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Executive Summary

Thisworking paper presentsthe results of acomprehensive groundwater survey of Pakistan, designed
to understand the dynamics of groundwater use, operation and mai ntenance patterns, Soci 0-economics
of groundwater irrigation, land use pattern, crops, yields, and groundwater irrigation practices. For this
survey, Pakistan was divided into 83 nodal intervals, with each node covering an areaof 100 km* 100
km; and one village from center of each grid was selected as sample. From each sample village, 15
tubewell ownerswere randomly selected asrespondents. Intotal, 1200 private tubewell ownerswere
interviewed for this study. The distance between two sample villages was kept more than 40

kilometers. This was done to avoid influences of one-village activities on the other.

Thetotal population of private tubewellsin Pakistan (Punjab, Sindh, NWFP & Baochistan) is
estimated to be 629,602, with total groundwater extraction as47.14 BCM (38.21 MAF). The survey
resultsindicate that over thelast 10 years, density of private tubewells (TW</1000 ha) has doubled in
al the four provinces of Pakistan, with Punjab taking the lead. Pakistan’s groundwater economy is
largely farmer-financed; some 77 percent of tubewell owners use their own funds to install private
tubewells. About 10 percent of the farmers use bank loans whereas othersingdl tubewd lsby sharing
cost or taking loans from friends or relatives. Farmers' dependence over groundwater is not uniform
across Pakistan but varies according to climatic conditions, cropping patternsand availability of surface
supplies. However, with 60 percent of itsfarmers dependent on groundwater to meet their crop water
requirement, Punjab’s agriculture has become heavily groundwater-dependent. The groundwater
qudity also variesfrom placeto place, fresh to extremely saline, depending onits origin, the source of
recharge and the pattern of groundwater movement in the aquifer. The groundwater qudity variesfrom
0.3-4.6 dSmin Punjab to 0.5-7.1 in Sindh and 0.1-2.5 in NWFP.

In Pakistan, tubewells are mounted with either 12-25 horsepower diesel engine or 225
horsepower electrical motor and/or are operated with 50-85 horsepower tractors. Thedelivery pipe of
private tubewells varies from 7 to 12 centimeters. There are major issuesin energy efficiency. We
found alarge mismatch between the horsepower used and the bore depth, which is becoming amajor
source of energy waste. The farmers are mostly using pumps, which are not energy-efficient, mainly
due to low capital investment. According to survey estimates, the total annual energy cost is Rs. 16
billion for diesdl tubewdlsand Rs. 2.6 billion for dectric tubewells. Asdiesel operated tubewel ISwells
congtitute 87 percent of Pakistan’s groundwater economy, improvementsin the efficiency of locally
made diesel tubewells can help in reducing the huge energy losses and operational costs. The average
annua maintenance and repair cost of adiesal tubewell isabout Rs. 7000 and for el ectric tubewell Rs.
4000. Asawhole, farmers are spending about 4 billion rupees per year on maintenance and repair of
private tubewells.

The survey results show that the distribution of the private tubewellsis greatly influenced by
the watertable depth. About 80 percent of the diese-operated tubewdls are installed in shallow
watertable areas (6 to 12 meters), whereas el ectric and tractor -operated tubewellsaremainly usedin
deep watertable areas. Ingtallation cost of private tubewells hasadirect relationship with the watertable
depths. The cost of installing a tubewell in an area having watertable at or below 24 metersisseven
times higher ascompared to an areawhere watertable depth isaround 6 meters. The cropping pattern of
atypical private tubewell owner is wheat-cotton to wheat-rice with an average cropping intensity of



180 percent. The tubewell owners are getting about 41 percent higher wheat yield as compared to
farmers depending solely on cana water.

The utilization factor of tubewells is greeatly influenced by the type of tubewell, cropping
patterns and agro-climatic conditions. The utilization factor of private tubewells during the Kharif
season isamost double than in the Rabi season. Similarly, operational hours of eectric tubewellsare
nearly double as compared to diesd tubewells. The salling price of groundwater from diesel tubewdll is
amost double than that of eectric tubewell. Dueto monopoly of local farmers, the groundwater selling
prices in NWFP are amost double than in Punjab and Sindh provinces.

High-energy cost (increased prices of diesel and éectricity) isfound to be the major concemof
private tubewell ownersall over Pakistan. Falling watertable asaresult of over pumping isconsidered
to be the second major issue in Punjab and NWFP, whereas increasing deterioration of groundwater
qudity is the mgjor concern of farmersin Sindh.



Introduction

Agricultureisthe single largest sector of Pakistan's economy. It contributes about 24 percent of the
Gross Nationa Product, directly accounts for about 70 percent of the export earnings and employs
more than 50 percent of itscivilianlabor force (PWP, 2001). Because of arid and semi-arid conditions
prevailing in most parts of Pakistan, direct rainfall contributes less than 15 percent of total crop
demand. Therefore, irrigated farming is the most economica and remunerative form of agriculture.
Irrigated lands supply more than 90 percent of agricultural production and are major user of the water
resources. The surface water resources of Pakistan are finite and the potentia for increasing water
suppliesis limited. There is dso likelihood of reduction in surface supplies through capacity lossesin
the reservoirsdueto siltation. The difference between crop water requirements and surface suppliesis
met through exploitation of groundwater. Therefore, groundwater has gradualy acquired a vitd rolein
the development of agricultural and rural economy in Pakistan.

The use of groundwater for irrigated agriculturein Pakistan hasalong history. In early days,
the groundwater abstraction was made by means of open wellswith rope and bucket, Persanwhedls,
karezes, reciprocating pumps and hand pumps. Large-scale pumpage and use of groundwater for
irrigation started during 1960s with the launching of Sdlinity Control and Reclamation Projects
(SCARPs). Thousands of large-capacity tubewells (0.084 to 0.14 n/sec) were installed to lower
groundwater table and supplement irrigation supplies. Thisdemonstration also led to a proliferation of
private tubewells with a capacity of about one cusec (0.028 m*/sec) and less by farmersin the 1970s
and 1980s. Subsidized power supply and introduction of locally manufactured diesel engines provided
animpetusfor dramaticincreasein the number of private tubewdl|s. It isestimated that investment on
the private tubewells is of the order of Rs. 25 billion whereas the annual benefits in the form of
agricultural production are to the tune of Rs. 150 billion (US $ 2.5 hillion) (Shah et al., 2003). The
estimated number of usersisover 2.5 million farmers, who exploit groundwater directly or borrow the
services of their neighbors' tubewells.

The exploitation of useable groundwater provided an opportunity for thefarmersof these areas
to supplement their irrigation requirements and cope with the vagaries of the surface supplies.
However, due to the uncontrolled and unregulated use of groundwater, problem of the overdraft of
aquifersand salt-water intrusion has emerged in many areas of the Indus basin (Kijne, 1999). Excessive
lowering of the watertables is making the pumping more expensive and wells are going out of
production. The secondary sainization associated with the use of poor quality groundwater for
irrigation has further compounded the problem. Therefore, sdt-affected soils are becoming an
important ecologica entity in the Indus basin of Pakistan. These problems have questioned the
sustainability of this resource for various uses, especialy for agriculture.

The magjor reason for these unpleasant developments of groundwater problems is that the
management of groundwater resources could not keep the pace with its development. Around the
world, only few examples can be found where both demand and supply-sde-interventions have been
practiced. Due to many reasons, lessons regarding the management of groundwater could not be
transferred wholesale to devel oping countries like Pakistan. Few of these reasons are listed below:

High population density
Exceedingly large number of groundwater users
1



Low levels of resource management capacity

‘Soft’ states (politica influences)

High share of agriculture in GDP

Wide-spread poverty and dependence of rurd livelihoods on tubewell irrigation
Poor ingtitutional arrangements

Lack of information on groundwater use and its socio-economic and ecological
impacts

The trickiest part of managing groundwater in Pakistan lies with thelarge number of small-
scale usersinvolved. Over 80 percent of groundwater exploitation takes place through small capacity
private tubewells. These users are neither identified, nor registered, and there is no practica way to
negotiate with or set up a dialogue among so many dispersed users of the resource.

A magjor barrier that prevents transition from the groundwater development to management
modeislack of information. Theinformation available on groundwater availability, quaity, withdrawal
and other variablesis very limited or non-existent. Thefirst step towards managing the resourceisto
have anideaof how much groundwater occurs and who draws how much groundwater and where. In
Pekistan, different estimates exist for the total number of private tubewells (PTWSs), their utilization
factor and the total groundwater pumped through these tubewells. The available studies were mainly
confined to specific areas with the results extrapolated to get estimation for the entire country.
Therefore, the resuits have been treated just as an estimate, and thus, do not provide substantia basisfor
the planning of the resource.

The present study was designed to do acomprehensive assessment of private tubewells, their
utilization factor, and water marketing and total withdrawal for Pakistan. The study also focusesonthe
causes behind theincreasing dependency of farmers on groundwater, possible management optionsand
impact of groundwater use on crop yields and water productivity.

Resear ch Methodology

For this study, Pakistan was divided into 83 unified grids. The dimension of each grid was 1° |atitude
and 1° longitude (100 km* 100 km). A complete grid network used for this study isshownin Figure 1.
The village wastaken asabasic unit for this study. One villagefrom center of each grid was sdlected as
asample. From each samplevillage, 15 tubewell owners were randomly selected as respondents. In
case there were less than 15 tubewell owners in a sample village, the data was collected from all
tubewell ownersof that village. The Punjab province covered 20, Sindh 14, NWFP 13 and Bad ochistan
36 cdlsof the grid system. Asthere was more than one district in some cells, additiona villageswere
selected to give representation to each district of Pakistan. Theadminidrativedigtricts, which could not
get representation through grid networking, were also studied by randomly selecting one village from
each digtrict. The distance between two sampl e villages was kept more than 40 kilometers. Thiswas
done to avoid influences of one-village activities on the other. In thisway, 36 villages of Punjab, 21
villages of Sindh and 22 villages of NWFP were selected. Moreover from these villages, 555 tubewel |
ownersof Punjab, 117 of Sindh and 64 of NWFP constitute the sample sizefor this study. Balochistan
province was not surveyed due to certain security risks. Figure 1 indicates the location of sample
villagesin every grid and district of Pakistan.



A comprehensive questionnaire was devel oped to collect information regarding the profile of
groundwater irrigation, critical problemsfaced by groundwater economy, cropping patterns, estimation
of private tubewells, utilization factor and net groundwater extraction. For each sample village,
information was collected at village level and also from individual tubewell owners. The village level
questionnaire focused mainly on groundwater development, population, land resources and other
community issues. Theindividua well owner questionnaire was designed to get detailed information
about irrigation economy. The data collected wasrelated to land use, crops, yields, irrigation practices,
dynamics of groundwater use, operation and maintenance and associated costs and returns.

Figure 1. Grid network used for groundwater survey in Pakistan.
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Results and Discussions

Private Tubewdl Dengty

The analysis of datacollected from 1200 farmers showsthat over thelast 10 years, growth of private
tubewells has taken a quantum jump, mainly because of decreased surface water supplies and

occurrence of drought conditions, especidly in Punjab province of Pakistan. During the drought, the
problem of groundwater depletion first led to serious drinking water problems for communities, and
later, emerged as biggest challenge for agriculture. Therefore, groundwater was used asthelast resort
for irrigation and drinking water supplies for humans and livestock. According to Federal Bureau of
Statistics, the surface water availability reducesto 26 percent during the cropping year of 2000-01when
compared with 1996. During this period, the growth of private tubewells increased by 59 percent in
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Punjab province only (NESPAK/SGI, 1991). Figures 2 and 3 show that Punjab has taken the biggest
lead in the development of private tubewells (Bhutta, 2002; PPSGDP, 1999; PWP, 2001; GOP, 2000;
IWMI, 2002). The density of private tubewells per 1000 hectares in Punjab has increased to 46 as
compared to 3in 1965. Thered jump took place over the last decade during which the tubewd | density
in 2002 dmost doubled. This clearly demonstrates the increasing role of groundwater in the

development of irrigated agriculture.

Figure 2. Historical development of tubewells in four provinces of Pakistan.
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Figure 3. Increase in the density of private tubewells with time in Pakistan.
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Generdly, it isbelieved that dengity of private tubewdlIsis higher in the canal command areas
where farmers have ingtalled shallow tubewells to extract the seepage from unlined canals (Bhuitta,
2002). Figure 4 indicates the dengity of private tubewellsin different districts of the Punjab province.
This clearly demonstrates that the primary driver of the tubewell density is not the surface water

availability or the scale of natural recharge but population density.
4



Figure 4. Private tubewell density in different districts of Punjab, Pakistan.
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Effect of Energy Prices on Tubewell Development

During the survey, on an average, 29 sample private tubewellswere found on an areaof 640 hectaresin
Punjab, onetubewell on an areaof 203 hectaresin Sindh and 199 hectaresin NWFP. Extrapol ation of
these results on the Cultivable Command Area (CCA) of Punjab, Sindh and NWFP accounts for
566,446 (90 %) private tubewells in Punjab, 28079 (4.4 %) in Sindh, 11077 (1.8 %) in NWFP during
the year 2001-02. The number of private tubewells in Balochistan is reported to be 22,277 (Bhutta,
2002). The survey results are comparable to the statistics published by the Ministry of Food,
Agriculture and Livestock (GOP, 2000). Category-wise detail of number of private tubewells in
Pakistanisgivenin Table 1. Diesd tubewells (Engine aswell astractor operated) constitute about 87
percent of the total population. Rest 13 percent population is eectric tubewells.

Figure 5 showsthe historical development of electric' and diesd tubewellsin Pakistan (GOP,
2000). After 1991, thetrend towardsinstalling el ectric tubewells began to decrease and farmersturned
more and more towardstheingtallation of diesel pumps (Figure 5). The common reasonsfor preferring
diesel pumps include low ingtallation costs, continuous access (no power cut downs), suitability for
fragmented land (mobility of diesel engines), and non-requirements of any reserved money (Qureshi
and Mujeeb, 2003).

! This electric tubewell population includes the figure of public tubewells for irrigation and drinking purposes also.
5



Table 1. Category-wise private tubewell population in Pakistan.

Diesel TWs

Province Electric TWs Totad Tubewdls
Engine Operated®  Tractor Operated

Punjab 6534 379728 121364 566446

Sindh 2993 25086 %3 28079

NWFP 5538 4209 1330 11077

Balochistan 10129 13871 ** 24000

Tota Tubewdls 84014 422894 122694 629602

Figure 5. Temporal development of electric and diesel tubewells in Pakistan.
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Most of the electric tubewells were installed in 1970s and 1980s when capital costs for the
installation of e ectric tubewellswere borne by Water and Power Devel opment Authority (WAPDA,
1980). Uptil 1991, Pakistan had metered electricity tariff for irrigation tubewells. Asthe energy cost
shot up, the farmers started complaining and the danger for low crop production increased asaresult of
non-availability of adequate water supplies. Thisturned thethinking of the government, and asaresult,
flat tariff wasintroduced for theirrigation tubewells. The farming community wasin favor of flet tariff
due to the following reasons.

Higher pumpage rate without the tension of billing

Sustainability of flat tariff to farmers having large landholding

No need of pilferage

No need of meter tempering

Water purchase from neighboring farmersat low rates ascompared to diesd tubewell

2 Mostly private tubewells in Pakistan use 10-24 hpdiesd enginesasthe primemover. Thesediesd enginesarecommonly of twotypesi.e, 12-
16 hp Chinese Diesdl Pumpslocaly caled ‘ Peter Engine’, probably after the famous brand name of a British engine manufacturer of abygone
eraand 10-24 hp Slow Speed Diesel Engine locally called ‘Black (Kala) Engine'

% Data not available.
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Despite these clear advantages, the installation of electric tubewells was restricted to large
landowners because the small farmers <till considered it expensive or, at least, not of potential use.
Therefore, they relied more on diesdl tubewells, and thus, the number of diesdl tubewellsin the country
kept on increasing. Another restricting factor in the ingtalation of eectric tubewells was the high
capital cost of drawing cable from the main line to tubewell, transformer and other accessories. A
farmer had to pay Rs. 25,000 for a25 KV transformersand Rs. 10,000 per pole and additiona charges
for the cable. Thisinitial investment was out of reach of many small farmers. From 1991 onwards
when farmers were asked to pay these amounts, the trend towardsingtalling electric tubewel Isfurther
decreased (Qureshi et d., 2003). For example, before 1991, theratio of electric motorsto diesel pumps
was 1:3 whereasit increased to 1:8in 2000-01 in Punjab (Figure 6). Thisclearly showsthat famersare
not interested in electric tubewells and they are fast moving towards diesel pumps in Pakistan.

Figure 6. Temporal development of electric and diesel tubewells in Punjab, Pakistan.
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Mechanics of Private Tubewells

In Pakistan, there are commonly two types of wells, borehole and dug well. The borehole well is
operated by electric motor, diesel engine and tractor. Thistype of well is commonly called tubewell.
The other type of well, dug well, ismostly found in NWFP. The average bore depth of the tubewel | and
dug well is 35-85 meters, and 3-10 meters, respectively.

A typica tubewdl, in Pakistan, is operated by 12-25 horsepower diesal engines, 225
horsepower eectric motor or with 50-85 horsepower (average 50 hp) tractors. The delivery pipe of
these tubewells varies from 7 to 12 centimeters. The most commonly used tractors for pumping
groundwater are MF-385 (85 hp), MF-375 (78 hp), MF-240 (50 hp), FIAT-640 (65 hp), and FIAT-480
(55 hp). Thereisahbig mismatch between the horsepower used and the bore depth of the tubewdll. This
mismatch is becoming a major source of energy waste. Based on survey results, the details of the
borehole depth and the horsepower used in Pakistan are provided in Table 2. The hor sepower used to
extract groundwater from adepth of lessthan 15 meters, isamost equivaent to the horsepower used to
draw groundwater from depths of 45-60 meters. About 75 percent of tubewelIsarefunctioning at 30-45
meters bore depth, and tractor operated tubewells at 30 to 75 meters. About 50 percent electric
tubewells are operating at the depth of lessthan 45 meters and the rest at 46 to more than 75 meters
bore depth.



Table 2. Bore depth and hor sepower used to extract groundwater from various depthsinPakistan.

Horse Power Range Most Commonly Used Horse Power
Bore Depth Watertable Depth Diesel TWs Electric
(meter) Range (meter) Engine Tractor TWs Diesel TWs Electric TWs
Operated  Operated
<15 <3 316 50 2-10 12 5

15-30 3-5 6-22 50-8 515 12 7

30-45 5-12 6-24 50-8 225 12 10

45-60 12-18 14-25 5-8 220 16 10

60-75 >18 16-24 5-8 1525 20 15

Figure 7. Distribution of private tubewell type as influenced by borehole depth in Pakistan.
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The depth to watertable is a crucia factor in the development of private tubewells. The
ingtdlation cost of private tubewells hasadirect relationship with the watertable depth. Theingtallation
cost of tubewell in the areaswhere watertable is below 24 metersisamost 7 times higher than the cost
in areas where watertable depth is upto 6 meters (Figure 8). Diesal tubewells are mainly installed in
shallow watertable areas (less than 6 meters to 12 meters) whereas electric and tractor operated
tubewells are considered more feasible for deep watertable areas. Figure 9 gives the details of
digtribution of different types of private tubewells asinfluenced by groundwater table depth in Pakistan.

The average installation cost of diesel and tractor operated tubewell is Rs. 50,000 &l over
Pakistan. The average cost of electric tubewell isestimated to be about Rs. 102, 000. Withincreasing
bore depth, the installation cost has aso increased. The cost of the private tubewell ingtallation isRs.
338, 000 for the areas where table depth is more than 24 meters (bore depth will be more than 75
meters). During thelast two decades, theingtalation cost of private tubewell amost doubled. Figure 10
gives the trends in drilling and machinery cost during 1975-2000.



Figure 8. Impact of groundwater table depth oninstallation cost of private tubewellsin Pakistan.
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Figure 10. Historical trendsinthe cost of boredrilling and machinery of diesel tubewellsin Pakistan.

Installation Cost (Rs)

10000 T

Boredrilling Machinery Total

= 1975-1984 m1985-1994 1995-2002

Operation & Maintenance Patterns

According to the survey conducted, there are about 545,000 diesdl and 84,000 electric tubewdlsin
Pekistan. Thefuel consumption of diesel tubewell (Chinese Pumps and Slow Speed Diesel Engine) is
1.5-2.5 liters per hour whereas tractor operated tubewells are consuming 3.5-5.0 liter per hour. The
electric tubewdl, on an average, are consuming about 8 units per hour with 10 horsepower motor. The
overdl utilization factor of diesdl tubewell is 8 percent, and of electric tubewell 17 percent. With this
fuel consumption of diesd tubewdls, the annua fuel (diesel) consumed by the diesd tubewells in
Pakistan is about 950 million liters, worth Rs. 16 hillion*. The eectric tubewells based on above
mentioned power consumption are currently using 1.02 billion kilo watt-hours (kwh) costing Rs. 2.6
billion® annually. Thetotal energy cost of operating these private tubewellsis about Rs. 18.6 billion per
annum.

The maintenance and repair of adiesel tubewell includes engine oil change, belt and pullies
repair, lubrication of engine parts, engine overhauling and other mechanical repairs. In case of eectric
tubewells, the most common fault is motor burning due to eectricity fluctuation. In Pakistan, the
tubewell owners keep their tubewellsin operation for long hours without considering any mechanical
precautionary measures. There is aso no technical guidance available to them about the efficient
energy use. Most of thefarmers (tubewell owners) uselow qudity engineoil that decreasesthe engine
life. Engine ail is commonly changed after 100-120 hours of operation in Pakistan whereas the
recommended time for the change of engine ail is every 60-80 hours after the tubewell operation
(Ahmer, 2003). That is why, after two to four years of tubewell operation, diesel engine needs
overhauling. The average annual cost of the maintenance and repair of the private diesel tubewd| isRs.
5000— Rs. 8000 (average Rs. 7000), and for electric tubewell Rs. 3000 - Rs. 11000 (average Rs 4000).
The estimated maintenance cost of al diesal tubewellsin Pakistanis Rs. 3.8 billion whereasfor dectric
tubewdls, itisRs. 0.3 billion. On the whole, the farmersin Pakistan are spending about Rs. 4.1 billion
per annum on these tubewells for maintenance and repair.

“ Diesel price @Rs.17 per liter
® Electricity price @Rs. 3 per kwh in Punjab and Sindh and Rs. 2.45 per Kwh in NWFP and Balochistan province (GOP, 2002)
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About 95 percent of the pumps are centrifugal with horizontal shaft suction lift. Submerged
turbine pumps make up the remaining 5 percent. Both the diesal and el ectric operated pumps are of
sub-standard quality and operate at sub-optimal efficiency. Often, the pumps are not designed as per
appropriate feasibility. I nefficient valvesand improper discharge heads are common problems. Dueto
high friction losses in wells and inefficient water conveyance system, energy losses are very high.
Billions of kilo watt-hours of eectricity and substantial quantities of diesal fuel can be saved if higher
efficiency in irrigation pumps were achieved. The efficiency of the localy produced diesel pumps
varies between 25 to 40 percent, whereasthe efficiency of thelocally produced dectric powered pumps
isaround 50 to 80 percent (Baksh et a., 2000).

The farmers are mostly using the pumps, which are not energy-efficient mainly due to low
capital investment. Thereisapossihility to improve water and energy efficiency of localy produced
pumps by at least 50 percent i.e. from 40 to 60 percent by incorporating management and
manufacturing interventions. Currently, 12-16 horsepower pumps are used in Punjab, which can be
replaced by 512 horsepower pumps without compromising on the discharges. There is a need to
develop range of pumpswith 3-12 horsepower. Chinese made diesel engines are well received by the
farmersdueto low-fuel consumption, good discharge, and especialy for thelow weight (WRRI, 1998).

Utilization Factor of Private Tubewells

The utilization factor is defined as the number of tubewell operation hoursin ayear divided by thetotal
number of hoursin ayear. The utilization factor is one of the key parametersin the estimation of the
total groundwater extraction. Various organizations have estimated the utilization factor of private
tubewells, as shown in Figure 11 (NESPAK/SGI, 1991). Thevaluesgivenin Figure 11 representsthe
average utilization rate regardless of the tubewd | type and other factors influencing the tubewell
operation.

Although differences in the values of utilization factors can be attributed to different time
scalesfor which they were determined, still thereisaconsistently decreasing trend over thetime. This

might be due to the fact that increasing number of private tubewells reduced the dependency of famers
per unit of tubewell, which resulted in lower utilization factor.

Figure 11. Trends in the utilization factor of private tubewells in Punjab, Pakistan.
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The utilization factor depends on number of factorsincluding tubewell type, cropping season,
agro-climatic zone, water markets, tariff policy, and energy prices (Qureshi and Mujeeb, 2003). Table 3
shows the effect of tubewell type and growing season on utilization factor in Punjab. There is a
significant difference in the average utilization factor of different types of tubewells. The utilization
factor of electric tubewells is ailmost double than that of the diesel tubewells. The main reason for
higher utilization factor of eectric tubewd Isisthe average number of daysfor which tubewells operate
in aseason (the number of operational hours per day areamost equal for diesel and electric tubewells).
The higher numbers of operating days for electric tubewells are due to the fact that each electric
tubewel| is serving about 20 hectares of irrigated land, which isalmost double than theland irrigated by
each diesdl tubewell. Moreover, the sale of groundwater pumped by dectric tubewellsis much higher
as compared to the sale of groundwater pumped by diesel tubewells.

Table3. Utilization factor asinfluenced by thetubewell typeand cropping seasonin Punjab, Pakistan.

Average utilization factor (% Operatin Average days per year
Type of Tubewell X C6) pareiing e adyspery

Rabi  Khaif  Annual hoursperday Rabi  Khaif Annual

Electric 12.46 23 17.75 7 91 138 229

Diesel (average) 4.79 8.86 6.83 6 48 72 120
Engine Operated 4.59 8.47 6.54 5 a7 71 118
Tractor operated 5.47 10.10 7.79 6 50 75 125

Overall average 6.15 11.36 8.76 6 56 83 139

Among diesdl tubewells, the tractor-operated tubewd s havereatively higher utilization factor
ascompared to diesel engine operated tubewells. Thisis dueto thefact that tractor-operated tubewdls
produce higher discharges and respond better to faling watertable conditions. The utilization factor dso
greetly varies between different growing seasons. The average utilization factor during Kharif seasonis
nearly double than in Rabi season. During Rabi season, temperatures are moderate (less
evapotranspiration), and mostly less water consuming crops are cultivated (e.g. Wheat).

The average utilization factor for diesd tubewells in Sindh is three times higher than the
electric tubewells (Table 4). In Sindh, diesdl tubewells are mainly used to exploit fresh shalow
groundwater where el ectric tubewells are restricted to deep groundwater areas. As deep groundwater
quality is continuoudy deteriorating, utilization factor for the eectric tubewells is dso on decline.
Excessive pumping from the deep tubewellsis causing up-coning problem resulting in theintrusion of
sdine groundwater into fresh groundwater. Due to these reasons, ingtalation of skimming wellsis
becoming more popular in Sindh province. Moreover, tariff policies (especidly fixed monthly cost,
evenin case of complete non-operation) are also discouraging farmersto use e ectric tubewelIsfor the
extraction of groundwater.

The average utilization factor of private tubewellsin NWFP is amost double than in Punjab
and Sindh. Generally, the discharges of private tubewellsin NWFP are low (0.014 cumec), whichforce
the farmersto operate the tubewellsfor longer hoursto get the required amount of water. That iswhy,
the utilization factor in NWFP is dmost double than in Punjab and Sindh. Higher trend of sdlling
groundwater isanother factor contributing to higher utilization factor in NWFP. Table5illustratesthat
the operating hours of eectric tubewellsare 3 to 4 times higher than of the diesdl operated wells. Diesdl
tubewells are mainly used to pump from dug wells or springs and are not f easible to pump water from
deep rocky aquifers.
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Table4. Utilization factor asinfluenced by type of tubewell and cropping seasonsin Sndh, Pakistan.

Average utilization factor (%)  Operating Average days per year

Type of Tubewell = Kharf  Annual _hoursper day Rabi  Kharif  Annual
Electric 234 433 334 6 24 37 61
Diesef 662 1224 944 9 36 54 9
Overall average 6.15 11.37 8.77 9 35 52 87

Table5. Utilization factor asinfluenced by type of tubewel | and cropping seasonsin NWFP, Pakistan.

Average utilization factor (%)  Operating Average days per year

Type of Tubewell i _ - g
Rabi Kharif Annual hoursper day Rabi Khaif  Annual
Electric 13.11 24.21 18.67 7 80 121 201
Diesel (average) 4.67 8.63 6.65 4 54 82 136
Engine Operated 5.10 943 7.27 4 57 86 143
Tractor operated 3.30 6.09 4.70 4 46 69 115
Overdl average 9.59 17.72 13.67 6 70 104 174

The changes in the tariff policy have made a great impact on the behaviors of irrigators,
utilization factor of tubewells and groundwater markets. For example, inthe Punjab province during the
metered tariff period (2000-01), the average utilization factor of eectric tubewellswas 15.8 percent as
compared to 17.6 percent during the flat tariff period. The higher utilization factor during flat tariff
period was due to cultivation of high delta crops and extensive selling of tubewell water to other
farmers. During the metered tariff period, utilization factor of e ectrical tubewellswas approximately
equal to diesdl tubewdls (15.1 percent). This shows that eectric tubewells were also operated
according to actual water demands (Qureshi and Mujeeb, 2003).

Changes in the tariff policy for electric tubewells had a direct impact on water markets.
During theflat tariff period, the cost of tubewell water was Rs. 34 per hour, whichincreased to Rs. 55
per hour during the metered tariff period. However, this cost was still sufficiently lower than the per
hour cost of diesel tubewells (Rs. 75) during the meter tariff period. This differencein price actualy
prompted the farmers to buy more and more e ectric tubewell water, which ultimately increased the
utilization factor and overal groundwater extraction through eectric tubewells (Qureshi and Mujeeb,
2003).

Influence of Different Agro-climatic Zones of Punjab on Groundwater Pumpage

Theextent of the use of private tubewellsfor irrigation depends on many factorslike cropping petterns,
cropping intengity, agro-climatic zones, groundwater quality and average areaiirrigated by tubewells.
Considering variations in precipitation as the most decisive parameters, the Punjab province can be
divided into three mgjor hydrological zones. The digtricts of upper Punjab, where average annua
rainfall isabove 500 millimeters, can be characterized as high rainfall areas. The centrad Punjab, where
average annual rainfall ranges between 300-400 millimeters, can be categorized as medium rainfal
area. In the lower Punjab, the annua distribution of rainfal shows the picture of essentialy an arid
region, with average annual rainfal ranging between 100-150 millimeters. The cropping patternsin al
these zones are very much dependent on the distribution of rainfal, availability of surface water and
groundwater resources. The quality of available groundwater aso plays an important role in

© Only petter engine diesel tubewell. No tractor operated well sample was found.
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determining the extent of groundwater use for irrigation. Table 6 shows the variation in utilization
factor under different agro-climatic zones.

Table 6. Variations in the utilization factor under different agro-climatic conditions.

Hydrologica Cropping Cropping Groundwater’  Utilization Areairrigated

Zones intensity (%) pattern quaity factor (%) by one tubewdll

Upper Punjab 130 Wheat-Fodder Ft 6.80 58

(High rainfall) Wheat-Rice '

Central Punjab Wheat-Cotton ~ Margindly fit 58120

(Medium rainfdl) 140 Sugarcane 14.3
Wheat-Fodder

Lower Punjab 150 Wheat-Cotton Margind tounfit  7.0-14.0 14.7

(Low rainfdl) Sugarcane

Table 7 showsthat therainfal distribution hasadirect impact on the groundwater use. For high rainfall
aress, utilization factor isrelatively lower than for the low and medium rainfal aress, dthoughriceisa
major crop grown inthese areas. The wide ranges of utilization factor for central and lower Punjab
areasare mainly dueto diversified cropping patterns. In the areas where wheat-cottoncroppingrotation
is more prevaent, the utilization factor is relatively low because both crops consume less water for
maturity. For the areas where sugarcane and fodder crops dominate, water demand, and consequently,
utilization factor is high. The average time to irrigate one hectare of land may vary according to soil
type, agro-climatic conditions, leveling condition of the fields and method of irrigations. The survey
datarevealsthat the amount of water applied to rice and sugarcanecropsisamod threetimes(Table7)
more than the amount of water applied to wheat and cotton. Thisexplainsthe higher groundwater use
inthe areaswhererice and sugarcane cropsare grown. Theamount of applied water iseven higher for
rice crop than sugarcane, although, growing period for rice is less than half of sugarcane.

Another factor which influencesthe utilization factor isthe average areairrigated by asingle
tubewell (including a so the areafor which water is sold). The survey resultsindicate that the average
areairrigated by onetubewell in Punjab isabout 11 hectareswhereasit is8 and 14 hectaresfor Sindh
and NWFP, respectively. Theareairrigated by asingle dectric tubewell (20 ha) isalmost doublethan
the areairrigated by one diesel tubewell (10 ha) in Punjab. The areairrigated by each electric tubewell
is5and 19 hectaresfor Sindh and NWFP, respectively, whereas each diesd tubewell isirrigating about
7 hectares of land.

Table 7. Number of hours used to irrigate different cropsin a growing season.

Crops Hours of irrigation per season

Wheat 42
Rice 169
Cotton 55
Sugarcane 166
Fodder 77

The amount of water applied to sugarcane is on yearly basis.

" According to WAPDA standards (Beg and Lone, 1992), water isconsidered fit for irrigation if EC < 1.5 dSm™; SAR=10mmol L%, RC=25
meq L”, for marginally fit water, EC 1.5 - 3.0 dSm™; SAR = 10 - 18mmol L%; RSC=25- 5meq L and for urfitwater, EC>30dSm%; SAR
> 18 mmol L™; RSC > 5 meq L". EC isElectrical Conductivity of water, SAR is Sodium Adsorption Ratio and RSC is Residual Sodium
Corbomate.
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Development of groundwater has changed the cropping patterns of many arees Highddtaand
high value crops like rice, cotton and sugarcane have replaced traditional low value crops. Rainfall
being a natura phenomenon cannot be controlled. However, shifting in cropping patterns and
introduction of water efficient crops can play an important role in increasing the water productivity,
reducing the groundwater usefor irrigation and sustaining groundwater aquifers. Thefarmershaving
access to groundwater manageto get higher yield as compared to those who are solely dependent on
cana water. The average yield of four major crops obtained with access to groundwater is shown in
Table 8. Although theyields of these four major crops are lower than the potentialy attainable yields,
they are significantly higher than the national average yields.

Table 8. Average yields of four major crops.

Crops No. of Yields National Average  Percentage Higher than
Irrigations (tong/ha) Yield (tons/ha)® National Average
Wheat 4 31 2.2 41
Cotton 5 091 0.52 75
Sugarcane 16 50.0 47.7 5
Rice 18 32 19 63

The cropping pattern adopted by the tubewell ownersisusually wheat-cotton/wheat-ricein Punjaband
Sindh and wheat/vegetables in NWFP. Other minor crops are maize, sugarcane and fodder. The
average cropping intensity of the private tubewell owner isabout 182, 188 and 178 percent in Punjab,
NWFP and Sindh, respectively. Most of the samplewell ownerswere cultivating about two parcel s of
land in Punjab and Sindh, and one parcel of land in NWFP.

The water digtribution system from tubewells to farmlands is very poor. About 92 percent
tubewells are connected with unlined channels with an average length of 600 to 950 meters. Only 6
percent wells have lined channelswith an average lined length of 180-530 metersand two percent have
piped water distribution system with an average length of about 300 meters. Almost al the tubewells
have closest access to the aquifer recharge sources. The most common recharge source is canal
followed by river/rivulet, tanks/ponds and streams. The average distance from the closest sourceis
1000, 400 and 95 metersin Punjab, Sindh and NWFP, respectively.

Groundwater Pumpage from Private Tubewells

The parameters mainly used for the estimation of total groundwater extraction are total
tubewell population, utilization factor and discharges. In most of the studies, groundwater pumpage has
been estimated using an average utilization factor regardless of itstype and location. Moreover, these
studieswere confined to small pilot areas and the results were extrapol ated to get an overdl picturefor
Pekistan. The survey results clearly demonstrate that the utilization factor depends on number of
factors. Therefore, it is not logica to use a single value of utilization factor for the estimation of
groundwater pumpage.

In this study, groundwater pumpage for each category of tubewellsis calculated separately
using its corresponding utilization factor. The results given in Table 9 indicate that the electric
tubewells congtitute only 13 percent of the total tubewell population but their share in groundwater
extraction is more than 30 percent. Thisis mainly due to higher utilization rate because marketing of

8 (Alam , 2001)
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electric tubewell water is preferred due to lesser cost and better discharge as compared to diesdl
tubewells. The total groundwater pumpage in Pakistan is estimated to be 47.14 hillion cubic meters
(BCM) (38.21 MAF).

Table 9. Estimated groundwater pumpage for different category tubewells.

TWs Type/Province Punjab Sindh NWFP Balochistan®
Electric
Tubewell population 65354 2993 5538 10129
Utilization factor (%) 178 334 18.67 *x
Discharge (cumecs) 0.036 0.037 0.026 0.008
Total Pumpage (BCM) 132 0.12 084 *x
Diesal (overal)
Tubewell population 501092 25086 5539 13871
Utilization factor (%) 6.83 944 6.65 el
Discharge (cumecs) 0.028 0.027 0.016 0.008
Total Pumpage (BCM) 30.2 203 0.19 *®
Engine Operated
Tubewell population 379728 25086 4209 *x
Utilization factor (%) 6.54 9.44 1271 *x
Discharge (cumecs) 0.027 0.027 0.014 *x
Total Pumpage (BCM) 20.9 203 014 *x
Tractor Operated
Tubewell population 121364 *% 10 1330 *%
Utilization factor (%) 7.79 *x 47 *x
Discharge (cumecs) 0.031 *x 0.025 *x
Total Pumpage (BCM) 93 ** 0.05 *x
Overdll
Tubewell population 566446 28079 11077 24000
Total Pumpage (BCM) 434 215 103 0.56

Groundwater Quality

The quality of groundwater in the Indus basin varies from place to place, both verticaly and
horizontally from completely fresh to extremely saline, depending on its origin, the sources of recharge
and the pattern of groundwater movement in the aquifer. Generaly, the groundwater isfreshin strips
along with rivers because of seepage of fresh water, but deteriorates towards centers and southwest of
each Doab.

The survey results show that the groundwater quality varies from 0.3 dSmto 4.6 dSmin
Punjab province. Thewater qudlity isfit to margindly fit for agriculture purposesin upper and central
Punjab but in lower Punjab groundwater quality is dmost unfit for agricultural purposes. Here,
irrigation is possible only by mixing groundwater with canal water.

The groundwater qudity in Sindh is usudly good immediate adjacent to the river and
deteriorated aswe move away fromtheriver. Thereisavery widerange of the groundwater quality in
Sindhi.e 0.5dSmto 7.1 dS/m. The native groundwater of the Lower IndusPlainishighly sdinebeing
of marine origin. Some of the saline groundwater of the region isfound in the delta, where the salinity
is as high as double of seawater.

° No survey datawas available. Information based on Bhutta (2002).
1% No sample of tractor -operated tubewells was found in Sindh province.
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The quality of groundwater in the valleys, which islargely derived frominfiltration of rainfall
and seepage from canalsand fields, isgeneraly good (0.1 dS/mto 0.7 dS/m). However, in Banu basin,
the groundwater quality of the upper horizons ranges from 0.7 dSm to 2.5 dS/m.

In the northern regions d Baochistan, comprising Zhob, Pishin and Lora, the qudity of
groundwater isgenerally good. In the western and southwestern parts, quality of groundwater issaline
to highly salineat al depths. Sdlinity of groundwater, sometimes, exceeds more than 5.0dS/m such as
in Nokkundi, Dabandin, Saindak areas, Kachi plain, Nushki plain and coasta areas. The groundwater
qudity in the northern part of the plain is rated good (Bhutta, 2002).

The Dynamics of Groundwater Economy

The dependency of farmers on groundwater isnot uniform, especialy acrossthe Punjab province, but
varies according to climatic conditions, cropping patterns and availability of surface supplies. The
survey results show that about 26 percent farmers in Punjab are highly dependent (more than 75
percent of total irrigation requirement comes from groundwater) on groundwater to meet crop water
demands. More than 60 percent farmers in Punjab use groundwater as a supplemental source to
augment canal water supplies. This clearly indicates that without groundwater availability not only
Punjab but aso the entire country could face seriousfood shortages as Punjab ad one ddlivers morethan
90 percent of total agricultura production of the country. This stresses the need for sustainable
management of this resource in order to ensure food security in Pakistan.

Inthe central and lower Punjab areas, cana water suppliesare limited and groundwater quality
isonly margindly fit for irrigation. Therefore, highest dependence on groundwater wasfound in these
areas. Farmers of these areas prefer to use poor quality groundwater in conjunction with the canal
water. By mixing tubewell water with the good quality cana water, farmers tend to decrease the
salinity of theirrigation water in order to reduce therisk of soil sdlinization. Although, evidencesexist
that blending of saline and non-sdine irrigation water is less effective in keeping soil sdinity level
lower than applying aternate irrigation (Hussain et a., 1990; Shahavet, 1994; Kumar, 1995). This
strategy iswidely practiced in Pakistan.

The dependency on groundwater in Sindh and NWFPisonly 7 percent. In Sindh province, the
groundwater quality is mostly marginaly fit to unfit for agricultural purposes. Therefore, the farmers
are bound to rely on conjunctive use of groundwater and canal water. Thisis also the reason for low
private tubewel |l development in Sindh. The situationin NWFP isreverse asthe groundwater qudity is
excellent amost all over the province (Bhutta, 2002). But the deep watertable conditions and
subsequent higher installation costs are the limiting factors for private tubewell development. For this
reason, farmers prefer to use spring water and/or river water through lift pumpsfor drinking aswell as
for irrigation purposes. Moreover, the mgority of the farmers in NWFP consider dug wells more
appropriate and cost effective. Due to three years continuous drought, watertables have declined
resulting in the drying of dug wellsfor most of the areas. Farmers have to deepen their dug wellsto get
required amount of water, which is not affordable for most of the farmers.

Tubewd | ownersin Pakistan operate their wells to supplement limited canal supplies, either
for their own crops or the crops of other farmerswho buy water form them. Water marketsprovideone
of the most promising ingtitutional mechanismsfor increasing accessto irrigation from groundwater,
particularly for tenantsand small farmers. In Pakistan, agricultureis heavily dependent on groundwater
irrigation for crop production. Because surface canal irrigation systems do not provide farmers with
adequate water or enough control over irrigation deliveries, many areturning to groundwater asasole
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or supplemental source of irrigation. Sale and purchase of groundwater throughinformal water markets
offer other farmersthe opportunity to use groundwater particularly by non-ownersof privatetubewdls
The factors affecting private tubewell development and the emergence of groundwater markets are
complex and interlinked, including physica, economic and socia factors (PIES, 2001).

The survey resultsindicate that about 30 percent well ownersin Punjab and Sindh sell water
from their pumps. This percentagein NWFPisonly 19. Theaverage number of buyer per sdleris3in
Punjab and Sindh and 8 in NWFP. This clearly demonstrates the demand of groundwater in NWFP.
The average annuad sdlling hours for each tubewell is 317 in Punjab, 237 in NWFP and 106 in Sindh.
Similarly, average areairrigated per seller ishighest in Punjab (10 ha) followed by NWFP (about 8 ha)
with Sindh being the lowest (6 ha).

The most important factors involved in the cost of pumping groundwater include energy,
labour and repairs. Energy cost mainly depends upon the type of tubewell, depth of pumping and size
of the tubewell. The average selling rate of groundwater is given in Table 10.

Table 10. Selling rate of groundwater in different provinces of Pakistan.
Sdling Rate of Groundwater (US¢/nr)™

PIOVING®  — tric Tubewdls  Diessl TWs (Diesdl Engine) Diesel TWs (Tractor operated)
Punjab 0.51-0.60 127-148 176273

Sindh 0.78 1.22 *x12

NWFP 0.73-0.77 239-4.49 377

The average cost of water from electric tubewellsisamost half to that of the diesel engines.
Thisismainly dueto lower operation and maintenance cost of e ectric tubewells. The prices of tractor-
operated tubewel s are higher because they consume morefuel dueto grester horsepower ascompared
to diesal engines. Generally, tractors used for groundwater extraction have 40-85 horsepower engines
whereas diesel engines are of 16-20 horsepower only. Usudly, farmers prefer to buy water from
tractor-operated tubewells because they have high discharges.

The sdlling prices of eectric tubewell water in NWFP are substantialy higher than in Punjab.
Thisismainly dueto low discharges of el ectric tubewells. Another factor that determinesthe prices of
groundwater in NWFP is the monopoly of the tubewell owners. Due to eevation differences in
agricultural lands, farmers are bound to buy groundw ater from aparticular farmer who ownsatubewel |
inthat vicinity. Tubewell owners usualy take advantage of this situation and increase their charges,
which farmers have to pay, as they have no other options. On the other hand in Sindh province, the
main factor that determinesthe prices of groundwater extracted by a private tubewel | isthe fitness of
groundwater quality for agricultural purposes.

Tubewdl| prices may vary within short distances; however, they remain consistent within the
watercourse commands (Strosser, 1997). The factors that influence the prices of groundwater in
different areas include:

1) Source of power (electric tubewell prices are low dueto less O& M cost)

2) Quality of pumped groundwater that has negative impact on price

3) Tubewell discharge that determines the quantity of water pumped per hour of operation
4) Payment arrangements between buyers and sellers with spot payment being cheaper

11 US$=Pak. Rs. 59
2 Data not available
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The groundwater markets are strongly established in al the three provinces. Water markets have the
potertia to movewater from low to high value uses, promote investment in increasing the efficiency of
water use and transform water from being a scarce but free resource into an economic good with an
opportunity cost (Shah, 2000). From a policy standpoint, the government needs to have a better
understanding of groundwater marketsiif it is to improve access to the groundwater resource. This
requires in depth knowledge about the operation of water markets, action involved, transaction

mechanism and impact of groundwater markets on agricultural productivity and farmer incomes.

Socio-economic Aspects of Well Irrigators
Problems of well irrigators

The groundwater economy depends upon a number of critical problems such as sdlinity, energy

cost/power supply, watertable, etc. The existence of any problem may disturb the economy of the
farmer aswell asthe province/country. Private tubewell owners of different areas are facing different
problems in Pakistan. During this survey, farmers were asked to prioritize the problemsregarding
installation and operation of their tubewells. Theresults on the basis of their response are presentedin
Table 11. In generd, high-energy cost (increased prices of diesel/electric tariffs) wasfound to be the
major concern of farmersall over Pakistan. Electric tubewells are conddered to be expensivetoingtall

as compared to diesel tubewells. However, the operationa cost of electric tubewells is amost 50

percent lower than diesel tubewells. Falling watertable asaresult of over pumping isconsidered to be
the second most important issue in Punjab and NWFP. Deteriorating groundwater quality is of major
concern for farmersof Sindh whereasin NWFP, high rate of failure of private tubewellsisthe critical

problem. In NWFP, most of thegroundwater isextracted through * dugwells . Dugwellsare constructed
according to the prevailing watertable conditions. Therefore, even asmall declinein watertable depthis
enough to abandon a‘dug well’. Due to drought conditionsin the past 3-4 years, about 40 percent of
dugwells were negatively affected, either they were reconstructed or just made abandoned.

Table 11. Priority-wise critical problems faced by well irrigators in Pakistan.

Provinces of Pakistan

Critical Problems Faced by Well Irrigators k >
Punjab Sndh NWFP

High energy cost 1 1 1
Falling watertable 2 3 2
Sdinity 3 2 6
High rate of failure of wells'tubewells 4 6 3
Wells can be pumped for short time only 5 5 4
Other problems including poor water quality, expensive eectric 6 4 7
tubewell connections, etc.

Unreliable power supply 7 7 5

Source of Financing

Private tubewell installation depends upon the income sources of the farmers. During this survey, the
sources of incomefor thewel installation were a so studied. Pakistan’ s rural credit markets, asin other
developing countries, are characterized by the co-existence of formal, semi-formal and informal

lenders. Agriculturd Development Bank of Pakistan (ADBP) dominatestheforma lending ingtitutions.
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Informal lenders include awide variety of lendersin the villages and surrounding aress, friends and
relatives. Semi-formal ingtitutions are NGOs and other micro-finance ingtitutions (say subsidy
facilitators). The survey results show that about 80 percent of the farmers use their ownfundsfor the
installation of private tubewells. About 10 percent farmers acquire bank loans for the installation of
tubewells. About 7.8 percent farmersin NWFP and 2.7 percent in Punjab province receive subsidy for
well ingtallation. Informal lenders (funds from other / multiple sources) are highest in Punjab followed
by Sindh and NWFP.

Table 12. Source of funds used by the farmers for private tubewells installation in Pakistan.

Source of Funds Punjab Sindh  NWFP

Wl ownerswho used bank loansfor financing irrigation (%)  9.89 1059 937

Well owners who used own funds (%) 77.2 7765 7813

Well owners who received subsidy (%) 2.79 Nil 7.81

Well owners who used funds from other sources (%) 171 5.88 3.08

Wil owners using funds from multiple sources (%) 841 5.88 161
Conclusions

The survey resultsindicate that thetotal population of private tubewellsin Pakistan is 629,602.
The diesel-operated tubewellswells congtitute 87 percent of Pakistan's total tubewell
population. The current tubewell density in Punjab is 46 as compared to 5 in Sindh and
NWFP. Thedendty of private tubewells (TWsper 1000 ha) in Punjab isabout 9 times higher
than in Sindh and NWFP.
The utilization factor of €l ectric tubewellsisamost double than the diesdl tubewells. Similaty,
utilization factor of al category private tubewells during Kharif season is more than double
than in the Rabi season. The utilization factor of private tubewels is greatly influenced by
tubewell type, growing season and agro-climatic zone. Therefore for the estimation of total
groundwater pumpage, an average value of utilization factor should not be used.
Thereisabig mismatch between the depth of watertable and the energy (horsepower) used to
pump groundwater from thisdepth. Thisisone of the mgjor sources of energy wastagein the
agriculture sector of Pakistan. The efficiency of locally madediesd tubewellsisaso very low,
which isnot only causing serious energy losses but also increasing pumping costs. Thereisa
possibility to improve energy efficiency of locally produced pumps by at least 50 percent,
which will decrease energy hill of private tubewell owners.
The cost of ingtalling tubewells soar rapidly aswatertable depth declines. The cost of ingtdling
tubewell in areas where watertable depth ismore than 24 metersis 7 times higher as compared
to those areas where watertable depth is around 6 meters. The estimated annual fuel (diesel)
consumption by the diesdl tubewellsin Pakistan is aout 950 million liters, which isworth Rs.
16 billion. The éectric tubewells power consumption is currently 1.02 billion kilo watt-hours
(kwh) cogting Rs. 2.6 hillion annually. The total energy cost of operating private tubewellsis
about Rs. 18.6 hillion per annum.
The farmers with access to good quality groundwater are getting substantially higher crop
yidds. Theyiedsof whest, cotton and rice cropsare 41, 75 and 68 percent higher than average
nationa yields, respectively.
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The survey results show that the groundwater quality (dS/m) variesfrom 0.3- 4.6in Punjabto
05— 7.1in Sindh and 0.1-2.5 in NWFP. The groundwater qudity varies depending on its
origin, the source of recharge and the pattern of groundwater movement in the aquifer.
The sdlling prices of groundwater are about 50 percent higher in NWFP as compared to
Punjab and Sindh. These higher prices are due to elevation differences of agricultural lands
that limit the farmersto buy water from the tubewel |l of their vicinity. Thisalowsthe tubewdll
owners to monopolize the prices. However in other parts of Pakistan, the selling price of
electric tubewelsisamost half of diesda tubewells. Thisismainly dueto lower O & M costs
of electric tubewells.

High-energy costs, declining groundwater tables and incipient secondary sdinization are
considered to be the biggest threats to the sustainability of groundwater irrigation in Pakistan.
The survey resultsindicate that Pakistan’s groundwater economy islargely farmer-financed;
about 77 percent tubewell owners use their own funds, 10 percent acquire bank loansand rest
of the farmers depend on other sources like joint ownership, borrowing from relatives and
friends and subsidy to install their private tubewells.
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