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A Programming Approach to

Agricultural Policy Planning in West Pakistan

I. lntroduétion

It is now widely appreciated that the usefulness of economic
models in analyzing policy questions lies more often in the sys-
tematic exploration of alternative parameter assumptions than in
the results cktained with any particular set of parameters. This
is nowhere more clearly demonstrated than in the variable price
and variable resource programming potential of the standard
linear programming format,

Variable price programming, sometimes called "price-mapping",
involves the derivation of a series of price~quantity relation-
shipé for a particular activity 5ylparametrically varying :the
weight of that activity in thé objective function of tha model.
Where the activity represents, say, a crop, the price-quantity
curve may be interpreted as a normative,.static supply curve for
that crop. 1In the case of activities denoting inputs of one kind
or another, systematic variation of the cos: sf operating the

activity produces a normative demand curve for the input.

1/ Heady and Chandler ( 8 ), Chapters 7 and 8.



Other useful parametric programming exercises can be carried
out by varying the availability of the fixed resources. As is
well-known, the implicit prices associated with each constraint
represent the marginal product of that particular "resource".
Hence, systematically changing the magnitude of an element in
the constraint vector can be used to produce a marginal product
curve (demand curve) for that resource.

In the present paper, the properties of programming mocels
mentioned above are used to explore a series of agricultural
policy questions for West Pakistan. Many of the results are
prelimirary and illustrative in character. They are intended,
however, to indicate the usefulness of relatively simple models
in assessing policy issues.

In the paragraphs that follow, Paft II provides a brief
outline of the models' structure and specification., Part IIT
describes the different experiments and discusses the relevance
of each for certain pPlanning and policy-making purposes. 1In
Section 3.1, the effect of anladditional, flexible, supply of
irrigation water on the normative supply curves for various

crops is developed. Section 3.2 takes up the demand for



supplementary water and the implications of farmer response to
the price of water as a means of decentralized groundwater
managemehtn' Some comments are also offered on the general
problem of Qater pricing in West Pakistan. An experiment
similar to that conducted in 3.2 for water is carried out for
labor in Section 3.3. The effects on employment of water
resource development are egtimated and an integrated approach
for increasing rural employment is suggested. A final section
develops the possikilities for using the programming model

as a device to aid in planning agricultural research strategy.



Ii. The Preoqgramming Model

The programming model presented in the following section
was developed for.tha north central part of the Former Punjab.
This area is one of the more rapidly growing agricultural
areas in West Pakistan, averaging, since 1957/58, a 5.5 per-
cent. per annum increase in the gross value of production.
Most c¢f the increased output was due to an expansion in rice
acreage and a shift from low-quality, coarse rice to a type
of high-valued, giﬂgyfige.suitable for export. The rapid
increase in the value of rice output has been due primarily
to ipcreased availability of irrigation water supplies. For
although it receives more rain than most parts of the Punjab,
the fortunes of the Gujranwala-Sheikuherpura area are still

dependent on surface canal flows and the amount of water

withdrawn from the underground acquifer. With regard to the

1/ This includes a correction for the shift from coarse
rice to high-valued fine rice which is not accounted
for in the official statistics.



latter alternative, it is significant that over the 1957/58&-
1965/66 period, over 6,000 tubewells were installed by local
individuals in Gujranwala district alone.. Assuming a 1 cusec
discharge and approximately 2,000 working hours per year, these
tubewells added nearly 95% to the district's previously avail-
able water supply in 1965/66.2/ In view of this unusually

rapid increase in irrigation supplies and the role of water in
promoting agricultural growth in the area, the tract is particu-
larly appropriate for a study whose emphasis is on problems of

changing technology, water pricing and water allocation.

2.1 Structure of the Model

The objective of the programming problem is to maximize
a function containing, as elements, per acre net revenues
obtained from various crop activities, variable costs of
operating water production activities and wages paid to use

labor-hiring activities.

1/ Ghulam Mohammed (12),

2/ calculations. based on Tipton and Kalmbach (14)
and Gotsch ( 5),
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Equation (1) was maximized subject to a set of physical

1/
rasource restraints.”

(2) a, . x. & b,
1] 1 J

In tke Pakistan model, the first of these, (i-1, ....1l; j=1,
«+..4) applies to water, i.e., the subscript i identifies water
using (crop) activities; the subscript j identifies the monthly
time periods énto which water requirements and water availability
were divided. As the water aij'§ are the heart of the model,
their estimation is discussed in some detail in Section 2.2,

In addition to the wate; constraints, pavameters were
estimated for land requirements by crop (i=1l, ...l; j=r+l,
««+8). These are simply a description of the periocds when a
particular crop occugies the land. The coefficients are not
synonymous with the growing seasdn since some time must be
allotted for seedbed preparation and the removal of crop

residues,

1/ a1l aij's have been standardized to reflect requirement.s

per acre of crop.



A third group of constraints (i=1, ...l: j=s+l, ...t)
describes the bullock power needed in the prcduction of various
crops.

There are also inequalities describing manpower require-
ments and availability (i=1, ...l; t+1, ...u). Labor as a
fixed resource is to be interpreted as the labor of the tenant
or owner and his family.

In addition to the processes that use resources, two

types of resource-augmenting activities were included.
3 -a, . .
(3) 5 % s bJ

The first of these (k=1, ...m) made it possible to add
to the fixed amount of surface water assumed available (3=1,
...¥). The second set permitted the hiring of additional
labor beyend that supplied by the family, (k=m+1l, ...n; j=t+1,
eoall),

In general, of course, such activities are not without
limit, particularly not if the model is interpreted as applying

to a region. Hence, the need for relation (4) which imposed a



series of constraints on tubewell capacity (j=u+l, ...v) and

4 a b
(4) K xké_j

en the labor hiring activities (j=v+l, ...w).

Lastly, the model contains a set of inequalities which
réstrict the range of feasible creopping patterns to ones which
(1) provide sufficient fodder for the farmer's bullocks, and
(2) do not permit "unreasonably" large acreages for "unusually"

1/
high-valued perishable crops such as fruits and vegetabies.

(5) a.. x.ZMin i= 10, 31
ij i .
J=w+l, ...y
(6) aj; ¥; &Max i= 11, 30, 33, 34, 35, 36
j=y+1l, ...z

2.2 Dimirishing Returns to Water

Methods of estimating most of the parameters of the model

1/ The need for such constraints results from one of the well-
known difficulties with models employing linear production
relat;onships° Work is currently underway on a quadratic
programming model which incorporates demand elasticities in
the objective function. Hopefully, this will permit a .
relaxation of the somewhat arbitrary limitations on certain
commodities imposed by Relations (5) and (6),



1/
may be found elsewhere, However, the central role of the

water coefficients in theé constraint matrix suggests that at
least a brief description of their derivation be given at
this point.

Although the model described above is a straightforward
application of the linear programming technique; an attempt
was made in the case of water to permit some deviations from
fixed irput proportions. Such a modification was felt to be
hecessary in view of the widely demonstrated diminishing
response of plant growth to increments in water availability.
For example, a large number of field experiments have shown
that the water response curve for wheat has the shape
indicated in Figure 2.1.

For inclusion in the model, the curve in Figure 2.1 was

. 2
Approximated by a step function.*/ The linear segments so

1/ Gotsch ( 6 ). Estimates of manpower needs by crop were obtained
from the Indus Basin Special Survey and are not included in

(6).

2/ For a discussion of the methodology involved in developing
suitable curves from a large number of experiments, see
Gotsch ( 6 ), Chapter 4. Further justification of the
methodology can be found in the highly competent study by
Yaron (17).
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derived kecame the basis for the wheat activities in the program.
(For example, X,p through X,; all refer to wheat.)

Since one of the primary objectives of the model was to
take into account the importance of intra-seasonal competition
for resources in a climate where continuous cropping is possible,
the second step in developing the water coefficients for wheat
activities was to break down the total "delta" reported in the
agroncmic experiments into monthly requirements.l This was
done by assuming that, for a given amount of water, the time
distribution that would maximize the output of wheat was propor-

2/
tional to the monthly net consumptive use requirements. That
is, if the net consumptive use requirements of the month of

October was 20 percent of the total requirement, water

supplies which were less than the full requirements were also

1/ ‘"Delta" is engineering shorthand for the amount of water
applied per acre.

2/ Net consumptive use refers to the total calculated require-
ments of the plant (closely related to the evapo-transpiration
in the area) minus the effective precipitation. Meeting
consumptive use requirements insures that the plant is not
hindered ip-its growth by moisture deficiencies,
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distributed so that 20 percent of the available water was used
in October.

The approach outlinéd above for obtaining monthly water
ceefficients for the constraint matrix, A, is clearly crude and
does not include the recognition that optimal irrigation practices
are essentially a sequential decision- -making problem, The use of

vapotransplratlon estimates at point X in Figure 2.1 can be

23
Justified unambiguously. By definition there is no appreciable
water shortage in any period and hence, the timing of water
application is of marginal significance. But it is well known
that in cases where the quantity of water available is less than
that required for maximum yield, its distribution over the
growing period of the plant is a significant determinant of the
effect of moisture shortages. Nevertheless, until more empirical
material on the effects of drought at various paints on the
plant's growth stage curve becomes available, the approximation
suggested above permitted the inclusion in the mcdel of a good

deal of information on the timing of water nequirements and

water availability.
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2.2 The Basic Solution

The empirical estimates for the model's parameters were
derived by constructing budgets for representative farms in
the northern part of the Punjab. Material for these calcula-~
tions was obtained frmm a variety of sources including the
Indus Basin Special Survey undertaken by the World Bank,
feasibility studies by Tipton and Kalmbach, a comparative
study of tubewell and non-tubewell cultivators by Ghulam
Mohammed, and a farm management survey by Harza Engineering
and the author.l/

A representative farm containing 10 cultivated acres
was selected as the fixed land.resource. Inputs other than
land assumed fixed to the farm included 1% years of human
labor, one pair of bullocks, and a flow of surface water

consistent with the farm's share of total area under the

local irrigation distribution syste .

1/ 1Indus Basin Special Study (9); Tipton and Kalmbach (14);
Ghulam Mohammed (12); and Harza-Gotsch (7).
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‘As indicated previously, the fixed resources indicated
above could be augmented by the model in two ways: (1) addi-
tioﬁal labor could be hired at the rate of approximately Rs.
2.5 per day, and (2) water could be added to the available
surface supplies by pumping with tubewells from the under-
ground aquifer.,

Takle 2.1 shows the optimal solution of the model when
water avéilability is limited to perennial canal supplies.

As can be seen from a comparison with 'relevant empirical data,
the model reproduced the historical situation in perennial
areas with reasonable accuracy. Although the cropning
intensity is somewhat less than that reported by Ghulam
Mohammed, this can be explained in part by his definition of
non-tubewell farmers as those receiving (purchasing) up to

25 percent of their water from supplementary sources. More-
over, the Ghulam Mohammed study was done in the heart of the
fine rice area which explains the somewhat greater propcriion

of rice in the cropping pattern.
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The results obtained by substituting medern for traditional
technolegy in the programming medel are also consistent with
recent empirical work: Table 2.2 compares the cropping patterns
and cropping intensities of farms in the northern Punjab which
use supplementary tubewell water. Noteworthy is the: general
trend from winter food crops to summer cash crops. This has
been brought about largely by an increase in the high-valued
Basmati rice grown for export.

The purpose of the preceding paragraphs has been to show
that the optimal solutions of the programming model are consis-
tent with what farmers have keen doing in the area from which

| L/
the parameters have been drawn. As such, it has not been a

rigercus attempt to show that farmers allocate resources

efficiently although the evidence clearly points in that direction.

1/ comparison of the two solutions presented above suggests,
of course, the possibility of using the programming model
as a basis for calculating benefit/cost ratios or other
criteria fraquently used to analyze: .the desirability of
alternative investment schemgs. See the White House Panel
Report (16).
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Table 2.1

Cropping Patterns and Cropping
Intensities, Rechna Doab, Perennial Canal Only
(Based on 100 Cultivated Acres)

Model District Data Ghulam Mohammed
(Central Rechna) (Upper Recha)

Winter Crops

Wheat 28.0 37.0 32.3
Barley - 1.4 -
Oilseeds 8.6 1.0 2.1
Gram 8.2 7.0 3.5
Fodder 14,4 9.1 14.1
Fruits, Veg. & Misc. 1.6 - 3.5
sub Total - 60.8 55.5 54.4
_Summer Crops
Rice 17.8 ‘ 17.3 36.0
Cotton - 7.2 2.7
Maize 6.4 2.9 2.5
Fodder” . 6.4 6.6 10.7
Sugarcane 8.0 2.6 5.8
Fruits, Veg. & Misc. 2,4 - 2.7
Sub Total 41.0 36.6 60.4
Grand Total a 101.8 92,1 " 114.8

(Cropping Intensity)

a@. Cropping intensity is defined as the ratio of croppéd‘Eo cultivated
acreage. '

Note: The model approximates most closely data fpom the central part of
Rechna Doab. Column 2 shows the cropping pattern of Sheikhupura
district in 1950/51 before the implementation of SCARP 1. The
lower intensity is due in' part to the non-perennial areas located
in the northern part of the district.
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Table 2.2
'Cxopping Patterns and Cropping Intensities
for Areas in Rechna Doab Receiving Supplementary
Tubewell Water (Based on 100 cultivated acres) o

Ghulam
SCARP I Mohammed
(Central (Upper Bureau of or:
Model Rechna) Rechna) Statistics®”
Wihter Crops
Wheat 50.4 34.4 31.7 39.6
Barley - .7 - -
Olilseeds 8.0 4.0 1.2 2.0
Gram . - 3.3 2.2 5.9
Fodder o 12.8 16.8 13.8 14.8
Fruits, Veg.,
and Misc, : 4.0 6.1 5.1 l.8
Sub Total 75.2  65.3  54.0 | 64.1
‘Summer Crops L
Rice . 51.0 16.6 62.2 41.2
Cotton - 879 - 2.1
Fodder 6.4 13.3 10.8 9.4
Sugarcane 8.0 8.3 6.5 13.4
Fruits, Vegq., )
and Misc. 3.2 7.4 4.9 1.8
sub Total 68.6 60.1  85.2 75.3
Total ©_143.8  125.4 - 139.2 139.4

(Cropping Intensity)

[ Y
'

. Cropping intensity is defined as the ratio of cropped %o cultivated
acreage. . - ) . .

b. salinity and Reclamation Project No. 1. cultivated'acreage assumed
to equal 1 million acres. (Total project area is slightly larger.)

c. Caldulated from Burecau of Statistics compilations on acreage by type
of irrigation.
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Rather it has been an attempt to, in some sense, "calibrate"
the’model° Needless to say, the demonstration that :the model
behaves reasonably well when faced with expected prices lends
confidence to the results of the following sections in which

the analysis is based on a parametric variation of prices.
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III. Experiments with the Programming Model and Their Policy

Implications

3.1 _Groundwater Development and the Supply Response of Crops

Much has been written in recent years about thg\extent to
which farmers respond to changes in the relative prices of crops.
The results of various attempts to estimate "positive" supply
models have provided convincing evidence that, by and large,
farmers in developing countries employ the same economic logic
. 1/
as their brothers in more highly developed areas.

What is fréquently overlooked in the studies mentioned
above, however, is that farmers do not really respond to relative
prices; their response is actually to relative net revenues.

This distinction is of some significance in a nuiuber of developing
countrics where a major effort to promote growth by subjecting
.the production to rapid technological change is underway. In the

t

section that follows, an attempt is made to show, using the model

1/ For estimates of supply elasticities in the Punjab, see
Falcon (2), Falcon and Gotsch (3),Khrishna (10), and
Ghulam Mohammed (13). - '
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dévelOped in Part II, that many of the previous calculations on
supply elasticities in West Pakistan may be irrelevant as a result
of the widespread groundwater develcpment being undertaken there.
This issue is of some importance since commodity price elasti-
cities enter into a number of policy calculations including
support prices and huffer stock operations, the utilization of
surplus U.S. commodities under P.L. 480, etc. 1In the following
section, static supply curves are developed for "with" and
"without" tubewell conditions to examine the effect of an
increased, highly flexible water source on the likely reactions
of farmers to changing price-quantity relationships. They can
easily be derived from the programming model by varying the

price for a given crop, computing the net revenue (xi's)
associated with each price and then re-solving the model for each
variation. The linear programming model is, of course, an
optimizing model, and hence, the supply curves derived by para-
metrically varying prices are normative in nature. That is,

they describe what farmers should do at varying prices in ordet

to maximize profits, and thus they differ conceptually from
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the supply response estimated from time series data which show
what farmers have done. Nevertheless, the conclusion that

the new tubewell technology can be.expected to exert a profound
influence on (1) the optimal level of output at curnent prices

(shifts in the supply curve) and (2) the elasticity of farmer

price responses appears unmistakable.

The two 9ffects described above are readily discernible
in Figure 3.1. The equilibrium level of sugarcane output at
current prices has more than doubled under the impact of a flexible
supply of supplementary water. Moreover, over the relevant range,
Curve II is much more elastic than Curve I. This comparative
increase in price elasticity is significant in that Curve I is
in some sense analagous to the long-run supply elasticities

' 1
derived from time series estimates.“/ The link is that the latter

.1/ 1Indeed, for sugarcane, the relationship is remarkable. A
crude calculation of the elasticity of Curve I gives a value

- of approximately 2.7. The long-run-estimate based on time
series data is slightly greater than 3. (See Falcon and
Gotsch (3).
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artlmalen Aasume & time lapse sufficient for farmers to have
made =11 the adjuntments implied in the normative curve.

The choicn of sangarcane as an example is not without
reanon.  Prosent cane prices to 'growers are substantially above
worlad market prices and are held therc by factory price guaran-
tann And A rastrictive Government import policy.

Meatorlically, the diatortion of cane prices has been
mintmirzed hy the extremely high water requirements of sugar-
ehnn.  Tn fact, many areas served by non-parennial canals
grow virtnally no cane at all. As Figure 3.1 indicates,
howaver , Al am avidence from SCARP I and other high tubewell
denmaity areas corroborates, large-scale groundwater development
has suhatantially altered the. pelative profitability of the
AugAr crop. Hence, 1f the Government does not want further
inronda into Tand which might be devoted to export crops such
AR rice and ecotbon, or into food crops, some adjustment will
be reguired in {ts present sugar policy. A failure to make
thean alterations may prove quite costly, both in terms of

budget expenditure and national income foregone. Quantitatively,
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it would appear that maintenance of the status quo in sugar -

cane output in the face of a widespread increase in water
availability would require a decrease in the guaranteed mill
price (Rs. 2.0 per maund) of 25-30 percent - or at least in
the Central Rechna area for which the tableau is apropos.

Additional experiments along these lines %or other crops

L/

have been reported elsewhere and will not be repeated here,
However, the general conclusion appears to be that the degree
to which farmers can be expected to respond to changes in the
relative profitability has increased considerably upon the
installation of tubewells. Such a finding suggests, of course,
that agricultural prices will become an increasingly powerful
policy tool as the water development program accelerates.

The next section shifts the focus of the investigation

from agricultural cutputs to inputs - in this case, water.

Although the approach is again that of parametric price

1/ Tralcon and Gotsch (3)
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variation, the policy issues raised are substantially different
from those discussed in the preceding paragraphs.

. 3,2 Water Pricing, the Demand for Supplementary Water and
..Groundwater Development Policy

As indicated in Part II and the foregoing section of
Part III, a separate set of activities, Xk’ was included in
the model to simulate the introduction of a new technology
whose function was to provide additional water deliveries
to the water-using rows. Operation of these pumping activities,
of course, entailed a penalty, namely the variable cost of
operating a tubewell. 1In this sect.ion, pumping costs were
varied parametrically to trace out seasonal and arnual demand
curves for supplementary water; The derived schedules are
used, in turn, as the basis for a discussion of certain aspects
of groundwater development policy in West Pakistan.

Figure 3.2 shows the demand curve for supplementary water
on a representative farm of 10.0 cultivated acres. According
to the schedule, diesel tubewell cwners with: costs of approxi-

mately Rs. 1.2 per acre inch should have pumped on the order

of 230 inches of supplementary water per annum if they equated
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the value of the marginal product of water with its marginal
cost. Electric tukewell owners with variable costs of Rs. 0.8
should have pumped a£out 320 inches or approxima.ely 40 percent
more. If a weighted average price were assumed (2/3 diesel,
1/3 elect:ric), Figure 3.2 indicates that private entrepreneurs
should have pumped on the order of 270 ucre inches of supple-
mentary water per annum.

It is iInstructive to compare the optimal groundwater with-
drawal for u representative farm with the withdrawals from
Salinity Control and Reclamation Project No. ., a large puiblic
project located in the area frcm which the model's parameters
were drawn. This can be done in a crude way by invoking the
proportionality assumptions of linear programming models and
multiplying the entire vector of resource constraints (bj's)
by 105. The l0O-acre farm then becomes 1 milliocn acres, the
approximate surface water availability is measured in millipn

acre inches, etc. Solutions to the problem can then, of course,

5 1
also be multiplied by 10 . Y (For example, the demand for

1/ Lee (11 ) shows that there is probably no more bias in this
approach than in one in which programming models are developed
for a series of different farm sizes and then aggregated.
Nevertheless, the assumption that all crops are planted as
though on a single farm clearly violates reality.
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supplementary water at Rs., 0.8 per acre irch shouid be inter-
preted as 32 million acre inches.)

Comparison of the estimate in the previcas paragraph with
the current pumping rate in SCARP I (28 m.a.i.) indicates that
if the area were covered with diesel tubewells, profit maximizing
cultivators would probably pump less than is presently being
withdrawn; if all farmers owned electric wells, they woula
likely pump more.

Comparison of quantity alone, however, is of little direct
value since actual farmer payments for water from public proiects
are considerably less than the cost to private tubewell owners
operating their own pumps. Unfortunately, several difficulties
‘arise in attempts to assess the cost of supplementary water in
SCARP I in a way that is compafible with the assumptinns underlyir
Figure 3.2. The problem arises primarily because water charges
are currently on an acreage~irrigated and not a volumeiric basis.
Operationally, this means that farmers decide once and for all
at the beginning of the growing season how much of a crop they
are going to plant and hence, what their water costs are going

to be. Once this decision has been made, water may quite
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legitimately be treated by them as a fixed cost and used to
the point where the value of its marginal prcduct is zero.

A crude estimate of the cost of water can be obtained,
however, by comparing the revenue obtained by the Government
before and after the installation of tubewells and dividing
- the difference by the total water pumped. Harza Engineering,
in their 1966 Evaluation of SCARP I, supply the numerator for
the above computation.l/ In 1959/60, the Government recovered
from the project area 14.5 thousand rupees from water rates,
land revenue and other taxes assessed on a per-acre basis;
in 1964/65, this figure had risen 29.4. Dividing the difference
by the water pumped yields a figure of Rs. 0.5 per acre inch as
payment, direct and indirect, for the supplementary ground-
water. Substitution of this result in Figure 3.2 gives an
estimate of water demanded of 34 m.a.i., clearly well aone
the 28 m.a.i. actually being pumped.

One source of the discrepancy between the cost of water

and the withdrawals and cropping intensities predicted by the

1/ Harza Engineering (15)
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model seems to be related to the installed tubewell capacity.

The per acre pupping capacity assumed in the model was
based on the findings of the farm management studies alluded
to earlier. For the central part of Rechna Dpab, this proved
to be approximately 1 cusec for 80 acres. For SCARP I, on
the other hand, tﬁere is an installed capacity of only 1
Cusec per 150 acres, Consequently, there are substantial
limitations on the ability of the operating organization of
the project to respond to the seasonality of water demards.
This in turn leads to a lower overall application rate than
would be desirablg given the extremely low water rates but
probably a higher rate than is optimal for meeting the
fequirements of the current crépping intensity.

Figures 3.3 and 3.4 illustrate monthly water demaﬁds at
different pumping costs and the difference between current
pumping practices and the optimal pattern suggested by the
model under comparable monthly: surface water flow constraints.
Caution should be used in interpreting these results since it

must be kept in mind that in the case of the model, SCARP I
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has been treated as a gigantic farm subject to a single
decision maker.l/ Nevertheless, when the comparisors of
pumping pattenns in FPigure 3.4 are considered in conjunction
with the attained intensities in Table 2.2, (SCARP I = 125:;
Model = 143), the evidence points strongly to the conclusicn
that flexibility is an extremely important element in efficient
water use. To reiterate, under present conditions in SCARP I,
farmers do not have the opportunity of pumping as much water
as the price of water Would warrant since tubewell capacities
are too low to meet seasonal demands. At the same time, much
water is wasted because once the acres that can be planted
have been sown, additional water may be applied to the point

where the marginal product is zero., For certain plants, such

as rice and berseem, this can lead to unusually high applications

.1/ This undoubtedly has the effect of over-stating the variance
~ in the optimal time distribution of supplementary water. The
fact that farmers typically spread their planting dates as a
result of labor constraints tends to mitigate the extremes
shown in Figure 3.4.
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L/
per acre.

It could be argued in. rebuttal tc ttre implied case for
individually owned tubewells made by thie firding, that the
result is simply a function of a poorly designed public project.
If water were sold on a volumetric basis and sufficient capacity
were installed, the needed flexibility could be attained.
Unfortunately, the regime-type distribution system in West
Pakistan allocates water to farmers in rotation. Since ground-
water and surface water are mixed at the head of the water

course, both are subject to the same rotational scheme. It

1/ Corroboration of this explanation is given in the Indus Basin
Special Study. On the watercourse studied in SCARP I, the
following amounts of water were applied per acre: (Consumptive
use reguirements at the same point of measurement are given in
parentheses) Rice 72.6 (46.1); Fodder: 92.8 (38.3): Cotton: 30.8
(34.5); wheat: 22.8 (23.9). Cultivator awareness of water response
curves is implied by the deltas they have used. Rice grows in
standing water and hence there is no negative marginal product
for water. Berseem is also tremendously tolerant of high applica-
tions. On the other hand, both wheat and cotton can be drowned
by over-irrigation. Morecver, one could argue that the deltas
supplied on rice and berseem had some greater than zeroc value
which compensated for the labor involved in irrigation in that
the leaching process was accelerated by the additional water.

2/ Additional capacity in public projects also has, of course, a
cost. But this diminishes sharply as tubewell sizes increase.
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is difficult to see how this system can be modified to érovide
the flexibility of individual water control implied in Figure
3.4.

The foregoing paragraphs offer a number of comments on
water pricing and the demand for supplementary water. This
discussion suggests a further use of the experiment in clari--
fying certain aspects of the curnent debate over an appropriate
groundwater development. strategy for West Pakistan.

Some participants in the discussions over groundwater
policy allege that the care of *he development program must be
in public hands. This is the only way, it is held, that the
surface and groundwater resources of the Province can be used
most effectively. Specific arguments include the need to
coordinate surface flows and groundwatef withdrawals, the
importance of overall control of the agquifer, the necessity
of evening out interseasonal variation in groundwater avail-
ability, the need to insure applications of water sufficient
to insure that the tendency of harmful salts to collect in
the root zone is reversed, énd the importance of equity in

distributing the benefits of groundwater development.
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Private development proponents counter by pointing out
that another, and possibly cverriding set of considerations
have keen ignored, namely, that investments in tubewells by
private farmers add net resources to the country's develop-
ment program. Moreover, individual farmers, controlling their
own water supplies, will use scarce water resources more
efficiently. Lastly, profit-motivated cultivators, spurred
by the returns on private tubewells have become a modernizing
segment within the agricultural sector that is impossikle to
value.

In some cases, the arguments hinge on differences in
opinion regarding the appropriate time horizon to use in
evaluating development proposals. If the long-run, aggregate
water management problems are.deemed to be of overwhelming
importance, then a predominantly public program appears to
be attractive. 1If, on the other hand, one feels that growth
in a developing country has a very high rate of discount, the
unavoidable conclusion is that, with present resource avail-
abilities, everything possible must be done to encourage

private development,
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The nature of the conflictiné objectives outlined in
the precedirg paragraph leads naturally to a search fer
policies which might alter certain aspects of either one
or the other of the proposed apprcaches and hence to provide
a measure of the benefits accruing to its alternative. Since
the resource constraint appears to be the most significant
constraint aurrently operating in Pakistan, the following
discussion seeks to meet the arguments - and to prcpose
policies ~ that would make private development an acceptable
long-run alternative to public projects. As the analysis
makes clear, these objectives can by no means re removed
entirely, but at least the choice between alternatives can
subsequently be based on diffefences that cannot be remedied
by relatively simple changes in public policy.

The basic question to which the following argument is
addressed is the allegation that public projects are needed
for proper management of the underground acquifer. Concern
on this point originates as much from the rather disasterous
United States experience as anything else.

Developments in the southeastern part of the counﬁry‘have
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confjrmed’thét individuals trying to maximize profits will
(1) expand irrigated agricultural areas well beyond the long-
run yield of the .aguifer on which they are dependent, and
(2) permit even the destruction of an aquifer by sea-water
through the failure to deal adequately with the commonality
problem.

The commonality problem as it exists in the United Statss
ard as it exists in the Indus Basin has jmpoftant differences,
however. Perhaps of greatest signficance for *his study is
the fact that the pricing of energy is largely under Govern-
ment control. Electricity generation is wholly under the
semi-autonomous prcvincial Water and Power Development Authority.
Currently, farmers are being supplied power at Rs. .08 per
KWH which is approximately half its real cost. On the other
hand, excise taxes on diesel o0il have also set a preaedent
that could easily be used as a tool of public policy.

Given the power to control energy costs - and hence the
cost of punping water - it appears that the Government could,
by indirect means, influence substantially groundwater with-

drawals. For example, suppose that the recharge of the
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aquifer in SCARF I were approximately 26 m.a.i. From
Figure 3.2, this wouild mean a price per acre foct of akout
Rs. 12,0. Using Ghulan Mohammad's figure for variable
costs of private tubewells, this could be achieved by
setting the cost of electricity at Rs. .09 per Kwi;

diesel at Rs. 53 per barrel, 1In other words, by increasing
electricity prices by 15 percent, if pumping were done
with electricity, and subsidizing the price of diesel Ly

30 percent, if pumping with diesel, withdrawals could be
brought into balance with recharge.l/

Conversely, the pricing mechanism might be used to
increase withdrawals in the interest of promoting reclama-
tion and salinity control.

The principal cause of soil salinity is inadequate

"deltas" tc leach the accumulated salts .through the root

1/ This is not to argue that such a balance is an
appropriate public policy. For an interesting
discussion of the complexity of determining op-
timum rates of groundwater withdrawal see Burt

(1).
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zone. iiowever, as cropping intensities approach 125-130, .land

becomes a kinding constraint and applications per acre can be

expected to rise. The extent to which such increases will

occur is, of course, a function of the price of the additional
1/

water,

It might be argued that the policy suggested above would
be less sensitive in year-to-year fluctuations than direct
government operation. While this is true, it is unlikely that
highly sensitive annual adjustments between surface water inputs
and groundwater withdrawals are necessary. What is needed is a

long-run equilibrium between inflow and outflow and for this,

an appropriate energy pricing system would appear to be valid.

The foregcing argumer.t has. been centered on countering

objections to private water development put forth on water

L/

Some consultants have suggested a 10-15% increase in applica-
tion above the evapo-transpiration (maximum yield) requirement
is needed for leaching purposes. If the production function in
Figure 2.1 is gererally valid, this would prove difficult to
bring about without a direct acreage control system. One could
envisage payments fcr the use of water beyond the point where
short-run MC=VMP but it would appear that a more convincing
solution would be a program of cultivator education about the
long-run gains from applying the additional 10-15%. Unfortu-
nately, this area of investigation is still clouded by a lack
of agreement amcng irrigation engineers regarding the physical
requirement of the leaching process.
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managemert grcunds. It has not tried to add yet ancther
variant. to the proposals fcr an optimal public-~private
strategy, but has shown that certain technical arguments,
thought by many to be central to the problen, are amenable
to public policy. Hopefully, greater attention can now be
focused on the cpportunity cost of the resources involved,
on the: rapidity with which water resources can be developed
and on consideraticns of equity, which appear to be more
fruitfil focal pecints for the public-private debate.

3.3 Tubewell Technologyﬂ the Demand for Agricultural Labor,
.and Alternative Uses of the Rural Labor Force.,

In developing countries with high birth rates and large
agrarian populations, there is little doubt that the agricul-
tural sector must continue to providé a large amount éf incre-
mental employment.. Regognition of this problemr has led to
suggestions by a number of economists and admin’strators that
of f-season labor be used to create rural infrastructure such
as roads, drainage works, schools, minor irrigation channels,

etc. Successful efforts to implement such a program fcr
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underemployed labor have, in fact, been carried cut under
L/
the Rural Works Program in koth East and West Pakistan.

While the instruments suggested above have an important
place in creating additional employment, it is likely that a
more massive impact on the demand for labor will come from
the water development program mentioned earlier, In the
following section, an attempt was made to eétimate quantita-
tively the magnitude of thre increase. 1In addition, an integration
of the two alternatives is suggested as a goal for Provincial
employment policy,

As Figqures 305 and 3.6 make clear, the demand for labor
generatied by the model was indeed altered significantly. by a
simulated water resource development program. Total labor
use was increased by over 40 percent; of this increase, hearly

28 percent was due to the hiring of additional workers on a

monthly basis.,

1/ See especially Gilbert (4)
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The seasonal distribution of agricultural employment,
particularly of hired workers, was also altered rather signi-
ficantly. As Figure 3.6 shows, not only is there the usual
peak in labor demand for the harvgsting of winter crops and
the planting of summer crops, but a second peak has arisen
because of the opposite phenomena. The latter case, in which
rice is being harvested and the land preparation and seeding
of winter crops is underway, is not of the magnitude of the
Spring peak, but it is a sihgular departure from the historical
pattern.

These findings provide some guide to the planning of
public expenditures aimed at increasing employment in agri-
culture. First of all, it is obvious that the most massive
increase can be brought abéut by developing water resourcés.
The 40 percent increase mentioned earlier is undoubtedly a
substantial understatement since it results only from increased
acreage and changed cropping patterns. The increase in labor
required for intensifying agriculture, i.e., increasing yields,
has not been included. Aas fhe Indus Basin Special Studies have

shown, this may be substantial, particularly in the fodder crops
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and in rice and cotton.

A second important factor not included in the 40 percent
is the increased activity in the livestock sector, especially
dairying, which is often associated with areas where extensive
water development has taken place.

Addition of the omissions mentioned would probably place
the increased demand for labor in irrigated areas at closer to
55 percent, some 30-35 percent of which is likely to be hired.

The increased demands for labor in areas where water
resources are being developed suggests that a substantial
migration of laborers from less fortunate areas can be expected.
While this labor transfer should be welcomed, past experience
teaches that such population movements are sometimes carried
out under trying conditions which could be mitigated throﬁgh
appropriate relocation policies. Obviously such policies are
double-edged in that they relieve the pressure of unemployment
in areas where additional water supplies are unavailable, as
well as adding to the labor force in areas experiencing rapid

agricultural growth.
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One of the serious obstacles that such a relocation
policy would encounter is that bane of all temporarily hired
labor, namely, the seasonality of labor requirements. The
result of incorporating tubewells-into the model suggest
that seasonal fluctuations may even be accentuated with
additional water supplies as farmers tend to increase their
specialization. (Figure 3.6,) Obviously, if this is true,
then the under-employment about which so much has been written
could be increased rather than diminished with labor migration.
It is at this point that additional Government policies
designed to sop up seasonally availablé labor could be brought
into play. This is particularly feasible in irrigated areas
where there are a significant number of small irrigation and
drainage works that could ﬁndoubpedly be carried out econémically
uging labor-intensive methods. Much-needed renovation of silted
irrigation distributaries and minors comes immediahely to mind.
Moreover, the increased output in agricultural areas where
rapid growth is anticipated will require a proportionate, perhaps
exponential, increase in rﬁral inf:astrﬁcture. More and better
roads will be required to bring the additional commodities to

market, communications systems will need to be improved, schools

built, etc.
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A policy of providing substantial off-season employment
as part of an overall employment policy will require a good
deal of planning. For example, methods for supervising and
administering labor-intensive metbods must be revived,
appropriate wage rates must be set by season in order to
minimize the interference with agricultural employment, etc.
But without some supplementary program, the unfortunate
circumstances surrounding migrant laborers that have been
experienced in so many parts of the world are likely to be

repeated in Pakistan.
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3.4 Devising a Strateqgy for Agricultural Research

As indicated earlier, the levels of the primal activities
are often of less interest in a programming model than various
by-products of the optimal solution. This is particularly true
of the so-called "dual" solution from which can be read the
implicit "shadow prices" of the various constraints imposed
upon the model. 1In the following section, use is made of the
implicit values of several constraints to suggest what might
be termed a "bottleneck breaking" approach to agricultural
strategy.

Table 3.1 gives the "dual" of the optimal solution whose
primal values are shown in Column 1 of Table 2.2. In addition
to "shadow prices" for various constraints, total availability
of resources plus amounts uséd in the solutian are shown.

The inclusion of tubewell or water pumping activities has
virtually removed the constraint imposed by insufficient water
supplies. (The remaining "shadow prices" are merely the
opportunity cost of pumping water.) 1Instead, land, at least

during the months of September and October, is the principal
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Table 3.1 Dual of the Primal Model Solution Given
in Table 2.2 for Rechna Doab

Rescsrce Amourit Amount "Shadow Price"

Available Used

Water

(inckes) April 16.2 15.8 0
May 19.3 19,3 1.0
Jon 21.4 21.4 1.0
Jul 21,0 21.0 1,0
Aug 20.7 20.7 1.0
Sep 21.4 21.4 1.0
Oct 16.9 16.9 1.0
Nowy 11.5 11.5 1.0
Dec 10.3 10.3 1.0
Jan 10,7 10.7 1.0
Feb 13.8 13.8 1.0
Mar 16.6 16.6 1.0

Land

(Acres)  April 10.0 8.9 0
May 10.0 5.6 0
Jun 10.0 7.7 0
Jel 10.0 7.7 0
Aug 10.0 7.7 0
Sep 10.0 9.7 0
Oct 10.0 10.0 78.1
Nov 10.0 10.0 20.8
Dec 10.0 8.35 0
Jan 10.0 7.96 0
Feb 10.0 7.96 0
Mar - 10.0 8.36 0

Family Labor

(hours) 041 300.0 300.0 .3
May 300.0 300.0 .3
Jun 300.0 ' 300.0 3
Jul 300.0 300.0 3
Aug 300.0 276.76 0
Sep 300.0 300.0 3
Oct 300.0 300.0 .3
Nov 300.0 300.0 3
Dec 300.0 239.4 0
Jan 300.0 226.,9 0
Feb 300.0 273.9 0
Mar 300.0 203.1 0
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TADLE 3.1 (Continued)
Resource Amount Amount "Shadow Price"
Available Used

Hired Labor )
Apr 250.0 165.0 0
May 250.0 0 0
Jun. 250.0 201.0 0
Jul 250.,0 132.8 0
Aug 250.,0 0 0
Sep 250.0 44,6 0
Oct 250.0 17.7 0
Nov 250.0 185.7 0
Dec 250,0 0 0
Jan 250.0 0 0
Feb 250.0 0 0
Mar 250.0 52,7 0

Animal Power

(hours) 1440 40.6 0
May 144,0 144.0 .92
Jun 144,0 144.,0 .30
Jul 144.,0 107.2 0
Aug 144.0 47.8 0
Sep 144.0 55.8 0
Oct 144.0 42.5 0
Nov 144.0 82.9 0
Dec 144.,0 77 .4 0
Jan 144.,0 38.0 0
Feb 144.0 43.5 0
Mar 144.0 54.6 0

Tubewell Capacity

(hours)
Apr 88.0 0 0
May 88.0 16.8 0
Jun 88.0 59.1 0
Jul 88.0 55.4 0
Aug '88.0 31.5 0
Sep 88.0 45.5 0
Oct 88.0 17.2 0
Nov 88.0 13.0 0
Dec 88.0 8.2 0
Jan 88.0 8.1 0
Feb 88.0 26.8 0
Mar 88.0 42,2 0

Crop Counstraints

(Acres)
Sugarcane 1.0 1.0 356.6
Fruit 3 3 350.2
Winter Veg. .2 o2 396.1
Summer Veg. .1 .1 247.8
Winter Fodder 1.6 1.6 161,6
. Summer Fodder .8 .8 "95.0
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binding resource. This results from the competition between
the dominant summer crops that are not yet harvested and the
demands of winter food crops for seedbed preparation and sowing.
If it were possible to move summer crops ahead slightly in
their planting dates - or alternatively, shorten the growing
season - and if it were ppssible to move the winter planting
dates slightly further into the year, substantial increases

in cropping intensity could be achieved.l/

Armed with the results of the model which show:: the high
returns to relaxing the land constraints in September and
October, it is possible to begin a systematic exploration of
means by which such "bottlenecks" could be relaxed. Foi
example, upon inquiry, one finds that much of the rice crop
is delayed in plantirg becausé of the infestation by the
rice stem borer. It was discovered historically that, without

modern plant control measures, about the only effective means

of holding down infestations of this extremely damaging pest

1/ Note that, in some cases, this would have important implica-

tions for salinity control; it may not be desirable to increase

intensities so long as (1) there are diminishing returns to
water and (2) limited water resources.
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was to deny it the residues of rice plants for a period

sufficiently long to break its life cycle. The result was

an ordinance forbidding the planting of rice before June 15th.

This in turn means a harvesting date which makes it extremely

difficult to prepare the seedbed and plant winter crops.
Entomologists, examining the riée pest problem, have

suggested that there are now plant protection measures, such

as systemics, which can virtually assure control of rice

pests. Widespread adoption of these new techniques would

seem to,pavelthe way for a revision in harvesting and planting

dates such that winter crops might be planted after rice.
Conversations with plant breeders indicate, however,

- that even more is possible in opening up a gap betwesen summer

and winter crops. Work at the International Rice Research

Institute is progressing on rice varieties that mature two

to three weeks earlier than the present improved varieties.

The initial impetus behind the work was to develop plants

that would be less vulnerable to lack of moisture in shortened

monsoon seasons but their applicability to the situation in

West Pakistan is obvious.
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The possibilities suggested above, coupled perhaps with
some improvement in‘seedbed preparation, could be used to
decrease the amount of overlap between the two seasons. This
can easily be expressed in the programming model by modifying
the land requirements for the crops involved. In the following
example, rice and wheat were assumed to be the principal crops
to be affected. Rice planting dates were.moved forward by one
week and the growing season réduced from 5% months to 5 months.
It was also postulated that some improvements in bullock imple-
ments or some degree of mechanization had made it possible to
delay the time of starting normal seedbed preparation for wheat
and grain by one week. The new solution of the model is shown
in Table 3.2.

It is apparent from the results of the exercise ﬁhat the
modification of planting aﬁd harvesting dates had an important
impact on cultivator productivity. Cropping ihtensities rose
from 143 percent to 166 percent and net revenue increased by
nearly 10 percent. The magnitude of the benefits corroborates
coﬁments made earlier about the pay-off of research directed

at "bottlenecks" in the agricultural production process.
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Table 3.2 Primal Solution to the Model
with Reised Land Constraints.
(Based on 100 Cultivated Acres)

Activity Yield Delta
Level (maunds/acre) (inches/acre)
(acres)
Winter Crops
Wreat 62.1 12.5 23.9
Fodder _ 12.8 450. 34.0
Vegetables 1.6 - 19.3
Fruits 2.4 32.0
Sub Total 78.9
Summer Crogs
Rice 36.8 18. 46.1
Fodder 6.4 250, 20.6
Maize 32.8 15.0 29.6
Sugarcane 8.0 500 95.1
Vegetables .8 - 19.3
Fruit 2.4 - 32.0
Sub Total _ 87.2
Grand Total
(cropping
intensity) 166.1

Cropping intensity is defined as the ratio of cropped to

cultivated acreage.
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IV. Summary

In the preceding discussion it has been suggested that
even crelatively simple models can yield useful policy ana-
lysis when critical parameters are subjected to systematic
variation. This notion was demonstrated with a linear
programming model constructed for an irrigated agriculture
area in West Pakistan.

As a first experiment.with the model, a normative supply
curve for sugarcane vas generated both with and without a
technology capable of producing supplementary water. Com-
parison of the two curves indicated that the installation of
wells resulted in both a shift to the right and an increase
in the elasticity of the supply response. Consequently, it
was proposed:ithat, in view of the large~scale water develop-
ment program being undertaken in the Indus Basin, the
Government should re-examine its sugarcane price policy.
Failure to do so is likely to result in large~scale diversion
of resources from alternative crops such as rice, wheat, and

cotton.
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In a second experiment, the possibility of using energy
pricing to manage the withdrawal of groundwater was suggested.
This proposal was based on a demand curve for water derived
by parametrically varying the cost of pumping. It was found
that for a simulated million acre tract assumed to be repre-
sentative of the SCARP I area, electricity prices would have
to be raised by 15 percent and diesel oil prices subsidized
by 30 percent to insure a relatively stable water table. It
was concluded that this approach did not dispose of a number
of objections to the private program (e.g., equity), but that
it‘did question the validity of frequently expressed opinions
regarding the need for direct public control of the aquifer,

A third example of a progfamming approach to policy
formulation involved the démand for labor and the prospects
for creating additional employment through a water resource
development program. Upon comparing cases with and without
tubewells, it was found that the addition of a highly
flexible source of supplementary water to the farm enterprise
meant an approximate increase of nearly 55 percent in labor

utilized. Nearly 35 percent of the increase could be identified
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as incrcemenital hired labor.

Because labor requirements were specified by time period,
an optimal seascnal‘distribution of labor was part of the
model's cutput. ~“he resulting figures suggested that, if
anything, additional water supplies tended to increase the
variance of labor demands. Since substantial labor migrations
can be expected to the areas in which water resources are
being cdeveloped, it was suggested that policy makers anti-
cipate the seasonality problems of migrant labor by planning
and providing for non-seasonal c¢onstruction jobs in the
fields of education, health, irrigation, etc.

Lastly, the "dual" of the programming model was used to
define some strategic areas for agricultural research. For
example, is was found that a high "shadow price" existed for
land in September and October. This was due to the competi-
tion between summer crops not yet harvested and seedbed
preparation for winter Crops. Research programs on rice and
wheat were proposed that would tend to create a time gap

between the two crops and hence permit double cropping. It
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was shown that the returns to such a "bottleneck" breaking
approach to research would be quite high.

It should be reiterated that the model being used is a
simple one and that there is much room for improvement both
in its structure and the parameters. Nevertheless, the
programming approach, both for its quantitative aspects and
for its ability to encompass a large number of interactions,
clearly has a substantial: future as an aid to agricultural

policy planning.
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