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1.             INTRODUCTION 
Land and water are two finite sources for 

irrigated agriculture which are globally shrinking 

continuously. With limited freshwater, land resources, 

and ever-increasing demand of these resources, 

irrigated agriculture being a largest consumer of 

global freshwater resources needs to improve its 

utilization of these resources (Dejen, 2015). In Sindh, 

Pakistan, irrigation water is generally available to 

canal irrigation system in a continuous delivery 

system. The farmers receive the share of irrigation 

water on a fixed rotation basis locally known as 

warabandi (water distribution). However, the 

warabandi managed jointly by stakeholders of the 

concerned watercourse is known as Katcha warabandi 

while the warabandi decided by the Irrigation or 

Agriculture departments is known as Pucca 

warabandi. The warabandi was designed by British 

Government; farmers are accorded the right to 

withdraw canal water for a period proportionate to the 

amount of land they own, with each farmer having an 

assigned warabandi turn. The actual amount of water 

that a farmer receives during his/her turn varies 

depending on the amount of water in the canal feeding 

to the watercourse. The warabandi may be a rotation 

of 10-11 days but in the present study area, the 

warabandi is a seven days’ rotation. Each stakeholder 

is allocated a proprietary right for a period of time i.e. 

from 09.00-11.00 am every week during which   

farmer has a right to withdraw all the flow of the 

water course.  
 

Various studies show that most of the water 

courses are improperly designed, poorly maintained, 

and carelessly operated, that results in considerably 

water losses (Arshad, et al.,  2015). About one-third 

of the water diverted for irrigation purposes is to be 

lost during conveyance (Naeem, 1991)  and it is also 

reported that in Pakistan, the conveyance losses in 

watercourse occur over 40% (Anjum, 1993)  however, 

the seepage losses in unlined irrigation system of 

different countries in the world vary from 25% to 

50% of total diversion (Badar, 2000). The conveyance 

losses in 15 watercourses of KPK (Khyber 

Pakhtunkhwa), Pakistan were observed by (Hussain, 

2000)   and found about 25-45%.  Also, (Khan, et al., 

1999) found about 27% increase in water delivery 

efficiency and about 53% reduction in water losses in 

07 lined watercourses of KPK. Solangi et al., (2017) 

conducted a study in the command area of Gadeji 

minor, Sindh, Pakistan and reported that conveyance 

losses at field level may be minimized by the lining of 

watercourses. 
 

Irrigated agriculture plays a vital role in the 

economy of various developing countries. The water 

stress among agricultural, urban, industrial and 

environmental sectors is increasing due to growth in 

population (Dawadi and Ahmad 2013) (Qaiser et al., 

2015)  (Ghumman, et al., 2014) has also reported that. 

As a result, per capita, water availability which was 

5260m3 in 1951 has been declined to 1032 m3 in 

2016. (Haq, 2016)   
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Keeping in view the importance of water and the 

reduction in per capita availability, the Government 

has decided to improve the water courses to ensure 

the equal distribution of water among the 

stakeholders. In the command area of selected minor, 

there was a huge problem of seepage loss and the 

warabandi system was not performing well and tail 

end users were suffering due to a shortage of water. 

As there is a close relationship between watercourse 

lining and warabandi (Sharam, and Oad, 2015), 

therefore, this study was conducted to assess the 

effectiveness of the warabandi system in lined and 

unlined watercourses of Laiqpur Minor, District 

Sujawal, Sindh, Pakistan. 

 

2.              MATERIALS AND METHODS 

2.1 The Study Area 

The present study was carried out on two 

watercourses, one rectangular brick lined (8-CL) and 

the other unlined watercourse (11-R) of Laiqpur ex-

Ali Bahar minor, Taluka Mirpur Bathoro, District 

Sujawal. The salient features of studied watercourses 

are described in (Table 1). 
 

Table 1. Salient features of Selected Watercourses of 

Laiqpur Minor 

No. Description Data 

Lined Watercourse No. 8-CL 

1. 
GCA (Gross Commanded 

Area) (acres) 
91.18 

2. 
CCA (Cultivable Commanded 

Area) (acres) 
91.18 

3. 
Design discharge (liters/sec 

(LPS)) 
120 

4. Total length (meters) 1000 

5. Lining length (meters) 300 

6. Width (b) (meters) 0.60 

7. Depth (D) (meters) 0.65 

8. Longitudinal Slope (S) 0.0002 

9. Stakeholders (Nos.) 12 

Unlined watercourse No. 11-R 

1. 
Gross commanded area 

(GCA) (acres) 
284.9 

2. 
Cultivable commanded area 

(CCA) (acres) 
284.9 

3. Sanctioned discharge (LPS) 137 

4. Stakeholders (Nos.) 22 

 

Source: Irrigation Department, District Sujawal, Sindh 

 

2.2 Performance of Warabandi System 

The performance of the warabandi system for 

selected two watercourses was determined using 

Theil’s Index (Sharam, and Oad, 2015) given as: 

 

TIC = 
√∑(TWA−TWA∗)2

√∑(TWA∗)2
   (1) 

 

Where TIC = Theil’s Inequality Coefficient, 

 TWA = Actual Total Wetted Area, and TWA* = 

Predicted Total Wetted Area 

 

 

2.3 Equity in Water Distribution 

To evaluate the equity of water distribution 

through the warabandi system, the TIC was calculated 

individually for the head, middle and tail sections of 

the selected watercourses. In this connection, the data 

such as the actual wetted area of the section predicted 

the wetted area of the section and frequency of 

irrigation was collected separately. In addition to this, 

the equity in water distribution among water users 

was determined by computing the water losses and 

conveyance efficiency. 

 

The flow rate was measured by using the current 

meter and cutthroat flumes and following Equations 2 

and 3 to determine conveyance losses and conveyance 

efficiency in sample watercourses. 

 

Conveyance Loss (QL) (%) = 
Qi−Qo

Qi
 x 100 (2) 

Conveyance efficiency (%) = 
Q0

Qi
 x 100  (3) 

Where Qi and Qi are inflow and outflow rates 

observed in ft3/sec respectively. 

 

3.              RESULTS AND DISCUSSIONS 

3.1       Performance of Water Distribution 

(Warabandi)  System 

The effectiveness of warabandi for lined 

watercourse was found as 78% and that for unlined 

watercourse (w/c) was 50.4% using Equation (1). 

From this it is clear that due to the lining of a 

watercourse, the effectiveness of warabandi increased 

and also due to the lining of the watercourse of the 

same minor, the performance of water distribution 

(warabandi) improved during the same crop period.  
 

The computed TIC values of the present study are 

confirmed with TIC values obtained for the 

watercourses of Faisalabad, Punjab, Pakistan as well 

as India Qureshi, et al., 1994)  (Table 2). 

 
Table 2. Comparison of  Tic and Effectiveness of 

Warabandi 

 

Parame

ters 

Study by  Qureshi,    et. 

al. (1994) 
Present Study 

Faisalabad, 

Punjab, 

Pakistan 

India 

Sujawal, Sindh, 

Pakistan (Kharif 

2012) 

Khari

f 
Rabi 

Crop 

Year 

Lined 

Watercou

rse 

Unlined 

Waterco

urse 
Theil’s 

Inequalit

y Co-

efficient 

(TIC) 

0.56 0.52 0.20 0.22 0.496 

Effectiv

eness of 

waraban

di (%) 

44.0 48.0 80.0 78.0 50.40 

 

If TIC = 0, then the performance is 100% and if 

TIC=1.0, then no water is being delivered and 

performance is zero (0). 
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(Table 2) indicates that the performance of 

presently studied lined w/c and that of India is very 

close to about 80%. The effectiveness of warabandi of 

sample unlined w/c in Kharif season and the 

watercourses studied in Faisalabad, Pakistan is 

ranging between 44 and 50% and is almost similar. 

 

4.2   Equity in Warabandi (Water Distribution) 
The TIC was computed individually for the head, 

middle and tail segments of the Watercourse to 

determine the equity in warabandi (water distribution) 

among the farmers of selected watercourses. The 

basic data for the calculation of TIC values is 

described in (Tables 3-6) given in the appendix. 

 

The TIC, effectiveness and other parameters for both 

lined and unlined watercourses are described in 

(Table 3). 

 
 

Table 3. Comparison of Cropping Intensity, TIC and Warabandi 

Effectiveness 

 

Paramete

rs 

Lined Watercourse No. 8-

CL 

Unlined Watercourse  

No. 11-R 

Hea

d 

Reac

h 

Middl

e 

Reach 

Tail 

Reach 

Head 

Reac

h 

Middle 

Reach 

Tail 

Reach 

CCA 

(acres) 

31.0

7 
31.76 28.35 91.35 96.25 97.34 

Irrigated 

Area(acr

es) 

30.1

5 
28.45 20.59 

80.53

5 
61.16 50.64 

Cropping 

Intensity 

(%) 

97.0

4 
89.55 72.63 88.17 63.57 52.02 

Theil’s 

Inequalit

y 

Coefficie

nt (T.I.C) 

0.14

7 
0.165 0.319 0.211 0.499 0.594 

Variation 

in T.I.C 
0.172 0.383 

Effective

ness of 

waraban

di 

85.3% 
83.5

% 

68.

10

% 

78.9% 
50.1

% 

40.6

% 

 

The TIC for the head, middle and tail reach of the 

selected one lined and two unlined reaches of the 

lined w/c were 0.147, 0.165 and 0.319 respectively. 

On the other hand, the TIC values for the head, 

middle and tail reaches of unlined watercourse were 

0.21, 0.5 and 0.6 respectively. This indicated that the 

effectiveness of water distribution (warabandi) in 

lined and unlined reach of the improved w/c was 85% 

and 68%. It is evident that after lining of the 

watercourse, its performance was increased. This 

clearly indicated that lining of w/c increases the 

performance of warabandi of the whole w/c even it is 

improved up to 30%.  On the other hand, the 

effectiveness of warabandi at the tail reach of the 

unlined w/c is only 40%.  

 

The variation in TIC values in lined and unlined 

w/c is 0.17 and 0.38 respectively. As variation in TIC 

for unlined watercourse is more than double of the 

lined watercourse which obviously indicates that in 

lined w/c, the equity in water distribution is rational 

with the deviation of 17% only. However, in 

unimproved w/c the variation of water distribution is 

38%, thus water is not equally distributed. 

 

4.3  Water Losses, Conveyance Efficiency, and 

Cropping Intensity 

4.3.1  Conveyance Losses  

The water losses per 1000 ft. in the lined section 

of watercourse No. 8-CL were calculated using 

Equation (2) and found 1.23% and those in an unlined 

segment of the same watercourse were 4.92%. 

However, the losses computed for earthen 

watercourse were 4.9% (Table 4).  
 

 

Table 4. Water Losses in Lined and Unlined 

Watercourses 

No. 
Watercours 

Section 

Discharge 

at Inlet 

(Qi) 

(ft3/sec) 

Discharge 

at Outlet 

(Qo) 

(ft3/sec) 

Water 

Losses/1000ft  

(%) 

1. 
Lined (8-

CL) 
3.25 3.21 1.23 

2. 
Unlined (8-

CL) 
2.84 2.56 4.92 

3. 
Unlined 

(11-R) 
6.80 4.80 4.90 

 

It was observed that the losses in lined section of 

watercourse No. 8-CL were due to leakage from 

nuccas (outlets), evaporation, whereas in the unlined 

section, losses were due to seepage from bed and 

banks of the watercourse and evaporation. From these 

results, it is evident that on an average, loss in the 

unlined section is four times more than that of in the 

lined section. 

 

4.3.2  Conveyance Efficiency  

The conveyance efficiency in lined segment of 

the lined watercourse was 98.77% while that in the 

unlined segment of the same w/c was90.14% (Table 

5). However, the conveyance efficiency in unlined 

w/c was70.59% that means 29% improvement of 

conveyance occurred due to the lining of the 

watercourse.  

 

Table 5. Conveyance Efficiency in Lined and Unlined 

Watercourses 

 

S.No. 

Watercourse 

Section 

Discharge 

at Inlet 

(Qi) 

(ft3/sec) 

Discharge 

at Outlet 

(Qo) 

(ft3/sec) 

Conveyance 

Efficiency 

(%) 

1. 
Lined (8-

CL) 
3.25 3.21 98.77 

2. 
Unlined (8-

CL) 
2.84 2.56 90.14 

3. 
Unlined 

(11-R) 
6.80 4.80 70.59 

 

The graphical representation of water losses and 

conveyance efficiency of the lined and unlined 

watercourses is shown in (Fig. 1). 
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Fig. 1: Water Losses And Conveyance Efficiency Of Lined And 

Unlined Watercourses 

 

4.3.3 Cropping Intensity  

The cropping intensity before and after 

improvement of the selected watercourse was 

determined through field survey and interviews from 

farmers which are summarized (Table 6) and its 

graphical representation is shown in (Fig. 2). 

 
Table 6. Cropping Intensity before and after Improvement of 

Watercourses 

No. 

Wate

rcour

se 

No. 

CCA 
(Acres) 

Before 

Improvement 

After 

Improvement 

Cultiva

ted 

area 

(acres) 

Croppi

ng 

Intensi

ty 

(%) 

Culti

vated 

Area 
(acres) 

Croppi

ng 

Intensi

ty (%) 

1. 

8-CL 

(line

d) 

91.18 72.0 79.0 80.0 87.0 

2. 

11-R 

(unli

ned) 

284.90 192.33 67.0 - - 

 

The results show that cropping intensity improved 

after lining of the selected watercourses.  

 

 
 

Fig. 2: Cropping Intensity (%) Before And After Improvement 

of Watercourse  

 

4.                         CONCLUSIONS 

The overall effectiveness of warabandi for lined 

watercourse8-CLand 11-R was determined as 78 and 

50% respectively. However, in a lined section of the 

improved watercourse was 85% that means 30% 

lining has also increased warabandi performance at its 

tail section with the effectiveness of 73%. The 

effectiveness of tail section of the unimproved 

watercourse was 40% only. That’s why it may be 

concluded that water distribution may be significantly 

improved by the lining of the watercourses. 

 

The performance of lined watercourse (8-CL) is 

about 78% that is excellent. However, the 

performance of unlined watercourse (11-R) is only 

44%, therefore, it needs improvement. 

 

The variation in TIC values within lined 

watercourse is 0.17 which shows the equity within the 

stakeholders is balanced. However, in the case of an 

unlined watercourse, it is increased to 0.38. 

 

After 30% lining of a watercourse, the cropping 

intensity was increased by 8% and conveyance 

efficiency increased by about 29% and per 1000ft 

length of a watercourse, water saving was determined 

as 4.9% and after improvement of a watercourse, no 

change in cropping pattern was recorded. 
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