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ABSTRACT 
 

Present study was conducted in the Department of Structural and 

Environmental Engineering, University of Agriculture, Faisalabad, Pakistan 

during 2013-14, for estimating the grounds water abstraction at different spatial 

scales of Lower  Chenab Canal System, Punjab, Pakistan. The basic objective 

was to identify the share of canal water in relevance to groundwater and 

minimize the crop water demand. For this purpose Khurarianwala and Mungi 

distributaries were selected. Information in this survey was collected through 

questionnaire comprising of bore depth, water table, head range, diameter of 

pipe, brand of pump, water quality, pumping hours for the whole year and cost 

of tubewell installation. This abstraction data calculated through the ground 

truthing was corroborated and reconfirmed through remote sensing and 

ground survey. The results revealed that groundwater abstraction was 

significantly higher at the tail of distributory especially in peak months. 

Moreover, groundwater intensive survey gave much better estimation and 

assessment on quantification of ground water abstraction and sharing on 

canal water. Constraints for adoption of demand based irrigation system were 

also studied to make recommendations.  

 

KEYWORDS: Lower Chenab Canal; distributaries; groundwater abstraction; 
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INTRODUCTION 

 
Agriculture is the lychpin of Pakistan’s economy which contributes 20.7 percent to 
GDP. Sixty seven percent population is living in rural areas and more than 60 
percent earning their needs directly or indirectly through this sector (1). Water is 
of prime importance for successful agriculture. Only 2.5 percent fresh water is 
available to the world and two third is locked up in the form of ice caps and 
glaciers. Due to continuous hydrological cycle, about two third of remaining water 
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is lost due to evaporation while 20 percent of remaining potentially useable water 
is present in areas beyond human access. Therefore, after deducting all 
quantities of water which can’t be utilized by human being (for example excess 
water during the monsoon or flood water), only 0.08 percent of total water is 
actually utilized by the plants (4). So water plays a decisive role in sustainable 
livelihood of rural people and approximately 40 percent of the world’s food supply 
are produced on the irrigated land (5). 
 
The irrigation system available in Pakistan is not enough to fulfill the crop 
water requirement so the farmers use another way of irrigation called ground 
water abstraction. World population is expected upto grow to 45 percent over 
next 30 years while runoff of fresh water is anticipated to increase by 10 
percent. A serious water shortage is predicted in a policy paper of United 
Nations by 2020 posing a great threat to the food security of poor population 
around the globe. Water resources are of immense importance for an 
agricultural country like Pakistan. About 149 million acre feet (MAF) water 
was needed in 2000, which is going to increase necessarily upto 215 
MAF in the year 2013 and furthermore 277 MAF is expected in the year 
2025 (6). This scenario warns that Pakistan is a water scarce country 
which will face a water shortage of about 151 MAF by the year 2025. This 
situation warrants for immediate action as further deterioration in this respect will 
be suicidal and can harm the federal fabric of this country as well. 
 
Pakistan has arid and semi-arid land and is located at latitude and longitude 
of 30000/N and 70000/ E. Total area of Pakistan is about 79.61 million 
hectares with 75 percent of population i.e. approximately 150 million people, 
living in rural area. In addition to improving the system, over and under 
irrigation should be avoided and irrigation be applied based on crop water 
requirements using modern irrigation method (7). 
 
The other most important factor is rain water to meet crop requirements to 
harvest the potential. Therefore, without adequate supplies of irrigation water 
production from range area of Pakistan cannot be possible on sustainable 
basis (8). Moreover, burgeoning population and depletion of water resources 
also tantamount to increase storage and efficiency (9). 
 
The warabandi system in the Lower Indus Basin of Pakistan was designed in 
1932 (2). The irrigation system in Pakistan is supply based and the irrigation 
turns are not demand based. Water outlets (Moghas) are designed in such a 
way that fixed supply of irrigation water is diverted from the distributaries 
during running condition. The main irrigation water diverted to the farmer’s 
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field can only irrigate one-third of land holding (10). According to some critics, 
existing warabandi system is neither cropping pattern oriented, nor catering 
the crop water requirements for high yielding crops (11). Some water users 
do not get their allocated share due to flow variation. Most of the times 
revised schedule does not give advantage to small farmer who ends up 
losing significant water share (12). Initially the water demand was not higher 
than the supply of irrigation water for rural production (13), but with the 
passage of time, emergence of green revolution and changing cropping 
pattern caused the inefficiency of the system. The increased cropping 
intensity and changed cropping pattern explain the inadequacy of water (14). 
The existing warabandi system provides more share of water to some of the 
farmers, thus deviating from equity rule. Moreover, there is flaw in design and 
construction of the irrigation infrastructure. Due to these construction 
peculiarities, irrigation water is not equally divided among all water users in 
an area (15). 
 
The reasons for this unfairness are referred to social and physical factor. The 
physical compulsions contain that distributory points of main canal would 
work at 75 percent or more than 75 percent of full supply level. Water exits 
(Moghas) are un-gated and release flow of water proportional to the 
command area. More or less farmers do not get any quantity of water for 
many years at a downstream of canal, unlike some wealthy or opulent of 
Mogha. On the other hand, poor people are alarmed or struck with fear 
coming close to outlet (16). 
 
Now it is a time to adopt an irrigation water saving technique by which we can 
use water efficiently and can fulfill the crop water demand. The demand-
based irrigation system or crop based irrigation system is a system of 
allocation of irrigation water to the farmers as per crop they grow. In this 
system the allocation of water is based on the crop grown in the field.In using 
this system the irrigation water could be saved or the wastage of irrigated 
water may be decreased. The demand based irrigation system scheduling is 
an approach which has the potential to contribute to solve at least reduce the 
above mentioned deficits in Pakistan’s irrigation system management. 
Appropriateness of the water might be improved by fulfilling site- specific and 
time-depending demand; wastage of irrigation water could be reduced and 
utilized in a more productive way. 
 

This study was carried out to find out the total ground water abstraction in the 
specified area at different  spatial  scales  and  also  to  find  out  the  share 
of ground  water  abstraction  with  canal  water  for  fulfillment  of  crop  
water demand. 
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MATERIALS AND METHODS 
 
This study was conducted in the Department of Structural and Environmental 
Engineering, University of Agriculture, Faisalabad, Pakistan during 2013 two 
distributaries of Lower Chenab Canal i.e. Mungi and Khurianwala  
 
The primary data were collected by field visits, PIDA (Punjab Irrigation 
Development Authority), IWMI (International Water Management Institute) 
Lahore, government agencies and interviewing beneficiary farmers who may 
be the prime movers for the success of this system. 

 

Selection of study area and sample size 
 
Two distributaries namely Mungi and Khurarnwala lying in district Faisalabad 
and Toba Tek Singh were selected. where demand-based irrigation scheduling 
is considered as an alternative to the conventional schedules. These 
distributaries originate from Lower Chenab Canal (LCC) system having 
different cropping patterns. The LCC falls in Rechna Doab having gross 
command  area of about 2.97 million hectares; around 80 percent is 
cultivated (20). 

 

Description of study area 
 
The whole LCC (system) includes three major distributaries namely 
Khurarinwala, Mungi and Killianwala. Khurarinwala distributory is located at 
the head of distributory and Killianwala is at the Tail and Mungi is at the 
middle of this system. 

 

Groundwater abstraction by groundwater survey 
 
Groundwater abstraction at two main distributaries namely Khurianwala and 
Mungi was verified by ground appraisal for precise information taken on a 
survey form from the farmers of specified area as they are the important 
stakeholders in this business. This information was compiled on well-defined 
questionnaire,  especially  designed  for  the   groundwater   survey    as 
given below:- 
 

Original bore depth: It is the depth at which the tubewell is installed and 
water is uplifted from the ground for irrigation. It varies with respect to the 
area as in some areas it goes upto 200ft depth and in other areas it only 
goes upto 60ft.  
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Installation period of tubewell: Information  about  the year during which 

the tubewell was drilled was also collected as it is necessary to estimate 

duration of period for which this specific tubewell is working for getting 

groundwater abstraction. 
 

Water table: The data regarding water table (depth of water at the time of 

drill) was also calculated as it is necessary to have information about the 

water table for specific area of study. The data related to the deepening of 

pump depth was also calculated as in some area after some time due to 

regular ground water abstraction the water table depth has gone down so the 

farmers need to deepen their tube well for getting good discharge of irrigated 

water. So the information about number of times well was deepening till now 

was also gathered from the farmers. Then after getting information about 

total number of deepening, the total depth of total deepening till now was also 

calculated. Then data regarding the brand of pump used in the tube well was 

also obtained from the farmers. The more important thing was to find out 

what is the source of power for the running of tube well was also collected. 

In most cases they use tractors as a source of power as there is a shortage 

of electricity in Pakistan. The data related to the electricity price in the 

specific area was also collected. Length of field irrigation by tubewll was 

also calculated. Capacity of each pump and motor was also calculated 

in horse power. The outlet pipe diameter for each tube well was also 

calculated by using simple scale ranging from 4 to 6 inches. Head range 

was also calculated for each tube well. Head range is the distance of 

outlet pipe to the impeller of each pump. This was measured for each 

and every tube well was visited. The information about total cost of 

installation per tubewell that vary with respect to the brand use was also 

gathered during field visits. 

 
Discharge of each tube well: The discharge of each tubewell used for 
ground water abstraction was also calculated by using float method. 

 
Groundwater abstraction calculation: The ground water abstraction of 
both distributaries was calculated in terms of depth (mm) by using the 
formula (utilization factor) 

 
                     Pumping hours (hr) x Discharge (m

3
/hr)*1000 

Depth (mm) = —————————————————————— 
                     Total area (m

2
) 
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Where, 
 
Pumping hours = Hours for which the tube well is irrigating the field crop 

(kharif and rabi) 
Discharge = Discharge rate of each tube well (m

3
/hr) 

Total area = Total CCA of the distributory 
Total volume (m

3
) = Discharge (m

3
/hr) x Total pumping hours (hr) 

Total depth (mm) = (Total volume m
3
/CCA of whole distributory m

2
) x 1000 

 

RESULTS AND DISCUSSION 

 

Groundwater abstraction calculation of mungi distributory 

 
Total volume = 86,325,143.7m

3
 

Total area = 46,752 acres  
Depth (mm) = 456.07 mm 

 
The depth 456.0727(mm) is for 88 outlets out of total 103 outlets of the 
distributory, so for having calculations by using unit method. The final results 
are drawn as follow: 
 
Table 1.  Calculation using unit method (Mungi distributory) 

 

No. of outlets Total area (m
2
) Total volume m

3
 Total depth (mm) 

88 18,927.94 863,25143.7 456.0727 

1 18,927.94 96325.143 5.182644 

103 18927.94 86325143.7 533.8124 

 

Groundwater abstraction calculation of Khurianwala distributory 
 

Total volume = 86,558,176.44m
3 

Total area = 5, 70,450Acres 
Depth (mm) = 37.5 (mm) 

 
The depth 37.5 (mm) is for total 38 outlets of the distributory out of total of 
123 outlets.  By using unit method, the total depth for whole distributory is 
given below:- 
 

Table 2. Calculation of total depth using unit method (Khurianwala distributory). 

 

No. of outlets Total area (m
2
) Total volume m

3
 Total depth (mm) 

38 2,309,514,170 86,558,176.44 37.5 

1 2,309,514,170 86,558,176.44 0.986 

123 2,309,514,170 86,558,176.44 121.38 
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The  trend  line shows a good relationship between the two correspondents as the value of 

R
2
= 0.951 for these two. 

 

Fig. 2. Comparison of ground water abstraction data of remote sensing and ground 

survey of khurianwala Distributory 2013-14. 

 
The comparison between the remote sensing data and the ground survey 

data for the year 2013-14 (Fig. 2) is showing the relationship between the 

both data for the whole year as starting from April 2013 and ended at March 

2014. In April 2013 ground water data showing very negligible value of 

ground water abstraction and the RS shows the value is increasing in April 

and May 2013 and then comes down for June and then goes to zero for July, 

August and September and then goes up in October and then for November 

and December it again goes to zero and then there is a bit increase in last 

two months as well. This graph shows that the RS data is giving more values 

than that as of ground water survey. 

 
The comparison between RS and GS of Mungi distributory for 2013-14 (Fig. 

3) shows the relationship between the two for the whole year starting from 

April and ended at March 2014. In April GS data giving more value than RS 

and till August 2013 GS values are more than RS whereas till end the whole 

graph shows that for the Mungi distributory the RS data is giving lesser value 

than that of GS. 
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The trend line shows the data is good as the R

2
=0.8725 which is very near to the original data. 

 
Fig. 3. Comparison of GW abstraction data of RS and ground survey of Mungi 

distributary 2013-14 
 

 
 

The trend line between two correspondents i.e. ground water and canal water shows a very 
good relationship between the two as the R

2
=0.8687 which is in a very good range. 

 

Fig. 4. Share of canal water with ground water in Khurianwala distributary 2013-14 

 
The graph shown above is showing the share of canal water with respect to 
the ground water to full fill the crop water requirement for the Khurinwala 
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distributary for the year 2013-14. As in this graph the share of GW is lesser 
than that of the canal water for the whole year. 

 

 
 

The trend line between two correspondents i.e. ground water and canal water (Fig. 3) shows a 
very good relationship between the two as the R

2
=0.9312 which is in a very good range. 

 

Fig. 5. Share of canal water with ground water in Mungi distributary 2012-13 

 
The Fig. 5 show share of canal water with the ground water for the Mungi 
distributary is lesser than that of canal water for the whole year 2013-14. 
 

Major constraints in the implementation of demand based irrigation 

system 
 

There are many constraints in implementation of this irrigation system which 
include irrigation gap, less knowledge of new technique, determination to 
adopt new trend, departmental involvement, complex system and        
political interference. 
 

CONCLUSION 
 

It can be concluded from the present study that ground water abstraction is 
significantly higher at the tail of the distributary especially in the peak months. 
 

Ground water intensive survey gave much better estimation and assessment on 
quantification of ground water abstraction and sharing on canal water. Ground 
water pumping increased according to cropping pattern in areas having 
sugarcane and rice crops due to more pumping in August and September. 
Sufficient supplies of irrigation water were available in the month of May and 
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June. There were significant reports of ground water theft at Khurianwala, 
and also in areas having rice and sugarcane as dominant crops. The gravity of 
ground water abstraction was found higher in Mungi distributary than Khurianwala 
distributary. The deficit between demand and supply was observed in both 
distributaries and after ground truthing; it revealed that this gap has been 
bridged through ground water abstraction. Availability of irrigation supplies 
and demand do not match and there is no calamity of canal water supplies at 
critical period becomes of low stage capacity at river head. The cropping 
intensity, crop grown and capacity of Lower Chenab Canal knowledge of farm 
does not support demand based irrigation system. 
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