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1 Executive Summary 
 

1 Agriculture is a critically important part of Pakistan’s economy. Agriculture accounts for 
around 95% of the country’s water consumption and more than 50% of this water is 
groundwater. However, the accessible groundwater supply is insufficient to satisfy the 
ever-increasing demand, and this has led to over extraction of groundwater, declining 
groundwater levels and saline intrusions.  

2 This study, which formed part of a larger ACIAR funded project focused on improving 
groundwater management to enhance agriculture and farming livelihoods in Pakistan, 
aimed to estimate the impact of groundwater management on agricultural productivity 
and livelihood of rural households in Punjab, Pakistan. 

3 The research was carried out in the Lower Bari Doab Canal irrigation system in Punjab 
Province. The LBDC irrigation system is one of the largest irrigation systems in the 
Punjab. The LBDC irrigation system was initially designed for a cropping intensity of 67% 
but due to the rising population and the need for food security, its current cropping 
intensity is exceeds 160% . Consequently, farmers rely on accessing groundwater for 
irrigation to supplement surface water from the irrigation canals. Water-smart practices 
for groundwater management have been developed, but uptake of these practices is low.  

4 Data was collected from two of the four distributaries in the system, the 1R (Okara) 
distributary and the 11L (Sahiwal) distributary. These distributaries were selected 
because they are representative of the climatic and agricultural concerns within the 
province.  Interviews were conducted with 469 randomly selected farmers from the head, 
middle and tail of the 1R and 11L distributaries during 2017-18. These interviews were 
focused on gaining an understanding of the socio-economic and demographic 
characteristics of farming households as well as current irrigation and cropping practices 
of farmers and impediments to adopting water-smart practices.  

5  Logistic regression models were used to analyze the factors that influenced the 
probability of adoption of water-smart practices for groundwater management. An 
economic analysis was also undertaken to determine water productivity and resource 
use efficiency, including technical, economic and water-use efficiency, for the major 
crops that are grown in the province. 

6 The average age of farmers was 46 years with very small difference between the two 
distributaries which shows that experienced persons are heading the households on both 
sites. However, very few farmers had received any training from agricultural extension 
officers or from NGOs. 

7 The majority of farmers (> 80%) reported that they didn’t have access to credit to acquire 
their crop inputs (seed, fertilizer, pesticide and diesel fuel). Those that did access credit 
most commonly did this using non-institutional sources such as inputs dealers, arthis1, 
and friends/relatives due to difficulties in accessing institutional credit. 

8 The findings of this study revealed that farmers from the tail end of both distributaries 
had higher financial/economic benefits compared to middle and head farmers. This study 
also found that head farmers of both distributaries have improved resource use 
efficiency, including technical, economic and water-use efficiency. 

 

 

 

1 Is a marketing functionary also called Commission agent who charge a certain rate of commission for selling 
the produce through auction process 
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9 Most of the farmers who had adopted water-smart practices for groundwater 
management attributed their adoption to the limited supply of canal water, climate 
change, proclivity to drought, massive groundwater extraction, rapidly declining 
groundwater table and increasing soil salinity over the time. Results revealed that 
uniform germination, higher yield and financial returns, concentration of inputs and 
increase in resource use efficiency are the main advantages of water-smart practices.  

10 The results of the logistic regression model revealed that farm characteristics, economic 
and social capital, technical training and sources of information affect the adoption of 
water-smart practices for groundwater management by the farmers of wheat-based 
cropping systems. The pseudo-R2 and Wald-chi-square test values indicated that the 
selected model for this study is fit and adequate. Further, literature supports the notion 
that the variables included in the model had significant impact on the probability of 
adopting water-smart practices.  The results showed that the head farmers were using 
inputs more efficiently with higher water and crop yield from per m3 of irrigation water, 
than middle and tail farmers.  

11 Major problems reported in crops production were shortage of water, unavailability of 
inputs on time, high prices of inputs and lack of awareness regarding the quality of inputs. 
Over 70% of farmers reported that they experience water shortages in the Rabi (winter) 
season. This may be related to the fact that conventional agricultural practices that 
require intensive use of external inputs (e.g. irrigating the unlevelled fields and flood 
irrigation methods) were common in both sites. 

12 The average water use efficiency (WUE) was 63% in 1R whereas it was 55% in 11L, 
implying that there is room to improve WUE at both sites. Similarly, water productivity 
analysis showed that in both distributaries, under the current irrigation management 
system farmers are using 50-60% more water than the actual crop water requirement, 
suggesting that farmers need to be educated and trained and irrigation practices be 
changed to use irrigation water efficiently and avoid waste full use of water. Among both 
distributaries, head farmers of both sites were more water efficient than middle and tail 
farmers.  

13 This study has shown that farmers can save inputs (such as water), increase their 
production and earn more profit, by adopting water-smart practices. As such, it is 
recommended that the government and other relevant institutions devise and implement 
policies that adequately address the importance of and enhance the use of water-smart 
practices in Punjab and beyond. The study found that poor access to farm services (e.g. 
availability of resources, access to credit, market and agricultural extension services) 
limits the adoption of water-smart practices. This indicates that strategies to provide 
financial support and training to farmers would be beneficial in increasing adoption rates. 
This would enhance resource use efficiency, net farm income and livelihood of rural 
masses. 
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2 Introduction 
Pakistan is the fourth largest groundwater extracting nation in the world, contributing around 9% 
to the extraction of groundwater worldwide. Around 5.2 million hectares of land are irrigated by 
groundwater in Pakistan, and this represents about 4.6% of the groundwater irrigated land 
globally (Siebert et al., 2010). The accessible groundwater supply is, however, insufficient to 
satisfy the ever-increasing demand and this has led to tremendous over-drafting pressure (Khan 
et al., 2008; Rodel et al., 2009; Wada et al., 2010). The proportion of groundwater used in 
irrigated agriculture has increased from just 8% in early 1960 to above 50% in 2016 (Byrelle and 
Siddiq, 1994; Qureshi et al., 2009; Qureshi et al., 2010; LEAD, 2016; Imran et al., 2018). In 
Punjab, for example, it has been estimated that groundwater provided 8% of farm water supply 
in 1960 (Byerleee and Siddiq, 1994), increasing to over 60% in 2019 (Qureshi and Ashraf, 2019). 
In the Indus Basin of Pakistan, around  60 km3  of groundwater is extracted each year and this 
is higher than the annual recharge rate which is around 55 km3 (Giordano, 2009). However, 
before this can be addressed, issues around estimating (net) water availability, equitable 
distribution of water, and incentives/policy instruments for capacity building of the water sector 
and farmers will need to be resolved. This will require technical knowledge and legal frameworks, 
but as a first step, a proper understanding of the socio-economics characteristics of farmers and 
the benefits involved is needed. 

Pakistan's economy is heavily dependent on agriculture; it contributes 19% of GDP and employs 
42% of the labour force. Around 61% of the rural population is directly or indirectly employed in 
the agricultural sector (GOP 2019). Irrigation is critically important in sustaining Pakistan’s 
agricultural sector. It contributes to more than 90% of agricultural production in the country (GOP 
2019). Hunger and poverty are serious issues in Pakistan, Bangladesh and India, where it affects 
over 25% of the population of over 300 million citizens or one-third of the world's food insecure 
population. Poverty and food insecurity are more widespread in rural areas and improvements 
in agricultural productivity are required to address these issues. Irrigated agriculture has helped 
meet rapidly rising demand for food, increased farm profitability, reduced poverty, and 
contributed to regional development. Farmers have been increasing their crop production trends 
and witnessing significant increases in productivity and profits from agriculture. However, 
agricultural productivity in Pakistan is low compared to other countries and is constrained by 
water availability and its quality.  

In Pakistan, major crops such as wheat, cotton, rice and maize contribute a significant share 
(3.75%) of the GDP. These major crops also provide an important source of food, foreign 
exchange and raw materials to domestic industries. However, production of these crops varies 
over time (Figure 2.1) and is negatively affected by increasing water shortage, climate change 
and low adoption of sustainable agricultural practices (GOP, 2018). Rapid urbanisation and 
dominance of small land holdings are also resulting in poor performance of agriculture in 
Pakistan  (Abid et al., 2015; Abid et al., 2016; Abid et al., 2017; CIAT, 2017; GOP, 2018). In 
addition, the majority of the farmers in Pakistan are still practicing conventional agriculture 
(Makhdum et al., 2011; Watto and Mugera, 2015; Zulfiqar and Thapa, 2016) and they are 
producing major crops by using conventional agricultural management practices (applying high 
dose of fertilizers, pesticides and water etc.). Consequently, the conventional farmers have 
higher cost of production, resource depletion and low resource use efficiency (Makhdum et al., 
2011; Watto and Mugera, 2015; Zulfiqar et al., 2017). 

Wheat is the staple food in Pakistan and production of wheat contributes 1.7% to GDP and 
accounts for 9.1% to value addition in agriculture (GOP, 2018). However, production of wheat 
has been affected by climate change, delayed and prolonged crushing season, shortages of 
water and the use of conventional crop production and irrigation management practices (GOP, 
2018). In addition, water productivity of wheat farmers is relatively low in Pakistan (1kg/m3) 
compared to other countries like India (1.5kg/m3) and USA (2kg/m3) (LEAD, 2016). 

Cotton is the most important and the second largest cash crop in terms of area after wheat, 
contributing 1% to the total GDP and 5.5% in agricultural value addition. It is also an important 
source of foreign exchange and the main source of raw material to the textile sector (GOP, 2018). 
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Although Pakistan is the world’s fourth largest producer of cotton, this crop is climate-sensitive 
and production is affected by the use of conventional agricultural management practices, climate 
change, and market failures (Makhdum et al., 2011). The conventional agricultural practices 
involve traditional methods such as flood irrigation to unlevelled field, intensive use of external 
inputs (fertilizers, seed, pesticides and water) and the use of uncertified seed (Imran et al., 2018). 

 

 

Figure 2.1: Area, production and yield of major crops (GOP, 2019) 

Rice is the most important food crop after wheat and the third largest cash crop after sugarcane 
and cotton. Rice contributes about 0.6% to total GDP and 3.1% in the agricultural value addition. 
Due to higher domestic prices and increases in export demand, the area under rice has been 
increasing over time (GOP, 2018). However, the water productivity of rice farmers in Pakistan is 
well below that of other countries like China and India (LEAD, 2016). The low production, crop 
productivity and water productivity are attributed to the use of conventional agricultural 
management practices and the low rate of adoption of modern technologies (LEAD, 2016; Watto 
and Mugera, 2014).  

Maize is the fifth major crop after wheat, cotton, rice and sugarcane in Pakistan, contributing 
about 0.5% to GDP and 2.4% in agricultural value addition. The importance of maize in the 
country is increasing and this has led to a significant increase in its area, production and yield 
(GOP, 2018). 

In an arid country like Pakistan, irrigation is critically important for agricultural production. In 
Pakistan, about 82% of the cultivated area is under irrigation (Planning Commission of Pakistan, 
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2012) and agriculture also accounts for approximately 90-95% of the country’s water usage. In 
Pakistan, surface water supply is limited, and this is exacerbated by frequent occurrences of 
drought and increasing crop intensities. Surface water supply within the Indus Basin Irrigation 
System is unpredictable so farmers rely on groundwater to meet their irrigation needs. 
Furthermore, during times of drought, the use of groundwater ensures the supply of irrigation 
water. In Pakistan, groundwater is a common property resource and farmers have ownership of 
tube-wells. It’s estimated that there are over 1.4 million tube-wells that are in use in Pakistan 

today (Watto and Mugera, 2014). The main sources of water for agriculture are rainfall (10-20%), 

canal/surface water (40%) and groundwater (40-50%).  

In most areas, major production of crops is only viable because of the use of groundwater for 
irrigation (Qureshi et al., 2010). Accessibility to groundwater for smallholder farmers is a 
prerequisite for increasing productivity and well-being of smallholder farming families 
Groundwater is used in combination with surface water on more than 70 percent of the irrigated 
land (Qureshi et al., 2004). In the plains of Punjab Province, for example, groundwater fills the 
irrigation gaps (spatial and temporal) in the surface irrigation systems (Hussain et al., 2004; 
Culas et al., 2016). Farmers with access to groundwater can irrigate up to 90 percent of their 
total land whereas farmers without access to groundwater can irrigate only about 63 percent of 
their total land from canal water. Likewise, farmers with access to groundwater have an 
agricultural yield of 50-100% higher than those who do not have access to groundwater and 
used canal water only (Qureshi et al., 2010). These facts reveal that a sustainable supply and 
management of groundwater is necessary for agriculture in Pakistan and that the future of 
irrigated agriculture in Pakistan relies on efficient groundwater supply 

Pakistan's irrigated agriculture sector is experiencing serious challenges. The reliance on 
groundwater for irrigation is such that over 95% of extracted groundwater is used for agriculture 
(Kanwar, 2010). This has resulted in over extraction of groundwater, declining groundwater 
levels and saline intrusion (Khan et al., 2008; Rodel et al., 2009; Wada et al., 2010). The declining 
groundwater tables in Punjab, Baluchistan and Sindh provinces has also led to an increased 
number of tube-well installations in these provinces as well as increased costs of their operation 
which has flow-on implications for yields and farm income. This trend is a contributing factor for 
low water productivity in Pakistan compared to other Asian countries. In Punjab, farmers have 
increased their dependency on groundwater for irrigation and are facing increasing threats of 
declining water tables and salinity particularly in the lower and central portions of the doabs 
(Mekonnen et al., 2016; Watto, 2013). Farmers at the tail end of canal command areas are not 
receiving enough surface water due to over-extraction by farmers upstream and are compelled 
to the use groundwater of marginal quality resulting in increased land salinization and reduced 
productivity (Hussain et al., 2004; Imran et al., 2018; Culas et al., 2016). In Punjab, improving 
the balance between groundwater and surface water supplies remain the only option to reduce 
the area undergoing salinization in Punjab and may free up water for agricultural intensification 
or expansion of irrigation (Culas and Baig, 2020). Water accessibility to these areas need to be 
improved to prevent overexploitation and further accumulation of groundwater salinity 

Pakistan has become a water-stressed country as water availability has declined to below 1000 
m3 per capita.  In part, this is due to poor water use efficiency in agriculture. For example, 
flooding, which is a highly inefficient irrigation method, is the most common method of irrigation 
used by farmers and its outcomes in relation to water productivity are not greater than 50% 
compared to other methods that are efficient. Water losses in the operational and application 
phases have been shown to be about 40% (Shaikh et al., 2015). Energy subsidisation (which 
lowers the cost of running pumps), inefficiency in irrigation practices and lack of proper regulation 
result in low water use efficiency and profit-driven over-extraction of groundwater in the 
provinces, in particular, in Balochistan. Therefore, there is an immediate need to improve the 
water use efficiency and to increase the water productivity in agriculture. 

In Punjab, various types of water-smart practices for groundwater management are being used 
by some farmers to increase water productivity and farm income (Bakhsh et al., 2015; Hussain 
et al., 2017; Makhdum et al., 2011; Zulfiqar and Thapa, 2016). These include raising crops on 
beds, laser land levelling, drip irrigation, sprinkler irrigation, conjunctive use of water and 
drainage management. The water-smart practices are efficient enough to manage and supply 
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irrigation water uniformly to the entire field. Additionally, uniform germination, higher yield and 
higher financial returns, utilisation of inputs and increase in resource use efficiency are the main 
benefits of water-smart innovation. However, uptake of these practices is low. 

In Pakistan, the rapid decline in the groundwater table has highlighted many political, economic 
and social issues. Soil salinization, salt mobilization, seawater intrusion, land subsidence and 
the drying up of lakes and forests in different parts of the country are the most significant 
environmental impacts of groundwater over-drafting. In addition to the aforementioned 
environmental problems, the falling water table has also resulted in uneconomical pumping 
conditions, rising irrigation costs, introducing contemporary/spatial externalities. Any cost-benefit 
analysis of groundwater pumping, therefore, needs to take into account the natural, economic 
and social impacts. Therefore, the main objective of this study was to quantify the impact of 
groundwater management on agricultural productivity and livelihoods of rural households in 
LBDC irrigation system of Punjab, Pakistan as well as provide some suggestions to policy 
makers for the promotion of groundwater management. In addition, the study aimed to look at 
the impediments to the adoption of water-smart practices by farmers.  

The study reported here is part of the the Australian Centre for International Agricultural 
Research (ACIAR) project LWR-036, that is focused on improving groundwater management to 
enhance agriculture and farming livelihoods in Pakistan. This integrating project is bringing 
together a range of organisations, and combines biophysical, social and economic inquiry.  
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3 Materials and methods 

3.1  Study area 

This research was carried out in Lower Bari Doab Canal (LBDC) irrigation system in the Punjab 
province of Pakistan. The data were collected from the Okara and Sahiwal irrigation divisions of 
LBDC irrigation system in Punjab, Pakistan (Figure 3.1). The LBDC irrigation system is the most 
populous and second largest irrigation system in the Punjab province along with 0.80-Million-
hectare gross cropped area. The major part of this irrigation system is in the semi-arid lowland 
zone of the Punjab province and it contributes significantly to the agricultural sector at both a 
provincial and a national levels (Basharat, 2012; GOP, 2017). Punjab accounts for more than 
75% of agricultural production of Pakistan along with 90% of irrigated agriculture and has 
agricultural area of about 63% (GOP, 2018). Mixed farming (cropping and livestock) is often 
opted for by farmers in Punjab (Ashfaq et al., 2015).  

The Lower Bari Doab Canal (LBDC) irrigation system was initially designed for a cropping 
intensity of 67% but, due to an increase in  population and the need for food security, its current 
cropping intensity is more than 160% (Basharat, 2012; Basharat and Tariq, 2015). As a result, 
water from the canal can only partially meet demand. The availability of canal water in the LBDC 
irrigation system during the summer (Kharif) and winter (Rabi) cropping seasons in Pakistan is 
minor i.e. 25 to 30% and 35 to 40%, respectively of total irrigation needs (Basharat, 2012). Thus, 
farmers depend on groundwater as a major source of water for irrigation (Imran et al., 2018; 
Imran et al., 2019). 

 

Figure 3.1: Location of Lower Bari Doab Canal command area in the Punjab province of Pakistan 

The Okara and Sahiwal irrigation divisions irrigation divisions were selected because they have 
relevant groundwater and climatic concerns, and they are representative of the groundwater 
management issues and activities in the province of Punjab. Concern around groundwater and 
climate is increasing because of declines in rainfall, recurrent droughts, significant dry spells, 
flash floods, lowering groundwater tables, reductions in groundwater quality, salinisation and 
enormous extraction of the groundwater (Basharat and Tariq, 2015; Imran et al., 2018; Imran et 
al., 2019). These concerns are compounded by the reliance that farmers have on groundwater 
for irrigation. 
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The access to and availability of good quality groundwater at low costs in these localities are 
affected by climate but also traditional agricultural practices, low usage of sustainable agricultural 
techniques and fractional (inadequate) supply of the canal water.   

Rice-wheat (RW) and maize-wheat (MW) cropping systems are notable in the regions of Okara 
and MW and cotton-wheat (CW) cropping systems are prominent in the areas of Sahiwal division. 
In the areas of Okara, on an average, 25% area is under rice and 28% area is under maize 
cultivation respectively during the Kharif season. In the area of Sahiwal, 26% area under maize 
and 22% area under cotton cultivation during the Kharif season. Furthermore, more than 50% of 
cultivated farmland has been captured by the wheat area during Rabi cropping season in Sahiwal 
and Okara (PDS, 2017). Ultimately, the wheat, rice, cotton and maize production has been 
considerably enhanced by the use of groundwater irrigation. Annual rainfall on an average in 
Sahiwal and Okara division is around 160, 280 mm, respectively, which is another reason to 
depend more on groundwater. 

The agricultural structure of the Okara division is comparatively more resource intensive and 
developed in comparison to the Sahiwal (Basharat, 2012; Basharat and Tariq, 2015). Diesel 
pumps are used in the localities of Okara while tube-wells (operated by tractors) are commonly 
used in the areas of Sahiwal due to decreasing groundwater table (Watto and Mugera, 2015; 
Imran et al., 2018; Imran et al., 2019). As irrigation facilities in localities are upgraded, 
groundwater over-extraction increases and reductions in groundwater levels accelerate. 
Groundwater is now being depleted by 0.30 to 0.70 meter per year. The groundwater table and 
bore depth on an average in Okara is 10 to 13 meter for shallow bores and 20 to 25 meters for 
deeper bores. The groundwater table and bore depth on an average in the areas of Sahiwal is 
between 14 to 20 meters and 50 to 60 meters respectively (Basharat, 2012; Basharat and Tariq, 
2015; Imran et al., 2018; Imran et al., 2019). 

The groundwater extraction cost is comparatively higher in the localities of Sahiwal as compared 
to Okara due to decreased canal water supply and an increase in the depth of groundwater 
tables (Basharat, 2012; Basharat and Tariq, 2015; Imran et al., 2018; Imran et al., 2019). 
Groundwater quality varies considerably across the canal and watercourses in the selected 
regions. These study localities are resource intensive in terms of use of external inputs, namely 
intensive employment of chemical fertilizers, water and energy (Basharat, 2012; Basharat and 
Tariq, 2015; Imran et al., 2018; Imran et al., 2019). Improved groundwater management through 
proficient irrigation management practices has a key role to play in addressing the intertwined 
issues of sustainable agriculture, diminution of the natural resources, climate change and food 
insecurity (FAO, 2010; Lipper et al., 2014).   

3.2 Sampling procedure and data 

One distributary from Okara,(1R) and one distributary from Sahiwal (11L) were selected after 
conducting 14 participatory rural appraisals (these were undertaken as part of the larger LWR-
036 and are reported on separately (Khair et al., 2021).  Both distributaries are reflective of the 
broader socio-economic, environmental and climatic issues and as such, they are suitable case 
study areas for groundwater management activities in Punjab, Pakistan. Rice, wheat and maize 
are the major crops in the selected regions (Basharat, 2012; Basharat and Tariq, 2015; Imran et 
al., 2018; Imran et al., 2019). 

The primary data were gathered in the period of 2017-18 through household surveys from 469 
growers in 6 villages and 12 watercourses of Lower Bari Doab Canal irrigation system (225 farm 
households, 3 villages and 6 watercourses from each district). Around 25-28 farm households 
from the head, middle and tail ends of each distributary were selected randomly by employing 
multi-stage sampling technique from selected villages. Table 3.1 shows the detail of sampling 
framework of this study.  
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Table 3.1: Sampling structure of the study area 

Sampling Structure 

LBDC irrigation system 

Total 

Okara Sahiwal 

Distributaries sampled 1R 11L 2 

Number of watercourses sampled 6 6 12 

Number of villages sampled 3 3 6 

Sample population from each distributary 236 233 469 

Sample across the distributary 

Head 76 79 155 

Middle 80 77 157 

Tail 80 77 157 

 

Using well-structured questionnaires, the sampled growers were selected for the interviews at 
their farms. The questions in the survey questionnaires focused on the socio-economic and farm 
features, organisational services, irrigation methods, adaptation techniques applied, information 
received, climate change, the training on the climate smart agriculture and adoption of climate 
smart agriculture techniques and practices (including climate-smart water management 
practices). The survey also collected information about irrigation of major crops and the time 
needed for a single irrigation from the growers. Following this information, the volume of 
groundwater extraction was first estimated in litres by employing an approximate assessment 
model (as shown below) and then this estimate was transformed into the m3. Many researchers 
have used this model for estimating the groundwater extraction (Eyhorn et al., 2005; Razzaq et 
al., 2019; Srivastava et al., 2009; Watto and Mugera, 2015). 

Ǫwater =
(t)(129574.1)(BHP)

d+
((255.5998)(BHP2))

((d2)(D4)

,                                (1) 

Where Q depicts the water volume (litres), t is the total time of irrigation, d is the depth bore, D 
is the suction pipe diameter, and BHP is the engine power. 
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3.3 Economic analysis: cost and benefits 

Previous studies on the financial, economic performance and sustainability investigation of 
agriculture have largely employed the traditional cost-benefit method (Ashfaq et al., 2009; 
Hussain et al., 2017; Imran et al., 2018; Shakoor et al., 2015; Zulfiqar and Thapa, 2016). Using 
this method, the production cost of each crop consists of all the input costs used in the production 
system of every crop. The gross value of product of each crop is estimated distinctly. Estimation 
techniques of the net return and benefit cost ratio (BCR) are given below: 

Net Return = Total Revenue (TR) – Total Cost (TC)      (2)                                                        

BCR = Total Revenue (TR)/Total Cost (TC)     (3)                                                                             

3.4 Binary logistic regression model 

Groundwater management can not only reduce the depletion of natural resources but also result 
in a reduction in related factors such as irrigation costs, water scarcity and pollution. Appropriate 
management can also reduce the depletion by using water for irrigation more efficiently (Qureshi 
et al., 2009; Culas et al., 2016; Hussain et al., 2017).  

Currently, the availability of water-smart practices for groundwater management is inadequate, 
but adoption is increasing with the growing problem of irrigation water shortage. A binary logistic 
model was used to estimate the factors that are persuasive in the adoption of different 
Supportable Irrigation Management Practices and technologies (SIMP) in the study area. A 
farmer is more likely to adopt the water-smart practices for groundwater management if the 
benefits from using them are higher than if they weren’t used. According to Abbas et al., 2017, 
limited dependent variable models (i.e. binary logistic regression models) are most appropriate 
assessing adoption decisions because the random variable is discrete or dichotomous. 
Subsequent studies by Abid et al., 2015; Hussain et al., 2017; Abbas et al., 2017; Li et al., 2020, 
found that the logistic regression is useful for circumstances in which we want to forecast the 
presence or absence of a characteristic or outcome, based on values of a set of forecaster 
variables. The general form of the binary logistic regression model is: 

𝒀𝒊 = ln{(Pi/1-(Pi)} = α + ∑βjⅩj + µyi       (4) 

The coefficients for the binary logistic regression model are the odd ratios, which show the 
probability of adoption. The dependent variable (𝑌𝑖) is a dummy variable having value 1 for the 
farmers who adopted SIMP and 0 otherwise and it is the log of odds of adoption of SIMP for i 

farmers; Ⅹ j are the vector of explanatory variables (details given in Table 3.36); Pi is the 

probability of adopting water-smart practices; 1-Pi is the probability of not adopting water-smart 
practices; α is the model intercept; βj is the coefficients of explanatory variables and µyi is 

normally distributed error term with having zero mean and constant variance.     
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3.4.1 Marginal effects of explanatory variables             

The estimated coefficients of the explanatory variables (βj) only explain the direction of their 
impacts on farmers’ decision to adopt. Therefore, this study also estimated marginal effects. 
Marginal effects describe the effect of a unit change in the explanatory variable on the probability 
of dependent variable. Following Abid et al., 2015; Li et al., 2020, the equation of marginal effect 
is given below as: 

𝒀𝒊∗ = Pi (Yi = 1)*(1- Pi (Yi = 1))*βj       (5)  

3.4.2 Description of explanatory variables 

The empirical models analysed are detailed below for the dependent variables and the 
explanatory variables. Farmers’ responses were recorded as a binary response variable taking 
the value of 0 and 1 (as dependent variables). These models contain a list of explanatory 
variables some of which are quantitative variables and others are qualitative variables 
constructed in shape of dummy variables. 

Depended variable (1 = Yes, 0 = No): Are the farmers of both distributaries adopting water-smart 
practices for groundwater management? This variable was developed on the basis of the 
farmers’ response to adopting water-smart practices. The respondent was given a value of ‘1’ if 
the water-smart practices were adopted and he was given a value of ‘0’ if he had not adopted 
water-smart practices. 

The quantitative and qualitative variables are classified into various groups and included in the 
analysis are explained below: 

Socio-economic characteristics of households  

Age: Age of the farmer is an important socio-economic variable which has been widely used in 
the economic analysis to capture the social status of the respondent. Many researchers (e.g. 
Culas et al., 2016; Hussain et al., 2017; Abbas et al., 2017; Aryal et al., 2018) have already 
explained the impact of age on the adoption of Climate Smart Agriculture (CSA) practices.  

Education: Education has widely been accepted as a pivotal factor in influencing the adaptation, 
decision making and management skills of the respondent (Abbas et al., 2017; Aryal et al., 2018).  

Farm characteristics 

Tube-well ownership (D): Wealth and assets play an important role in determining the impact of 
technology on resource use and management practices (Culas et al., 2016; Aryal et al., 2018). 
To determine the wealth status of the respondents, a proxy variable was developed based on 
the ownership of tube-well. Wealthier farmers are assumed to own a tube-well so the owners of 
the tube-well were assigned a value of ‘1’ while the poor farmers proxied through non-ownership 
of the tube-well were assigned a value of ‘0’. 

GWQ (D): Groundwater quality is another farm indicator that has been included in the analysis. 
The quality of groundwater often influences water-smart practices adoption decisions because 
when groundwater quality deteriorates, farmers adopt water-smart practices. Many researchers 
(Culas and Baig, 2020; Hussain et al., 2004; Imran et al., 2018; Imran et al., 2019) have already 
explained the importance of groundwater quality and this study also included this aspect as this 
can affect crop productivity and water use efficiency.   
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Economic and social capital 

Access to farm credit (D):  The access to farm credit variable has also been used in the analysis 
as a proxy for access to the resources and social status of the respondents. It is generally thought 
in Pakistan that the more resourceful and powerful class has more access to the credit sources 
as compared to the poor and low-income groups (Culas et al., 2016; Aryal et al., 2018). The 
binary response variable was developed on the basis of respondent’s access to the formal credit 
sources. Respondent having access to these sources were assigned a value of ‘1’ while the 
remaining were assigned a value of ‘0’. 

FOs (D): Farmer organisations were introduced in the area to take care of the operation and 
maintenance of the irrigation channels (from distributary to canal onward) in different irrigation 
circles in Punjab. These organisations were meant to make farmers responsible for handling the 
water related issues and can serve as a good proxy for the level of social responsibility and 
interaction among the farmers (Culas et al., 2016; Aryal et al., 2018). So, if the farmer was a 
member of the farmer organisation, he was assigned a value of ‘1’ while a value of ‘0’ was 
assigned otherwise. This variable served as a proxy for farmers’ social mobility and influence in 
the area. 

Technical training and sources of information 

Technical training (D): This study also included technical training in relation to water-smart 
practices in the analysis because it is one of the manifestations of human capital investment and 
should not be ignored in the process of promoting water-smart practices among the farmers. 
Many researchers (Moges et al., 2017; Pan et al., 2017; Aryal et al., 2018; Liu et al., 2019) have 
explored the positive and significant relationship between adoption of water-smart practices, 
technical training and farm income. So, if the farmer participated in at least one technical training 
regarding water-smart practices, he was assigned a value of ‘1’ while a value of ‘0’ indicated he 
was not participating. 

ICT (D): This is an important qualitative variable because adoption of water-smart practices 
depends on access to information. If a farmer had received information from neighbours, a 
private company, radio, newspaper, social media, TV or mobile, he was assigned a value ‘1’ and 
a value ‘0’ indicating no access to the media. In India, a positive and significant relationship 
between access to information and farm income has been reported by many researchers (Birthal 
et al., 2015; Aryal et al., 2018; Sapkota et al., 2018) and Pakistan (Abid et al., 2015; Culas et al., 
2016). 

Access to extension services (D): This study also included the dummy variable of access to 
extension services in the analysis because farmers get information from multiple sources such 
as ICT as mentioned above and extension services. In India, these multiple sources individually 
or in combination are more frequently used by the farmers to get information regarding CSA 
(Aryal et al., 2018). Therefore, this study also had dummy for access to extension services. 

3.5 Efficiency measurements and data envelopment analysis 

Both parametric and non-parametric techniques have been widely used by research scholars to 
calculate the efficiency (Lovell, 1996). This study estimated the resource use efficiency by using 
an input-oriented Data Envelopment Analysis (DEA) approach designed by (Charnes et al., 
1978) assuming variable return to the scale (VRS).  The DEA technique has been efficaciously 
employed by many research scholars to determine the technical and economic efficiency of main 
crops in Pakistan (Imran et al., 2019; Razzaq et al., 2019; Ullah et al., 2016; Watto, 2013; Watto 
and Mugera, 2014; Zulfiqar et al., 2017) and in other regions of the world (Fraser and Graham, 
2005; Lilienfeld and Asmild, 2007a; Manjunatha et al., 2016; Manjunatha et al., 2011). 

3.5.1 Estimation of technical (TE) and scale efficiency (SE) 

In this study, the BCC-DEA technique, known otherwise as DEA-BCC  was employed to 
determine the technical efficiency (Banker et al., 1984). Let’s assume a data set of M farms (m 
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= 1……. M) that yield Ykm (k = 1…. K) output matrix by using the input Xnm (n = 1…., N) matrix. 
Then we may solve the input-oriented technical efficiency (TE) by assuming the VRS for a 
described DMUm in the form of Eq. (6): 

Min(γ,θ)𝜃 

Subject to: 

∑ 𝛾𝑡𝑥𝑛𝑡 −  𝜃𝑥𝑛𝑞 ≤ 0, ∑ 𝛾𝑡𝑦𝑘𝑡 − 𝑦𝑘𝑞 ≥ 0, ∑ 𝛾𝑡
𝑛
𝑡=1

𝑛
𝑡=1 = 1,  𝛾𝑡 ≥ 0  𝑛

𝑡=1   (6) 

Where: 

𝜃 = scalar quantity and depicts the efficiency score of farms; q, while xpt and ypt are the input and 

the output vectors of the observed farm q and 𝛾 is a vector of constants having t×1 matrix and 
∑ 𝛾𝑡

𝑛
𝑡=1 = 1 is the constraint of convexity, which stipulates the VRS structure. The technical 

efficiency value is bounded by the situation 𝜃≤1, where a value of 1 depicts that given farm land 

q is the technically efficient and the value less than 1 depicts that the observed farm land q is 
the technical inefficient (Farrell, 1957). The gross value of the product of each farm employed as 
the output (Rs. /acres) and the farm level inputs as fertilizer and seed rate (kgs/acres), farm 
machinery and the chemical operations (no./acres), labour hours per acre, and water usage 
(m3/acre) employed in the DEA method. The market price information of all outputs and inputs 
has also been collected. The efficiency value (𝜃) for every farmland with respect to every 
cropping pattern was obtained by solving N times the above linear programming technique. 

3.5.2 Economic (EE) and allocative efficiency (AE) 

The economic efficiency might be calculated for the given DMUm in the form of Eq. (7) by 
employing DEA linear programming and the cost minimization is the impartial function: 

Min(γ,xq
∗ )𝑤𝑞

′ 𝑥𝑞
∗  

Subject to: 

∑ 𝛾𝑡𝑥𝑛𝑡 −  𝑥𝑞
∗ ≤ 0, ∑ 𝛾𝑡𝑦𝑘𝑡 − 𝑦𝑞 ≥ 0, ∑ 𝛾𝑡

𝑛
𝑡=1

𝑛
𝑡=1 = 1,  𝛾𝑡 ≥ 0  𝑛

𝑡=1    (7) 

Where: 

𝑥𝑞
∗   = cost minimization vector of input quantities; 𝑤𝑞

′  = cost minimization vector of input prices. 

The share of minimum cost to actual cost is known as the economic efficiency of every DMU and 

estimated as EE =  𝑤𝑞
′ 𝑥𝑞

∗/𝑤𝑞
′ 𝑥𝑞. s 
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3.5.3 Water use efficiency (WUE)Many empirical case studies (e.g. Watto and Mugera, 
2014; Watto, 2013; Lansink et al., 2002; Lilienfeld and Asmild, 2007b; Frija et al., 2009; 
Chebil et al., 2012) calculate the efficiency of a particular input like water by employing 
the sub-vector efficiency method of DEA. Here, the water use efficiency is calculated by 
employing the subsequent linear program (sub-vector efficiency approach): 

Min(γw,ϕ)𝜙 

Subject to:   

∑ 𝛾𝑡𝑦𝑘𝑡 − 𝑦𝑘𝑞 ≤ 0,𝑛
𝑡=1            

∑ 𝛾𝑡𝑥𝑛−𝑤,𝑡 ≤  𝑥𝑖𝑞 , ∑ 𝛾𝑡𝑥𝑤,𝑡 ≤ 𝜙𝑥𝑤,𝑡
𝑛
𝑡=1 ,  ∑ 𝛾𝑡 = 1,𝑛

𝑡=1  𝛾𝑡 ≥ 0𝑛
𝑡=1     (8) 

Where: 

𝜙 = water use efficiency of observed farm; q. The Eq. (8) have similar constraints as in Eq. (6) 

except other inputs constrains without water ∑ 𝛾𝑡𝑥𝑛−𝑤,𝑡 ≤  𝑥𝑖𝑞 𝑛
𝑡=1 and with water input 

constraints  ∑ 𝛾𝑡𝑥𝑤,𝑡 ≤ 𝜙𝑥𝑤,𝑡
𝑛
𝑡=1 . The water use efficiency value is confined by the situation 𝜙 

≤1, where a value of 1 state that the farm area q under research study using the water efficiently 
whereas a value less than 1 depicts that the farm area q is using water inefficiently. 
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4 Results and discussion 

4.1 Socio-economic and household information 

4.1.1 Descriptive statistics 

Table 4.1 shows that male is the head of all households sampled in the study area across 
the distributary. Its common in rural areas of Pakistan that male is the head of household. 

Table 4.1: Gender of respondents across the distributaries 

  1R (Okara) 11L (Sahiwal) 

Gender Head Middle Tail Head Middle Tail 

Male 100 100 100 100 100 100 

Female 0 0 0 0 0 0.00 

Total 100 100 100 100 100 100 

Table 4.2 shows the marital status of respondents across the distributaries. Around 90% 
respondents in the study are married. This percentage is higher in the head and middle of 
the 1R distributary and the middle of the 11L distributary  

Table 4.2: Marital status of respondents across the distributaries (percentage) 

 
1R (Okara) 11L (Sahiwal) 

Marital Status Head Middle Tail Head Middle Tail 

Married 96.05 87.50 91.25 87.34 92.21 88.31 

Single 3.95 12.50 8.75 12.66 7.79 11.69 

Widow 0.00 0.00 0.00 0.00 0.00 0.00 

Divorced 0.00 0.00 0.00 0.00 0.00 0.00 

Total (%) 100 100 100 100 100 100 

The family structure of the respondents across the distributaries is shown in Table 4.3. 
Nuclear families are defined as a single family (i.e. husband, wife and their children); a joint 
is defined as a husband and wife living with their married children and grandchildren (i.e. 
grandfather, grandmother, sons, grandsons etc.). An extended family is defined as many 
relatives living in one house with only one kitchen (i.e. grandfather, brothers of grandfather 
etc.). The results shows that around 60% farmers in the study area have joint family 
system. In the 1R distributary, around 65% farmers from the middle of the distributary have 
a joint family system while 61% of head farmers from the 11L distributary have a joint family 
system. 
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Table 4.3: Family structure of respondents across the distributaries 

  1R (Okara) 11L (Sahiwal) 

Family Structure Head Middle Tail  Head Middle Tail  

Extended 1.32 1.25 2.50 2.53 2.60 0.00 

Joint 59.21 65.00 56.25 60.76 58.44 58.44 

Nuclear 39.47 33.75 41.25 36.71 38.96 41.56 

Total (%) 100 100 100 100 100 100 

 
The age of the respondents in the study area is around 45 years. Head farmers of both 
distributaries are more aged as compared to middle and tail end farmers of both 
distributaries. Family size in the study area is around 8 indicating that majority of the 
farmers in the study area have joint family system (Table 4.4). The range of educational 
background was from 1 to 8 years of schooling with on an average of 8 years.  

Table 4.4: Socio-economic characteristics of respondents 

Variables 
1R (Okara) 11L (Sahiwal) 

Head Middle Tail  Head Middle Tail  

Age (years) 50.62 46.95 43.61 46.03 45.74 45.27 

Family size (number of people) 7.82 8.39 7.81 7.97 7.09 8.29 

Formal education (number of 
schooling years) 

7.53 7.28 8.08 7.96 8.25 7.53 

Table 4.5 depicts the average number of days that different members of the households 
worked on the farm in one year. Most of the time head of the household works on farm 
during whole year. The other family members (adult and youth) work partially on farm. The 
number of working days per acre is less in the 11L distributary as compared to 1R in the 
study area. 

Table 4.5: Households working days on farm (days/year) 

  

1R (Okara) 11L (Sahiwal) 

Head Middle Tail  Head Middle Tail  

Days worked on 
farm  

Head 297.47 297.15 307.05 296.51 284.26 289.25 

Adult 139.89 152.70 155.85 127.75 125.92 135.12 

Youth 51.32 72.30 64.50 35.09 46.44 42.55 

Total working days Days/acre 104.61 111.46 124.69 81.20 74.68 78.81 

Data about operational landholding, area owned, area irrigated by water saving 
technologies, land rent and use of laser land leveller is given in Table 4.6. On average, the 
operational landholding of the farmers of 11L distributary is higher than 1R distributary. In 
both distributaries, leasing of land is limited due to the marginal quality of groundwater and 
limited supply of surface water. More than 90 percent of the area of both distributaries is 
levelled by laser land leveller every 2-3 years. This percentage is higher in the tail end of 
both distributaries followed by head and middle. This suggests that tail end farmers have 
a significant reliance on groundwater and grow high delta water crops such as rice and 
sugarcane. Due to above said reasons the average land rent in both distributaries is also 
low as compared to other areas of Punjab.   
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Table 4.6: Farm characteristics 

  1R (Okara) 11L (Sahiwal) 

  Head Middle Tail  Head Middle Tail  

Area owned 8.52 7.73 8.51 10.23 8.16 10.28 

Rented in 0.93 0.72 1.58 1.58 2.56 2.18 

rented out 0.03 0.26 0.06 0.21 0.00 0.17 

Operational landholding 9.42 8.18 9.91 11.70 10.72 12.42 

area irrigated by flood 6.93 6.26 7.43 8.49 7.35 9.62 

area irrigated by furrow 0.60 0.94 0.90 0.92 1.18 0.62 

area irrigated by water 
saving technology 

1.71 1.96 1.78 5.54 3.48 5.50 

laser land leveller area 7.67 6.74 8.05 9.79 8.34 10.42 

Land rent per acre 
(Rs./acre) 

31929 33615 30591 32531 35406 34389 

For how many years have 
you laser levelled? 

2.5 2 2 3.5 3.56 4 

Tables 4.7 and 4.8 show the number of farms that grew major crops in the Rabi 2017-18 
and Kharif 2017 cropping seasons across the two distributaries. These results indicate that 
wheat and maize are sown by most of the farmers of head, middle and tail ends of both 
distributaries. Rice is also the main kharif crop of 1R farmers and 11L farmers at the tail 
ends of the distributaries. Similarly, cotton is the main kharif crop of 11L farmers. 
Additionally, sugarcane is also grown by the farmers of 11L for marketing purpose. The 
main reason behind the cultivation of rice at the tail end of 11L is that there is an abundant 
supply of surface water due to inappropriate canal lining, water outlets and watercourses. 
During the survey, the majority of the famers from the head and middle of the 11L 
distributary reported that canal lining and water outlets are not appropriately designed. 
appropriated. This leads to abundant supply of surface water at the tail of 11L.   

Table 4.7: Major crops grown by farmers in the Rabi and Kharif cropping seasons 

Crop type 1R (Okara) 11L (Sahiwal) Total Farmers 

Wheat 219 202 421 

Maize 63 110 173 

Rice 142 49 191 

Cotton - 109 109 

Sugarcane - 60 60 
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Table 4.8: Major crops grown by farmers with respect to farm location 

Farm 
Location 

1R (Okara) 11L (Sahiwal) 

Wheat Maize Rice Wheat Maize Rice Cotton Sugarcane 

Head 74 37 23 67 42 0 58 30 

Middle 73 8 51 64 52 0 31 3 

Tail 72 18 68 71 16 49 20 27 

Total 219 63 142 202 110 49 109 60 

Cropping pattern is one of the primary indicators of efficient land and irrigation use, 
including single and conjunctive use of surface and groundwater. Table 4.9 presents the 
cropping pattern in both distributaries during the Rabi 2017-18 season and the and Kharif 
2017 season. Wheat is the major crop grown in both distributaries, followed by rice, maize, 
cotton and sugarcane. In the 11L area, wheat made up the largest crop by area followed 
by maize, cotton and rice. In the 1R area, the cropping area of wheat, maize and rice was 
similar but no cotton or sugarcane were grown. One reason for this may be poor quality of 
groundwater.  

Table 4.9: Average area under major crops 

Crop type 
1R (Okara) 11L (Sahiwal) 

Head Middle Tail  Head Middle Tail  

Wheat 5.88 5.55 6.57 8.32 7.87 9.34 

Rice 7.61 4.41 5.97 - - 6.50 

Maize 7.20 4.56 5.50 8.98 7.70 6.00 

Cotton - - - 6.03 7.03 2.93 

Sugarcane - - - 3.69 1.17 6.40 

 

Table 4.10 shows that there was little difference in total allocated time for canal water turn 
per acre across the distributaries in the study area. 

Table 4.10: Total allocated time for your canal water turn (Warabandi)/Acre (minutes) 

  

 Time 

1R (Okara) 11L (Sahiwal) 

Head Middle Tail  Head Middle Tail  

Day time  38.20 36.98 34.41 29.59 36.22 29.84 

Other time (evening/night) 41.16 36.83 34.18 28.84 34.14 29.56 
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Few farmers of both distributaries attended any training organised by NGOs and extension 
workers regarding irrigation use, low delta crops and application of water saving 
technologies (Table 4.11). For those that did attend some training, a higher percentage 
attended training that had been organised by extension workers as compared to NGOs. 
Additionally, this percentage is higher among the 11L farmers followed by 1R. 

Table 4.11: Training by NGOs and extension workers across the distributaries 

  1R (Okara) 11L (Sahiwal) 
 

Head Middle Tail  Head Middle Tail  

Training by NGOs  

No 89.47 90.00 95.00 96.20 94.81 96.10 

Yes 10.53 10.00 5.00 3.80 5.19 3.90 

Total (%) 100 100 100 100 100 100 

Training by extension 

No 73.68 76.25 71.25 68.35 71.43 66.23 

Yes 26.32 23.75 28.75 31.65 28.57 33.77 

Total (%) 100 100 100 100 100 100 

 
Table 4.12 shows that hiring tractors is very common. More than 60 percent of farmers in 
both distributaries used hired tractors for farming. This is likely due to the small size of 
landholdings. More farmers in the 1R distributary hired tractors compared to farmers in the 
11L distributary. 

Table 4.12: Tractor ownership across the distributaries 

 
1R (Okara) 11L (Sahiwal) 

  Head Middle Tail  Head Middle Tail  

Own 23.68 26.25 38.75 34.18 42.86 33.77 

Rented 76.32 73.75 61.25 65.82 57.14 66.23 

Total (%) 100 100 100 100 100 100 

Table 4.13 shows information on the percent occurrence of different soil types for both 
distributaries and with respect to the head, middle and tail locations. 

Table 4.13: Soil type across the distributaries 

 
1R (Okara) 11L (Sahiwal) 

  Head Middle Tail  Head Middle Tail  

Loamy Soil 63.16 63.75 61.25 55.70 66.23 61.04 

Sandy Loam 11.84 15.00 8.75 26.58 9.09 16.88 

Clay Soil 23.68 21.25 30.00 17.72 24.68 22.08 

Silt Loam 1.32 0.00 0.00 0.00 0.00 0.00 

Total (%) 100 100 100 100 100 100 

 
Water shortage has been identified by as a critical factor in the study area all over the 
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entire year, however it is more critical during Kharif season than Rabi session as shown in 
Table 4.14. 

Table 4.14: Season of water shortage across the distributaries 

  1R (Okara) 11L (Sahiwal) 
 

Head Middle Tail  Head Middle Tail  

Rabi 71.05 65.00 68.75 78.48 75.32 84.42 

Kharif 9.21 12.50 8.75 3.80 6.49 7.79 

All Year 19.74 22.50 22.50 17.72 18.18 7.79 

 

Tables 4.15 and 4.16 show the accessibility and sources of credit used in the study area. 
The majority of famers in both distributaries reported that they do not have access to credit. 
Those that did use credit most commonly sourced the credit from aarhtis (commissioning 
agents) and from friends/relatives. 

Table 4.15: Credit accessibility across the distributaries (percentage) 

 1R (Okara) 11L (Sahiwal) 
 

Head Middle Tail  Head Middle Tail  

No access 86.84 85.00 87.50 88.61 87.01 79.22 

Easy 6.58 8.75 3.75 0.00 5.19 2.60 

Moderate Accessibility 1.32 1.25 0.00 0.00 0.00 0.00 

Difficult 5.26 5.00 8.75 11.39 7.79 18.18 
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Table 4.16: Source(s) of credit across the distributaries (multiple response). ZTBL is the Zarai 
Taraqiati Bank Limited, an agricultural development bank. 

 1R (Okara) 11L (Sahiwal) 

Head Middle Tail  Head Middle Tail  

Commercial bank  

No 94.74 97.50 96.25 98.73 98.70 100.00 

Yes 5.26 2.50 3.75 1.27 1.30 0.00 

ZTBL             

No 98.68 98.75 97.50 98.73 96.10 98.70 

Yes 1.32 1.25 2.50 1.27 3.90 1.30 

Neighbour 

No 93.42 98.75 97.50 98.73 100.00 100.00 

Yes 6.58 1.25 2.50 1.27 0.00 0.00 

Friend/relative 

No 86.84 92.50 92.50 87.34 98.70 93.51 

Yes 13.16 7.50 7.50 12.66 1.30 6.49 

Shopkeeper/aarhti  

No 72.37 65.00 71.25 55.70 68.83 53.25 

Yes 27.63 35.00 28.75 44.30 31.17 46.75 

 
Tables 4.17 and 4.18 report the various measures that helped farmers to deal with water 
scarcity and groundwater salinity in the study area and the preferred measures in order. 

Table 4.17: Where groundwater is saline, how can resource conservation technology help? 
(please rank 1-5) 

  1R (Okara) 
 

Numbers Rank 

Subsidy on raised bed machine 87 I 

Market support/price  80 II 

Salt tolerant varieties  70 III 

Drought resistance varieties  68 IV 

Sowing date  62 V 
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Table 4.18: Where groundwater is saline, how can resource conservation technology help? 
(please rank 1-5)  

  11L (Sahiwal) 
 

Numbers Rank 

Salt tolerant varieties  89 I 

Subsidy on raised bed machine 83 II 

Drought resistance varieties  75 III 

Market support/price  66 IV 

Sowing date  63 V 

The time used by households during the cropping season for different activities is given in 
Table 4.19. Household members spend most of their time on farm activities; this was 
followed by paid work and education.  

Table 4.19: Mean and standard deviation (SD) of time spent by household members on various 
activities  

Activities 

1R (Okara) 11L (Sahiwal) 

Mean SD Mean SD 

Household work (cleaning, childcare, washing 

clothing etc) 

2.75 1.78 4.35 2.89 

To fetch and prepare firewood   0.90 0.35 3.05 1.25 

To fetch water - - 5.55 3.14 

Farm activities at own farm  12.45 2.90 11.75 3.08 

Self-employed work 4.88 2.78 6.55 4.75 

Paid work 9.11 4.25 11.58 7.35 

Education  4.36 2.42 9.5 1.35 

Community work 1.75 1.25 12.45 6.80 
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Table 4.20 provides information on the various modes of irrigation used by farmers. Most 
of the farmers reported using both surface and groundwater for irrigation purposes. In the 
11L area, canal water use was the higher than in the 1R area. In the 1R area, farmers 
mostly used water conjunctively (canal and groundwater). Conjunctive water use in the 
study area shows the inability of the canal irrigation system to provide sufficient quantity of 
water at the time of need. 

Table 4.20: Sources of irrigation water used in the project area (percentage)  

 1R (Okara) 11L (Sahiwal) 

Surface water (canal alone) 7.50 17.33 

Groundwater (tube-well alone) 24.44 26.64 

Canal and tube-well 68.06 56.03 

Total  100.00 100.00 

 
Table 4.21 shows present status of improved watercourses within the study area. The 
majority of the respondents from the head of the 1R distributary and the tail of the 11L 
distributary reported that they have undertaken watercourse remediation activities. 
However, the majority of farmers from the middle and the tail of the 1R distributary and 
from the head and the middle of the 11L distributary had not undertaken any remediation 
activities. This signals the need to improve watercourses in the tail end for improvement in 
water supplies from the canals.  

Table 4.21: Status of watercourse improvement (percentage) 

Location of watercourse 

within the System 

1R (Okara) 11L (Sahiwal) 

Yes No Yes No 

Head  58 42 36 64 

Middle 41 59 45 55 

Tail 25 75 69 31 

Table 4.22 presents farmers’ perceptions regarding the problems associated with the 
irrigation system. The majority of the farmers from the 11L distributary rated poorly 
designed watercourse/canal lining as the main problem, followed by issues with outlets 
being damaged or poorly designed and unequal distribution of water by the Irrigation 
Department. Fewer farmers regarded damaged canals, illegal water use and water being 
controlled by other farmers as being problematic. The majority of farmers on the 1R system 
also reported that unequal distribution of water by the Irrigation Department was a major 
problem. Poorly designed watercourse/canal lining, poorly designed or broken outlets were 
considered as being problematic by 40-50% of farmers. A very small proportion (<10%) of 
farmers from both systems thought that an absence of water measuring devices was a 
problem.   
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Table 4.22: Farmers’ views about problems associated with the irrigation system (percentage). 
PID= Punjab Irrigation Department. 

Problems related to Irrigation System 
1R (Okara) 11L (Sahiwal) 

Yes No Yes No 

Inappropriate watercourse and canal lining 44 56 82 18 

Damaged canals 26 74 42 58 

Broken Outlets/poor designing 45 55 65 35 

Water measuring device 05 95 08 92 

PID does not distribute water equally 67 33 58 42 

Illegal water use by farmers (water theft) 20 80 22 78 

Water controlled by other farmers 39 61 32 68 

Table 4.23 presents data about the energy sources that are used for irrigation tube-wells 
in the study area. In the 1R distributary, most tube-wells are diesel operated while in the 
11L distributary, most tube-wells are electric. This is due to the deeper depths to water 
table in the 11L area. The groundwater is of poorer quality in the 11L area but farmers still 
use it as they have no other alternative to supplement the canal water supplies. In Okara, 
most of the tube-wells are diesel operated but in Sahiwal tube-wells are electric as well as 
tractor operated to ensure a secured source of irrigation water. 

Table 4.23: Source of energy used to power irrigation tube-wells by (numbers.) 

Source of Energy 1R (Okara) 11L (Sahiwal) 

Electricity  22 152 

Diesel engine  199 14 

Tractor driven  15 62 

Tables 4.24 and 4.25 depict the ranking of problems associated with agricultural production 
starting from I, being the worst to VIII being the least. Shortage of irrigation water is 
reported as being the major problem (ranked I) by the majority of farmers. This was 
followed by problems relating to the purchase of fertilisers and agricultural chemicals from 
the market. Significant number of farmers in 11L area also highlighted unimproved 
irrigation facilities as a production problem. 
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Table 4.24: Major production problems reported by respondents 

Problems 
1R (Okara) 

N Rank 

Shortage of water 65 I 

Purchasing of fertilizer 30 II 

Unimproved irrigation facilities 27 III 

Expensive inputs 20 IV 

Pest/diseases 18 V 

Purchasing of agricultural chemicals 15 VI 

Water logging 13 VII 

Salinity 9 VIII 

 

Table 4.25: Major production problems reported by respondents 

Problems 
11L (Sahiwal) 

N Rank 

Shortage of water 71 I 

Expensive inputs 45 II 

Water logging 28 III 

Purchasing of agricultural 

chemicals 

24 IV 

Purchasing of fertilizer 18 V 

Salinity 16 VI 

Unimproved irrigation facilities 11 VII 

Pest/diseases 10 VIII 
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Table 4.26 presents the proportion of canal and groundwater used in total irrigation for the 
major crops grown (wheat, maize, rice, cotton and sugarcane) in the study area during the 
period of the household survey. 

Table 4.26: Share of groundwater and canal water in total irrigations of crops (percentage) 

 
1R (Okara) 11L (Sahiwal) 

 
Head Middle Tail  Head Middle Tail  

Wheat  

Groundwater 58.47 59.26 62.17 65.24 65.42 65.85 

Canal 41.49 40.74 37.83 34.76 34.58 34.15 

Maize  

Groundwater 56.08 65.63 68.33 67.50 71.83 68.56 

Canal 43.92 34.38 31.67 32.50 28.17 31.44 

Rice  

Groundwater 67.39 68.63 67.65 65.82 67.39 68.63 

Canal 32.61 31.37 32.35 34.18 32.61 31.37 

Cotton  

Groundwater 69.57 71.06 60.25 69.57 71.06 60.25 

Canal 30.43 28.94 39.75 30.43 28.94 39.75 

Sugarcane  

Groundwater 69.26 48.33 59.07 69.26 48.33 59.07 

Canal 30.74 51.67 40.93 30.74 51.67 40.93 
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The volume canal water and groundwater that was used for irrigation of the major crops 
(wheat, maize, rice, cotton and sugarcane) in the study is given in Table 4.27 and this is 
given with respect to the farms at the head, middle and tail locations. 

Table 4.27: Irrigation water applied by farmers in the study area (m3/acre) 

  1R (Okara) 11L (Sahiwal) 

  Head Middle Tail  Head Middle Tail  

Wheat 

Groundwater 716.52 714.46 750.20 853.31 825.90 846.50 

Surface water 499.56 477.35 443.67 440.00 426.85 428.03 

Total 1216.08 1191.81 1193.86 1293.31 1252.75 1274.52 

Maize 

Groundwater 2080.25 2696.31 2896.96 2599.49 2665.62 2614.01 

Surface water 1636.86 1389.59 1351.69 1313.88 1040.75 1221.34 

Total 3717.11 4085.9 4248.65 3913.36 3706.37 3835.35 

Rice 

Groundwater 4020.88 4121.88 4122.59     4091.25 

Surface water 1932.01 1882.27 1954.11     2095.03 

Total 5952.88 6004.15 6076.7     6186.28 

Cotton 

Groundwater       2514.54 2696.84 2331.28 

Surface water       1111.46 1103.07 1507.93 

Total       3626.01 3799.91 3839.21 

Sugarcane 

Groundwater       3099.53 2395.01 3783.81 

Surface water       2173.6 2436.12 1686.9 

Total       5273.13 4831.13 5470.71 
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4.2 Economic analysis 

The following tables (Table 4.28-4.32) provide snapshots of the cost of production, productivity, 
profitability and Benefit-Cost Ratio (BCR) of the major crops (wheat, maize, rice, cotton and 
sugarcane) in the study area. While Table 4.33 presents the water productivity of these crops 
across the study area. Full economic analysis for the major crops is shown in Appendix A.  

Table 4.28: Economic analysis of wheat at the distributary level (per acre basis). Note: One mund= 40 
kg 

  1R (Okara) 11L (Sahiwal) 

  Head Middle Tail Head Middle Tail 

Total Irrigation cost 
(PKR/acre) 

1956 1982 2064 2295 2078.58 2323  

Yield (mds*) 39 39 38 40 41.1 41 

Market price (PKR/md) 1134 1158 1159 1156 1175 1162 

Total Cost (PKR)  21787 20983 21242 21696 21202 21417 

Total Revenue (PKR) 44809 45855 44067 45854 48391 47291 

Net Income (PKR) 23022 24872 22825 24157 27188 25874 

BCR 2.06 2.19 2.07 2.11 2.28 2.21 

 

Table 4.29: Economic analysis of maize at the distributaries level (per acre basis). Note: One mund= 
40 kg 

  1R (Okara) 11L (Sahiwal) 

  Head Middle Tail Head Middle Tail 

Total Irrigation cost (PKR) 4940 6958 7883 7338 6704 6543 

Yield (40kg) 61.6 60.7 64.9 63.9 63.6 61.5 

Market price (PKR/md) 971 971 971 997 975 1025 

Total Cost (PKR) 40902 44059 39893 42184 40309 39642 

Total Revenue (PKR) 59874 58965 63025 63580 61865 63212 

Net Income (PKR) 18972 14905 23131 21396 21555 235700 

BCR 1.46 1.34 1.58 1.51 1.53 1.59 
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Table 4.30: Economic analysis of rice at the distributary level (per acre basis). Note: One mund= 40 kg 

 
1R (Okara) 11L (Sahiwal) 

 
Head Middle Tail Tail 

Total Irrigation cost 
(PKR/acre) 

10514 11317 10663 11568 

Yield (40kg) 36.3 35.1 36.6 36.3 

Market price (PKR/md) 1432 1408 1419 1400 

Total Cost (PKR) 34167 33010 33597 33216 

Total Revenue (PKR) 52082 49492 52023 50794 

Net Income (PKR) 17915 16481 18425 17578 

BCR 1.52 1.50 1.55 1.53 

 

Table 4.31: Economic analysis of cotton at the distributary level (per acre basis) in the 11 L distributary 
(Sahiwal) 

  Head Middle Tail 

Total Irrigation cost (PKR) 798 7358 5751 

Yield (40kg) 22 20 21 

Market price (PKR/md) 2316 2390 2420 

Total Cost (PKR) 35537 35245 36184 

Total Revenue (PKR) 51041 49155 50612 

Net Income (PKR) 15504 13910 14427 

BCR 1.44 1.39 1.40 

 

Table 4.32: Economic analysis of sugarcane at the distributary level (per acre basis) in the 11 L 
distributary (Sahiwal) 

  Head Middle Tail 

Total Irrigation cost (PKR) 11070 7368 7353 

Harvesting Cost (PKR) 7950 8215 7289 

Yield (40kg) 604.6 636 561.1 

Market price (PKR/md) 157 158 156 

Total Cost (PKR) 54717 44662 49538 

Total Revenue (PKR) 95028 100816 87923 

Net Income (PKR) 40311 56154 38385 

BCR 1.74 2.26 1.77 

 

  



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

33 

 

Table 4.33: Water productivity of major crops (kg/m3) 

  Okara (1R) Sahiwal (11L) 

  Head Middle Tail Head Middle Tail 

Wheat 1.30 1.33 1.27 1.23 1.31 1.28 

Maize 0.66 0.59 0.61 0.65 0.69 0.64 

Rice 0.24 0.23 0.24     0.23 

Cotton       0.24 0.22 0.22 

Sugarcane       4.59 5.27 4.10 

4.3 Effects of explanatory variables on groundwater management 
through adoption of water-smart practices 

4.3.1 Logistic regression results 

This study used logistic regression models to quantify the effects of various explanatory variables 
on groundwater management through adoption of water-smart practices. The coefficients of 
logistic regression are given in Table 4.34. These coefficients tell us about the direction of effect 
of independent variables. Marginal effects were also estimated. These explain the effect of a unit 
change in independent variables on the dependent variable (Table 3.35). The results of the logistic 
regression model show that six of the eleven explanatory variables have a significant association 
with the probability of adopting water-smart practices for groundwater management in the LBDC 
irrigation system. These are discussed further below. 

 

Table 4.34: Results of the logit regression model. The dependent variables is the adoption of 
groundwater management. *** p<0.01, ** p<0.05, * p<0.1. FO=Framer organisation. Otherwise 
represents all answers that aren’t no (yes, no response, impartial). 

Explanatory Variables Coefficients Standard error 

Age (Years) 0.0131 0.0210 

Farming Experience (Years) -0.0141 0.0214 

Family Size (Nos) 0.0189 0.0338 

Schooling Years 0.0150 0.0308 

Access to Media/information (0=No, 
1=Otherwise) 

0.982*** 0.359 

Groundwater Quality Perception (0=Unfit, 
1=Otherwise) 

0.745** 0.318 

Land Tenurship (0=Tenant, 1=Otherwise) 0.0549 0.322 

Training by FOs (0=No, 1=Otherwise) 0.982*** 0.339 

Tube-well Ownership (0=No, 1=Otherwise) -1.522*** 0.376 

Access to Extension Services (0=No, 
1=Otherwise) 

0.635** 0.318 

Access to Credit Services (0=No, 
1=Otherwise) 

1.296*** 0.249 

FOs (0=No member, 1=Otherwise) 2.376*** 0.320 

Constant -2.119** 0.905 

Observations 469  
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 Table 4.35: Marginal effects after logit analysis. (*) dy/dx is for discrete change of dummy variable from 
0 to 1. Otherwise represents all answers that aren’t no (yes, no response, impartial). 

Explanatory Variables dy/dx 
Std. 
Err. 

z P>|z| 95 % C.I. X 

Age (years) 0.002 0.003 0.630 0.532 -0.005 0.009 46.3454   

Farming Experience 
(years) 

-0.002 0.004 -0.660 0.508 -0.009 0.005 25.915 

Family Size (number of 
people) 

0.003 0.006 0.560 0.575 -0.008 0.014 7.898 

Schooling (years) 0.002 0.005 0.490 0.625 -0.007 0.012 7.770 

Access to 
Media/information 
(0=No, 1=Otherwise) * 

0.189 0.081 2.330 0.020 0.030 0.347 0.812 

Perception of 
Groundwater Quality 
(0=Unfit, 1=Otherwise) * 

0.111 0.045 2.500 0.012 0.024 0.198 0.288 

Land Tenurship 
(0=Tenant, 
1=Otherwise) * 

0.009 0.054 0.170 0.866 -0.096 0.114 0.699 

Training by FOs (0=No, 
1=Otherwise) * 

0.189 0.072 2.610 0.009 0.047 0.331 0.817 

Tube-well Ownership 
(0=No, 1=Otherwise) * 

-0.202 0.035 -5.690 0.000 -0.271 -0.132 0.738 

Excess to Extension 
Services (0=No, 
1=Otherwise) * 

0.108 0.057 1.890 0.059 -0.004 0.221 0.608 

Excess to Credit 
Services (0=No, 
1=Otherwise) * 

0.227 0.047 4.870 0.000 0.136 0.319 0.599 

FOs (0=No member, 
1=Otherwise) * 

0.365 0.043 8.390 0.000 0.279 0.450 0.448 

   

4.3.2 Socio-economic characteristics of households 

The results from the regression analysis show that the coefficient of age has a non-significant 
relationship between farmers age and adoption of water-smart practices for groundwater 
management (Table 4.34). However, previous studies have shown a relationship between the age 
of farmers and adoption (Huffman, 2001; Zulfiqar and Thapa, 2016; Aryal et al., 2018; Zulfiqar and 
Thapa, 2018) such that young farmers are more aware with water-smart practices than aged 
farmers. Additionally, young farmers are also more willing to adopt new agricultural technologies 
and do not rely on traditional farming practices. 

The farmer’s education coefficient is positive but not statistically significant (Table 4.34). This 
shows that the probability of adopting water-smart practices for groundwater management is not 
related to the level of education of the farmers. Education is assumed to be an important factor in 
assessing advanced information on new technologies (Imran et al., 2018). However, Imran et al. 
(2018) found that educated farmers did not consider agriculture as the primary source of income 
and they migrated from rural to urban areas. Various studies (Aryal et al., 2018; Zulfiqar and Thapa, 
2018; Razzaq et al., 2019) also found a positive but insignificant relationship between education 
of the farmers and adoption.  
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4.3.3 Farm characteristics 

The ownership of tube-wells plays an important role in the adequate and timely supply of 
groundwater for crops. Additionally, the ownership of tube-well also plays an important role in 
determining the impact of technology on resource use and management practices. The results of 
logistic regression models indicate that tube-well ownership has a significant negative association 
with the adoption of water-smart practices (Table 4.34). Hence, it can be concluded that farmers 
with a tube-well are less likely to adopt water-smart practices for ground water management. This 
may be because they have the assurance of sufficient water supply all time. These results are in 
line with the study of Abid et al. (2015). 

Groundwater quality is another farm characteristic that may affect adoption decision around water-
smart practices. The coefficient of groundwater quality has positive and significant association with 
the probability of adopting water-smart practices in the study area (Table 4.34). This indicates that 
the groundwater quality of the farm has an inverse relationship with the willingness of farmers to 
adopt water-smart practices. These results are in line with the previous studies (Culas et al., 2016; 
Hussain et al., 2017; Imran et al., 2019). Farmers who have the deepest water tables and marginal 
water quality are more likely to adopt water-smart practices for groundwater management. This 
finding is consistent with earlier studies on water saving technology adoption in Pakistan (Hussain 
et al., 2017; Zulfiqar and Thapa, 2018; Imran et al., 2019) and India (Chattri et al., 2016; Aryal et 
al., 2018). As groundwater quality of the farm deteriorated in the study area, farm productivity and 
income declined resulting in an increase in the probability of adopting water-smart practices for 
groundwater management.  

4.3.4 Economic and social capital 

Access to economic and social capital by the farming community has a significant effect on the 
adoption of technology (Table 4.34). Access to farm credit significantly increases the probability of 
the farmers adopting water-smart practices for groundwater management.  Similar findings have 
been reported by many researchers (Abid et al., 2015; Culas et al., 2016; Imran et al., 2019). The 
results of logistic regression show a positive and significant association between member of farmer 
organizations (FOs) and adoption of water-smart practices indicating that farmers who are 
members of farmer organizations (FOs) are more likely to adopt water-smart practices. Similar 
results reported by others in Pakistan (Imran et al. 2019; Culas et al. 2016).  

4.3.5 Technical training and sources of information 

The results from the estimated coefficients and marginal effects of the logit model showed that 
selected variables related to technical training and sources of information were significant at the 1, 
5 and 10% level (Tables 4.34 and 4.35). Technical training on water-smart practices by On-Farm 
Water Management and Farmer Organisations have a positive and significant impact on the 
adoption of the water-smart practices for groundwater management in the study area. The 
coefficient for technical training was found to be highly significant (1% level) in the study area 
(Tables 4.34 and 4.35). This is consistent with the previous studies, which have shown that training 
is an effective tool to improve farm income and to save limited resources (Wang et al., 2015; 
Bonabana-Wabbi et al., 2016; Adnan et al., 2017; Amengor et al., 2018; Aryal et al., 2018; Morais 
et al., 2018; Liu et al., 2019; Li et al., 2020). Hence, the probability of adopting water-smart 
practices for groundwater management was significantly higher if farmers had participated in 
technical training.  

Access to both media information and to extension services were found to be positively and 
significantly associated with the adoption of water-smart practices for groundwater management. 
This implies that the farmers with access to information from neighbours, private companies, radio, 
newspapers, social media, TV and mobile phones are more likely to adopt water-smart practices 
for groundwater management in the study area. The access to information has positive and 
significant association with the farm income of farmers in India (Birthal et al., 2015; Aryal et al., 
2018; Sapkota et al., 2018), China (Lui et al., 2019; Li et al., 2020) and Pakistan (Abid et al., 2015; 
Culas et al., 2016). Similarly, access to extension services was found to have a positive and 
significant association with the adoption of water-smart practices for groundwater management in 
study area. Hence, the farmers who tend to seek more extension services and who attend training 
programs have a higher probability of adopting water-smart practices for groundwater 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

36 

 

management. Many farmers reported that they received information on their mobile phones via 
messages regarding the use of external inputs, weather forecasting and market related 
information. Due to easy access to information, farmers in the study area are well aware of 
marketing of inputs, outputs, weather condition and rational use of external inputs. These results 
are consistent with the previous studies (Parikh and Shah, 1994; Parikh et al., 1995; Karagiannis 
et al., 2003; Frija et al., 2009; Watto, 2013; Watto and Mugera, 2014). 

4.3.6 Resource use efficiency analysis (per farm basis) 

The results of the input-oriented DEA model, assuming variable returns to scale (VRS), are 
presented in Figures 4.1 and Appendix C. This study found that farmers from the Okara district are 
technically more efficient compared to the farmers from the Sahiwal district. The estimated mean 
technical efficiency was 81% and 76% respectively for the Okara and Sahiwal farms, which means 
that a 19% and 24% increase in production is possible with the present state of technology. Hence 
the majority of the farmers in Sahiwal are either technically inefficient or had scale inefficiencies or 
both as compared to Okara. The mean scale efficiency of Okara and Sahiwal farms was 97% and 
90%, respectively and only a few farms in both districts are operating at the optimal scale.   

Similarly, there are allocative inefficiencies amongst both Okara and Sahiwal farms in the study 
area. Only few farms of both districts were found to be allocatively efficient; the mean allocative 
efficiency was 75% and 84% respectively This indicates that farmers can save on costs by more 
efficient allocation of inputs. For Okara farms there is the potential to save 25% and for Sahiwal 
farms there is the potential to save 16% of the cost through optimal allocation of inputs. These 
results suggest that allocation of resources is a greater issue than the quantities of inputs that are 
being used by the farmers because mean allocative inefficiency is greater than the technical 
inefficiency in the study area. This indicates that farmers are not managing their resources to 
produce optimum output. 

The estimated mean economic efficiency was 60% and 65% respectively, for the Okara and 
Sahiwal farms, which indicates that inefficient farmers can reduce the cost of production by 40% 
and 35% respectively without compromising on the productivity.  This also shows that the Sahiwal 
farms are somewhat more economically efficient than the Okara farms in the study area. 
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Figure 4.1: Efficiency analysis of Sahiwal and Okara (per farm basis)  

The sub-vector water use efficiency (WUE) for Okara and Sahiwal farms are also presented in 
Figure 4.1 and Appendix C.  The results show that Okara farms are more efficient in water use 
than Sahiwal in the study area. The estimated mean water use efficiency of Okara farms is 63% 
and the estimated mean water use efficiency of Sahiwal farms are 55%. This indicates that the 
Okara and Sahiwal farms can produce the same level of output by using 37% and 45% less water, 
respectively.  

The empirical findings suggest that the farms from both districts could save a significant amount 
of water and improve water use efficiency with the help of water smart practices for groundwater 
as well as for surface water management. The results indicate that for both Okara and Sahiwal 
farms on average, the observed output could have been obtained by using less water, while 
keeping other inputs constant. Hence, it shows that if the water use efficiency can be improved, it 
should be possible to reallocate a proportion of the irrigation to the other areas of water demands 
without compromising the production of major crops. Several studies found that water use 
inefficiencies are common in agriculture broadly (Karagiannis et al., 2003; Lilienfeld and Asmild, 
2007a; Speelman et al., 2008; Frija et al., 2009; Chebil et al., 2012) and specifically among rice 
growers and cotton growers in Pakistan (Watto and Mugera, 2015; Watto and Mugera, 2014; 
Watto, 2013).  

In light of the observed water use inefficiencies, sustainable groundwater management practices 
and technologies could help to improve farm productivity, resource use efficiency and ultimately 
farm income of farmers in the study area. Many empirical studies have shown that technical and 
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economic inefficiencies are common among the rice and cotton growers in Pakistan and empirical 
results indicate a gradual improvement in technical efficiency implying that over the time, technical 
efficiency among the rice and cotton growers is improving in Pakistan (Watto, 2013, Zulfiqar et al., 
2017; Abedullah et al., 2006; Hussain et al., 1999; Watto and Mugera, 2014; Imran et al., 2019).  

We also found that Okara farms are more efficient in water use and produce more output per cubic 
meter of water than the Sahiwal farms. This means that water use inefficiencies are more 
noticeable than the technical inefficiencies. Therefore, an increase in water use efficiency can have 
a positive and significant impact on groundwater resource sustainability as well as on agricultural 
productivity. These results are also consistent with the previous studies (Dhehibi et al., 2007; 
Karagiannis et al., 2003; Chebil et al., 2012; Watto, 2013; Watto and Mugera, 2014, 2015). 

4.3.7 Technical, economic and water use efficiency of Okara and Sahiwal 
farms with respect to farm locations 

Efficiencies also varied with respect to where the farm was located along the distributary. Head 
farms in both districts were found to be more technically efficient compared to the middle and tail 
farms. The estimated mean technical efficiency of head farms in Okara and Sahiwal was 88% and 
84% respectively. This means that a 12% and 16% increase in production is possible with the 
present state of technology. Additionally, the mean technical efficiency of middle and tail end farms 
in the Okara district was 88% and 85% respectively and in the Sahiwal district the mean technical 
efficiency of middle and tail end farms was 85% and 81% respectively. Hence, the majority of the 
tail farms in each district are either technical inefficient or have scale inefficiencies or both as 
compared to middle and head. 

 

 

Figure 4.2: Frequency distribution of technical, economic and water use efficiency of HEAD farms 
assuming variable return to scale (VRS) (Percentage)  
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Figure 4.3: Frequency distribution of technical, economic and water use efficiency of MIDDLE farms 
assuming variable return to scale (VRS) (Percentage) 

 

 

Figure 4.4: Frequency distribution of technical, economic and water use efficiency of TAIL farms 
assuming variable return to scale (VRS) (Percentage) 
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5 Policy recommendations 
There are a number of recommendations for policymakers, farmers and other stakeholders to 
promote groundwater management that arise from the findings of this study.  The implementation 
of these recommendations will result in improved crop productivity and increased net returns which 
in turn, will raise the livelihood of farmers. 

• A key finding from the project was that access to technical training and information (via 
extension services and the media) was an important predictor of the uptake and adoption 
of water smart practices for groundwater management. Therefore, provincial and federal 
governments, with the help of the agriculture and irrigation departments, should increase 
training opportunities and develop information and awareness-raising campaigns 
regarding the impact of climate change, conventional farming and the advantages of 
groundwater management practices. Such awareness campaigns through a combination 
of the aforesaid communication channels, can sustain agriculture and farmers’ livelihoods 
in Pakistan by preventing over extraction and ensuring the sustainability of groundwater 

• Information campaigns should be developed at federal, provincial and district levels with a 
mix of communication channels i.e. mobile phone networks, print and social media, radio, 
TV and demonstrations through extension workers. 

•  The adopters of water-smart practices should be held up as role models and their use of 
inputs and production practices should be promoted in field demonstrations throughout the 
whole LBDC irrigation system of Punjab.  

• The success stories need to be demonstrated and disseminated, showing all the necessary 
measures that should be adopted for sustainable farming.  

• Another important reason for low adoption rates of water-smart practices for groundwater 
management is limited access to farm services (e.g. availability of resources, access to 
credit, market and agricultural extension services). The low adoption rate calls for major 
reforms in agricultural development policies and strategies. Access to above stated farm 
services can be the major drivers for adoption of groundwater management, particularly 
for small and marginalized farmers.  

• There is a need for greater training opportunities regarding groundwater management for 
all stakeholders (agricultural extension agents, agricultural service providers, progressive 
farmers, community representatives and public and private water related agencies). To 
facilitate the adoption of water-smart practices, the government should launch a program 
for training of trainers (ToT) on water-smart practices at the provincial level, in order to train 
the extension workers at the local levels. 

The findings and policy recommendations from this study are also applicable to other areas with a 
similar status in relation to managing groundwater resources and improving farming livelihoods. 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

41 

 

6 References 
 

Abbas, T., Ali, G., Adil, S.A., Bashir, M.K. and Kamran, M.A. (2017). Economic analysis of biogas 
adoption technology by rural farmers: The case of Faisalabad district in Pakistan. 
Renewable Energy, 107: 431-439. 

Abedullah, Kouser, S., Mushtaq, K. and Mazhar, M. (2006). Role of credit to enhance cotton 
production in Punjab, Pakisan. Pakistan Journal of Agricultural Sciences, 43: 197-205. 

Abid, M., Ngaruiya, G., Scheffran, J. and Zulfiqar, F. (2017). The role of social networks in 
agricultural adaptation to climate change: Implications for sustainable agriculture in 
Pakistan. Climate,  5: 1-21. 

Abid, M., Scheffran, J., Schneider, U.A. and Ashfaq, M. (2015). Farmers' perceptions of and 
adaptation strategies to climate change and their determinants: the case of Punjab 
province, Pakistan. Earth System Dynamics. 6: 225-243. 

Abid, M., Schneider, U.A. and Scheffran, J. (2016). Adaptation to climate change and its impacts 
on food productivity and crop income: Perspectives of farmers in rural Pakistan. Journal of 
Rural Studies 47: 254-266. 

Adnan, N., Nordin, S. M., Abu Bakar bin, Z. (2017). Understanding and facilitating sustainable 
agricultural practice: A comprehensive analysis of adoption behaviour among Malaysian 
paddy farmers. Land Use Policy 68: 372–382. 

Amengor, N.E., Owusu-Asante, B., Adfo, K., Acheampong, P. P., Nsiah, B., Nimo, A., Adogoba, 
D. and Haleegoah J. (2018). Adoption of improved sweet potato varieties in Ghana. Asian 
J. Agric. Ext. Econ. Sociol, 23: 1–13. 

Aryal, J.P., Rahut, D.B., Maharjan, S. and Erenstein, O. (2018). Factors affecting the adoption of 
multiple climate-smart agricultural practices in the Indo-Gangetic Plains of India. Natural 
Resources Forum, 42 141-158. 

Ashfaq, M., Akram, M,. Baig, I.A. and Saghir, A. (2009). Impact of Groundwater on Wheat 
Production in District Jhang, Punjab, Pakistan. Sarhad J. Agric, 25: 121-125. 

Ashfaq, M., Razzaq, A., Hassan S., and Haq, S.U. (2015). Factors affecting the economic losses 
due to livestock diseases: A case study of district Faislabad. Pakistan Journal of 
Agricultural Sciences,  52: 503-508. 

Bakhsh, A., Ashfaq, M., Ali, A.,  Hussain, M., Rasool, G., Haider, Z. and Faraz, R.H. (2015). 
Economic evaluation of different irrigation systems for wheat production in Rechna Doab, 
Pakistan. Pakistan Journal of Agricultural Sciences, 52: 821-828. 

Banker, R.D., Charnes A. and Wager Cooper W. (1984). Cooper some models for estimating 
technical and scale inefficiencies in data envelopment analysis. Management Science, 30: 
1078– 1092. 

Basharat, M. (2012). Integration of canal and groundwater to improve cost and quality equity of 
irrigation water in a canal command. PhD Engineering Hydrology PhD Thesis, University 
of Engineering and Technology Lahore, Pakistan. 

Basharat, M. and Tariq A.U.R. (2015). Groundwater modelling for need assessment of command 
scale conjunctive water use for addressing the exacerbating irrigation cost inequities in 
LBDC irrigation system, Punjab, Pakistan. Sustain. Water Resour. Manag., 1: 41-55. 

Birthal, P. S., S. Kumar, D. S. Negi, Roy D. (2015). The impacts of information on returns from 
farming: Evidence from a nationally representative farm survey in India. Agricultural 
Economics, 46(4): 549-561. 

Bonabana-Wabbi, J., Mogoka H., Semalulu O., Kirinya J., Mugonola B. (2016). Adoption of 
integrated soil fertility management by groundnut farmers in Eastern Uganda. J. Dev. Agric. 
Econ., 8: 86–94. 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

42 

 

Byerlee, D. and Siddiq A. (1994). Has the green revolution been sustained? The quantitative 
impact of the seed-fertilizer revolution in Pakistan revisited. World Development, 22: 1345-
1361. 

Charnes, A., Cooper W.W. and Rhodes E. (1978). Measuring the efficiency of decision making 
units. European Journal of Operational Research, 2: 429-444. 

Chebil, A., Frija A. and Abdelkafi B. (2012). Irrigation water use efficiency in collective irrigated 
schemes of Tunisia: determinants and potential irrigation cost reduction. Agricultural 
economic review, 13.389-2016-23486: 39-48.  

CIAT, W.B. (2017). Climate-Smart Agriculture in Pakistan. CSA Country Profiles for Asia Series. 
International Center for Tropical Agriculture (CIAT). The World Bank. Washington, D.C. . 
28 p. 

Culas, R.J. and Baig, I.A. (2020). Impacts of Irrigation Water User Allocations on Water Quality 
 and Crop Productivity: The LCC Irrigation System in Pakistan. Irrigation and 
Drainage, 6(1): 38-51.  DOI:  10.1002/ird.2402. 

Culas, R. J., Punthakey, E.F., Khan, M.R., Niaz, R., Muhammad Riaz M.J., Zakir, G., Usman M., 
Amin, M., Ahmad, R.N., Baig, I.A. and Blackwell, J. (2016). Optimising Canal and 
Groundwater Management to Assist Water User Associations in Maximizing Crop 
Production and Managing Salinisation in Australia and Pakistan. Australian Centre for 
International Agricultural Research (ACIAR): Australian Centre for International 
Agricultural Research (ACIAR). 

Dhehibi, B., Lachaal, L., Elloumi, M. and Messaoud, E.B. (2007). Measuring irrigation water use 
efficiency using stochastic production frontier: An application on citrus producing farms in 
Tunisia. African Journal of Agricultural and Resource Economics, 1(311-2016-5514):1-15. 

Elahi, E., Abid M., Zhang H., Cui W. and Ul Hasson S. (2018). Domestic water buffaloes: Access 
to surface water, disease prevalence and associated economic losses. Preventive 
Veterinary Medicine, 154: 102-112. 

Eyhorn, F., Mäder P. and Ramakrishnan M. (2005). The Impact of Organic Cotton Farming on the 
Livelihoods of Smallholders. Evidence from the Maikaal bioRe poject in central India. 
Research Institute of Organic Agriculture (FiBL), Ackerstrasse, Frick, Switzerland: Frick, 
Switzerland. 

FAO. (2010). “Climate-smart” agriculture policies, practices and financing for food security, 
adaptation and mitigation. Rome: Food and Agriculture Organization of the United State of 
America (FAO). 

Farrell, M.J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical 
Society. Series A (General), 120: 253-290. 

Fraser, I. and Graham M. (2005). Efficiency measurement of Australian dairy farms: national and 
regional performance. Australasian Agribusiness Review, 13: 1-18. 

Frija, A., Chebil, A., Speelman, S., Buysse, J. and Van Huylenbroeck, G. (2009). Water use and 
technical efficiencies in horticultural greenhouses in Tunisia. Agricultural Water 
Management, 96: 1509-1516. 

Gathala, M.K., Ladha, J.K., Kumar, V., Saharawat, Y.S., Kumar, V., Sharma, P.K., Sharma, S. and 
Pathak, H. (2011). Tillage and crop establishment affects sustainability of South Asian 
rice–wheat system. Agronomy Journal, 103(4), 961-971. 

Giordano, M. (2009). Global Groundwater? Issues and Solutions. Annual Review of Environment 
and Resources, 34: 153-178. 

GOP. (2017). Agricultural Statistics of Pakistan 2016-17. Islamabad, Pakistan. Pakistan: Ministery 
of Finance. 

GOP. (2018). Agricultural Statistics of Pakistan 2017-18. Islamabad, Pakistan. Pakistan: Ministry 
of Finance. 

GOP. (2019). Agricultural Statistics of Pakistan 2018-19. Islamabad, Pakistan. Pakistan: Ministry 
of Finance. 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

43 

 

Hasnain, T. (1999). Pesticide use and its impact on crop ecologies: Issues and options. SDPI 
working paper series #42. SDPI, Islamabad. pp73. 

Huffman, W.E., (2011). Household production theory and models. In: Lusk, J.L., Roosen, J., 
Shogren, J.F. (Eds.), Oxford Handbook of the Economics of Food Consumption and Policy. 
Oxford University Press, New York, NY. 

Hussain, I., Mudasser M., Hanjra M.A., Amrasinghe U. and Molden D. (2004). Improving wheat 
productivity in Pakistan: Econometric analysis using panel data from chaj in the upper 
Indus Basin. Water International, 29: 189-200. 

Hussain, S. A., Akhtar, J., Haq, M. A. and Ahmad, R. (2011). Growth, yield and ionic 
 concentration of two sunflower (Helianthus annuus L) genotypes exposed to brackish 
 water irrigation. Soil Environment, 30: 58-63. 

Hussain, M., Ashfaq, M., Ali, A., Hassan, S., and Imran, M.A. (2017). An econometric analysis of 
bed-furrow irrigation for cultivatedwheat in irrigated areas of Punjab, Pakistan. Pakistan 
Journal of Agricultural Sciences, 54: 467-474. 

Imran, M.A., Ali, A., Ashfaq, M., Hassan, S., Culas, R. and Ma, C. (2018). Impact of climate smart 
agriculture (CSA) practices on cotton production and livelihood of farmers in Punjab, 
Pakistan. Sustainability, 10(6): 1-20. 

Imran, M.A., Ali, A., Ashfaq, M., Hassan, S., Culas, R. and Ma., C. (2019). Impact of climate smart 
agriculture (CSA) through sustainable irrigation management on Resource use efficiency: 
A sustainable production alternative for cotton. Land Use Policy, 88: 13. 

Kanwar, R. (2010). Sustainable Water Systems for Agriculture and 21st Century Challenges. In: 
KANG, M. S. (ed.) Water and Agricultural Sustainability Strategies. London: Taylor and 
Francis Group. 

Karagiannis, G., Tzouvelekas, V. and Xepapadeas, A. (2003). Measuring irrigation water efficiency 
with a stochastic production frontier. Environmental and Resource Economics, 26: 57–72. 

Khan, S., Rana, T., Gabriel, H. F. and Ullah, M. (2008). Hydrogeologic assessment of escalating 
groundwater exploitation in the Indus Basin, Pakistan. Hydrogeology Journal, 16: 1635-
1654. 

Khair, S. M., Ashfaq, M., Ali, A., Akhtar, S., Mangan, T., & Allan, C. (2021). Participatory Rural 
Appraisal: Starting the co-inquiry into groundwater and livelihoods. Albury: Institute for Land, 
Water and Society, Charles Sturt University. 

Khatri-Chhetri, A., Aryal, J.P., Sapkota, T.B. and Khurana, R. (2016). Economic benefits of climate-
smart agricultural practices to smallholder farmers in the Indo-Gangetic Plains of India. 
Current Science, 110: 1251-1256. 

Lansink, O., Pietola, A. and Kyosti. (2002). Effciency and productivity of conventional and organic 
farms in Finland 1994-1997. European Review of Agricultural Economics, 29: 51-66. 

LEAD (2016). Groundwater Management in Pakistan: An Analysis of Problems and Opportunities. 
Pakistan. Learning and Knowledge Management Team, LEAD Pakistan. 

Li, H., Huang, D., Ma, Q., Qi, W. and Li, H. (2020). Factors Influencing the Technology Adoption 
Behaviours of Litchi Farmers in China. Sustainability 12(1): 271. 

Lilienfeld, A. andAsmild M. (2007a). Estimation of excess water use in irrigated agriculture: A Data 
Envelopment Analysis approach. Agricultural Water Management, 94: 73-82. 

Lilienfeld, A. and Asmild, M. (2007b). Estimation of excess water use in irrigated agriculture: A 
Data Envelopment Analysis approach. Agricultural Water Management,  94: 73-82. 

Lipper, L., Thornton, P., Campbell, B.M., Baedeker, T., Braimoh, A., Bwalya, M., Caron, P., 
Cattaneo, A., Garrity, D., Henry, K., Hottle, R., Jackson, L., Jarvis, A., Kossam, F., Mann, 
W., Mccarthy, N., Meybeck, A., Neufeldt, H., Remington, T., Sen, P.T., Sessa, R., Shula, 
R., Tibu, A. and Torquebiau, E.F. (2014). Climate-smart agriculture for food security. 
Nature Climate Change, 4: 1068-1072. 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

44 

 

Liu, Y., Ruiz-Menjivar, J., Zhang, L., Zhang, J. and Swisher, M.E. (2019). Technical training and 
rice farmers’ adoption of low-carbon management practices: The case of soil testing and 
formulated fertilization technologies in Hubei, China. Journal of Cleaner Production, 226: 
454-462. 

Makhdum, A.H., Khan, H.N. and Ahmad., S. (2011). Reducing Cotton Footprints Through 
Implementation of Better Management Practices in Cotton Production; a Step Towards 
Better Cotton Initiative Fifth Meeting of the Asian Cotton Research and Development 
Network. Lahore, Pakistan. Lahore, Pakistan. 

Manjunatha, A.V., Speelman, S., Aravindakshan, S. and Mal, P. (2016). Impact of informal 
groundwater markets on efficiency of irrigated farms in India: a bootstrap data envelopment 
analysis approach. Irrigation Science, 34: 41-52. 

Manjunatha, A.V., Speelman, S., Chandrakanth, M.G. and Van., H.G. (2011). Impact of 
groundwater markets in India on water use efficiency: A data envelopment analysis 
approach. Journal of Environmental Management, 92: 2924-2929. 

Mekonnen, D.K., Siddiqi, A. and Ringler, C. (2016). Drivers of groundwater use and technical 
efficiency of groundwater, canal water, and conjunctive use in Pakistan’s Indus Basin 
Irrigation System. International Journal of Water Resources Development, 32: 17. 

Morais, M., Borges, J. A. R. and Binotto, E. (2018). Using the reasoned action approach to 
understand Brazilian successors’ intention to take over the farm. Land Use Policy, 71: 445–
452. 

Moges, D. and Taye, A. (2017). Determinants of farmers’ perception to invest in soil and water 
conservation technologies in the North-Western Highlands of Ethiopia. International Soil 
and Water Conservation Research, 5(1): 56-61.  

Pan, D., Kong, F., Zhang, N. and Ying, R. (2017). Knowledge training and the change of fertilizer 
use intensity: Evidence from wheat farmers in China. Journal of Environmental 
Management, 197: 130-139. 

Parikh, A., Ali, F. and Shah, M.K. (1995). Measurement of economic efficiency in Pakistani 
agriculture. American Journal of Agricultural Economics, 77: 675-685. 

Parikh, A. and Shah, K. (1994). Measurement of technical efficiency in the north-west frontier 
province of Pakistan. Journal of Agricultural Economics, 45: 132-138. 

Punjab Development Statistics (2017). Bureau of Statistics, Government of the Punjab, 
 Lahore. 

Qureshi, Akhtar, A. S., M. and Shah, T. (2004). Role of changing energy pricing policies on 
 groundwater development in Pakistan. Journal of Applied Irrigation Science,  39(2):329-
342. 

Qureshi, A. S., Mccornick, P. G., Sarwar, A. and Sharma, B. R. (2009). Challenges and 
 prospects of sustainable groundwater management in the Indus Basin, Pakistan. Water 
 Resources Management, 24(8): 1551-1569. 

Qureshi, A. S., Gill, M. A. and Sarwar, A. (2010). Sustainable groundwater management in 
Pakistan: challenges and opportunities. Irrigation and Drainage, 59: 107-116. 

Qureshi, R., and Ashraf, M. (2019). Water security issues of agriculture in Pakistan. Pakistan 
Academy of Sciences (PAS), Islamabad, Pakistan. https://www.paspk.org/wp-
content/uploads/2019/06/PAS-Water-Security-Issues.pdf  

Razzaq, A., Qing, P., Naseer ,M., Abid, M., Anwar, M. and Javed, I. (2019): Can the informal 
groundwater  markets improve water use efficiency and equity? Evidence from a semi-arid 
region of  Pakistan. Science of the Total Environment, 666: 849-857. 

Rodel, M., Velicogna, I.  and Famiglietti, J. (2009). Satellite-based estimates of groundwater 
depletion in India. Nature, 460: 999-1003. 

Sapkota, T.B., Jat, M.L., Aryal, J.P., Jat, R.K., and Khatri-Chhetri, A. (2015). Climate change 
adaptation, greenhouse gas mitigation and economic profitability of conservation 

https://www.paspk.org/wp-content/uploads/2019/06/PAS-Water-Security-Issues.pdf
https://www.paspk.org/wp-content/uploads/2019/06/PAS-Water-Security-Issues.pdf


Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

45 

 

agriculture: Some examples from cereal systems of Indo-Gangetic Plains. Journal of 
Integrative Agriculture, 14: 1524-1533. 

Shaikh, U. A., Wayayok, A., Abdullah, A. F. B., Soom, A. B. M. and Mangrio, M. (2015). 
Assessment of water application losses through irrigation surveys: a case study of 
Mirpurkhas subdivision, Jamrao Irrigation Scheme, Sindh, Pakistan. Indian Journal of 
Science and Technology, Vol 8(11), 1-15. 

Shakoor, A., Arshad, M., Bakhsh, A. and Ahmed, R. (2015). GIS Based Assessment and 
Delineation og Groundwater Quality Zones and Its Impact on Agricultural Productivity Pak. 
J. Agri. Sci., 52: 837-843. 

Siebert, S.E.A. (2010). Groundwater use for irrigation – a global inventory. Hydrol. Earth Syst. Sci. 
Discuss., 7: 3977-4021. 

Speelman, S., D’haese, M., Buysse ,J. and D’haese, L. (2008). A measure for the efficiency of 
water use and its determinants, a case study of small-scale irrigation schemes in North-
West Province, South Africa. Agricultural Systems, 98: 31-39. 

Srivastava, S.K., Kumar, R. and Singh, R.P. (2009). Extent of Groundwater Extraction and 
Irrigation Efficiency on Farms under Different Water-market Regimes in Central Uttar 
Pradesh. Agricultural Economics Research Review, 22: 1-11. 

Ullah, A., Perret, S.R., Gheewala, S.H. and Soni., P. (2016). Eco-efficiency of cotton-cropping 
systems in Pakistan: an integrated approach of life cycle assessment and data 
envelopment analysis. Journal of Cleaner Production, 134 623-632. 

Wada, Y.E.A. 2010. Global depletion of groundwater resources. Geophys. Res. Lett., 37: L20402. 

Wang, J., Klein, K. K., Bjornlund, H., and Zhang, W. (2015). Adoption of improved irrigation 
scheduling methods in Alberta: An empirical analysis. Can. Water Resour. J., 40: 47–61.  

Watto, M. (2013). Measuring Groundwater Irrigation Efficiency in Pakistan: A DEA Approach Using 
the Sub-vector and Slack-based Models. 57th Australian Agricultural and Resource 
Economics Society Annual Conference. The Sydney Convention and Exhibition Centre in 
Darling Harbour, Sydney, New South Wales: The Australian Agricultural and Resource 
Economics Society http://ageconsearch.umn.edu/. 

Watto, M.A. and Mugera, A.W. (2014). Measuring production and irrigation efficiencies of rice 
farms: Evidence from the Punjab province, Pakistan. Asian Economic Journal, 28: 301-
322. 

Watto, M.A. and Mugera, A.W. (2015). Econometric estimation of groundwater irrigation efficiency 
of cotton cultivation farms in Pakistan. Journal of Hydrology: Regional Studies, 4: 193-211. 

Zulfiqar, F., Datta, A. and Thapa, G.B. (2017). Determinants and resource use efficiency of “better 
cotton”: An innovative cleaner production alternative. Journal of Cleaner Production, 166: 
1372-1380. 

Zulfiqar, F. and Thapa, G.B. (2016). Is ‘Better cotton’ better than conventional cotton in terms of 
input use efficiency and financial performance? Land Use Policy, 52: 136-143. 

Zulfiqar, F. and Thapa, G.B. (2018). Determinants and intensity of adoption of “better cotton” as 
an innovative cleaner production alternative. Journal of Cleaner Production, 172: 3468-
3478. 

http://ageconsearch.umn.edu/


Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

46 

 

Appendix A: Economic analysis of the major crops 

Table A.1: Economic analysis of wheat at the distributary level (per acre basis) 

 
1R (Okara) 11L (Sahiwal) 

 
Head Middle Tail Head Middle Tail 

 Inputs use 

Farm Implements (Nos.) 4.48 4.31 4.53 4.49 4.33 4.58 

Seed rate (kg) 49.19 48.46 48.42 49.60 48.72 55.63 

Urea (Bags) 1.60 1.51 1.25 1.34 1.46 1.23 

DAP (Bags) 1.45 1.34 1.38 1.33 1.33 1.42 

Total Fertilizers (Kg) 157.36 145.27 131.42 143.84 145.70 135.56 

Groundwater (Nos.) 2.32 2.32 2.43 2.77 2.68 2.75 

Surface water (Nos.) 1.62 1.55 1.44 1.43 1.38 1.39 

Weedicides and Pesticides 
(Nos.) 

1.59 1.69 1.56 1.42 1.19 1.51 

 Costs and Benefits 

Land Preparation cost (PKR) 2343.29 2439.05 2441.32 2426.27 2171.84 2195.32 

Seed and Sowing Cost (PKR) 2084.69 2019.49 2349.87 2070.67 2078.13 2385.35 

Total Fertilizer and labor cost 
(PKR) 

6677.45 6171.39 5786.72 6317.08 6300.80 5940.90 

Micronutrients cost (PKR) 71.92 74.73 80.14 23.13 0.00 0.00 

Total Chemical cost (PKR) 1564.08 1722.77 1620.85 1482.46 1220.58 1541.27 

Total Irrigation cost (PKR/acre) 1956.51 1982.55 2064.28 2295.25 2078.58 2323.13 

Harvesting Cost (PKR) 6120.55 5675.00 5855.56 6149.37 6582.03 6061.97 

Yield (40kg) 39.47 39.57 37.99 39.64 41.13 40.63 

Market price/40kg 1134.68 1158.31 1159.24 1156.84 1175.00 1162.04 

Total Cost (PKR)  21787.39 20983.51 21242.48 21696.47 21202.89 21417.35 

Total Revenue (PKR) 44809.52 45855.64 44067.78 45854.16 48391.33 47291.37 

Net Income (PKR) 23022.13 24872.14 22825.30 24157.69 27188.44 25874.02 

BCR 2.06 2.19 2.07 2.11 2.28 2.21 
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Table A.2: Economic analysis of maize at the distributary level (per acre basis) 

  1R (Okara) 11L (Sahiwal) 

  Head Middle Tail Head Middle Tail 

 Inputs Use 

Farm Implements (Nos.) 6.89 6.38 6.44 6.64 6.58 6.19 

seed rate (kg) 8.08 7.63 8.56 8.92 8.33 8.34 

Urea (Bags) 2.79 3.19 2.46 3.20 2.70 2.34 

DAP (Bags) 1.66 1.97 1.64 1.79 1.54 1.38 

Potash (Bags) 0.93 1.59 0.51 0.86 0.92 0.59 

Micronutrients (Nos.) 1.65 1.63 1.39 1.36 1.42 1.56 

Total Fertilizers (Kg) 282.09 343.75 236.11 298.21 278.85 234.38 

Groundwater (Nos.) 6.75 8.74 9.39 8.43 8.64 8.48 

Surface water (Nos.) 5.31 4.51 4.38 4.26 3.38 3.96 

Weedicides and Pesticides (Nos.) 2.62 2.25 2.39 2.55 2.52 2.81 

 Costs and Benefits 

Land Preparation cost (PKR) 3701.08 3462.50 3330.56 3099.36 3337.31 3650.00 

Seed and Sowing Cost (PKR) 7545.68 6631.25 6019.44 7240.95 7066.73 7350.06 

Micronutrients Labour Cost (PKR) 647.30 587.50 611.11 636.90 638.46 656.25 

Total Fertilizer and labor cost 
(PKR) 

12702.97 15871.56 10365.42 13127.70 12149.04 9860.63 

Total Chemical cost (PKR) 2588.27 2272.50 2712.78 2544.52 2365.67 2853.75 

groundwater cost per irrigation 717.43 793.75 814.17 861.90 764.42 762.50 

Total Irrigation cost (PKR) 4940.03 6958.75 7883.72 7338.69 6704.14 6543.13 

Harvesting Cost (PKR) 5710.81 6337.50 4955.56 5333.33 5688.46 6000.00 

Yield (40kg) 61.62 60.75 64.89 63.98 63.63 61.56 

Market price/40kg 971.49 971.25 971.94 997.00 975.10 1025.31 

Total Cost (PKR) 40902.51 44059.06 39893.58 42184.67 40309.65 39642.50 

Total Revenue (PKR) 59874.73 58965.00 63025.28 63580.95 61865.29 63212.50 

Net Income (PKR) 18972.22 14905.94 23131.69 21396.29 21555.64 23570.00 

BCR 1.46 1.34 1.58 1.51 1.53 1.59 

 

 

 

  



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

48 

 

Table A.3: Economic analysis of rice at the distributary level (per acre basis) 

 
1R (Okara) 11L (Sahiwal) 

 
Head Middle Tail Tail 

 Inputs Use 

Farm Implements (Nos.) 5.04 5.02 4.79 4.92 

seed rate (kg) 4.80 4.76 4.77 4.58 

Urea (Bags) 1.77 1.72 1.75 1.82 

DAP (Bags) 1.18 1.14 1.17 1.17 

Total Fertilizers (Kg) 166.30 146.32 168.93 154.59 

Groundwater (Nos.) 13.04 13.37 14 13.27 

Surface water (Nos.) 6.27 6 6 6.79 

Weedicides and Pesticides (Nos.) 2.87 2.35 2.63 2.37 

 Costs and Benefits 

Land Preparation cost (PKR) 2278.26 2330.39 2257.50 2218.37 

Seed and Sowing Cost (PKR) 6131.85 5753.24 5886.25 5564.39 

Total Fertilizer and labour cost (PKR) 6610.21 5780.29 6912.93 6185.45 

Micronutrients cost (PKR) 131.52 221.57 158.09 135.71 

Total Chemical cost (PKR) 3103.30 2718.04 2873.53 2859.96 

Total Irrigation cost (PKR/acre) 10514.48 11317.24 10663.70 11568.80 

Harvesting Cost (PKR) 2528.26 2553.92 2565.44 2609.18 

Yield (40kg) 36.37 35.17 36.67 36.31 

Market price/40kg 1432.61 1408.04 1419.19 1400.51 

Total Cost (PKR) 34167.27 33010.37 33597.59 33216.73 

Total Revenue (PKR) 52082.39 49492.21 52023.05 50794.80 

Net Income (PKR) 17915.12 16481.83 18425.46 17578.07 

BCR 1.52 1.50 1.55 1.53 
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Table A.4: Economic analysis of cotton at the distributary level (per acre basis) 

  11L (Sahiwal) 

  Head Middle Tail 

 Inputs Use 

Farm Implements (Nos.) 8.34 8.19 8.05 

seed rate (kg) 7.36 7.23 6.90 

Urea (Bags) 1.72 1.83 1.69 

DAP (Bags) 0.91 1.02 1.23 

Potash (Bags) 0.00 0.00 0.00 

Micronutrients (Nos.) 0.00 0.00 0.00 

Total Fertilizers (Kg) 134.91 147.58 148.13 

Groundwater (Nos.) 8.15 8.75 7.56 

Surface water (Nos.) 3.60 3.58 4.89 

Weedicides and Pesticides (Nos.) 6.74 7.42 8.00 

 Costs and Benefits 

Land Preparation cost (PKR) 6205 5918 5875 

Seed and Sowing Cost (PKR) 3290.84 3300.32 3866.25 

Total Fertilizer and labor cost (PKR) 5293.70 5532.98 6801.00 

Total Chemical cost (PKR) 7018.02 7946.45 8809.90 

Total Irrigation cost (PKR) 7983.28 7358.58 5751.80 

Harvesting Cost (PKR) 8789.66 8212.90 8380.00 

Yield (40kg) 21.97 20.53 20.95 

Market price (PKR/40kg) 2316.72 2390.65 2420.00 

Total Cost (PKR) 35537.36 35245.11 36184.75 

Total Revenue (PKR) 51041.98 49155.81 50612.50 

Net Income (PKR) 15504.63 13910.69 14427.75 

BCR 1.44 1.39 1.40 

 

  



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

50 

 

Table A.5: Economic analysis of sugarcane at the distributary level (per acre basis) 

  11L (Sahiwal) 

  Head Middle Tail 

 Inputs Use 

Farm Implements (Nos.) 6.41 5.67 6.67 

seed rate (kg) 5461.11 6766.67 7420.00 

Urea (Bags) 2.23 2.08 2.28 

DAP (Bags) 1.52 1.17 1.48 

Potash (Bags) 0.31 0.00 0.25 

Micronutrients (Nos.) 1.19 1.17 0.93 

Total Fertilizers (Kg) 239.35 162.50 221.25 

Groundwater (Nos.) 12.27 7.77 10.05 

Surface water (Nos.) 5.47 7.90 7.05 

Weedicides and Pesticides (Nos.) 1.56 2.00 2.70 

 Costs and Benefits 

Land Preparation cost (PKR) 3677.78 3816.67 3730.00 

Seed and Sowing Cost (PKR) 17512.96 14136.67 16098.23 

Total Fertilizer and labor cost (PKR) 10366.76 7040.17 9562.50 

Total Chemical cost (PKR) 1772.96 2210.00 3348.83 

Total Irrigation cost (PKR) 11070.56 7368.33 7353.50 

Harvesting Cost (PKR) 7950.19 8215.83 7289.13 

Yield (40kg) 604.63 636.67 561.17 

Market price (PKR/40kg) 157.07 158.33 156.40 

Total Cost (PKR) 54717.87 44662.67 49538.19 

Total Revenue (PKR) 95028.89 100816.67 87923.33 

Net Income (PKR) 40311.02 56154.00 38385.14 

BCR 1.74 2.26 1.77 
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Appendix B: Farm efficiency analysis 

Table B.1: Efficiency analysis of Sahiwal and Okara farms (per farm basis)) 

    1R  11L 

Head 

Technical Efficiency  0.88 0.84 

Water Use Efficiency 0.70 0.78 

Scale Efficiency 0.95 0.88 

Economic Efficiency 0.69 0.65 

Allocative Efficiency 0.78 0.77 

Middle 

Technical Efficiency  0.88 0.85 

Water Use Efficiency 0.66 0.73 

Scale Efficiency 0.95 0.90 

Economic Efficiency 0.71 0.76 

Allocative Efficiency 0.81 0.89 

Tail 

Technical Efficiency  0.86 0.81 

Water Use Efficiency 0.64 0.53 

Scale Efficiency 0.98 0.91 

Economic Efficiency 0.70 0.66 

Allocative Efficiency 0.81 0.81 

Overall 

Technical Efficiency  0.81 0.76 

Water Use Efficiency 0.63 0.55 

Scale Efficiency 0.97 0.90 

Economic Efficiency 0.60 0.65 

Allocative Efficiency 0.75 0.84 

 

 

 



Improving groundwater management in Pakistan: Socio-economic analysis for Punjab   

52 

 

Appendix C: Technical, economic and water use 
efficiency of head, middle and tail farms 

Table C.1: Frequency distribution of technical, economic and water use efficiency of HEAD farms 
assuming variable return to scale (VRS) (percentage) Note: Technical efficiency=TE, Water use 

efficiency=WUE, Scale efficiency=SE, Economic efficiency=EE, Allocative efficiency=AE 

Efficiency (%) 
1R 11L 

TE WUE SE EE AE TE WUE SE EE AE 

1 33 26 28 7 7 19 19 11 4 4 

90-99 10 0 52 5 9 18 7 33 10 27 

80-89 33 7 21 14 34 19 10 37 7 16 

70-79 19 17 0 7 28 32 25 12 16 12 

60-69 5 17 0 28 19 11 32 6 16 30 

50-59 0 12 0 40 3 1 6 1 20 10 

40-49 0 3 0 0 0 0 1 0 26 0 

30-39 0 16 0 0 0 0 0 0 0 0 

Below 30 0 2 0 0 0 0 0 0 1 1 

 

Table C.2: Frequency distribution of technical, economic and water use efficiency of MIDDLE farms 
assuming variable return to scale (VRS) (percentage) Note: Technical efficiency=TE, Water use 

efficiency=WUE, Scale efficiency=SE, Economic efficiency=EE, Allocative efficiency=AE 

Efficiency (%) 
1R 11L 

TE WUE SE EE AE TE WUE SE EE AE 

1 27 18 46 4 4 34 32 19 11 11 

90-99 27 13 37 6 17 14 4 45 12 48 

80-89 24 4 8 20 38 16 7 18 22 26 

70-79 14 7 7 23 20 15 12 12 16 14 

60-69 4 10 2 31 15 13 15 3 21 1 

50-59 4 4 0 11 6 8 11 1 9 0 

40-49 0 30 0 4 0 0 4 1 8 0 

30-39 0 11 0 1 0 0 8 1 1 0 

Below 30 0 3 0 0 0 0 7 0 0 0 
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Table C.3: Frequency distribution of technical, economic and water use efficiency of TAIL farms 
assuming variable return to scale (VRS) (percentage) Note: Technical efficiency=TE, Water use 

efficiency=WUE, Scale efficiency=SE, Economic efficiency=EE, Allocative efficiency=AE 

Efficiency (%) 
1R 11L 

TE WUE SE EE AE TE WUE SE EE AE 

1 27 27 41 8 8 27 23 14 5 5 

90-99 16 2 59 1 3 5 0 54 9 22 

80-89 27 3 0 12 45 16 4 17 15 24 

70-79 16 5 0 16 38 26 5 7 7 32 

60-69 14 8 0 42 6 15 9 4 18 15 

50-59 0 8 0 21 0 11 3 4 26 2 

40-49 0 38 0 0 0 0 7 0 19 0 

30-39 0 8 0 0 0 0 14 0 1 0 

Below 30 0 1 0 0 0 0 35 0 0 0 
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