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Abstract:  
 
Groundwater levels in the important basins of upland Balochistan are declining at an 
alarming rate of 2 to 3 meters annually showed by a survey results carried out in mid 2009. 
Various factors are responsible for this; OLS regression analysis was carried out to analyse 
the effects of different factors on the watertable decline by using the empirical data from 
different sources. The results showed that watertable decline increases with; (1) increase in 
the number of tubewells; (2) continuation of subsidized electric tariff policy; (3) policies of 
groundwater development; (4) increase in tubewell irrigated area; (5) annual average rainfall. 
Regression is significant for all factors except rainfall. The model explain an enormous 
amount of variation in watertable decline with adjusted R2 = 0.972. The influence of rainfall 
on watertable decline was not significant; probably due to lack of coincidence in the recharge 
from rainfall and discharge of water from the basins. The current betraying situation demands 
direct and effective government attention and intervention with the participation of 
communities as well to deal with. As an immediate measure; the water saving through 
electricity rationing seems to be the best way to slow down the water mining as a short run 
remedy. But in the long run; a more comprehensive sustainable groundwater management 
policy with the involvement of all the stakeholders is needed. In this regard; the groundwater 
governance and management system of Australia and other advanced countries systems can 
be studied to learn lessons from for policy making. 
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I. Introduction 
 
With the changing climatic conditions and the drought prevailing over the past few years 
causing acute water shortage and has endangered the sustainability of this precious resource 
in many arid and semi arid regions of the world.  It is evident that due to groundwater over 
exploitation and its mismanagement in many of the more arid regions; the overexploitation of 
groundwater poses a major threat to environment, health, food security and a threat to the 
welfare of poor. One aspect of the problem is the rapid drawdown of freshwater aquifers 
mainly due to the worldwide explosion in the use of wells and pumps for irrigation and for 
domestic and industrial water suppliers (Barker et al., 2000). 
 
Rapidly rising population growth, improved living standards and climate change are the 
reasons soaring global water demand manyfold in the next few decades. The per capita 
availability of water in many countries of the world has been declining sharply especially in 
countries having low rainfall.  The countries facing serious water shortage for different uses 
exist in many parts of the world include North China, Pakistan, Southern India, Central Asia, 
Southern Spain, the Maghreb and Middle East (SAM, 2009). 
 
Agriculture sector is the largest user of water using around 80 percent of fresh water (GoB, 
2004). The available data suggests that most of our basins are over exploited and hence water 
table has been depleting rapidly. The reality is quite bitter and it can be easily guessed that 
with the existing rate of groundwater use the water will be no longer available for use in the 
near future. The problem of water mining and its inefficient use must be controlled for a 
sustainable future in most of the basins of Balochistan especially in its uplands. According to 
Balochistan Conservation Strategy (GoB and IUCN Pakistan, 2000), at the current rate of use 
within the next 50 years, over 90% of all available water sources including all the share of 
province of Indus water and the groundwater reserves will be fully used. In the urban centres 
like Quetta, due to rapid population growth, the water demand for water is growing rapidly, 
the situation is becoming worse.  
 
Groundwater exploitation revolution happened in 1970’s when electrification was followed 
by the installation of electric dugwells and tube wells in the Balochistan province of Pakistan.  
Currently cost of electricity for operating the tube wells are subsidised around 90 percent by 
the Government.  The thinking of policy makers was to provide the farmers with a more 
reliable source of irrigation and to replace the ancient Kareze1 and springs that were believed 
to flow all over the years and causing wastage of water (Van Steenbergen, 2006).  
 
The groundwater development and exploitation policy coupled by the diversified climatic 
conditions ranging from temperate to subtropical and tropical favourable to produce a wide 
variety of fruits and vegetables in Balochistan caused a sharp boost in the area and production 
of crops, vegetables, and fruits during the period 1980 to 2000. The enormous growth was 
recorded in the production of high value horticulture that has contributed significantly to the 
agriculture sector whose share to provincial GDP rose to 52 percent. It injects billions of 
rupees every year to the provincial economy through fruits and vegetable exports to the other 
provinces. Besides this the prosperity can be evidenced on the ground in the form a number 

                                                 
1 Karezes are man made sub-surface horizontal tunnels/galleries constructed to tap groundwater in the upper 
limits of the valley floor/piedmont plan and eventually deliver it at lower level lands by gravity. A well called 
the mother well is dug near the foot of the mountain where groundwater is available. This is followed by a series 
of wells at intervals of 60 to 100 meters, all of these wells are connected by an underground tunnel  (WAPDA, 
1993). 
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of agro-based businesses set up in the rural areas small town as a result of the groundwater 
brought in prosperity.  
 
The main focus of the groundwater development in Balochistan had been the three 
hydrological basins being densely populated and having greater potential for development. 
These are: Pishin lora basin (PLB), Narai river basin (NRB), and Zhob river basin (ZRB) of 
upland Balochistan out of the total 18 hydrological basins.  
 
The mushrooming growth of tube wells start showing its effects on the groundwater 
reservoirs. WAPDA (1993) studied the groundwater situation in the three major basins of 
Balocistan. The Pishin Lora basin had no water left for future exploitation with groundwater 
potential and extraction of approximately 129 million cubic meters per year. Zhob river basin 
and Nari river basins had significant potential of approximately 85 and 100 cusecs for future 
development by that time.  
 
Due to unplanned tubewell installation and subsequent indiscriminate pumping of water for 
the last two and a half decades, the area is now facing the problem of depleting groundwater 
table at the rate of more than four to five meters annually in many of its aquifers and hence 
tubewells drying is a common phenomenon.  
 
The paper is organized a follows. Section 2 is pertaining to causes of groundwater decline, 
while section 3 presents the water availability situation in different basins of the upland, 
Balochistan. Section 4 is related to the regression analysis of factors responsible for 
watertable decline in upland. Section 5 shows that what’s happening now under the 
deteriorating situation? Section 6 shows how to manage groundwater with an insight from 
related literature. 
 
2. Causes for groundwater decline 
 
The causes driving groundwater decline are mainly related to the following issues: 
 
Lack of groundwater entitlements 
 
Unlike surface water, entitlements for groundwater are not defined at all in Pakistan. The 
pumping of groundwater is not being curtailed by any law giving farmers free hand to pump 
as much as they want. Halcrow 2007 reported that there is no authority existing to regulate 
the pumping of groundwater in Balochistan; however, water committees at the district and 
provincial level subsist to regulate only the spacing of tubewells only if some one report a 
complaint for violation of the rule of a certain well to well distance defined under the 
Balochistan groundwater administration ordinance 1978.   
 
Abundance of private drilling equipment enhance tube wells installation 
 
Private tube well drillers have made the work of water exploitation easier. Prior to 1990, the 
drilling machinery was being monopolized by few government departments like irrigation 
and power department, Balochistan Development Authority, Public Health Engineering 
Department and Water and Power Development Authority. Furthermore, the drilling for 
water was subject to approval from the concerned government departments; that used to help 
curtail the number of new installed tube wells to some extent. The abundance of private drill 
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machines in the area especially after 1990 has made the drilling work easy as the private 
drillers are easy to access and cheaper than the government controlled rigs. 
 
Drought  
 
The drought prevailed during 1998 to 2005 with average rainfall 50–60% below the average annual 
rainfall caused reduction of river flows as the recharge declined and the rate of decline of watertable 
further accelerated; further worsened the situation. According to Halcrow 2008; in an alluvial 
aquifer of Quetta valley; the decline of watertable was around 18-24 meters per year. The 
production of fruits, crops and vegetables fell by about one-third of total production.  
 
Inefficient irrigation systems used 
 
The irrigation systems in the province operate at 45 percent efficiency due to poor 
maintenance of water courses and channels, use of inefficient and traditional methods of 
irrigation (mainly flooding). For the betterment; the strategy for sustainable agriculture 
should include measures to improve water management practices, reorienting and improving 
service delivery at the community level (GoB, 2000). Lashari et al (2007) reported that in 
Western Australia irrigation efficiency was very much high 90% using high efficiency 
pressurized irrigation techniques where as in Pakistan the irrigation efficiency is very low not 
more than 60% due to the use of traditional methods of irigation. 
 
Power related problems 
 
Frequent and long power breaks and low voltage of electricity are power related important 
factors causing the installation of more tubewells, power theft, and wear and tear of pumping 
machinery. It was observed during the survey conducted in June 2009 through August 2009 
that owing to long power breaks/load shedding of more than 12 hours a day, the farmers in 
some areas have sorted out the solution as the installation of more tubewells in order to meet 
their water requirements. This was made possible through collusion with linemen to get 
illegal power connections.  
 
In some areas where electricity was supplied through two different feeders, to avoid load 
shedding and get full power supply farmers who had access to two electric feeders, got the 
connection from both the feeders with collusion with line men, getting whole day electricity 
supply; hence making the efforts of water and energy saving both ineffective and useless.  
Moreover, this illegal practice increased burden and causes the insufficient voltage electricity 
supply to the rest of users and also causing the frequent wear and tear of electric motors and 
pumping machinery. 
 
The matter was highlighted by Halcrow report in 2007 arguing that it is not needed from the 
power company side to supply the power for 8760 hours per year instead the power supply at 
right time with 60 percent less quantity would be fine to make the farmers happy. 
 
3. Water availability situation in different basins of upland Balochistan 
 
The most affected and over drawn groundwater basins are Pishin Lora Basin (PLB), Zhob 
River Basin (ZRB) and Nari River Basin (NRB) as shown by Figure 1 below: 
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Tubewell Growth Trend in the Three Hydrological 
Basins of Upland Balochistan
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Figure 1. Tubewells growth trend in three hydrological basins 

(Source: Agriculture Statistics Balochistan 1970 through 2008) 
 
 
WAPDA in 1993 conducted a comprehensive study for determining the water balance in 
different basins of Balochistan. The water balance approach was used for the purpose. The 
PLB had been exploited by almost to its maximum capacity and with no balance left for 
further exploitation. While ZRB and NRB had significant water balance after the extraction 
as shown in the table 1 below:   
 
 

Table 1. Groundwater Balance in the three Basins of upland Balochistan in 1993 
Hydrological 
Basin 

Groundwater 
Potential Available 
Approx. 
(Million cubic 
meters) 

Groundwater 
Extraction Approx. 
(Million cubic 
meters) 

Groundwater available for 
future exploitation 
Approx. (Million cubic 
meters) 

Pishin Lora 
Basin  

129 129 Nil  

Zhob River 
Basin 

112 36 76 

Nari River 
Basin 

107 18 89 

Source: WAPDA, 1993 
 
 
The situation has changed substantially. The number of tubewells extracting water was 15525 
in 1993 have reached to around 34000 in 2008 showing an increase of 190 % over a 15 years 
period (GoB 2008).  The number of illegal tube wells running in large numbers is unknown 
but is estimated to exist in thousands. The prompt increase in illegal tube wells can be 
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attributed to unreliable and insufficient power supply both in terms of duration and voltage 
and deepening water levels (see Figure 1). As compared to 1993 the situation is now far 
worse after the passage of a period of 16 years with a severe drought druing1998 to 2004 
period. Another study was undertaken by Halcrow in 2007, using the annual recharge 
approach studied the groundwater assessment in different basins.  

 
 

Table 2. Groundwater balance in the three upland Basins in 2007 
Hydrological Basin Geographical 

area (km2) 
Groundwater 
annual 
recharge 
(Million cubic 
meters) 

Groundwater 
use 
(Million cubic 
meters) 

Status 
(+ surplus 
- deficit) 

Pishin Lora Basin  16928 170 566 - 396 
Zhob River Basin 13851 160 270 - 110 
Nari River Basin 21829 270 180 + 90 

Source: Halcrow 2007 
 
 
The average annual recharge was estimated to be 170, 160, and 270 million m3  while the net 
water balance available after utilization are -396, -110, and +90 million m3 in Pishin Lora, 
Zhob River and Nari River basins respectively. The data shows the worsening position in 
PLB and ZRB with major deficit and ZRB with minor surplus (Table 2).  
 
The sub basin level situation by comparing the information of a WAPDA 1993 reported data 
and the data collected in 2009 through tube well and dugwell owner’s survey also indicated a 
tremendous decline in the groundwater levels in few main sub basins of PLB, ZRB, and 
NRB. The comparison of the two period showed that the highest decline in groundwater level 
occurred in Kuchlak sub basin of PLB with a decline of 105 feet, followed by Loralai sub 
basin of NRB with a decline of 82 feet and Pishin sub basin of PLB with 75 feet. 
 
4. Regression analysis of factors responsible for watertable decline in upland 
Balochistan 
 
For this analysis using OLS; five independent variables were regressed on watertable decline. 
The five predictor variables are total number of tube wells, electricity subsidy policy, 
groundwater development policy, rainfall, and tube well irrigated area as shown in Table 3.  
 
In the regression we would expect, everything else remain the same, the decline in watertable 
to be greater with (1) increase in the number of tubewells as being the main source of 
irrigation; (2) continuation of subsidized electric tariff encouraging its pumping; (3) more 
groundwater development projects giving more people the opportunity to use groundwater; 
(4) increase in tubewell irrigated area is causing more pressure on groundwater.  
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Table 3. Regression analysis of factors responsible for decline in watertable 
Variable B Standard Error Beta t value Significance 
(Constant) 10.692 2.856  3.744 .001 
Number of tubewells in 
upland Balochistan  

.001 0.000 0.307 3.676 .001 

Policy of electricity 
subsidy (dummy)  

4.632 1.875 0.104 2.470 0.020 

Policy of groundwater 
development (dummy) 

4.498 1.484 0.099 3.031 0.005 

Rainfall (mm) 0.066 0.203 0.011 0.325 0.748 
Tubewell irrigated 
upland Balochistan area 
(thousand hectares) 

0.354 0.045 0.635 7.793 0.000 

N=33, adjusted R2 = 0.977, F = 225.456 and significance < 0.05 
 
 
Table 3 presents the results of regression analysis. Regression is significant, and explain an 
enormous amount of variation in watertable decline (adjusted R2 0.972) resources. The 
influence of rainfall on watertable decline is not significant; probably due to lack of 
coincidence in the recharge from rainfall and discharge of water from the basins. For 
tubewell numbers, the regression results are in accordance with expectations, i.e., the 
groundwater table decline accelerated with the increase in tubewell numbers. For policies of 
subsidy and groundwater development the results are in line with expectations; they have 
high implications on the decline of watertable, as both encourage the exploitation of 
groundwater over time.  The result of increase in irrigated area is also showing the results that 
were expected earlier as more area is brought under crops, fruits and vegetables would 
definitely increase pressure on water resources.    
 
Why water shortage is worse in the Upland Balochsitan 
  
The uplands are characterized by a climate favourable for the growth of high value deciduous 
fruits some of which are not produced anywhere else in the country. That’s why Balochistan 
is called as the fruit basket of Pakistan. The areas above 1000 meters altitude are well known 
for the production of such fruits. The mass production of fruits would have never been 
possible without the over exploitation of groundwater for irrigation. The leading fruit in terms 
of high return is apple; some of its varieties grow better at high uplands of more than 1500 
meters, the other fruits are cherry, grapes, peach, apricot, plum etc. 
 
The high returns in fruits and various crop shifted the trend towards irrigated agriculture 
triggered mainly by significant rural electrification. A tremendous increase can be seen in the 
land brought under irrigation since early 1980’s. Due to promising returns in orchards high 
investment in groundwater abstraction were made and resulted a mushrooming growth in 
orchards especially apples. The provincial revenues increased significantly by billions of 
rupees since 1985 from orchards, grain crops and vegetables. The highest growth in orchard 
was recorded in the upland Balochistan. Lack of prior planning before the assessment of 
potential for abstraction of groundwater in an area and subsequent selection of appropriate 
cropping pattern for that particular area had been continued. As a result the mass installation 
of tube wells raised many issues of concern with inefficient use of water being the most 
serious one. No farmers counselling was done for the selection of appropriate crops for their 
particular area. The farmers of low upland Balochistan soon after electrification of their areas 
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in early 1980’s grew non suitable high delta crops or substituted high value fruits for their 
traditional crops mostly with high water requirement resulted in wastage of water without any 
promising return (Halcrow 2007, Ahmad 2007 and GoB 2000). This trend is similar to 
vineyard (grape wine) expansion in Australia due to drought and subsequent water shortage. 
 
After the electrification and subsequent mass tube well installation in the rural areas, farmers 
shifted from traditional low return crops to apple and other deciduous fruits cultivation for 
high return. The apples that grow well in high altitudes were planted at massive scale in all 
over the uplands. The farmers of low uplands between 1000 -1500 meters also blindly 
followed the high upland farmers and replacing their traditional crops. This race for high 
returns caused a significant and unnecessary increase in the area and production of deciduous 
fruits caused the over production of comparatively low quality fruits and hence low return. 
The farmers got affected by three types of losses that could have been avoided if the 
resources were wisely used with a more rational cropping pattern. i. The loss due to uprooting 
their more climatically adaptable fruits like almond, pomegranates for apples ii. the wastage 
of time (at least one and a half decade) and money and very less or no returns that could have 
been saved if wise policies were adopted and iii. the over extraction of the groundwater 
resources 
 
Similarly the Balochistan conservation strategy suggested that the farmers of intermediate 
elevations (500–1500 metres) could earn reasonably good returns by producing off-season 
vegetables that are in high demand in major urban areas. In above 1,500 metres altitude areas, 
farmers could get good returns from fruit production (GoB, 2000).  
 
The collapse of horticulture in Loralai, Pishin, Killa Abdullah, Mastung, Kalat, and Killa 
saifullah districts of the province is more likely not far away. In these areas hundreds of tube 
wells have been dried and as a result orchards have been dried and uprooted. While the areas 
where some water is still available farmers have started growing less water demanding fruits, 
crops, and vegetables such as almond, grapes, cumin etc.  (Halcrow 2007)  
 
5. What’s happening now? 
 
In some low upland areas upto 1200 meters (Loralai, Duki) and intermediate upland areas 
upto 1500 meters (Huramzai, Khanai, Kuchlak ) farmers are now uprooting their apples due 
to water scarcity or low returns caused by overproduction or low quality of produce area 
being non suitable for that particular crop. Now there is increasing tendency for replacing 
them by vegetables and other crops and retaining the grapes being more water efficient fruit.  
 
While in few high upland areas (Rod Malazai, Kawas, Chawtair) farmers are growing new 
trees after the replenishment of water by some good rains. In such set of circumstances there 
is need for all stakeholders to sit together and develop a vision for the future of irrigated 
agriculture in the province. The strategy recommends a round table having the representation 
of all stakeholders for the purpose.  
 
Migration to major cities and towns a result of water unavailability 
 
The result of drying of tube wells in many areas has caused disasters in the shape of 
migration. For example the Delhi village in Loralai used to be the major producer of 
pomegranates and different vegetables and more than 60 dugwells and tube wells used to 
irrigate the village area and were the main source of livelihood for village inhabitants. Some 
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95 percent of groundwater sources have dried and as a result now many of families have 
migrated to other areas.  
 
6. How to manage groundwater? An insight into related literature 
 
Agriculture sector uses 97 percent of water in Balochistan; it should be given priority while 
devising any strategy pertaining to water saving at basin level. The strategy should be 
focused on; the increase in the use of flood water, drought mitigation, and improvement in 
water productivity. In order to have the sustainable use of groundwater resources, proper and 
regular monitoring of groundwater level is the foremost requirement of the present time at the 
basin and sub-basin levels. 
 
An insight into water resource management related literature give exposure to a number of 
measures adapted in many parts of the world with good result. Among them, water pricing, 
use of high efficiency irrigation systems, change of cropping pattern from high water 
demanding crops to low water demanding crops, counselling of water users for efficient 
water use, subsidy policies etc.  
 
Shah et al. (2003) reported that during the period 1975 through to 1995 the rapid growth in 
groundwater irrigation in South Asia and North China plains has been the main driver of 
groundwater boom in these regions which resulted in the agrarian growth and millions of 
rural livelihoods. But the negative side was being the depletion of precious groundwater 
resource. On the basis of past research some recurring patterns can be observed in much of 
the South Asia. The groundwater economy follows a four stage progression, i.e., it starts from 
the introduction and rise of tubewell technologies to a resulting agrarian boom and then 
consequent increasing over exploitation of the resource that finally goes to decline of 
groundwater socio-ecology with adverse effects  because restraint is not exercised on time. 
The above four stage framework indicates that Asian policy makers need to change their 
mindset from the development to management of the resource. 
 
They further reported that now in most of the areas there is dire need to look for feasible 
solutions to the water management through the demand side management besides the supply 
side that has been the focus of concentration so far. The policy measures to manage the 
resource such as enacting and enforcing groundwater laws, establishing clear and tradable 
property rights for water, pricing of groundwater, installing licensing and permitting system 
haven’t been deployed by any country effectively.  
 
They suggested following steps for resource management: i. Information gathering and 
resource planning by establishing appropriate systems for resource monitoring on a regular 
basis, ii. Demand side management through registration of users through permits of license 
system; appropriate laws and regulatory mechanism; a pricing system for efficient water use; 
promotion of conjunctive water use, iii. Supply side management through; rain water 
harvesting and surface water use for increasing recharge; improve water conservation and 
undertaking groundwater management at river basin level.  
 
Pricing of water as a tool for effective water management 
 
Agriculture sector being the major user of water, need to be given attention especially in 
terms of efficient water use. The water being an unpriced commodity for agriculture purposes 
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in many parts of the world is used with less care, giving water a price will help ensure its 
value and efficient use for sustainability.  
 
Over the next few years, the importance of water as a life sustaining resource will increase 
gradually due to increasing global population for food security; the sustainable water 
management is of foremost importance to avoid global crise. In this regard, water must be 
priced fair enough to reflect its value to ensure its efficient use. The various segments of 
society like politicians, lawmakers are responsible to set up necessary rules/regulations and 
ensure their further implementation for sustainable water use. Public awareness about the 
importance of water use is also required. More budget allocations may be made to make the 
things done (SAM, 2009) 
 
Moreover, high investments are required for high efficiency and modern irrigation techniques 
to be used at farm level. The illegal water extraction for agriculture and other purposes need 
to be controlled in many parts of the world by establishing appropriate regimes for water 
governance and property rights institutions. Barker et al., 2000 suggested that as water 
scarcity is increasing and demand for high value water uses-domestic, industry and 
hydropower is rising. To meet the ever increasing demand for food, agriculture sector must 
produce more food with less water through becoming water efficient in canal irrigation 
systems, management of groundwater and surface water and on assessing the potential of 
alternative low cost micro irrigation technologies in water-scarce rain fed areas.   
 
Sahibzada (2002) conducted a study aimed to analyse different water pricing systems for 
choosing the most efficient one in terms of irrigation water use in Pakistan. He argues that 
inadequate attention has been given to devising a mechanism for pricing of irrigation water to 
its users and regarding the level and form of water charges in the past as an important way of 
increasing efficient water use through improving water allocation, indicating a serious policy 
lapse on part of water sector planners. He further argues that hindrance in the construction of 
new water reservoirs due to severe financial, social and environmental constraints, and 
declining watertable; the future availability of water is looking worse. Because there is little 
room for building new dams, water use efficiency need to be increased through introduction 
of an appropriate water pricing system to replace the existing supply based irrigation system 
by a demand based system.  
 
Similarly, Ellis (1992) argued that if farmers are charged a price per litre for the volume of 
water used, sufficient to cover operating costs and to provide a rate of return to capital 
invested. This in turn would make farmers efficient in their use of water. They would use 
water only up to the point where the marginal return to water use equalled the price per litre 
that they pay for water. A proper market for irrigation water would be created and efficiency 
ensured. Water markets already exist in many parts of the world, but improving the market 
outcome is still a challenge with respect to efficiency and equity. 
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