivs, and that theiv four-way (joint) interaction effect
greally fmpacts productivity and geoss ircome per acre, as one means of

control reinforces the other.
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Since statisticaliv strong correlations were demonstrated in
Chapter V between cooperaticn (as measured through the number of col-
lective projects initiated in the last five years on the watercourse
Tevel) and gross incomes per acre, canal water trading and the type of
warabundi practiced on internal watercourses, it would be interesting
to examine the correlation between cooper.tion and watercourse improve-
ment as well.

Equation VI.S, below, demonstrates that using reaqression tech-
niques a very strong relation exists between these two variables.

No. of Collective Projects = 0.6 + 1.8D (V1.8)
(2.18) **x*
P = 36 n=20 F = 10.126%

(D: 1 = improved watercourse; 0 = control watercourse)

These results indicate that an average of three times as many collec-
tive projects exist on improved watercourses as on control water-
courses. However, given that one of the collective projects counted
here is watercourse improvement itself, the average number of collec-
tive projects. other than watercourse improvement, is double that of
control watercourses.

ANOVA results generally support this finding: there is a marked
tendency for improved watercourses to have more than average number of
collective projects, and for unimproved watercourses to have one or no
collective projects (Table D-5). Also, there are strong tendencies for
tubewell water users, active traders and the practice of kachha inter-
nal warabundi vo occur more frequently on improved, and more coopera-

tive, watercourses (see Tables D-7b, 8c, 9b, 10g, 11a and 11b).
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where cropping intensities tend to be lower, in areas of sandier soils
and more evratic slope conditions between head and tail watercourse
reaches, in areas further from major paved reads and organized agricul-
ture markets, and in areas where precision Tand Tevelling and active
farm extension work by OFUM personnc! are taking place in conjunction
with watercourse improvement. ilovwever, as this study hias shown, it
will prove virtually Tmpossible to find any inproved watercourses in
the Tfmmedinte Faicalabad area weeting these other criteria, and it may
prove difficult to find any in other regions of Pakistan as well.

There is some difference exhibited in aross incomes per acre on
1977/78 and 1979720 improved wateresurses . suggecting that some direct,
crop-related benefits may heqgin appearing in osome unknown future year.
But it can al<e be arguad that if direct bonefits from watercourse
improvement are still not appearing three or four years after comple-
tion of the actual inprovement work (since gross incomes per acre are
not noticeabiy different between 1977/78 improved watercourses and con-
trol watercourses), they will not likely appear later on cither. By
three or four years after improvement, it can be hypothesized that
farmers must have adjusted their cropping patterns and intensities and
corresponding input uses to any changes in irrigation water conveyance
efficiencies. Also, the improvement themselves, both earthen and con-
crete, will buegin to slowly deteriorate over time, minimizing gains
realized in convevance efficiencies.

The total costs to farmers and to the OFWM Pilot Project of sam-
pled improved watercourses are summarized in Table VI-10, below. The
costs to farmers are the reported sum of masons and other hired labor

expenses in the construction of brick and concrete lined sections,



Table VI-10. Estimated Costs to Farmers and the OFWM Pilct Project of Watercourse Improvement on Sampled
Improved Watercourses in the Faisaiabad Area.

A

Length of  Lenath of Total cost Totai cost
Water- Total earther congcrete s OFWM-USAIC of the Project
courss CoST o improved Tined No. of No. of NG. of !Reimbursement (Farmers' Cost
or farme: vl section concrete culverts buffain Value) ~JFWM-USAID Cost)
moga No. ‘Rs.. treters: {meters,  pakkas  {Total) wallows (Re.) (Rs.}
E 17,5 3,352 105 40 € z 37,284 54,799
z 22,4 2,528 525 25 4 2 50,285 104,025
2 13,9 2,44y 237 Z6 & iy 36,206 50,156
4 i1, 2 1,908 46 16 2 0 18,907 3G,107
z 16,96 2,000 402 12 2 G 55,554 72,514
£ 16,030 2,100 322 34 5 3 53,468 65,526
7 35,4670 3,933 732 60 i4 0 i2F,40¢6 159,62¢
< 78,490 S.340 345 33 6 G 55,568 82,058
< 22,650 £.150 491 33 6 0 87,2217 116,881
16 18,5927 2,572 305 21 1 C 50,27¢ £2.203
Tota?l 207,720 28,502 3,584 302 52 7 6i1,475 818,195
Mean 20,772 2,850 359 30 5 G.7 61,14¢ 27,920

|
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nakka outlets, culverts and buffalo bathing tanks, and an estimate of
the total labor expense incurred by the irrigators themselves through
their own labor efforts in the earthen improvement work. These own
Tabor costs are reflected by reimbursement values received by OF¥M from
the USAID Mission to Pakistan, for earthen improvements, at the rate of
Rs. 4.76 per carthen improved meter. This rate is roughly equivalent
to a shadow wage rate of Rs. 15 per day.

The costs *o the OFUM project are the total reimbursement values
reported received by OFWM {rom USAID, based upon the rates of Rs. 4.76
per earthen improved meter, Rs. 103 per concrete lined meter, Rs. 237
per concrete nakka, Rs. 628 per pipe culvert, Rs. 286 per cubic meter
of other culverts, and Rs. 2000 per buffalo wallow. The cost figures
to the OFWM project do not include personnel salaries and other fixed
expenses since these are assumed to be covered, in part at least, by
the added allowance for earthen improved lengths (only personnel
expenses are realized by OFWM for earthen improvements).

With no benefits exhibited on sampled watercourses of watercourse
improvement, and assuming no added costs beyond the initial (base = 0)
year in the form of maintenance (since irrigators would engage 1in
watercourse cleaning and maintenance programs with or without water-
course improvement), the net present value of an average improved

watercourse is -81,920 rupees. The benefit-cost ratio is zero.
Summary

Based on the results discussed in this chapter, OFWM watercourse
improvement does not appear to have substantially affected control and

flexibility, nor have a major impact on productivity. While water
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supplies and crop production both increase somewhat, statistical tests
do not decidedly support the thesis that watercourse improvement
improves conveyance efficiencies.

Other tests between watercourse improvement and other farmer meth-
ods to obtain contro! and Clex it iny over water supplties reveal a
direct relationship to tubewell water use, and this may be due to a
sampling bias. lowever, strong relationships are demonstrated using
ANOVA between watercourse improvement, tubewell water use, active trad-
ing and kaclhiha internal werabundi. High corvelation is also demon-
strated between watercourse improvement and the element of cooperation
on the watercourse.

The major findings and implications of this research effort may

now be summarized in the conclucding chapter.
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CHAPTER VII
SUMMARY AND CONCLUSIONS

In this final chapter the major findings of this research are
briefly summarized. The Timitations of this study are also included.
Finally, some suggestions for further research in irrigation water dis-

tribution and management are advanced.
Summary

Private tubewells, canal water trading, flexible warabundi and
OFWM watercourse improvement all represent important options for farm-
ers to increase control and flexibility in water supplies in Pakistan.
The literature is generally lacking in discussing specific options to
farmers to gain this control. Consequently, this study provided
detailed descriptions of the rotational warabundi distribution system,
in conjunction with supplemental tubewell water supplies and trading of
canal water turns. The literature also provides conflicting evidence
of the impact of watercourse improvement on productivity. This spe-
cific government project was also a major topic addressed in this
research, as another potential method of control along with the three
indigenous methods indicated above.

In order to do this. a sample of 130 farms and farmers on 20
watercourses were collected in the Faisalabad, Punjab, perennial canal-

irrigated and private tubewell water supplemented area. The isolated
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Figure VII-1. Statistical Correlations Between Six Variables,
Including Gross Income per Acre, Cooperation, and Four
Farmer Options for Increased Control and Flexibility in
llater Supplies.

0 =No apparent significant correlation.
Eﬂ =Significance at the 15 percent level.

*=Significance at the 10 percent level.
** =Significance at the 5 percent level.
*** =Significance at the 1 percent level.
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Table VII-1. Gross Incomes per Acre (mean and standard deviation)
Arranged in Descending Order for 0Different Sub-samples of
Farmers, 1980-81, with Respect to Tubewell Water Users,
Traders, Internal Warabundi Practicers, Type of
Watercourse and Total Sample.

Gross Income per Acre (Rs.)

No. of
Sub-sampie catoqoiy observations  Mean Std. dev.

Tubewell owners 10 4.ty 2029
Singly-owned tubewell users 32 4019 1738
Active traders 42 3828 1759
Electric-powered tubewel]

users 44 3688 1718
"0lder" (197/7-78) improved

watercourses , 38 3679 1415
Diesel-powered tubewell

users 16 3422 1856
Kachha internal warabundi

practicers 77 3343 1451
Pakka internal warabundi

practicers 52 3228 1473
"Newer" (1979-30) improved

watercourses 27 3205 1596
Joint property tubewell

users 28 3157 1629
Control (unimproved)

watercourses 64 3108 1391
Inactive traders 71 3048 1196

Total sample 129 3297 1453
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arranged in descending order of mean per acre gross incomes. This is a
descending order of a priori expected effect on control as well.

Overall, then, the stricter control and increased flexibility
obtainable through tubewell water use appears to have the most signifi-
cant impact on gross income per acre, followed closely by the increased
flexibility over water supplies obtained through active trading.

Production function results, in fact (as summarized in Table
VII-2, below) indicate that i..e of singly-owned tubewell water and
active trading represent the methods tested with dreatest effect on
control and filexibility; followed in relative order of importance by
tubewell use, per se, kachha internal warabundi and OFWM watercourse
improvement. Table V1I1-2 presents findings on the percentaye change in
estimated R?'s between sub-categories of farms and F-statistics to test
for differences in sub-category production functions, both mer ' ~as of
the impacts of available farmer options on control.

Table VII-2 also indicates that in every case of paired sub-sample
production function estimations the marqginal value product of per acre
cash inputs increased with an increase in control; as shown in the last
column of "percentage change in estimated elasticities of cash inputs
per acre." Production function results also indicate that, in general,
for all farm categories, the inputs of tractor power, cash inputs and
tubewell water are grossly underutilized, and that crop production
could be substantially increased with simultaneous increase in the use
of these factors.

As indicated in Figure VII-1, above, correlations between the four
farmer options are most pronounced between tubewell water use and the

practice of kachha internal warabundi, and canal water trading and



Table VII-2.
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Percentage Change in Estimated Rz's, Covariance Test

F-Statistics and Percentage Change in Estimated
Elasticities of Cash Inputs per Acre with Respect to
Contrasted Categories of Farms.

Category

1.

Tubewell water versus
non-tubewell watey
using farms

. Singly-owned veirsus

Jnint property owned
tubewell using farmns

. Active versus inactive

trading farms

. Kachha versus pakka

internal warabundi
using farms

. Farms on improved versus

control watercourses

Percentage

change in

estimated
RZ's

23

97
26

17

***Significance at the 1 percent level.

Covariance

Lost
|-

statistics

1.63

3.40%**

3.38*x**

1.50

0.94

Percentage change
in estimated
elasticities of
cash inputs
per acre

93

80

124

81




kachha warabundi. Weaker correlations are demonstrated between tube-
well water use and trading, and tubewells and OFWM wWatercourse improve-
ment (although it could just be « coincidence that watercourse
improvenent takes place on watercourses with private tubewells pres-
ent). ANOVA results, however, indicate a very strong two-way interac-
tion between tubewell water use and trading on production {see Table
V.10 and supporting Table D-2a).

The three-way rvelationship (Fiqure VII-1) between tubewell water,
trading and kachha warabundi is particularly revealing: small-scale
trading, made easier on internal watercourses where kachha warabundi is
practiced with fellow irriqators, appears to act in a complementary way
with tubewell water use in the acquisition of irrigation water supplies
during high transient peak demand periods of crop stress and high
evapotranspiration. ANOVA results (Tables D-6a and V-10) indicate that
the relationship between tubewell water use and trading is stronger for
kachha internal warabundi practicers: and the interaction effect of the
three on gross income is sirnificant.

Tubewell water use and cooperation are highly correlated with pro-
duction, and gross incomes per acre are very significantly higher on
watercourses with a greater number of collective projects. The rela-
tionships between tubewell water use and trading, on the one hand, and
trading and kachha internal warabundi, on the other, are made stronger
on watercourses with more than average number of collective projects;
as shown by the data in Appendix D, Tables 8(a) and 8(b), and the sig-
nificant three-way interactions with gross income per acre in Table

V-10.
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inconsistent, mainly due to the presence of simultaneous equation bias
(Sampath, 1979). Efforts to eliminate this bias were unsuccessful (see
also Koutsoyiannis, 1977). Attempts to minimize agaregaticn and mis-
specification biases and improve upon the efficiency of estimates were
largely successful through careful and thorough sampling procedure and
data collection.

3. The sample includes only pakka warabundi (main) watercourses.
Insutficient numbers of adequave kachha warabundi watercourses to act
as controls prohibited comparison with pakka warabundi watercourses in
the sampled area, or in two other pre-tested areas of Punjab.

4. There is a bias in the sample toward internal kachha warabundi
(i.e., on the internal watercourses, within the squares or marabas) .
with relatively few sampled watercourses with pakka warabundi on the
internal (as well as on the main) watercourses.

5. There is a strong bias for sampled improved watercourses to
have one or more electric-powered tubewells, or no tubewell at all, and
for the sampled control watercourses to have one or more diesel-powered
tubewells, or no tubewell at ail. Due to significant price differen-
tials there was consequentiy more tendency for farmers on improved
watercourses to use tubewell water in 1980-81. Control for this bias
is made through the production function, but it unfortunately affects
certain other non-production function comparative analyses.

6. A bias exists in comparative tests between ownership patterns
of tubewells, due to the fact that all sampled cooperatively-owned
tubewells are located on improved watercourses. Extensive search

revealed no cooperatively-owned tubewells on any but improved
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served through a separate major surveyv, based, again, on random selec-
tion of improved watercourses, control watercourses and farms.

The disappointing lack of substantive benefits from watercourse
improvement exhibited in this study indicates that closer exaninations
of the project are in order. Watercourse improvement, and OFWM activi-
ties in general, should be investigated thoroughly in other areas of
Pakistan, as well; including all the above-mentioned types of areas.
However, strict controls need to be made in the selection of sample
watercourses and farms.

In this connection, the issue of optimal Tining of watercourses
(and canals as well) needs te be rigorously addressed, with emphasis
paid not only to impacts on conveyance efficiencies but also to crop
productivity and farm incomes. It is possible that watercourse
improvement can be re-examined regarding optimal lining policy.
Results from Table VI-2 tentatively show that watercourse improvement
results in significantly higher canal water use per acre for sampled
head and middie farms, but not for tail farms. It will be remembered
that most lined sections are at the head of improved watercourses.

The economic returns to cénal and open drain rehabilitation proj-
ects (such as the currently budgeted World Rank project, 1982) need to
be accurately quantified before proceeding in efforts of this type.

A distinction needs to be made between benefits to productivity and
flood contrel. Moreover, it is possible that what would help most is
well timed canal water supplies, even to the extent that increases in
canal water supplies has a negligible or negative effect at certain

times.
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continued use and expansion of private diesel- and electric-powered
tubewells (and diesel-powered tractors as well) need to be studied in
considerable more detail. In particular, a lowering of the artifi-
cially high price of diesel fuel may be in order, by partially obtain-
ing government tax revenues elsewhere, with theoretically favorable
impacts on: (1) diesel tubewell investments and use; (2) diesel trac-
tor investment and use; and (3) truck and other transport use, with
important implications for increasing agriculture market forward- and
backward-linkages.

Further research may also find that encouragement of soft loans
for investments in tubewells may significantly raise productivity in
sweet-groundwater areas. If this hypothesis is substantiated, such
lToans could possibly be expanded to include investments in smaller
capacity, "fractional" tubewells. Fractional tubewells nave the advan-
tage of encouraging single family ownership, also putting relatively
more control in the hands of farins. They 1ikely have the disadvantage,
however, as opposed to larger capacity tubewells, of lack of economies
in installation and operating costs.

The possibility of encouraging other small-scale surface water
storage and reservoir systems, wherever topoaraphically feasible, needs
to be explored. Such localized systems could facilitate the establish-
ment of Tocal water demand systems and markets in rights to stored
water. Also, added large reservoir storage capacity and power yenera-
tion may be in order to partially stabilize the price of electricity,

with important implications for electric-powered tubewell water use.
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Cropping Intensity: The number of crops grown cn a given field in a
given year times 100 to express a percentage value. Applied to a
farm, it is the acreage of all crops grown in a year divided by
the area on which they were grown times 100. The maximum cropping
intensity for two cropping seasons is 200 percent.

CSU: Colorado State University.

Distributary: The smallest water channel owned and maintained by the
government. Chak and watercourse commands are divisioned off of
either side of distributaries.

Gur: Indigenously prepared sugar from sugarcane crops.

Index Plan: A detailed Provincial Irrigation Department map of an
administered canal irrigation division, typically being serviced
by one or more minor canals.

Internal Watercourse: A secondary channel off of a main watercourse
which irrigates fields inside a square of land, iypically 25
acres. This watercourse is owned and maintained by all irrigators

inside this square.

Irrigation Efficiency: The product of convevance efficiency and appli-

cation efficiency, commonly expressed as a percentage.

Irrigation Intensity: The ratio, usually expressed as a percentage, of
the total Tand irrigated in a year to the total CCA multiplied by
100.  The maximum irrigation intensity possible for two cropping
seasons is 200 percent.

Jallar or Persian Water Wheel: An open well adapted to 1ifting ground-

water through a chain of buckets or earthen pots powered by one or
more bullocks, water buffaloes or camels in a horizontal circle.

Kachha: A word of multiple meanings, including unripe, impermanent,
adjustable, random, unsanctioned, earthen, unimproved, noour
quality; the opposite of "pakka." :

Kachha Warabundi: A schedule of canal irrigation turn rotaticns infor-

mally agreed to by farmers without government interference or
involvement.

Kanal: One-eighth of an acre.
Khal: Watercourse.

Kharif: Summer cropping season, from approximately mid-April to mid-
October.

Killa: Area of land ranging from one to 1.1 acre.
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Refugee: Person who migrated from present-day India at 1947 partition.

Sarkari Khal: Main watercourse.

SCARP:  Salinity Control and Reclamation Project; areas where public
tubewells are used for lowering water tables and augmenting water
supplies.

Seer: 2.08 pounds or 1/40 of a maund.

Settler: Person who settled at present location during the opening of
canal colonies.

Square: Typically, a 25 acre block of land.

Union Council: Political subdivision of a subdistrict.

USAID: United States Agency for International Develcopment.

WAPDA: Water and Power Development Authority.

Warabundi: Schedule of canal irrigation turn rotations.
Watercourse: A common-property water supply channel, constructed,

cleaned and ma.ntained by farmers to convey water from a canal
outlet or tubewell to a farmer's field.



RPPENDIX A

SAMPLE WATERCOURSE MAPS
(CHAK PLANS)
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APPENDIN B
WATERCOLRSE AND KEY THFORMANT(S) QUESTIONNAIRES
Identification

Sample watercourse serial No.
Subdistrict (Tehsil)
Chak No.

Village or )v111dgﬂ name

Naterguurse/moga NO .

Cinal distributary o minor rame

G MMM oo O @ >

Date ov inturview,muv

Warabundi_and [rrigation Water Exchange

A. Total No. of watercourses/mogas in village/subvillage
1. No. of unimproved
2. No. of partiaily tinaed (by OFuWM) »
3. No. of carthen improved (by OFWM) with pakka nakkas
4

No. of earthen fmproved (by OFWM) without pakka nakkas
B. Type of watercourse being considered in this interview
(see A. above for code)
C. 1. Totail No. of fayms
Z. Totai W/C commanded acres
3. Total W/C length (killas)
a. Main W/C Jergth (killas)
b. 1st Bronch length (killas)
(kilras)
3rd branch length (killas)
(
h (

2nd Branch length

4th Branch r>nqth killas)

Sth Branch ieng killas)
6th Branch 1ength (killas)

tart of Warabundi, 19381: Mon. 6

“ra —+H D o o

— e e
Ars -
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4. Location of trading parties on different branches
5. Will not trade outside family 6. Will not trade
outside biraderi 7. Others refuse to trade with me
8. Full wara needed ecach week — no spare water to

trade (wishes to trade but is unable) 9.
trade — enough water received through warabundji

each and cvery week {not willing to trade)

No need to

10. Exces-

sive absorption (seepage) losses in moving water and

filling.

Do farmers owning tubewells on this watercourse sell W

water? o B

CODE: 1. Yes 2. No

If yes, who in general do TW owners sel] to?

CODE: 0. Not applicable 1.
2. Relatives within m

tives distant from ma

9. Other (specify)

a. When do TW sales general
CODE: 0. net applicable

3. March/April 4.

Tubewells on watercourse

S.No.

Everyone on ihe watercourse
araba 3. Neighbors within
maraba 4. Relatives outside, hut nearby, maraba
5. Neighbors outside, but nearby, maraba

6. Rela-

raba 7. Others far from
maraba 8. Farmers on adjacent/nearby watercourses

ly occur?

1. May/Jdune
Other (specify)

<. Oct/Nov/Dec

Single(S)
Joint (J)
Ownership{Name(s) of Owner(s)

Electric (E)
or
Diesel (B} {(

Pipe [
Size
inches)

Price/hr.
when
sold (Rs.)

|

Names of any farmers on the watercourse who sell canal

water

a. Price of canal water, if and when sold (Rs. per hour)

Do farmers on this watercourse exchange canal water for

tubewell water?

CODE: 1. Yes 2. No

If yes, names of TW cwners who enyage in such trades:

a. What is the rate of exzhange of canal water for tube-

well water?
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(sarkari) nakka 3. Each farmer is responsible for
cleaning his own 'reach' only (the distance from
where the water is taken over from the nearest up-
stream farmer to where the water is given/turned over
to the next downstream farmer), but cleans 'ccmmon, '
head reach collectively with other farmers.

Frequency of cleaning per season, with approximate dates:

1. Kharif 1980 _ 2. Rabi 1980-81

Approximate time (in hours) needed to clean the sarkari khal

each time:
1. Main watercourse 2. Branches (each separately)

Approximate No. of persons who clean the sarkari khal each

time:
1. Main watercourse 2. Branches (each separately)

No. of persons not participating in each cleaning program:

Kharif 1980 Rabi 1980-81

Main watercourse

Branches (each separately)

sanctions for non-compliance in cleaning program(s):

1. Lose warabundi turn (indicate whether partial or complete
turn, and time, (hrs./min.) lost)

2. Pay fine (Rs. amt.)

3. Pay fine in kind (amt.)

4. Social/morat persuasion (1. Yes 2. No)

What is done with fines (money, water, goods)?

How are penalties enforced, and by whom?

Comments on the overall effectiveness of the cleaning pro-
gram(s) in reducing water losses:

1. Method of cleaning:

2. Frequency of cleaning:

3. Sanctions for non-compliance:

4. Removal of bushes and trees:

5. Elimination of rat holes:

6.

Reward (Inam) in the form of extra water for added labor
and time for cleaning:

7. Other (specify):
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8. Girls' school - primary ]
- middle N
- high

9. Govt. medical dispensary
10. Veterinary dispensary
11. Banx branch
12. Electricity

13. TOTAL

B. Active organizations in the village (check if present)

Mosque committee

Zakat committee

Islahi (amendment) committee
Panchayat

Cooperative society (bank)
Cooperative society (for agric.
inputs)

Union Council office

Water User Association

Khal (watercourse) chowkidar
Other (specify)

TOTAL |

GO B WM —

—
— O W oo~

—t

VII. Subjective Scoring of Quality of Watercourse Maintenance

The total score of quality of maintenance on the watercourse is
determined by adding all observations after re-categorization
and by relative position of head one-fourth, middle, one half,
and tail one-fourth as indicated below. The lower the score,
the better the quality of maintenance. Circle or fill-in the
appropriate score for each row and total the scores.

Aspect of Scores/Counts

Watercourse if re-cateqorized Scores from Observation

1. Lined section, (improved watercourse) No =0
if silted (or  (unimproved watercourse) Yes =1
Head section,
if silted)

2. Pakka structures Actual counts of 0=0
(pakka nakkas, cracked = 1 (score 1) 1 - §5=1
culverts, buffalo- broken = 2 (score 2) 6 -10=2
wallows, silt trap) 11 - 15 =3

16 - 20 = 4
21 - 25 =5
Above 25 = 7
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Aspect of Scores/Counts
Watercourse if re-categorized Scores from Observation
3. Illegal/unauthor- Actual counts of 0=20
ized nakkas illegal nakkas for 1% ) ;8 : ;
irrigation on field ; _
only = 1 (score 1) 2l - 30 =3
R 31 - 40 = 4
Pllegal natios for 41 - 50 = 5
supplying water to 51 - 60 = 6
internal W/C = 2 Above 60 = 8
(score 2)
4. Weak or broken Observed tor Head, Head Middle
~ ) ) ’ 3 RE { 1 ) s q -
o 1K I 10O e < 0 pone - o
T O Few =1 Few =1
Many = 2 Many = 2
Tail Total
None = ()
Few =1
Many = 2
5. Rat holes and Observed for Head, Head Middle
other animal Middle and Tail Posi- None = 0 None = O
dens or burrows tions, then added Few =1 Few = 1
Many = 2 Many = 2
Tail Total
None = 0
Few =1
Many = 2
6. Vegetation Observed for Head, Head Middle
(bushes, grass Middle and Tail Posi-
and newer/ tions, then added
smaller trees) Very little/none = 0 0
Little = 1 1
Lxcessive = 2 2
Tail Total
Very Tittle/none = 0
Little =1
- Excessive = 2
7. Trees, older/ Actual counts | 0d=20
larger 1 -25 =1
26 - 50 = 2
51 - 75 = 3
/6 - 100 = 4
Above 100 = 6

8. TOTAL SCORE
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INDIVIDUAL FARMER QUESTIONNAIRE

IDENTIFICATION
A. Individual farmer serial No.
B. Individual farmer classification
CODE: 1. First farmer 2. Other head farmer 3. Tubewell
owner 4. Middle farmer 5. Other tail farmer
6. Last farmer
C. Sample watercourse/moga No. Chak No.
D. Interviewer's name date
E. Farmer's name Father's name
F. Education e
CODE: 0. None 1. Quran Majecd only 2. Primary 3. Middle
4. Matric 5. F.A. 6. B.A. 7. Other (specify)
G. Actual years of formal! education
H. Biraderi (Quam)/Caste (Zat)
I. Origin

CODE: 1. Local 2. Settler 3. Refugee

FARM_AND WATERCOURSE DATA

A.

Area owned (in acres)

1. This watercourse only
2. This village

3. Total (all locations)

Area cultivated (physical farm or parcel size), this water-
course only (in acres) [see pages 6 and 7 for cropped area]

1. Owner

2. Rented in

3. Rented out

4, Total

5. No. of parcels of cultjvated land on this W/C, with

details of [circle parcel being considered here]
acreage of each L

6. Maraba No.(s) of land cultivated on this W/C
7. Waste land (acres)
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Distance from your authorized nakka to the
moga (acres/killas)

Distance from your authorized nakka to the
nearest upstream authorized nakka (acres/killas)

I's authorized nakka used only by you or by
other farmers also?
CODE: 1. Used privately 2. Used jointly

If used jointly, number of other farmers
sharing nakka

1. Of the farmers using this nabka jointly, in
what order do you receive water (your wara)?

2. Amount of unauthorized (internal) bharai
time (hrs. and min.)*

3. Amount of unauthorizgd (internal) nikal
time (hrs. and min.)

4. Sketch a map of the land being irrigated from the author-
ized nakka(s) via internal watercourses, indicating the
landholdings of joint (nakka-using) farmers:

*
If joint wara, indicate no. of times/month bharai and
nikal time received.
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B. Labor
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No. of family members

a. Adults engaged in full-time farming
activities

b. Adults engagedin part-time tarming
activities

c. Minors engaged in fuil-tine farming
activities

d. Minors cngaged in part-time farming
activities

2.

Permanent Labor

Season Hired

Lkarif|
1980

2 .Rabi
1980-81
SUUNY S

C. Tractor and

No.

L Abuets
... Mage
Rs.: Mds.|Clothes

Duties

Thresher Qunership

Hired

R

~ MINORS

No.
Duties

_._.__Mage
Rs.]Mds.]

.
]

Clothes|

Season

1. Kharif 1980 |

2. Rabi 1980-81

%
I Drum -

Year Purchased

Initial Cost (R
D.  Ho.
L. KHARTF
2. RABIL 1

Diesel used
(drums* or Titers)

el

48 gal.

- i
Price/drum® ‘
or

Titer (Rs.)

Income from
rental (Rs.)

| Tractor Thresher .
T R A TR R R, S o

1980

or bullocks owned, and used for field work:

w80-81
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same 129 farmers using the flume-loss rate function method, on the
other hand, is 33.9 acre inches. Per acre volumes estimated through
the 2i-4 acre inch method ave 115 higher than measured per acre
volumes, and the difference is highly significant at the 0.17 level
(the 99.9° student's t confidence interval is 38 11). Therefore,
we conclude that the conventional method tends to overestimate
measured water supplies received and applied of the order of 115%.
This overestimation is not so much due Lo an exaggeration of
the total hours of canal and tubewell water applied, as compared
to the hours actudally received through warabundi and tubewell use,]5
but because ot water conveyance losses in the watercourses. More
accurate estimation of volumes received and applied, in the absence
of actual volume measurements, would be achieved in the context of
earther watercourse irrigation of the Paxistan form by a downward
revision of the acre inch assumptions of heavy and light irrigations
of the order of 115. ror all farmers, irrespective of location
relative to the canal cutlet or in the watercourse commanded area.
Homore accurate estimation in desired with respect to sampled
farmers at head, mddle and tail locations, the results from this
research indicate that the per acre velume {(acre-inch) estimates

should be revisad downwards by 53.: for head irrigators, 51% for

.
]Jln fact, the mean number of hours (158) reported applied by
farmers was less than the mean number of hours actually received
through warabundi and tubewell use (190). The percentage difference
between the two means i< 20%; but corstruction of a 95% confidence
interval to test this difference implies an acceptance of HC, that
the difterence in means is not significantly different from zero.
The 95" confidence interval is 32 + 42,
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Table D-2.  Two-Way Table of Mean Gross Income puer Acre and No,
of Observations (in parenthescs) for Catepories of Tube-
well Using Fariie ana (a) Trading Farms; () Type of
Internal Warabundi Practiced; (o) Fvpe of Watercourse;
and (d) No. ot Collective Projects,

Use

o bype of Tubewell Water

Singly Owned Joint Property None

(2) Two-Way: ‘Pubewell Water
Use and Trading

Degree Active 4919 3769 3027
of (16) (9) (19)
Prading Inactive 3351 2966 2915
(12) (13) (44)

None 2425 2656 3748

(4) (6) (6)

(b) Two-Way: Tubcewell Water
Use and Type of Internal

Warabundi

Type of Kachha 4000 3345 2905

Internal (22) (22) (33)

Warabundi o, 0 4062 2471 3123
(10) (6) (36)

(c) Two-Way: Tubewell Water
Use and Type of

Watercourse
Type of Improved 3995 3317 3201
Watcrcourse (18) (21) (26)
Unimproved 4050 2678 2872
(14) (7) (43)

(d) Two-Way: Tubewell Water
Use and No. of Collective
Projects

No. of 2+ 4087 3482

2715

Collective (18) (18) {17
5 PO .

Projects 0 or 1 3932 2572 3118

(14) (10) (52)
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