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Where to invest in the Indus Basin Irrigation System in

Pakistan to improve land and water productivity?

Insights from a hierarchical model

Dawit K. Mekonnen Hira Channa Claudia Ringler

Abstract

Irrigated agriculture accounts for about 80% of total agricultural production in Pakistan, an arid

country home to the sixth largest population globally. Almost all irrigated production takes

place in the Indus Basin Irrigation System, the world’s largest contiguous irrigated area. The

extensive system of canals transfers water from the river system to distributaries and from there

to watercourses, farms, and eventually to individual farm plots. Given growing water shortages

and the resulting increased variability in water flows in the system, it will be important to improve

system efficiency to ensure continued increase in agricultural production. A key question remains,

however, where to intervene in the system. This paper uses multilevel modeling to explore the

relative importance of plots, farms, watercourses, and distributaries on the levels and variance of

wheat yield, and identify entry points to improve agricultural water management in a way that

can guide prioritization of investments across the different levels of the irrigation network. Our

findings suggest that out of the total variation in wheat yield that is not explained by plot specific

characteristics, 28% is explained by distributary level effects, 3% by watercourse level effects, and

7% by farm (household) characteristics. These findings suggest that investments that improve

irrigation water delivery at the distributary level provide the highest impact per unit of dollar

invested in terms of reducing yield gaps among farmers.
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I. Introduction

The Indus Basin Irrigation System (IBIS) in Pakistan is the largest contiguous irrigation

system in the world where 61,000 kilometers long canals link with 107,000 watercourses that

stretch for about 1.6 million kilometers (Afzal, 1996), and irrigate a total area of 16.7 million

hectares (Qureshi et al., 2008). However, irrigation in the IBIS is increasingly challenged

by water scarcity, salinity, waterlogging and high conveyance losses at different levels of the

irrigation network (Qureshi et al., 2008; Bandaragoda and ur Rehman, 1995). Out of the

139 million acre-feet of annual water flow available to Pakistan in the rivers of the Indus

basin, the country diverts 75% to its canal irrigation system. Approximately one fourth of

this surface water is lost due to conveyance losses in the canal system (Bandaragoda and

ur Rehman, 1995). Furthermore, out of the 78 million acre-feet of water that reaches the head

of watercourses, 45% is lost due to conveyance losses (Bandaragoda and ur Rehman, 1995).

Thus improving the water use efficiency of the system is a major concern of the government

of Pakistan. A significant share of the water lost through conveyance losses ends up in

shallow aquifers and is recycled back as groundwater, with increased energy demand for

water extraction and application, as well as reduced soil health through increased salinity

(Qureshi et al., 2010, 2008). The varying potential for exploitation of these losses as well as of

return flows implies that the same amount of surface water loss may have differential impacts

on water availability and related agricultural outcomes such as land and water productivity

depending on where it occurs in the irrigation network.

On the other hand, the nested structure of the irrigation network where farms are nested

in watercourses, which in turn are nested in distributaries lends itself to the exploration

of the relative importance of each level on farm and plot level agricultural performance.

The multilevel irrigation landscape in Pakistan is also reflected in the policy responses

of the government in the last decades. In particular, the irrigation management transfer

(IMT) program that has started in 1997, and which can still be considered as a work in

progress, has assigned different roles for institutions at different scales of the irrigation

network. For example, provincial irrigation departments are responsible for the irrigation

structure from main barrages to canal head works; Area Water Boards, which are established
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in the form of utility companies, manage the irrigation system from canal headwork to

distributaries and minors; and distributary level farmer organizations (FOs) are responsible

for the operation and maintenance of minors and distributaries (Dinar, Balakrishnan, and

Wambia, 2004; Ul Hassan, Hamid, and Khan, 2003). The establishment of legally-recognized

watercourse level water users’ associations (WUA’s) started in the early 1980’s (Byrnes,

1992; Muhammad, 1998). However, these water course level associations are mentioned in

the recent IMT only to the extent that the head of the WUA becomes a member of the

distributary level farmer organization (Mekonnen, Channa, and Ringler, 2015). Thus, a

study on the relative importance of farms, watercourses, and distributaries can generate

important information for the ongoing IMT process, as well as the associated investments

and foci given to each level of the irrigation network. This paper uses a multilevel modeling

approach to explore the relative contribution of plot, farm, watercourse, and distributary

level variables on the variability of wheat yield across farms. The results are expected to

identify entry points to improve agricultural water management in the IBIS in a way that

can guide prioritization of investments across the different levels of the irrigation network.

The different pathways through which each element of the irrigation hierarchy may

influence farm or plot-level performance seems relatively straightforward. Distributary level

effects are likely to manifest in terms of differences in the number of weeks the distributary

or minor was open during the season, or the number of weeks the canal was full or half

full in the weeks the canal was officially open for the season, or whether the canal has a

farmer organization (Mekonnen, Siddiqi, and Ringler, 2016). Watercourse level differences

can influence yield variability among farms through the location of the watercourse on the

distributary, through lining or not of the course, through the existence of a WUA, as well

as through the number of farmers and land holding distributions on the watercourse. Farm

level characteristics such as total land ownership or household demographic characteristics

can also influence yield. Similarly, plot level characteristics such as the location of the plot

on a watercourse and plot quality characteristics, such as salinity levels, waterlogging, slope,

and fertility can explain yield differences across farm plots.

The applications of multilevel models in agriculture dates back to the 1950s (Henderson

et al., 1959; Henderson, 1950). However, we do not find many recent applications, particularly
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in agricultural economics, with the exception of the work by Michler, Viens, and Shively

(2015) who use hierarchical models in the investigation of crop output to inform weather

index insurance in South Asia. In other related fields, application of multilevel model is

relatively extensive including studies on the incorporation of multiple scales and levels for a

land use study in the Philippines (Overmars and Verburg, 2006), on the examination of the

determinants of adoption of wind and solar energy generation on U.S. farming operations

(Borchers, Xiarchos, and Beckman, 2014), whether the house or neighborhood matter more

in predicting abandoned housing (Morckel, 2015), migration decisions of dual earner families

(Swain and Garasky, 2007), the heterogeneity of total factor productivity of a sample

of manufacturing firms operating in seven EU countries (Aiello and Ricotta, 2016), the

relationship between unemployment rate and adolescent alcohol use (Svensson and Hagquist,

2010), disentangling women’s bargaining power from individual and household level to institutions

(Mabsout and van Staveren, 2010), and in understanding migration as a risk factor for HIV

infection (Magadi, 2013).

This paper, in addition to the stated objective of identifying the relative importance

of different hierarchies of the irrigation system in Pakistan on wheat yield performance,

is expected to contribute to the literature in the application of hierarchical models in

agricultural economics. The paper is organized as follows. Section II explains the hierarchical

modeling used in the study, section III describes the data sources and descriptive statistics

of selected variables, section IV presents the major findings, and section V summarizes the

findings.

II. Methodology

To explore the relative importance of plots, farms, watercourses, and distributaries

on agricultural productivity (y) and its variance, the paper uses a multilevel modeling

where plots (p) are clustered into farms (f), farms are clustered into watercourses (w), and

watercourses are clustered into distributaries (d). The key difference of multilevel modeling

from classical regression that sometimes accommodates varying coefficients using indicator

variables is in the modeling of the variation between the different groups (Gelman and Hill,
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2007). Multilevel modeling is also helpful if one wants to include group level predictors along

with group level indicators (which is impossible in classical regressions for the obvious perfect

multicollinearity problem), to make prediction for groups not included in the estimation, or

to account for group level variation in the uncertainty of individual level coefficients (Gelman

and Hill, 2007). However, multilevel modeling brings in additional complexity due to the

multiple number of coefficients to estimate varying intercepts, varying slopes, or both. In

the application that follows, we only vary the intercept coefficient by different hierarchies

given the complexity of fitting a full varying-intercept varying-slope model with four levels

of a hierarchy.1

We model plot level wheat yield in Punjab and Sindh provinces of Pakistan using the

following hierarchical specification.

(1) ypfwd = X ′
pfwdβ + αfwd + εpfwd

where y refers to the log of wheat yield on plot p of farm f in watercourse w and distributary

d. X refers to a vector of plot level characteristics such as amount of fertilizer, labor days, and

machines hours (tractors and threshers) used, number of canal and groundwater irrigations,

tenancy status of the plot, waterlogging and salinity conditions of the plot, soil fertility,

soil type, slope, and erosion problems on the plot, use of manures and access to the public

extension system. εpfwd is the usual disturbance term that is distributed normally with

mean 0 and variance v2ε where v2ε represents the total variance unexplained by the plot level

characteristics included in the estimation. The intercept of the plot level equation (αfwd) is

allowed to vary across farms, watercourses, and distributaries. This varying intercept (which

sometimes is referred to as a random effect) is not directly estimated, but summarized in

terms of its probability distribution (the source for the term ‘random effect’).

Specifically, these varying intercepts are characterized by their variance components

that are estimated along with the overall residual variance, v2ε . However, the varying

intercepts themselves (to be exact, their best linear unbiased predictor) can be computed post

1. Bayesian methods can be more suitable for models with complicated structures or with fewer groups.
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estimation conditional on the estimated coefficients. The variance of the varying-intercept

coefficients represent the amount of total variation that is not explained by the model (i.e,

v2ε ) but explained at the that grouping level or hierarchy.

Thus, the errors that represent variations among the different plots of the household that

are not explained by plot level characteristics are represented as follows:

(2) αfwd ∼ N(αwd, v
2
f )

The variation among plots in different watercourses that is not explained by plot and farm

characteristics is represented as follows:

(3) αwd ∼ N(αd, v
2
w)

The variation among plots in different distributaries that is not explained by watercourse,

farm, and plot characteristics is summarized as follows:

(4) αd ∼ N(µd, v
2
d)

The hierarchy is thus as follows: plot-level intercepts (αfwd) are a function of household

characteristics, household intercepts (αwd) are a function of watercourse characteristics, and

watercourse level intercepts (αd) are a function of distributary level characteristics, with

each level having its own random disturbance terms. The model is estimated in a frequentist

approach that uses the likelihood functions as shown in Pinheiro and Bates (2000). The

model is estimated for wheat production during the Rabi (winter) seasons of 2011-2012 and

2013-14 using the Pakistan Rural Household Panel Survey, which provides detailed plot level

information with highly disaggregated data on irrigation types, methods, and institutions

on 982 randomly selected households in the IBIS (IFPRI/IDS, 2016).

The different variance parameters can be converted into intra-cluster correlations (ICC)

for ease of interpretation. The ICC at the distributary level (ICCd) is given as:

(5) ICCd =
v2d

v2d + v2ε
.
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ICCd represents the correlation between yield levels of two plots from the same distributary

but from different watercourses.

The ICC at the watercourse level (ICCw) is given as:

(6) ICCw =
v2wd + v2d

v2wd + v2d + v2ε
.

ICCw represents the correlation between yield levels of two plots from the same distributary

and watercourse, but from different households.

The ICC at the farm level (ICCf ) is given as:

(7) ICCf =
v2fwd + v2wd + v2d

v2fwd + v2wd + v2d + v2ε
.

ICCf represents the correlation between yield levels of two plots from the same distributary,

watercourse, and farm/household.

The ICC at each level can be converted to sources of unexplained variances at farm,

watercourse, and distributary levels as the variations explained at each stage are on top of

what has been explained on the levels or hierarchies below it. In the empirical application,

we have presented results from three different specifications of the hierarchy where (i) only

the farm level is considered (i.e, the intercept coefficient of the plot level estimation is

allowed to vary by farm level with no regard to the watercourse), (ii) both the farm and

watercourse levels are taken into account so that the farm level intercepts are a function

of watercourse level effects and a disturbance term, and (iii) the full hierarchy of farms,

watercourses, and distributaries are taken into account so that watercourse level intercept

coefficients are a function of distributary level effects and a disturbance term. If only the farm

level is considered, the results are identical with a plot level panel random effects estimation

with maximum likelihood approach in the classical regression. The benefit of the mixed

effects regression becomes more apparent as we include more than one level/hierarchy in the

estimation process as it allows the measurement of the relative contribution of each hierarchy

to the total unexplained variance. In addition, since the farm-only level model is nested in

watercourse-and-farm level specification, which itself is nested in distributary-watercourse-farm
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level specification, we use likelihood ratio tests to compare these nested models.

The multilevel model allows the measurement of the relative importance of each hierarchy

or group even after allowing the inclusion of group level explanatory variables in the model,

which avoids the perfect multicollinearity problem with the intercept term, as the intercept

term now varies by number of groups included. In cases where group level predictors are

included, the variation explained by that level would be net of the effect of the included group

level predictors. In this study, for instance, we have included household level variables such

as total land ownership and access to extension services in the plot level yield specification as

they may be important variables in explaining plot level yield. Thus, the share of farm level

effects in the total unexplained variance is net of what these included farm level variables

have already contributed in explaining yield differences.

III. Data

The data used in this study comes from two survey rounds of the Pakistan Rural

Household Panel Survey (Round 1.5 and Round 3.5) that were collected by Innovative

Development Strategies (IDS) and the International Food Policy Research Institute (IFPRI)

in Punjab, Sindh, and Khyber Pakhtun Khwa (KPK) provinces of Pakistan in the fall of

2012 and 2015, respectively. The data include detailed plot-level information on agricultural

production with a particular focus on the use and management of the IBIS.

The survey from Round 1.5 covers 980 farm households, with 543 households in Punjab,

317 households in Sindh, and 120 households in KPK. The sample size has been expanded

by an additional 285 households in Round 3.5 to better reflect the rice-wheat system in

Punjab. In Round 1.5, the production and irrigation module refers to Kharif (summer

season) 2011 and Rabi (winter season) 2011-12, while production data from Round 3.5 refers

to Kharif 2014 and Rabi 2014/15. The Rabi crops are sown during October to December

and are harvested during March or April. The Kharif crops are generally sown in April and

harvested in October. The Kharif crops are diversified and include rice, cotton, sugarcane,

maize, sorghum, and millet while 70 percent of the land cultivated during the Rabi season

is covered with wheat (IFPRI/IDS, 2016; Mekonnen, Siddiqi, and Ringler, 2016).
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In this study, we focus on one season (Rabi) and one crop (wheat). Given that wheat is

the only major crop produced in the season accounting for almost 3/4th of harvested land

in the season2, the focus on Rabi season and wheat allows us to abstract from crop selection

issues in the more diversified Kharif season. The Rabi season also relies more on irrigation as

the rain is concentrated in the Kharif season thus reducing or eliminating the role of rainfall

variability across plots and farms in the regression. Unlike many other surveys, the data is

also panel at the plot level. About 70% of the sampled households produce wheat in at least

one of the two survey rounds.

TABLE I: Descriptive Summaries on wheat yield, plot characteristics, input
uses, and management practices in Punjab and Sindh provinces of Pakistan

Rabi 2011/12 Rabi 2014/15

Mean Standard deviation Mean Standard deviation
yield ( kg/ha) 5970.4 (6639.4) 6824.8 (7786.0)
no. of canal irrigation per ha 4.240 (4.708) 2.295 (1.615)
no. of groundwater irrigation per ha 4.753 (5.781) 2.142 (2.924)
total family labor(hours) 146.1 (139.9) 153.0 (180.1)
total hired labor(hours) 107.0 (168.1) 69.85 (146.1)
tractor hours employed per hectare 7.969 (4.446) 8.444 (9.081)
threshing hours employed per hectare 4.460 (3.223) 5.507 (6.208)
fertilizer (kg/ha) 368.9 (173.1) 505.0 (608.0)
extension 0.244 (0.430) 0.280 (0.450)
manure use 0.186 (0.390) 0.135 (0.342)
tenancy status, Own 0.647 (0.479) 0.627 (0.484)
tenancy status, Rent-in 0.0994 (0.300) 0.106 (0.308)
tenancy status, Share-in 0.253 (0.436) 0.268 (0.443)
waterlogging 0.202 (0.402) 0.229 (0.420)
salinity 0.0673 (0.251) 0.125 (0.331)
farm size 1.476 (0.821) 1.544 (0.878)
loam and clay loam soil 0.603 (0.490) 0.700 (0.459)
fertile soil 0.106 (0.308) 0.0983 (0.298)
no erosion problem 0.907 (0.291) 0.934 (0.249)
flat slope 0.881 (0.324) 0.784 (0.412)
Punjab 0.670 (0.471) 0.641 (0.480)
Sindh 0.330 (0.471) 0.359 (0.480)
Observations 719

Standard deviations are in parenthesis

2. Most of the remaining land is covered with berseem, a leguminous forage, that accounts for about 20%
of the land in the Rabi season.
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Table I provides descriptive summaries on wheat yield, plot characteristics, input uses,

and farm management practices. Wheat yield is about 5,970 Kg in Rabi 2011/12, which has

increased by 15% in 2013/14. Fertilizer use is 369 Kg/ha in 2011/12 while it has increased to

505 Kgs/ha in 2013/14. Number of irrigation both from the canal system and groundwater

has decreased by about half in 2013/14 compared to 2011/12. Total family labor hours in

wheat production in 2011/12 and 2013/14 were 146 and 153 hours, respectively. Hired labor

use shows significant decrease in 2013/14 from 107 hours to 70 hours between the two rounds.

Both tractor and thresher hours have slightly increased in 2013/14 compared to 2011/12.

Only about a fourth of the farmers reported access to a public extension system. Manure

use is reported by about 19% and 14% of the farmers in 2011/12 and 2013/14. Two thirds

of the plots are owner-operated while a quarter are shared-in and a tenth of the plots are

rented-in. The average land ownership of the farmers is about 1.5 hectares. Waterlogging

is reported by 20 to 23% of the farmers. The share of farmers who reported soil salinity

problem increased from 7% in 2011/12 to 13% in 2013/14. Two-thirds of the observation in

our estimation comes from Punjab while the rest is from Sindh province.

IV. Results

Our sample has 54 groupings at the distributary level, 107 groupings at the watercourse

level, and 408 observations at the household level as shown in Table II. We started with the

estimation of the plot level panel random effects model in the classical regression approach,

which is shown in column (1) of Table III. As expected, the results of the panel random

effects model is exactly identical with the results of the hierarchical model when only two

levels of hierarchies (plots and households) are considered, as the comparison of columns (1)

and (2) of Table III shows. As explained in the methodology section, the upside of using

multilevel models is in cases where more than two levels of groupings are appropriate. We

have then consecutively added watercourses and distributaries to this basic specification,

and used likelihood ratio (LR) tests to identify the appropriate specification of these nested

structures. The LR tests prefer the last specification where plots are nested in households,

households are nested in watercourses, and watercourses are nested in distributaries. Thus,
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we will focus the interpretation of the results on this specification, whose results are presented

in column (4) of Table III.

TABLE II: Levels/hierarchies and number of observations per group

Observations per group
Level No. of groups Minimum Average Maximum

Distributary 47 1 15.3 78
Watercourse 88 1 8.2 41
Household 408 1 1.8 2

The plot level yield estimation shows that the major determinants of wheat yield in

the study area are availability/frequency of canal irrigation, availability of hired labor and

threshers, tenancy status, and overall size of land ownership. A percentage increase in

the number of canal irrigation leads to a 0.05 percent increase in yield while a percentage

increase in hired labor hours leads to a 0.015 percent increase in yield. A percentage increase

in thresher use leads to a 0.06 percent increase in yield. Wheat yield is 10 percent higher

in shared-in plots than on own plots. Large farmers appear to be more productive as a

percentage increase in the amount of land owned leads to a 0.89 percent increase in yield.

Table IV presents the main findings of the study as it summarizes the relative contribution

of each level of the hierarchy in Pakistan’s irrigation system in terms of explaining yield

differentials among plots above and beyond the usual input use and demographic variables.

Results from our preferred specification with distributary, watercourse, and farm level hierarchies

on top of the basic plot level regressions are presented in column (3) of Table IV.

The first panel of Table IV shows the estimated variances at each nested level of the model

which are, for ease of interpretation, converted to intracluster correlations (ICC) and share of

variances in the last two panels. The ICC results show that the correlation of yield between

a pair of plots that comes from the distributary but different watercourses is 0.28. The

yield correlation between a pair of plots between two plots from the same watercourse but

different households is 0.31, while the correlation between two plots of the same household

is 0.38. As shown in the last panel of Table IV, these ICC values imply that out of the

total variation in wheat yield that is not explained by plot specific characteristics, 28% is

explained by distributary level effects, 3% is explained by watercourse level effects, and 7%
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TABLE III: Results from multilevel regression of wheat yield in Punjab and
Sindh Provinces of Pakistan

(1) (2) (3) (4)
Panel RE farm watercourse distributary

mle level (wc) + farm + wc + farm
log no. of canal irrigation 0.036** 0.036*** 0.047*** 0.054***

(0.014) (0.014) (0.015) (0.016)
log no. of groundwater irrigation -0.008 -0.008 -0.017 -0.020

(0.015) (0.015) (0.016) (0.016)
log family labordays 0.018 0.018 0.014 0.016

(0.016) (0.016) (0.015) (0.015)
log hired labordays 0.020*** 0.020*** 0.016*** 0.015***

(0.006) (0.006) (0.006) (0.006)
Rabi 2014/15 0.067* 0.067* 0.068* 0.072**

(0.035) (0.035) (0.035) (0.035)
log tractor hours 0.072*** 0.072*** 0.026 0.011

(0.028) (0.027) (0.028) (0.028)
log thresher hours 0.014 0.014 0.050* 0.062**

(0.028) (0.028) (0.028) (0.028)
log fertilizer 0.038 0.038 0.030 0.027

(0.028) (0.027) (0.026) (0.026)
extension 0.145*** 0.145*** 0.090** 0.072

(0.046) (0.046) (0.046) (0.046)
manure use -0.031 -0.031 0.019 0.041

(0.053) (0.053) (0.052) (0.051)
tenancy status, Rent-in -0.030 -0.030 -0.014 -0.003

(0.070) (0.070) (0.063) (0.062)
tenancy status, Share-in 0.017 0.017 0.066 0.093*

(0.056) (0.056) (0.051) (0.050)
waterlogging 0.115** 0.115** 0.013 -0.016

(0.056) (0.055) (0.060) (0.061)
salinity -0.080 -0.080 -0.054 -0.052

(0.070) (0.069) (0.069) (0.069)
farm size 0.862*** 0.862*** 0.890*** 0.894***

(0.028) (0.028) (0.026) (0.026)
loam and clay loam soil 0.061 0.061 0.072 0.072

(0.044) (0.044) (0.046) (0.046)
Sindh -0.176*** -0.176*** -0.185** -0.157

(0.066) (0.065) (0.093) (0.118)
Observations 719 719 719 719
Number of groups 408 408 86 47

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Constants are not reported as they will be the main theme of Table IV. Soil fertility, slop, and erosion
variables which are all statistically insignificant are suppressed for succinct presentation of the table.
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is explained by farm (household) characteristics. These findings suggest that investments

that improve irrigation water delivery at distributary level provide the highest impact per

unit of dollar invested in terms of reducing yield gaps among farmers.

TABLE IV: Variances explained at different levels of the irrigation
network

(1) (2) (3)
Farm Watercourse (wc) Distributary
level + farm + wc + farm

Estimated Variances
distributary 0.073
watercourse 0.066 0.007
farm 0.071 0.019 0.0176
residual 0.163 0.161 0.161

Intra cluster correlations
distributary 0.283
watercourse 0.27 0.311
farm 0.305 0.345 0.379

Share of variances
distributary 28%
watercourse 27% 3%
farm 31% 8% 7%
unexplained variance 69% 65% 62%
N 719 719 719

It is to be noted that the small variation explained by the household level is partly

because some household level variables such as overall land ownership and access to the

public extension system are already included in the plot level model. Thus, the 3% share

of unexplained variance attributed to the household level are on top of the yield difference

explained by these household level variables. Similarly, since we have included number of

irrigation from surface water in the estimating equation, the unexplained variation due to

distributary and watercourse level effects is on top of their effect in influencing the number

of irrigation turns a household uses per season. Distributary and watercourse level effects

are expected to influence not only the number of irrigation but the volume of irrigation per

irrigation turn, the reliability of water on the canal turns, maintenance of water courses,
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canal linings, conflict among water users, and other general water management issues.

V. Conclusions

The study explores the relative importance of plots, farms, watercourses, and distributaries

on the levels and variance of wheat yield using multilevel modeling in which plots are

grouped into farms, farms are grouped into watercourses, and watercourses are grouped

into distributaries. The hierarchical modeling is applied using data from Pakistan where

irrigated agriculture accounts for about 80% of agricultural production. The analysis allows

to identify entry points to improve agricultural water management in a way that can guide

prioritization of investments across the different levels of the irrigation network. This is

particularly relevant in the context of the ongoing irrigation management transfer (IMT)

program in the country where the government of Pakistan started to devolve responsibilities

held by provincial irrigation departments to local user groups. Under the IMT, provincial

irrigation departments would be responsible for water management issues from barrages

to canal headworks; Area Water Boards organized as independent utility companies will

be responsible for irrigation and drainage issues from canal headworks to distributaries

and minors; farmer organizations (FOs) would take over the operation and maintenance

of minors, distributaries and lower-level drainage infrastructure; while formally organized

water users associations (WUAs) would be responsible for watercourse level management, in

which the head of the WUA is represented in the distributary level FO. In the face of these

change processes in the irrigation management of Pakistan as well as due to the very large

costs of any investments in irrigation, information on the relative contribution of plot, farm,

watercourse, and distributary level characteristics on land and water productivity is likely

to be a point of interest to many that are interested in water management issues in South

Asia.

Our findings suggest that out of the total variation in wheat yield that is not explained

by plot specific characteristics, 28% is explained by distributary level effects, 3% is explained

by watercourse level effects, and 7% is explained by farm (household) characteristics. These

findings suggest that investments that improve irrigation water delivery at the distributary
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level provide the highest impact per unit of dollar invested in terms of reducing yield gaps

among farmers. Such information, if coupled with information on relative investment costs

per hectare of improved irrigation, can better guide prioritization of investments in the IBIS.
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