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Summary

Despite the widespread adoption of green-

revolution technology over the last three decades,

enormous differences in agricultural productivity

exist across farms and regions in Pakistan.

Recent farm-level data from Sindh, for example,

indicate that irrigated wheat output per hectare

varies from 0.5 to 5.4 tons across farms.

lmproving and sustaining productivity, narrowing

the existing productivity gaps, and enhancing

resource use etficiencies to meet food

requirements of a rapidly growing population is
now a central goal of agricultural policy in the
country. However, serious concems over rapid

degradation of both land and water resources are

emerging. There is growing evidence that land
quality is deteriorating with severe problems of
waterlogging and salinity. ln addition, inigation

water is becoming increasingly scarce with

growing demand and increasing competition

across sectors and regions. Poor management of

these resources is one of the maior contributing

factors to this situation.
This study attempts to enhance the

understanding of the factors that determine

differences in agricultural productivity. The main

objective of this reporl is to evaluate performance

of inigated wheat farms with a view to analyze

cross-sectional productivity differences and to

determine the productivity potential in Sindh. ln

contrast to most other similar studies done in

Pakistan, the present study focuses on examining

the influence of quality of resources and

adequacy of irrigation water on farm productivity.

The study is based on cross-sectional data

collected from a random sample ol 1,220 irrigated

wheat farms located in 14 canal commands in the
Lower lndus Basin of Sindh Province. The basic

approaches used in the study consist of

evaluating farm peformance using Data

Envelopment Analysis (a non-parametric
programming method), and quantifying elasticities

and marginal productivity of production inputs by

estimating aggregate and disaggregated
production functions. The combination of these

two methods provided insight into the factors that
determine the observed farm productivity gaps

within and among canal commands in the
province. Average farm level performance index

was estimated al74 percent, implying that wheat
producers can reduce inputs by 26 percent by

adopting the best practices of efficient producers.

The results show that the best performing

producers in Sindh comprise 20 percent of the

totalwith a performance index ostimated at 100

percent. A further 30 percent is operating at a
fairly high level of performance with the index

ranging from 70 to 90 percent, and the remaining

50 percent is operating at low levels with the
performance index ranging from 40 to 69 percent.

Shortage of irrigation water in some canal

commands and poor land quality in others are

two fundamental constraints to productivity

increases in the province. Unless these

constraints are removed, benefits from other
production enhancing programs, including

subsidies on inputs (seed, fertilizer, credit, etc'),

are likely to be very limited. Marginal productivity

of irrigation water is found to vary significantly

across canal commands. The analysis suggests

that productivity gains in the immediate short run

can be achieved by the effective reallocation of

waier across canal commands. However,

sustained productivity increases in the long run

would be achieved through effective management

of, and additional investments in, both land and

water resources.
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Productivity and Pertormance of lrrigated Wheat
Farms across Canal Commands in the Lower lndus
Basin

lntizar Hussain, Fuard Marikar, and Waqar Jehangir

lntroduction

Since the advent of the green revolution in the
1960s, increase in productivity was a key

element of agricultural development policy in
Pakistan. Early gains from the adoption of new
seed, fertilizer and irrigation technology provided

incentives for the development of additional land
and water resources. While these developments
made significant contributions to substantially

increased food grain production in the country,
gains from the new technology.were not uniform

across farms and regions. A general consensus
seems to have emerged that the full potential of
this technology has not been realized in
Pakistan. Extremely wide gaps in agricultural
productivity exist among farms and regions in
the country. Recent farm-level data from Sindh,

for example, indicate that irrigated wheat output
per hectare varies from 0.5 to 5.4 tons across
farms.

There are significant constiaints to further
expansion of both land and water resources. The
closing of the land frontier and the increased
costs of irrigation infrastructure, combined with

increasing pressure on available water supplies,

highlight the fact that further increases in
production could be achieved mainly by
improving and sustaining the productivity levels
and enhancing resource-use efficiencies.
However, there is growing evidgnce that these
resources are being degraded; land quality is

deteriorating with severe problems of

waterlogging and salinity. !n addition, irrigation

water-one of the most impoftant agricultural
production inputs-is becoming increasingly
scarce with growing demand and increasing
competition across sectors and regions. A recent

study by the lntemational Water Management
lnstitute (lWMl) on the world water supply and

demand has classified Pakistan in Group 1,

which consists of countries that are likely to face
serious water scarcity in the future (Seckler et
al. 1998). On the other hand, sustained
increases in food grain production are needed to
meet the requirements of a rapidly growing
population in the country. Thus, sustaining and
improving food grain production within the
constraints of existing resources through
effective management of land and water is a
major policy goal in Pakistan.

Objective

While there is a considerable amount of
literature on this subject in Pakistan, most past

studies have focused on productivity impacts of

socioeconomic and Tgronomic factors. lt is only
in recent years that attention is being given to
management aspects of land and water
resources and performance of irrigation systems.
(For recent research on this subject and for
other references on previous studies, see
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Jehangir and Ali 1998.) ln contrast to most

previous studies in Pakistan, this study focuses

on examining the influence of resouroo quality

and adequacy of inigation wator on f,am
produc'tivity. !t attempts to identify faciors that

determine existing enotrnus differances in

inigated farm prodrctivi$ wi0fn and across

canal commands and to quantify the inlluence
of these factors on farm performance. The

main objective is to evaluate performance of

inigated wheat farms with a view to analyze

cross-sectaonal productivity differences and to

determine the produclivi$ potential in Sindh.

The study is based on cross-seciional datra

collected from inigated wheat fams in he
Lower lndus Basin. The basic approadtes used

in this research consist of evaluating tarm
performance using Data Envelopment Analysis,

and quantifying elasticities and rnaryinal
productivity of prodrction inputs by estimating
aggregate and disaggregnted prcducdon

functions. The combination of these two

Study Locatlon

The Lower lndus Basin was the locaton of the
study. lt lies in Sindh,'s'hacfi is one of the four
provinces of Pakistan. With a geographical area
of 14.09 million hectareg, Sindh extends to the
Arabian Sea in the southwest (the head of the
Lower lndus Basin), and to the border with lndia
in the southeast (fig. 1). The dimate ol the
province is add and hot. Rainfall is gercrally low
(averaging less than 260 mm a year) and the
temperature is high (average summer maimum
is over 3f Cl, wtth high evaporation. The
distribution of rainfall through the year is quite

uneven, with most of the rainfall occuning dudng
July-September, the monsq)n p€riod. Esffmates
by Rehman and Rehman (1998) indicate that

methods provided insight into the factors that
determine the observed productivity gap within
and among canal commands in the province.

The results of this study indicate that wheat
farms, on average, can reduce inputs by 26
p€rcent by adopting the best practices of
effident frarms. Shortage of inigation water in
some canal commands and poor land quality in

others are two fundamental constraints to
producfrity increases in the province. Unless
these consffaints are remov6d, benefits from
other produdfurn enhancing progmms, including
subsidies on inputs (seed, fertilizer, credit,
etc.), are likely to be very limited. The analysis
suggests that produdhtity gains in the
immediate short run can be acfiieved by the
efiective rcallocation of water across canal
commands. However, sustained produc{ivity
increases in the long run would be acfiieved
through effective management of, and
additional investnents in, both land and water
resources.

rainfall conMbutes only 2 to 3 percent of the
total water supply dudng raD, (the mid-October
to mid-Apdl cropping season); of the other
sounoes, canal water, groundwater and sub-
inigation contibute 73lo 78 percent, S to7
percent, and 15 to 17 porcent, rBsp€ctively.

The total cultivaled area (faltow plus net area
sour) of the prwinoe in 1997-98 is estimated by
the Govemment of Paldstan at 5.68 million
hociarBs, with 2.56 million hectares classifted as
inigated area. lMrth groundwater in most of Sindh
being brackish and unsuilable for crop inigation
(Rehman and Rehman 1998),.over g5 percent of
the inigated areas rely on surface water
resources (Govemment of Pakistan 1gg7-98).
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FIGURE 1.

lndus Basin, Pakistan.
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Lower lndus Ba"ein inigatiott 8l^$em: Scfiematic diqlram.

Overuiew of lnlgafron Qruilen

The present inigation system of the Lower lndus

Basin consists of 3 barrages (namely, Suldor,
Kotri, and Guddu), 14leeder and main Ganals,t

1,462 branch @nals, disffihnaries and minort,
and a large number of water cfiannels at tefiary
or farm level. The lirst 5 canals in taUe I are

located on the Bight Bank (RB) and the

remaining 9 on the Left Bank (LB) of the lndus

River (fig. 2). There are significant dllfersnces in

the culturable corunand arca (CCA) across
canals, ri,ih Desort and Rohri belng the smallest
and Ote hrgest @mmands, respeciively. Rice

Canal and Begad canals on RB and Pinyad and
Fuleli on LB were odginally il)nferennialtype
canals. However, canal operation data ior 1995-

96 suggest that three of these canals (Rice

Canal being the exception) have been converted
into more or less perennial systems.

'Two offrer can ls" rE n€ly, Kalrt B.gh., ffi. (lrlfdt to ptotfic 6. br ulb.n ut h KatdJ) and Pd Feeder (wh|ch also canbs
some waterto Batudre*an provhce) rere nothcfdedtarulrn h0i! lttdydleb uryalabfydoonClfeild8li.
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There are hilo main cropping seasons in

Sindh, namely, kharif (mid-April to mid'OctobeQ

and rabi(mid'October to mid-April). Surface

irrigation water supplies, in general, are scarcer

in the rabi season than in the kharif season'

with barrage withdrawals in the Lower lndus

Basin averaging 19 billion cubic meters for rabi

and 35 billion cubic meters for kharif during

1989-90 to 1995-96. Water shortages during

rabi, which basically reflect low reservoir levels

and overall water scarcity in the lndus Basin

during the season, appear to be growing over

time. lt is evident from data in table 1 that water

diversions at canal head per CCA in Sindh as a

whole have decreased from 3,595 cubic meters

in 1989-90 to 3,333 cubic meters in 1995-96

(excluding changes in the Jamrao canal). This

decrease is not only due to overall expansion in

CCA, it also reflects reduced total rabi diversions

(Appendix B, table B2). However, there are

significant spatia! variations in canal water

diversions during this season, with rabi

diversions (at canal head) per CCA in 1995-96

ranging from 823 cubic meters for Desert to

4,725 cubic meters for Khairpur East canal

(table 1).

TABLE 1.

Canal command level crop and water data lor the Lower lndus Basin

Canal command ccA
('000 ha)

cl
f/4

WD CP

1989-90 1995-96 1989-90 1995-96

Rice Canal

Begari

Deseft

North West

Dadu

Ghothki

Khairpur East

KhairpurWest

Fuleli

Pinyari

Lined Channel

Rohri

Nara

Jamrao

Sindh

210

405

133

331

236

347

151

169

373

307

203

1,036

881

na

4,782',

210

341

158

309

245

368

182

195

361

323

220

1,045

883

na

4,840.

1,238

1,0'.|.2

1,880

3,656

4,237

3,833

5,828

4,438

3,083

2,801

3,054

4,537

4,279

na

3,595

1,762

1,496

823

4,628

3,796

2,446

4,725

2,974

3,518

3,313

2,591

3,732

4,088

na

3,333

R.W

R.W

R.W

R.W

R-W

GW
c-w
c-w
R-W

R-W

R.W

c-w
c-w
c-w

192

180

190

170

170

183

182

166

12

124

115

144

106

131

158

' Total CCA for Sindh here is the sum of 13 canal commands and excludes CCA of Jamrao and canal commands of Pat Feed€r and

Kalri Begar Feeder (which are not included in this study due to unavailability ol consistent data for these commands).

Notes: CCA= culturable command area in thousand hoctares; yyD= watsr divsrsions in cubic meters 1m) per CCA, based on GCAs

in respective years; CP = dominant cropping pattern in each canal command based on farm survey results; Fl'!ry= dce'wheat;

C-W= cotton-wheat; Cl = cropping intensity in percentage based on farm survey results; na = not available.
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The entire inigation system in Paldstan,

except watercourses, is owned and rnanaged by

the govemment. The three mafor govemmeit

organizations or departnenb responslUe br
maintenance and operaUon ol the lrdgation
system are: (1) Water and Powsr Development

AutrodU (WAPDA), (2) Ute lndus River Systern

Authority (IRSA), and (3) Povindal lnlggton
Departnents (PlDs). WAPDA operdeo and
maintalns the rsserrcirs (as it ontsols
hydropower generation) and ffierpovhdal Ink
canals and main canals. IRSA seruBs as a
coordinating agency between WAPDA and PlDs
and helps implement water dlocation po[cy.
Provincial level water alloca0ms in the lndus
Basin is done in accordance with the Water
Apportionment Ac{ (WAA) of 1991, ti,ih IRSA

monitodng water allocatons and implementirp
the Act. Theorefrcally, wator allocations are
based on a rango of frac{ors induding available
water supplies, historbal diversions, canal
capacities, crop water requiremenB, and so on.
PlDs are responsible for operations and
maintenance of the inigetion ndworlc and

distribution of water in their r€spodit/€ prwinces.
Canal water allocations within a province are
based on available supplies, canal capacilies,
and intemal policies of the prwirrcial
govemment. At tho tertiary or f;arm levpl,

available supplies are distributed to lrigdors
through a lixed roster of tums end the duraton
of each inigation tum is proporfimal to inilptor
farm area wtthin a watercourse command area

At present, the lndus Basin Sptem is fadng
a number of problems. These indude a$ng and
deterioration of inigation infrasfiudure,
inadequate operation and maintenance,

insufficient cost reclveU, low levels of etr<iercy

in water delivery and use, waterlogging and
salinity, and drainage problems (resulting from
poor natural drainage and inadequate drainage
systems). These problems pose a threat to the
sustainability of the inigated agdculturat
eo(xxlmy, panicularly in the Lower lndus Basin
(Wodd Bank 1990).

qooeUV Padiarzp

As in ofier provinces, cropping systems in Sindh
are f,aidy complex. Crops grown in the province
indude tirhoat, rice, @ton, sugatuane, orchards,
nbi and khatil oilseeds, pulses, fodders, and
vegetaUes. Among these, the first four crops are
dassified as malor crops. Accodingly, malor
cropplry panems in the provirrce are cotton-
wheat and rico-u,heat. Cotton and rice are the
malor khadf crops, nrhile wheat is the pdncipal
rabi crop. Sugarcane, being a perennial crop,
spans over both soasons. The dce-wheat
cropplrU panem is dominant in all RB canal
ooflimands, u,hib the cdton-wheat cultivation is
significant in LB commands. Also, annual
cropping intensities nary significanUy across
canal commands, ranging from 106 percent in
Nara to 192 percent in Rice Canal command. ln
general, cropping intensities are higher in RB
corrnan& (mainly due to higher cropping
intensity dudng ldtafifl. Since the pdmary focus
of this stn<ly is on the water-short rabi season,
nheat, the dominant crop in this season, was
cfioeon br detailed analysis. However,

estimations of seasonal crop water supplies,
requirernents, surpluses and shoftages, and the
resulting discussions on water allocations do
account for all rabi crops.

o 6



Data and Methodology

The data used in this study were obtained from

lWMl's database in Pakistan. ln 1997-98, lWMl

undertook an extensive survey of irrigated farms,

covering the entire Sindh province, with a view

to identify geographica! distribution of resources

in the Lower lndus Basin. A total of 1,539 farms
selected through random sampling, located in

795 sample areas across 14 canal commands,

were surveyed (fig. 3). Sample areas were

identified and selected using GIS modeling.

Detailed information on physical and financial

characteristics of farms was collected using a
pre-tested structured questionnaire in face-to'
face interviews. For more details on sampling

FIGURE 3.

Locatidn of lWMlsample sites across Sindh hydrologicaldivides.
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methodology and data collection procedures soe

Rehman et al. 1998 and Jehangir and Ali 1998.

This survey showed that wheat is grown on

1,220 farms and this sub-sample of farms was

used for further analysis in this researcfi stt dy.

ln addition to primary data, the study uses

secondary data and information that were

obtained from various published sources (as

referenced).
Data for water diversions (lt@, water

surpluses and shortages (Iflffi, and tdal wheat

area (IA) tor 14 canal commands in Sindh were

obtained from Rehrnan and Rehman 1998. WD

are the average water diversions at the canal

head during the 1995-96 rabi season. WSIS br
each canal command are the arretages br 199$
96 rabi and are based on crop water

requirements and supplies at the root zone br all

rabi crops. Rehman and Rehrnan dedved these

estimates through rvater balanoo cornputations

using crop water requiremonts and supplies from

surface inigation, groundrvater souhes, and

rainfall. They used tho World BanKs lndus Basin

Revised Modet, with some rnodifications of the

model and updates of data, to generate estimates

of water surpluses and shortages by canal

command. Details of water bahnco computatftms,

coefficients for crcp water requircments, and

assumptions about effective rainfall and inigalion

system efftciencies used in the model are given

in Rehman and Rehrnan 1998.

Measurlng Pefionrnne ol Prdtrcn

There are a number of ways in wttit*t
performance of producers can be measursd. The

simplest measure is the ratio of output to a
single input such as land productivity (yield per
hectare). Although oasy to compute, this
measuro could be misleading as it takes account
of only one of the inputs in a real world, multi-
input production process. However, there are
other tecfiniques, though analy{ically involved,
that can be used to account for more than one
input an measuring performance of producers.
These may bo dassified into two broad groups:
parametric and non-parametic methods. The
former group involves econornetdc estimation of
paramAric funclions while the latter group is
based on mathematftxl programming techniques
to measure performance.

This study employs the Data Envelopment
Analysis (DEA) tecfinique to measure
periomance of wheat iarms in Sindh. DEA is a
non-parametic meffiod and uses mathematical
programmlng tecfinhues to define a performance

frontier. The estimated frontier represents the
smallest quantrty of inputs required to prcduce a
given amount of or.ltput, or @nversely, the
largest possible amount of otrtput from given

inputs. Unlike parametric methods, which fit a
line through sample observations, DEA allows
consffuclion of a surface over the data. ln DEA,

each prcducer is cornpared with only the best
prcducers and thus may be considered an

exheme point method. The main advantage of
this method is that, unlike partial measures that
are based on a ratio of ou$ut to a single input,
it can account for rnore than one input in

estimating the pedormance index. The detailed
descripton of this method and the specification
of the model arc presented in Appendix A.

8



Results of Data Envelopment Analysis (DEA)

The DEA results for Sindh wheat producers are

summarized in table 2. The average

Performance tndex (Pl)2 for Sindh as a whole is
estimated al74 percent. This implies that wheat
producers can, on average, reduce their inputs

by 26 percent by adopting practices of the best
performing producers. However, there is a
considerable variability among producers, with

the Pl ranging from 44 percent to 100 percent

across the province as a whole.

The results for the individual wheat
producers suggest that, of lhe 1,220 producers,

20 percent are the best performing with Pl

estimated at 100 percent, and about 30 percent

are operating at average to above average

levels with Pl between 70 and 99 percent. The
remaining 50 percent, with Pl between 44 and

TABLE2.

Performance of wheat farms in Sindh.

69 percent, may be considered below average or
poorly performing producers (table 2). These
variations in the performance indices across

farms imply that there are large ditferences in

quantities of inputs used by producers to
produce a unit of wheat output. The best
performing farms produce almost twice the
amount of wheat output per unit of fertilizer or
irrigation water than the poorly performing farms
(as is evident from the last two columns of table
2). However, it should be noted that land

productivity or yields of the best performing

farms are lower than those of average or below

average ones.

ln Pakistan, yields have traditionally been

used as a measure of farm performance. ln fact,

wide variations in average farm yields in

Performance

lndex (%)

Number

of farms

Percentage

of total

farms

Average

output
(kg/ha)

Average output
(kg) per

kg of NPK

Average

output (kg)
per irrigation

100

90- 99
80- 89

70- 79

60- 69
50- 59
40- 49

249
16

119

209
367
214
46

20.4

1.3

9.8

17.1

30.1

17.5

3.8

1,437

2,516
2,193
2,434
2,167
1,947

21.4
20.4
16.5

14.3

11.9

10.4

'10.7I 996

1,269
805
621

607

497

466
491

Total 1,220 100 2,026 13.3 579

Mean =
Minimum =
Maximum =

Standard Deviation =

74
44

100

16

'Performance lndex, its estimation, and inlerpretations are described lully in Appendix A. Basically, a higher performance index indicates

greater etficiency of the production process. For example, producers achieving a pedormance index ol 1 (or 100 percent) produce a unit

ol wheat output with the leasit amount of all inputs relative to other producers within a sample.
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Pakistan have led to the coining of the terms
"progressive farmers" and "non-progressive
farmers" by policy makers. Using yield as a
performance criterion, iarmes acfiieving below
avemge yields have haditionally been called
non-progressive farmers. However, evaluating
performance by accounting for m4or, vadabb
production inputs suggests that farners
achieving lower yields may rct necessadly be
non-progrsssfue. lndeed, their perbmance in

terms of producing o@ut per unit of all malor
inputs is substantially higher than that of the so-
called progressive farmers. Overall, these results
suggest that there is considerable scope for
improving prodrctivity of inputs in the province.

The question adses as to wlty only some
producers are able to acfiieve hQh periomance
while others operate at low perfomance levels,

and also why the best performing producers

achieve lower yields, and vice verca.
Theoretically, given a particular producfion

technology, dffierences in perfomance aqoss
farms or regions could be atEibuted to a rango

of factors. These may bo categodzed into three
broad groups: 1) socioeconomic factors-
availability of funds and credit, fiarm assets,
management skills irrcluding epedene and
education of producers, tenurial status, and the
degree of land fragmentation; 2) agronomic
factors-land preparation, timing ol crop sowing,
variety and quality of seed. timing of applicafion
of inputs, timing of crop harvest, and availability
of extension services; and 3) qualrty of land and
quality and adequary of inigation waler. For a
review of analyses of some of the iac'tos in
groups 1 and 2 see, for example, Byedee et al.
1984, Hussain et al. 1999, and Padltt and Shah,
1994.

Land Qudtty,n&r(

ln order to gain more insight into performance
consfraints and, specifically, the effects of land
qual,ty on produc.tivity and performance of wheat
iams, the authors consfruc{ed a land quality
index based on data for geographic location and
other cfiaraciedstirs of farms, induding soil type,
salinity levels, waterlogging, and water
avaihtrility ol eacfi farm.

ln lWMl's farm surveys, soil data were
dassifiod into a number of categories, following
FAO's soildassfficaUon procedures with some
modifications according to local conditions.
These categories were based on a number of
criteria, induding suitabitity for cultivation, levels
of salinity and sodicity, depth of watertable,
permeability and so ont 1br more details on soit
data collodion and dassification, seo Bhatti et
al. 1998, and Rehman et al. 1998). The following
ranking indicates the quality and degree of
suitability of land for cultivaffoo.

Unsuitable land, due to severe salinity/
sodkity and lorr pemeability
Marginally suitable dayey land, due to
low penneabality and rcrtability, high
watertable and severe salinity
Marginally suitrable land, due to very
sandy naturo and complex topography
Marginally suihble land, due to high
watertable and severe salinity
Moderately sdtable land, due to
moderate salinity associated witr high
watertable
Moderately suitable land, due to
moderate depth to sand and high
watertable.

0.

1

2.

3.

4.

5.

tln ttre availaUe datesetsr land ders6 sgre ooottuctrd erdt h a.dr o, tr. hrrru uas asCgrnd a efrgrle bnd dass, tfius aroraglng
individual field or pld cond0orE d the brm l.td. WfL dr.enedld pha leEl da0. rcdd hryt been adeel tor con!firrcft lard qualty
indices, lam lonl aveages of pld cottttrru (ar dlecbd h thr.botr dasc6) are rfl agood irdcdrle ol orlonf hnd qnlty or larms in
varkrus carul cqnrnands.
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o Moderately suitable clayey land, due to

low permeability and workability and high

watertable
Moderately suitable land due to high

watertable (90-200 cm).

Moderately suitable land, due to

moderate salinity.

Moderately suitable clayey land, due to

low permeability and workability.

Highly suitable land.

Using the above soil classes, the authors

constructed an index of land quality for each of

the canal commands in the study region. A

canal-command specific land quality index was

calculated as:

LQl, = Kp.10) + (q.9) + (r.8) + (s*7) +.

......+ (y.1) + (z'Offi ...............(1)

where [Q/ is a land quality index for cana]

command i (where i= 1,2, ...........1a); n is the

total number of farms in canal command I, with
p farms having a soil quality wei$ht of 10

(highest weight for relatively highly suitable or
very good soils), and z farms having a soil
quality weight of 0 (for soils not suitable for
cultivation due to severe salinity and

waterlogging related problems). Depending upon

the quatity of soils, the weights range from 0 to

10 and accordingly the index value will range

from a minimum of 0 (indicating all farms have

degraded and unsuitable soils in a canal

command) to a maximum possible of 10

(indicating all farms have, relatively, highly

suitable soils).4

For our sample ol 1,220 farms, LQI lor
canal commands ranged from 4.21o 9.8, with

an average value of 8.4 for Sindh as a whole.

Rice Canal, Begari, Rohri and Desert canal

commands achieved an LQI of 9 or more

suggesting that the maiority of farms in these

commands have good quality lands.s

Table 3 presents the maximum, minimum

and mean estimated performance indices of

wheat farms for each of the 14 canal

commands. Analysis by canal command

reveals a distinct geographic pattem in
performance indices of the farms being

evaluated, with the best and poorly performing

farms concentrated in separate canal

commands. The majority of the best performing

farms are concentrated in the first four canal

commands (Rice Ganal, Begari, Desert and

North West), while the poorly performing farms
are mainly located in the other canal

commands (particularly, Nara, Ghothki, Jamrao,
Khairpur East and Khairpur West).

7.

8.

o

10.

the weights may be constructed based on quantilied relationships between crop yields and land quality using dummy vatiables. While the
idea is quite appealing, thls procsdure did not produca any meaningful results ror lurther analysis. While one would expecit a significant posi-
tive conelation betweon land quality and crop yields, these relationships may b€ influenced by other severe constraints to yield lncreases, as
will be explained later in this report, such as shortage ol irrigation water particularly in areas where land quality is rolatively better but water is
a maior constraint to crop yield increases.

It is important to note here that these weights rspresent a relative scale for farmlands within Sindh. For example, ,arms that are assigned
a weight of 10 have relatively botter lands as compared to those assigned lesser weights. So, in this conte)d, assigning a maximum weight of
10 to rolatively better lands does not necessarily mean that these lands are absolutely rree trom any environmental constraints, but these are
certainly better than those assigned a weight of say 5. Similarly, the above weightings adopted for Sindh may not be direcdy comparable with
those for other provinces. For example, farms achieving a maximum weight of 10 in Sindh may be ranked lower on the scale when compared
with highly suitable farmlands in Punjab.

sAs expected, [Q, is strongly and positively conelated wilh estimatod cropping intensities lor canal commands (with f = 0.74), i.e., the higher
the LO, the greater the cropping intensity in that canal command (see Appendix B, tabl6 B2). For example, Rice Canal, Begari and Desert
canal commands have the highest LOl values and the greatest cropping intensiti€s, while Nara, Lined Channel, Fuleli and Pinyari have the
lowest Lorvalues and the least cropping intensiues.
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TABLE3.

Performance indices of wheat farms by canal cofinard.

Canal command Mean Iulir ilax SD enor No. of farms

Rice Canal

Begari

Desert

North West
Dadu

Ghothki

Khairpur East

Khairpur West
Fuleli

Pinyari

Lined Channel

Rohri

Nara

Jamrao

Sindh

0.97
0.97
0.95
0.82
o.75

0.er
0.67
0.68
0.75
0.71

0.73
0.69
0.64
0.65

o.74

0.6:!
0.60
0.65
0.50
0.58
0.44
0.17
o.u
0.53
0.55
0.54
o.47
0./35

0.45

o.4

1.m
1.00

1.00

1.00

1.00

1.00

1.m
1.m
1.00

0.87
0.90
1.00

o.82
1.m
1.00

0.07
0.09
0.11

0.16
o.12

0.14
o.12
0.1s
o.12
0.11

0.09
0.11

0.07
0.08

0.16

56
117

48
100

25
180
75
50
45
13

36
219
100

126

1,20

Notes; Min = mhimrm; ltBx = rnaxiur; SD enu = ctanderd cnor.

!t is interesting to note that in Nara, Pinyad

and Lined Channel commands none of the
farms was able to attain a performance andex

of 100 percent (the maximum estimated
performance index varied between 82 and 90
percent) and these three canalcommands also
had the lowest land quality indices. The value
of land quality index is found to be high in the
first three canal commands (table 4), while it is
generally low for the other canal commands
(except Ghothki).

Estimated performance indices and land
quality indices are generally high for water-
short canal commands, while both of these
measures are generally low for water-surplus
canal commands (table 41. For example, most
farms in Rice Canal, Begad and Desert canal
commands, which are water short, have high
performance indices (>0.95) as well as high

land quality indices (>9). Fuleli, Pinyad, Lined

Channel, and Dadu are water-surplus canal
commands but the maiority of farms in these
canal commands have low performance indices
(0.64 -{.75) as well as low land quality indices
(4.2-7.9). These geographic pattems and the
positive conelations between land quality indices
and performance indices of tarms provide
evidence to suggest that land quatity is a
contributing fac'tor to differences in farm
productivity and performance.

Yield per hectare is generally low in canal
commands where a majority of farms are found
to be operating at high levels of performance
(this is consistent with our earlier observation),
such as Rics Cana!, Begari, Desert and North
West. Average wheat yields in these canal
commands are almost half of those in Nara,
Ghothki, Jamrao, Khair Pur East, Khair Pur
West and Rohri, where most farms are found to
be operating at low levels of performance.
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TABLE 4.

Average performance indices and other related variables by canal command

Canal command Pl WD
(m3/ha)

WS/S
(106 m3)

LQI Y
(ks/ha)

Rice Canal

Begari
Desert

North West
Dadu
Ghothki

Khairpur East
Khairpur West

Fuleli

Pinyari

Lined Channel

Rohri

Nara
Jamrao

0.97

0.97
0.95
0.82

0.75

0.64

0.67

0.68
0.75
0.71

0.73

0.69
0.64
0.65

0.7

1.1

1.2

2.3

3.3

3.4

3.7

3.7

4.0

4.2

4.3

4.6

4.8

5.2

1,762
1,496

823
4,629
3,796

2,446
4,725
2,974
3,518

3,313

2,591

3,732
4,099

na

-53
-137

-112

304

155

-201

-10
-82
326
275
109

-69

-122
na

9.8

9.4

9.0

7.5

7.9

9,1

8.7
7.9

7.1

7.5

4.2

9.3

6.9
7.8

1,210
1,327

1,348
1,468

1,927

2,106
2,299
2,020
1,835

2,098
1,682
2,564
2,395
2,284

Notes.' Pl = estimated average Perlormance lndex ot wheat farms; / = number of inigations; WD = water diversion at canal head per canal
command area in rabi season (cubic meters per hectare); ,VSllS = water surpluses (+)/shortages (-) in million cubic meters (these are
based on crop water requirements and supplies at the root zone for all rabi crops); LQI = land quality index; Y= wheat yield in kg per
hectare; lto = rtot available.

As mentioned earlier, rice-wheat and cotton-
wheat are the main cropping patterns in Sindh.

The Pl for wheat is found to be much higher for
rice-wheat farms than for cotton-wheat farms,

i.e., wheat productivity is higher if it is sown

after rice than after cotton. In Rice Canal,

Begari, Desert and North West canal commands,

all wheat is grown after rice (as cotton is not
grown in these areas) and these are the

commands where farmers achieve the highest

Pl. ln other words, farms growing wheat after

cotton are relatively less productive in wheat.

Regressions of PI for wheat and the dominant

cropping patterns suggest that Pl is positively

correlated with rice-wheat while it is negatively

correlated with cofton-wheat pattern-coefficients
of both variables are statistically significant.

The question arises as to why yields are low

in canal commands where most producers are

highly efficient, and vice versa. As can be seen

in table 4, water shortage is a major constraint
to achieving higher yields in these commands.
For example, in the Begari and Desert

commands, where shortage of water restricts
farmers to applying only about one irrigation on

average, the yields are only 1.3 tons per hectare

as compared to average yields of over 2 tons
per hectare in water-surplus canal commands

where farmers are able to apply four or more

irrigations. Since other inputs, particularly

fedilizers, must be used in a balanced

combination with water to achieve higher yields,

any constraint on the availability of water is likely

to result in lower use of other inputs as well and

consequently in lower yields. This is evident

from differences in average levels of inputs used

and wheat yields achieved in various canal

commands (table 5 ). For example, severe
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TABLE 5.

Average levels of input use and wheat output achieved by canal command.

Canalcommand A s F L LP Y

Rice Canal
Begari

Desert

North West
Dadu

Ghottki
Khaipur East

Khairpur West
Fuleli

Pinyad

Lined Channd
Rohri

Nara

Jamrao

5l
73
64
90

131

175
171

171

146

165

169

181

210

2@

1
24
35

7
2
I
2
3
4
4
5

11

16

11

103
121

t3r
126
120
117

136

13:l
117

121

113

1U
140

136

o.7
1.1

12
2.3

3.3

3.4

3.7

3.7

4.0
12
tl.3

4.6
4.8

52

12

13

l1
12

15

17

17

17

11

17

13

18

16

17

1,2i27

884
912

1,11 3
1.548

1,61i9

1,W
l,gg9
2,055
2.(XXl

1,923
1.676
1,9{i8

2,113

1,210
1,327

1,349

1,469

1,927

2,106
2,zftg
2,O20

1,835

2.098
1,692

2,W
2,395

2,2U

Aloles.. /l = arnrage rtreal are par hmr h hoctuq S r rcad h lg par lEt r!: F. brtlzor (NPK) h kg pcr hoctare;

I = rumber ol ffigdooqL. bDor h perEn &y! Fr troctIt; fP- bnd errpardo.t coc h !rp6 per hcctan;

Y= rr,trd ytld h xe pcr h.ctan.

shortage of arigation water an Rice Canal,

Begari and Desert rssfiic'ts farmerc to applying

only small amounts ol or0ter inputs, sucfi ali
fertilizers. This means that producers in the

most efficient canal commands having good

quality lands are unable to attain higher yrelds

mainly due to the constraint on inigation water.

Therefore, wheat yields on farms in these canal

commands could be raised by providing

additional water.

Higher water use is generally associatod

with high levels of complementary inputs sttcft

as fertilizers, seed, etc., in water-sulplus canal

commands. However, poor land qualtty

constraints any signilicant increases in yields,

resulting in lower perfonnance levels in these
commands. Altematively, gr€ater use of inputs
may be due to poor land quahty.To compensate
for the poor quality of the soil, farmers apply a
larger quantity of inputs in order to increase
yields. As a result, larmers in these commands
continue to operate at low performance levels
but achieve higher yields than those in higher
performing canal comrnands. ln order to further

understand inputodput relationships, production

furrclion analysis was undertaken for each canal
command with a view to quantify elasticities and

marginal producfruity of the vadous production

inputs, and to determine the potential for
increasing the produc{ivity of f,arms in Sindh.
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Production Function Analysis

Production function analysis was carried out for
Sindh as a whole and for individual canal

commands. All production functions were

estimated using a functional form of the Cobb-

Douglas type (although other functional forms

such as linear, log linear and quadratic forms

were also used, the Cobb-Douglas form was
finally chosen based on algebraic signs,
plausibility of estimated parameters and their
statistical significance). The dependent variable
used was the average yield per hectare. The
independent variables used in estimation were
seed (Q in kg/hi, fertilizer (D as sum (kg) of
nutrients N, P and K in kg/ha, labor ([) in

number of person days/ha, number of irrigations
(/) and Iand quality index (tQl). A Cobb Douglas
functional form, with five input variables, used in
estimating production functions. was:

Y AS*I*F*L,LQI@ ......(21

Where as al, af, al and ulqi, are the partial

elasticities (coetficients) of the input variables.
For example, partial elasticity of variable / can
be represented as:

di =(dY/do 
- (l / Y) (3)

The marginal productivity for each of the
inputs was obtained at the mean levels of output
and the respective inputs were obtained using
estimated partial elasticities. For example,
marginal productivity for irrigation water was
obtained as:

Marginal Productivity of
I = dY/dl = ai* (l /l)..............................(4)

The above equation (2) was transformed
into the following log-log form for estimation of

the parameters.

Ln Y = LnA +as LnS + oi Lnl + af LnF +
al LnL + alqi LILQI .....(5)

Estimated equations for Sindh as well as

for individual canal commands are presented in

table 6.

Overall, the results of the estimated
equations are mixed. Al! estimated coefficients
of aggregate production function for Sindh as a
whole are significant. However, quite a few
coetficients in equations for individual canal
commands are insignificant (Appendix B, table
Bl). The estimated partial elasticities, which
reflect output responses to the inputs, vary
significantly for all inputs across canal
commands. !n general, estimated coefficients
of irrigation and Iabor are higher as compared
to those for other variables, including fertilizer.
Coetficient of land quality variable, though
significant for aggregate production function for
Sindh, is insignificant in most of the equations
for individual canal commands. Given that most
farms within a canal command have more or
less similar land quality, this result should not
be surprising. For example, most farms in Rice
Canal command achieve an LQI of 10 with
none having an LQI below 9; on the other
hand, a majority of farms in Lined Channel
achieve an LQlof 3 with none having an LQI
above.6. Given that LQl varies signiiicantly
across canal commands, it is reflected in its
significant coefficient in the aggregate
production function.
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TABLE 6.

Estimated prodrctbn furrclftrns by canal cornnand.

Canal command Esfinabd producfron limcfrons

Ri:e Canal

Begari

Desert

North West
Ghothki

Khairpur East

Khairpur West
Fuleli

Pin)rati

Lined Channel

Rohri

Jamrao

Sindh

713.1

162.1

71A
328.8

2018.3
235.1

311.1

10.1.6

o.7

.31.5
1510.2

82.3

210.6

s-6
srt
s.!
s .r.

s..
s.a
s -rl

s!
s',
sr
s'.rt
s!
s -r.

It
lr.
l!
!rt
1.l!

l.r
!,t
la
1..
l.x
le
l-!
l-

F-r!
Fr
F.!o

F.o.

F.o
F0
F.r2

F.to

Fr
F.!o

Fr
Fr
F0

L.r
L-
L.l.
Llit
L'.rr
L!
L.''
L.r
Lt,
L5
t .tt
L

L-
Lr.

LQ!JO

LQI-r.
LQI2.
LQI,l
LQI-il
LQI.JC

LQI.O
LQIJ'
LQ!!
LQI-rr
LQl.tt
LQI J2

LQ!O

Estimated partia! elasfrcities for inigation
vary from -0.20 to 0.59. ln goneral, these are
high for water-short canal @mmands and low or
negative for water-surplus commands. These
results suggest that inigation has a larye effect
on wheat yields in water-short canal cornmands
(five out of eight water-short commands).
However, the eflecl on yields ol addilional
inigation is very low or evon negative ln water-
surplus canal commands (in four out of the six
water-surplus commands).

This is further rellected in the estimates ol
marginal productivtty of inigation water
presented in table 7. lt is dear from these
estimates that marginal productivity ol inigation
water is generally high in water-short canal
commands. ln six out of the eight water-short
canal commands marginal productivity of
inigation ranges from 81 kg/ha in Ghothki to
1,025 kg/ha in Rice Ganal command. ln the
other two water-short @mmands, the marginal
productivity of inigation is low at around 10
kg/ha. On the other hand, in three out of six
water-surplus canal commands, marginal

prcdrc{ivity of inigation is negative. For farms
apptying more than four inigations (as is the
case in four out of the six water-surplus canat
commands and two orrt of the eight water-short
canal commands), the contribution to yields of
each additional inigation above four inigations is
very low or even negative. There is, therefore,
some s@po lor irrcreasing produc{ion by
reallocating water from water-surplus to water-
shoil commands and wtthin distributaries in
certrain water-short commands as, for example,
Rohd and Nara.

Further, it should be noted that there is a
greater vadability in inigation applications per
hectare acros{r than within canal commands.
Vadance for number ol inigations across
comrnands is estirnated at 2.96, white within
canal commands varianoes range from 0.29 for
Desert to 1.61 for Futeli (Appen<tix B, table B2).
These differences further support cross-canal
water reallocations. With effective reallocation of
water, it is possible to increase crop yields in
water-short commands. lf water is reallocated in
sucfi a way that per hectare inigation

16



TABLE 7

Estimated marginal productivity at mean levels of output and respective inputs.

Canal

Command

Marginal Productivity (kg/ha) WS/S
(106 m3)

s F

Rice Canal

Begari

Desert

North West
Dadu

Ghothki

Khairpur East

Khairpur West

Fuleli

Pinyari

Lined Channel

Rohri

Nara

Jamrao

Sindh

-0.6

3.4

3.0

2.2

4.0

0.6

-0.5

-0.2

't.4

-3.5

8.2

-2.9

1.6

5.4

2.2

1,024.7

280.3

89.3

97.0

-29.0

81.3

99.6

168.4

105.0

-101.0

94.4

11.2

9.9

-39.9

150.4

-0.2

1.1

2.1

0.7

2.2

0.7

0.8

1.4

1.3

7.7
'1.0

0.9

1.4

0.7

0.9

16.1

25.5

21.9

-16.4

34.2

-15.8

123.3

43.7

46.7

199.6

41.6
26.1

47.2

62.9

33.8

-53

-137

-112

304

155

-201

-10

42
326
275

109

69
-'t22

na

na

Notes; S = seed in kg per hectare; , = number o, irrigations; F= fertilizer (NPK) in kg per hectare; L = labor in person days per hectare;
yyslS 

= water surpluses (+)/shortages (-) in million cubic meters; na = not available.

applications in the currently eltremely water-short
commands, such as Rice Ganal, Begari and

Desert, increase to the province-level average
(i.e., 3.5 irrigations per hectare), wheat yields in

these commands can be increased by 76 percent,

25 percent and I percent, respectively, without any

reduction in yietds in water-surplus commands.

These projections are based on the production

functions estimated above. Also, in certain canal

commands where within a command (as in Fuleli,

Dadu, Khairpur West, Rohri and Nara) variability is

relatively greater than others, etfective internal

reallocation is likely to improve overall yields of
irrigated farms. lmprovement in overall water
allocations will indeed be a step forward in

narrowing and ultimately closing observed wide
yield gaps in the province.

With availability of additional water supplies

through reallocation to water-short canal

commands, farmers in these commands are

likely to increase the use of other inputs such as

fertilizers to increase their yields. This, in turn, is
likely to lead to a change in their overall input

mix and, therefore, a change in their production

functions. As a result of these changes, Pl on

average may fall along the presently high Pl

commands; however, it is likely to increase in

water-surplus commands as well as across
Sindh as a whole-overall it would be a positive

change.
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lnigation and Water Supply

The general rccomrnenda$on ol the Agricuhrral

Extension Depafinent br the nheat crcp h
Sindh is to apply 4 in[dions (first irigdion ol4
inches [10.16 crnl bllouted by thrce inigdo]ts d
3 inches I/.62 cml eacfi or approximatety 3350
mtpor hectare). However, in salinity affeded
areas, such as in most water-surplus areas of
Sindh, a large number ol frarnerc tend to apply
more than four inigations, as can be seen in

figure 4. The application of excess waler leads to
waterlogging and drainage problerns. ln thee

sltuaffons, some fanners oporate on the declining
pan of the yiel&water curve as indicated by
negatlve maryinal pro<lnctivity of inigation for
some wdor€rrrplus canal ommands. A common
ndion ln the area of shallow groundwater is that
heavy irigation rostricts saline gmundrvater from
approacfring the surface.t White frarmers attempt
to keep a freshwater lens on top of saline
groundwaier to reduce salinity by overapplication
of water, it rcsults in aggravating waterlogging
and drainage prcUems.

FIGURE4.

Whoatyield per rurnber d lrrlgdons perhectarc h SLtCt.

2 31567
Ntrrter of Hgdom pc hoctar€

8910

'Oorapplcdon o, mgen 6r rrry & bo rattnrd b thc grd mr ilr3itg ly:!ilt bdr !r. !.yrl rd rtuclum d cfiaqes ln
ShAr 0n hd, h Paldltan ar a rffi), rlEr doaa td p.ot5c rU lErdr. b htror b u$ wer dHertry. For examde, survey data
used in ttrts sfrrdy h&ab lhd fi. areqs lrrrrC m.dlerll h Sttcr h tS7-S ual los3 tlan USs2 per hectam (u,trkh ls ]ol4hly 2
peroent o, grccs larm hcome). ln corp.ttE f trmsr h Sh..rd potttoa h nofi C[5s (ushC on 8treragp 2,000 m'per trectare of iniga-
tbn waler br tp dr.sf crffir *tbr rahl .bod tr. ..n o h th. no.th..n palt ol Shdt<tich b rfi,dr louor tran Ore per h€ctar
water applceton h trpC rder-anrpll cgrl corrrrrnO h Silt} P.y qr rrute. .rorrnd USfr\0"150 per h*t re aa arrnl lrlgstbn ser-
vico ,oo Ofdcfi b bdrcen 5 b l0 pcrocta d grw iam lun ). TlIr lt0ubs tm ligirr rOr cturga couNd pro$do lncentt os to le.m-
els b evold wastdrl uce ol rabr. Reeldc edFonon o, lard td moftdon ol lhe cunenl Srrct ro ol rebr dur!€s may lead to morc
erlident use dlt$ valueHe resdrme.

4m0

35m

3000

2ffi
zffi
t50o

1000

5(x,

2

T
t
CD!
g
o

o
I0

T (T ) .?

(
\T a

>( t
(T )

vI II

III
II

18



Overall, wheat production in Sindh can be

increased by reallocating water from water-
surplus canal commands to water-shofi canal

commands until the marginal productivity of
irrigation water equals across all canal

commands. With appropriate reallocation of
water, farmers operating on the rising part of the
yield-water curve will be pushed up while those
operating on the declining part of the curve will
be pulled back. lt should be noted that the
current canal allocations are mainly based on

historical diversions and may not reflect actual

crop water requirements in canal commands.
Given that almost all canals operate below
capacity during the rabi season, infrastructure or
canal capacity is unlikely to be a major
constraint for reallocating water from water-
surplus to water-short canal commands. Thus,

immediate short run gains are possible from

etfective reallocation of available water supplies.
However, given that Sindh as a whole is a

water-short region, the medium- and long-term
strategy should be to invest in water storage
infrastructure to increase overall supply of
irrigation water during the rabi season. A recent
IWMI study qn surface water resources in the
lndus Basin (Khan 1999) indicates that there is
some potential to tap the excess water flowing
to the sea. This study estimates average annual
system inflows (surface inftows in tndus Basin)

and outflows (to the Arabian Sea), over the
period 1977-78 to 1996-97, at 180 billion cubic
meters (bcm) and 50 bcm, respectively.T

Maximum outflows to the sea occur during July-
August when the entire system is operating at
peak level. While there is no general consensus

on required minimum water flows to sea for
environmental purposes, estimates of

requirement vary from 5 bcm to 30 bcm. Even if

we assume the higher estimate of 30 bcm as

the requirement for the environment, there is
some scope for capturing the excess water
flowing to sea.

However, given the capacity constraint, as

the existing reseryoirs operate at full capacity
during peak periods, all the available water
cannot be stored in the existing reservoirs.

Furthermore, there is a problem of sedimentation
in the existing reservoirs.The storage capacity of
the major reservoirs in Pakistan is reported to
have diminished by 20 percent due to
sedimentation. While desilting of these reservoirs
would provide some additional capacity,

investments will be needed to develop new
storage facilities to capture excess water.

As mentioned in the earlier part of this
paper, a large part of the Lower lndus Basin has
poor natural drainage and inadequate drainage
systems. This situation leads to high watertables
and soil salinity problems. Over 71 pbrcent of
the farms surueyed in Sindh reported facing
drainage problems. Given this situation, there is
a need to address the drainage problems
through appropriate measures (including
providing additional proper drainage systems and
better management and maintenance of the
existing drains) in order to achieve maximum
benefits from reallocations and increased overall
water supplies through additional storage
development. (There is no general consensus on

any single approach to the drainage problem in

Sindh. ln the past, engineering approaches such

as deep tubewells, tile drains, and surface drains
have been adopted. However, their success and

sustainability are still questionable.) While some
drainage problems can be avoided through

TThese 
estimates are consistent wlth output from lWMl's Polkry Dialogue Model (PODIUM). ln PODIUM, total renewable water resources in

Pakistan are estimated at 226 bcm. o, this, 86 percent (194 bcm) ls estimated to be potentially utilizable. About 74 percent (144 bcm) of
the potentially utilizable water resotrrce is estimated to be developed water supply, i.e., it is being captured by the system with existing
infrastructure. There is some potential for capturing a part or whole of the remaining 50 bcm currently flowing to the sea.
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reallocation of surface water and water
conservation (World Bank 1994), there could be

a risk of shifting or spreading problems to less

affected areas. This requircs a vory detailed

Concluslons and lmpllcatlons

Wheat yields across fams in Sindh vary frcm
0.5 ton per hectare to 5.4 tons per hectare, with

the average at around 2 tons per he@re. The

wide variations in averagp farm y&lds have led

to the coining of the tems !rcgresshre rarmers'

and tron-progres.sivo farners' by policy makers
in Pakistan. Using yields as a measure of
performance, farmers acfiievirB beilw avetage
yields have traditionally been called non-
progressive famers. However, measudng
performance based on several producilion inputs,

as in this study, reveals that larmers obtaining
lower yields may not necessadly be non-

progressive. ln f,act, most frarms acfibving below

avsftlge yields are found to be the best pradice

farms in that they produce a unit of wfieat ou$ut
with the least amount of inputs. Consfraints on

adequacy and quality of resources timit the

ability of farmers to achieve higher yblds.

However, if these constraints are removed, they

are likely to achieve yields higher thff thoso

achieved by the so-catled progrcssive hrmers.
Using Data Enveloprrnt Analysis (DEA), the

average farm-leve! performance index is

estimated at 74 percent, implying that wheat
producers, on average, can redu@ inputs by 26
percent by adopting the practices of the best
performing producers. The resutB suggest that
20 percent of prcducers in Sindh arc the best
performing, 30 percent are operating at averago

levels, and the remaining 50 percent are

operating at fairly low or poor levels of

analysis of drainage and scientific reallocation of
wat€r, and this is beyond the scope of the
prcsent strrdy.

perbmance. Scarcity ol inigaton water and
poor hnd gualtty appear to be the main
consfraints to productivity irrcreases in the
prwince. The anatptin reveals that there is a
geographac pattem in these constraints, which
has implkntions for setting pdodties both for
ftrture remedial ac{ions as well as for
invesfrnents of regional development funds.

Produclion func{ion analpis indicates that
the marginal prodrctivity of inputs, pailicularly
inigation water, varies s$gnilicanty across canal
commands; it is very high in some canal
commands and is negative in others. Cunent
water allocaUons, wtricfr reffect histodcal
diversions, are sucfi that some canal commands
rcceive ox6ss supplies while others are highly
water short. The results of this study suggest
that, in the short run, larm yields can be
irrcreased by appropdate and effective
reallocation ol water lrom water-surplus canal
commands to highly water-short canal
commands.

Howevgr, in the medium and long term, the
problem of growing overal! water shortages,
irrcreasing land degradation, and drainage
problems should be addressed by increasing
investnents in these sec'tors. Water scarcity
problems could be addressed by desitting
reseruoirs to restoro lost capacity due to
sedimentation and, where feasible, developing
additional storage fracilities. Other measures
such as exploring and introducing water saving
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technologies, modifying the existing system of
water charges, and establishing water markets
to avoid wasteful use of water should be
evaluated. However, land degradation problems
need to be addressed through specific land
improvement programs. Unlike most past
programs that lacked focus, etforts should be
targeted specifically on areas where the situation
is worsening. Based on the findings of this
study, 5 of the 14 canal commands in Sindh
where salinity and waterlogging are major
constraints to productivity increases, i.e., Lined
Channel, Nara, Fuleli, Northwest and Pinyari,
should be given priorig in providing much
needed remedial action for improving land
resources.t There is a lack of rigorous economic
evaluation of alternative solutions to the land
degradation problem in Pakistan.

From the viewpoint of agricultural policy, it
should be noted that without removing these
fundamental constraints to productivity, benefits
from production enhancing programs, including
subsidies for production inputs such as seed,
fertilizers and credit, are likely to be very limited.

The results of this study could be useful not
only to researchers but also to policy makers and
planners in prioritizing development investments
and for water managers for considering effective
reallocation of water at the canal level in Sindh. ln
addition, DEA methodology and results for
individual wheat producers (available from the
authors) could be potentially useful to agricultural
extension workers for identifying, observing, and
promoting the practices of the best performing
wheat producers in various canal commands in the
province.

While this study has primarily focused on
wheat, there is a need to undertake similar in-
depth studies for the entire irrigated agricultural
sector of Sindh, i.e., involving all rabi and kharil
crops, to fuilher enhance understanding of
determinants of performance in inigated agriculture
and to evaluate the productivity potential in the
province. The availability of an extensive database
for Sindh offers an excellent opportunity to
undertake detailed integrated analyses of
socioeconomic, hydrologic, environmental, and
spatial factors influencing crop productivi$ in the
province.

6For a review of various approaches to the land degradation problem in Pakistan, including engineering, reclamation and saline agrianlture,
see Qureshi and Banett-Lennard 1 998, and Prathapar and Oureshi 1 999,
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DEA Methodology

The basic assumption in this method is that if a
producer A can produce a unit.of output y with a
least amount of x inputs, then producer B should

also be able to do the same if it is to operate

efficiently. Since A produces a unit of y with the
least amount of x DEA will identify A as a best
practice producer for B and other producers in
the dataset. Given that B produces a unit of y
with a relatively larger amount of x, it is possible

for B to reduce x by adopting the best practices

of A. The potential reduction in x by B to be as
efficient as A indicates inetficiency of producer

B. Given data on input-output combinations,

DEA constructs a pedormance frontier (or what

may be called an ideal producer) and compares
each producer with this frontier. Producers close

to the frontier use fewer inputs per unit of output
and, therefore, receive a higher index vatue

compared with producers fuilher away from the
frontier. lt should, however, be noted that the
performance frontier in DEA is constructed from

the obserued data, which refledts relative
performance rather than the theoretical
maximum or minimum.

There are two basic types of specifications
in DEA to construct a pedormance frontier,

namely, Constant Retums to Scale (CRS) and

Variable Returns to Scale (VRS). The application

and appropriateness of each type depends

largely on the implicit economic assumption

regarding scale behavior. The CRS specification

assumes that all the producers being evaluated

are operating at optimal scale. However, if this is
not the situation in reality due to any constraints,
the CRS will result in performance measures

that will not be independent of scale etfects (i.e.,

overall technical efficiency). The VRS

specification, on the other hand, accounts for

Appendix A

variable returns to scale situations and
generates performance measures that are

independent of scale effects (i.e., pure technical
efficiency).

Both CRS and VRS models may be

formulated as input or output oriented. The
former formulation maximizes the proportional

decrease in inputs while the latter maximizes the
proportional increase in output. The two
formulations provide the same value under GRS

specification, but values may be ditferent under
VRS assumption.

The DEA approach was first proposed by

Chames, Cooper, and Rhodes (1978) based on

Farrell's (1957) work on frontier estimation and
productive etficiency measurement. The
methodology has been developing over the
years and is being used extensively for
evaluating etficiency of production units in a
number of industries including education, health,

communication, and agriculture. For a review of
DEA and its applications see Banker, Chames,

and Cooper 1984, Seiford and Thrall 1990, Ali

and Seiford 1993, and Fried, Lovell, and Schmidt
1993.

Specification of DEA Model

Assume there are N wheat producers in Sindh,

with each using varying amounts of different
inputs to produce varying quantities of wheat

output. Let Ybe a (/ x Nf row vector of wheat

output with elements y,representing wheat
output of ifh producer. Let X be a (r( x ,9 matrix

of inputs with elements xorepresenting the kflt
input of the ifh wheat producer. The VRS input-
oriented measure of performance for the rth
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mtn

wheat producer<ould be estimated by

formulating and soMng the following
mathematical problem:

e
le

The above problem must be solved
separately for each of the wheat producers

being oraluated in the sample, which in the
present stuly compdses 1,220 producers. This
was done by using the Data Envelopment
Analysb Program (DEAP) developed by Coetti
(1996) at the University of New England,

Aus0alia. The vadaHes used ln the model
were wheat o@ut and malor inputs used in
s'heat ptoduciion. Wheat odput was delined
as output (kg) per hec{are. The inputs used in
the modd were seed (lE); lertlizer as the sum
(kg) of nutients-nifogen (N), phosphate (P)

and Potash (K) in the total quantity of fertilizer
applied per hectare; number ol inigations per
hec'tare of wheat amount of labor used
(person days) per hectare; cost of land
prcparation (rupees) per hectare; and cost of
harvesting and thrcshing (rupees) per hectare.

For the last tuo vadables, costs instead of
quantities were used. This is because land
preparation involves a variety of operations
(deep tillage, ploughing, leveling, etc.) and their
aggregation in terms of values, instead of
quantities, was considered more appropriate.
Similady, the costs of harvesting and lhreshing,
instead of quantities, wsnB aggregated to
consffuc-t a rnor€ meaningfu! single variable to
ropresent these operations.

st yt
X?r
t?v

l"

SYL

=1
o0

where y'represents nvheat orr$n and x'
represents the column vecior of inputs, botr
representing otrtput and inputs, rcspecthrely, ol
the rti wheat producer being evaluated. I is a
(N x I) column veclor ol weights-to be
determined by soMng the above prcblem. The
element 1,, represents the weight given to the
rth wheat prcducer in construcfing the
performanca hontier. I is a (1 x Al) rcw vector of
ones; / I = / represents the convedty
constraint. 0 is the performance index so lhat,

always, O < e < 1. lt is a scalai value and

represents the propofional redudion in all

inputs, with 0'x' representing the elficient level

of inputs for the dl producer. The value ol 0 =1
for producer i indicates that this producer is the

best performing and inputs cannot bo r€duced

tuilher.
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Appendix B

TABLE 81.

Estimated partial elasticities of the input variables by canal command.

Canal cornmand LnA (Is al dhlcl ql

Rlce Canal
Begari
Desert

North West
Dadu

Ghothkl

Khalrpur East
Khalrpur West
Fuldl
Pinyarl

Lined Channel
Rohri

Nana

Jamao

6.56"
5.09"

4.31'
5.7S"

4.10b

7.61"

5.460

5.74i'

4.U'
{.39
3.45b

7.3t
5.74"

4.4'.t"

-0.05

0.31'
0.30'
0.19

0.25

0.04
-0.03

-0.01

0.09

4.20
0.55'

-0.15

0.09

0.3t'

o.5d
0.24b

0.08

0.15"

{.05
0.13b

0.16

0.31b

0.23b

{.20
0.14

0.02

0.02

4.09

4.01
o.o6b

0.10

0.04

0.15

0.06b

0.06

0.12

0.10'
o.6ob

0.10

0.06

0.12

o.o6b

0.16
0.25b

0.18

{.13
0.26

{.'t3
0.92'
0.37

0.36"

1.57

0.33b

0.19'
0.32b

0.46'

0.10

{.16
0.25

0.29

0.40'
{.11
{.33'
{.08
0.34

0.90

4.16
0.15

-0.01

o.'t2

Sindh 5.35" 0.14' 0.26' 0.oip 0.26' 0.ogo

,Vor6t' 'denotes signiftcanco at tO porcent level;bderules slgniticance at 5 porcont level; "denoteg slgnlticance at I porcent levol,

TABLE 82.

Data for other related variables by canal command.

Canal command ccA TWD ct

192

180

190

't70
170

18it

182
166

123

124
115

14
106

131

0.7

1.1

12
2.3
3.3

3.4

3.7

3.7

4.0

4.2

4.3

4.6
4.8

5.2

TWA

23.7

53.2

u.6
31.9
59.6

102,7

52.9

81.8

17.0

6.2
12.0

310.9
159.9

na

WA

31

51

95

47
65

55

65

51

23

17

u
37
58

46

VAI

Rice Canal

Begai
Desert

North West
Dadu

Ghoftki
Khairpur East
Khairpur West
Fuleli

Phyari
Lined Channel
Rohri
Nara

Jarnmo

1989,90

260

4'.to

2

't,210
1,000

1,330

880

750

1,150

8@
620

4,7W
.3,770

na

199$96
370

5't0
130

1,430

930
900

860

580

1,270

1,070

570
3,900
3,6't0

na

210
u'l
158

309
245
368
't82
195

361

38
20

1,045

883

na

o.47

0.34

0.29

1.01

1.39

1.32

1.13

1.55

1.61

0.97

l.0G

1.36
0.65

0.s
Sindh 4,84!0* 17,190 16,130 158 49 3.5 2.96

* 
The total CCA for Sindh here is fie sum ol 13 commands and excludes CCA for Jamrao and two other canal comman&, Pat teoder and Kald
Bogar F6edor (which aro nol included in this study) due lo ths unavailability ot clnsistont data for these commands.

Noras.' CCA i8 total culturable command arsa in 1995-96, in thousand hectar€s; TWD is total rabi water diverslons at canal h6ad in million crrbic met6rs;
C, is cropping intonsity in percenuige @ased on survey results); WA is wheat area as a proportion ol cuhivated farm area ln percentage (bas6d
on survoy results); TlyA is total ar€a sown to wheat in 1 995-96, in $ousand hecltares; , is number o, irdgations per hoctare; and VAI ls variance
of number of inigations per h6ctare.
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