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1 Executive Summary
Irrigated agriculture has played an important role in the economic sustainability of Pakistan. The
role of surface water irrigation remains pivotal in agricultural production and in recent decades
the share of irrigation from groundwater has increased exponentially in Balochistan. In the
Kuchlak sub-basin which is the focus of this study, groundwater is heavily overexploited leading
to unprecedented declines in the watertable - unlike anywhere in Pakistan. Improving
management of groundwater will require a rethink of cropping practices, choice of crops, and
improved land and water management practices aimed at conserving surface and groundwater
resources. This rethink is vital for sustaining agricultural livelihoods in Kuchlak. Presently,
groundwater irrigation is neglected with respect to governance and management. Its negligence
is threatening the livelihood of people in Kuchlak and for that matter in in the Pishin Lora Basin.
The crux of this change will require a process of involving communities of groundwater users
who are empowered to co-design with government stakeholders a better and more sustainable
future for Kuchlak.
In this report, we present a regional flow model of the Kuchlak sub-basin which is a part of the
Pishin Lora Basin in Balochistan. In the Kuchlak sub-basin a selection of observation bores
exhibit a decline in water levels of between 80 to over 100 m in a span of 8 year – and it is a
clear indication that unconstrained pumping is resulting in a race to the bottom. A group of
observation bores exhibit declines of 40 to 60m from 2010 to 2018. Can it get more alarming
than this? The best case scenario shows the bore responses have declined by 30 to 60m. These
bores are located in the southern half of the sub-basin. The declines are less than in the northern
areas of the sub-basin, nevertheless they are alarming as seen in the consistent linear decline
in most bores – yet there is no serious attention being given to slow down this decline.
A regional flow model of the Kuchlak sub-basin was developed, using MODFLOW. This model
was designed to improve our understanding of the water balance for Kuchlak and its three subwatersheds, namely Surkhab Lora, Rokhi Lora and Karanga-Karak Lora, to assess the
sustainability of groundwater resources, and to model scenarios for forecasting the extent of
controls on pumping that would be required to achieve a sustainable future for the denizens of
Kuchlak. These stresses include pumping and climatic stresses on the aquifer, both are of major
concern. The major streams in Kuchlak are ephemeral, and the low rainfall recharge in the subbasin means that farming enterprises have to rely on groundwater for irrigation, which has led to
rapid declines in the water table. The model boundaries are bounded by topographic highs as
the Kuchlak sub-basin is formed in long narrow valley between mountains. The aquifer is
modelled as a two-layer system and although the streams are specified in the top layer, recharge
from these streams is minor as the top layer dries out rapidly. Most of the sub-basin boundaries
are no-flow boundaries, other than a small section along the southern boundary where flows exit
this valley.
Water balances for the Kuchlak model: We assessed the water budget for the overall model
domain from October 2010 till September 2018. Recharge is the main inflow to the groundwater
system at 32.807 MCM. Pumping from the deeper layer is 427.284 MCM which is the main
outflow followed by boundary flows ate 56.575 MCM which exit the sub-basin along the southern
model boundary. Contributions from the stream network are minor, as it only recharges the top
layer which has essentially dried out due to heavy pumping from the deeper layer. Although in
the model the top layer dries out it is conceivable that there are localised perched water tables
due to seepage from ephemeral streams. The major outflow is from pumping which accounts for
88% of all outflows. The net loss in storage over the simulation period is a very alarming -451
MCM/yr which equates to an average decline in water levels of 5.4 m/yr. This, as many authors
have indicated is a race to the bottom.
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There are three distinct watersheds in Kuchlak sub-basin: Surkhab Lora (major town Khanozai);
Rokhi Lora (major town Bostan and Kuchlak); and Karanga-Karak Lora.
Water Balance for the Surkhab Lora watershed: The water balance for the Surkhab Lora
watershed in the northwest of the Kuchlak model domain shows recharge inflows of 11.285
MCM, and significant inflows from west and east flows in response to pumping. The major
outflows are pumping at 79.34 MCM and outflows along the southern and western boundary of
Surkhab. The groundwater depletion is -86 MCM/yr equivalent to an average decline in heads
of 6 m/yr. There are very few monitoring bores in the Surkhab Lora watershed. Increased
monitoring in this watershed is warranted along with strategies to engage with groundwater users
and the farming community in Surkhab to co-design cropping strategies of high value low delta
crops and high efficiency irrigation systems that reduce the number of irrigations and decrease
stresses on the aquifer.
Water balances for the Rokhi Lora (Bostan) watershed: The Rokhi Lora watershed covers a
major part of the Kuchlak model domain. The water balance for Rokhi Lora indicates recharge
of 7.586 MCM, and significant inflows from north and east in response to pumping. The major
outflows are pumping at 230.008 MCM and outflows along the southern and western boundary
of Rokhi Lora. The groundwater depletion is -158 MCM/yr equivalent to an average decline of
6.2 m/yr. In Rokhi Lora groundwater extractions comprise about 54% of total pumping from
Kuchlak sub-basin. There are very few options other than to reduce pumping as the groundwater
is heavily overexploited. Monitoring bores are not spread out in the Rokhi Lora area, almost all
the monitoring bores are located along the banks of the Rud Mulazai Khanozai Nadi. We
recommend that the Rokhi Lora watershed be closely monitored with a better distribution of
monitoring bores. The main town in the area is Bostan and there are likely to be a number of
private households with pumping bores in Bostan which are also tapping the deep aquifer for
domestic use. Strategic monitoring in this watershed is warranted along with strategies to engage
with groundwater users and the farming community in Rokhi Lora to co-design cropping
strategies of high value low delta crops that reduce the number of irrigations and decrease
stresses on the aquifer.
Water balances for the Karanga-Karak Lora watershed: The Karanga-Karak Lora watershed
covers the southern region of the Kuchlak model domain. The water balance for Karanga-Karak
Lora indicates recharge of 8.765 MCM, with significant inflows from the west, east and north in
response to pumping. The major outflows are pumping at 104.685 MCM and outflows along the
southern and eastern boundary of Karanga-Karak Lora. The groundwater depletion is -109
MCM/yr; equivalent to a decline in head of 3.9 m/yr. Groundwater is heavily overexploited for
irrigation and domestic use in the Karanga-Karak Lora watershed. Monitoring bores are not
spread out in Karanga-Karak Lora almost all the monitoring bores are located along the eastern
model boundary. We recommend that this area should be closely monitored with a better
distribution of monitoring bores. There are likely to be a number of private households with
pumping bores in the region which are also tapping the deep aquifer for domestic use. Strategic
monitoring in this watershed is warranted along with strategies to engage with groundwater users
and the farming community in Karanga-Karak Lora to co-design cropping strategies of high value
low delta crops that reduce the number of irrigations and decrease stresses on the aquifer.
Scenario Analysis for the Kuchlak Sub-Basin: The scenarios undertaken for Kuchlak showed
pumping from the deep aquifer accounts for most of the net loss in storage from the aquifer. This
very high rate of groundwater extraction results in 309.81 MCM of loss in storage from the aquifer
which is equivalent to 4.7 m/year decline in average water levels. Scenarios to simulate a phased
reduction in pumping indicated reducing pumping by 20% had minimal beneficial impact,
however, a phased reduction of 50% in pumping offers significant opportunities for extending the
viability of groundwater irrigation in Kuchlak. This scenario showed that by 2047 the overall
reduction in pumping is 197.7 MCM per year for the final year of the simulation in 2047. The
overall stress on the aquifer will reduce considerably however, the net decline in storage will be
102.7 MCM equivalent to an average decline in head of 1.56 m/year. To achieve this level of
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reduction in pumping for the sub-basin over a three decadal planning horizon will require
Balochistan’s irrigation and agricultural departments to work with the farming communities in
Kuchlak to co-design a sustainable future.
Two climate change scenarios RCP 4.5 and RCP 8.5 were simulated for the Kuchlak sub-basin.
A comparison of the RCP 4 and RCP 8.5 scenarios for 2047 indicated that by 2047 the rainfall
will decrease from 49.2 MCM for RCP 4.5 to 44.7 MCM for RCP 8.5 or a corresponding reduction
of 9.2%. Under the extreme scenario (RCP 8.5) Balochistan is likely to experience a drier climate.
Strategies for improving groundwater management in Kuchlak Sub-basin: Our findings suggest
that a suitable approach to managing groundwater would be to first improve monitoring of the
resource to improve assessment of the condition of the resource. Improved monitoring can also
provide irrigators, groundwater users and stakeholders a better understanding of groundwater
resource condition and the temporal and spatial changes occurring in response to intensive
aquifer exploitation. Engaging with groundwater users and irrigators is necessary to co-design a
sustainable future over a management planning period. An example of this is the RAPs approach
adopted in this project in Kuchlak and Pishin which is resulting in adoption of low delta crops like
pistachios, and adoption of high efficiency irrigation for pomegranates – both are also high value
crops. Adoption of new crops and sustainable farming practices, with improved irrigation
management will be a slow process as it takes time to scale out these activities, but it also
requires dedicated human and financial resources. A multi-skilled team consisting of social
researchers, groundwater managers, hydrogeologists, irrigation and agricultural specialists is
required to work with community groups to develop a sustainable future for Kuchlak.
BID may wish to adopt a 10 year planning period to increase adaptation in areas where there is
a concentration of pumping bores. Again this requires improved knowledge of pumping in the
catchment. At present one of the significant challenges we faced in developing this model is the
lack of adequate information on pumping, locations of pumping bores, and monthly usage.
Compounding this issue is that we postulate that with the rapid rate of declines many smallholder
farmers would have abandoned pumping as water levels would have declined to dry out their
wells. So pumping many actually be forced to decline over time, unless farmers have the capital
to deepen wells. Ultimately though controls on pumping will not be enough to stem this tide.
Controls on pumping and improved cropping practices along with low delta crops is part of the
solution but not necessarily enough to bring the aquifer to a sustainable level of management.
Innovative techniques for recharging the aquifer will be required. In Kuchlak there are a number
of check dams and other water control structures that capture and hold stream flows during the
monsoon. These areas need further investigations so that rainfall and flood waters can be
captured and artificial recharge of the aquifer using injection wells may also be part of the
solution. Part of the runoff from mountain slopes needs to be captured and detained to allow
captured water to be injected back into the deep aquifer. Distributed network of injection wells
can be deployed for enhancing recharge in the sub-basin.
It is crucial to understand the condition of the groundwater resource, how it has changed over
time, and to establish phased long-term extraction thresholds that will support the viability of
agricultural enterprises in Balochistan. The concept of phased long-term extraction thresholds is
to estimate a long-term extraction limit for the Kuchlak basin and following that to co-design with
the Kuchlak community a gradual reduction in the extraction limits over three decadal planning
periods to allow for a phased reduction in pumping, and simultaneously introducing gradual
uptake of low-delta high value crops, improved irrigation and land management practices,
improved management of surface water sources, and the introduction of a network of injection
bores to enhance recharge of the aquifer. The 3 decadal planning periods will require the various
agencies of the Government of Balochistan to work with the groundwater users in Kuchlak to
plan a better and more sustainable future.

Page 9

Improving Groundwater Management to Enhance Agriculture and Farming Livelihoods in Pakistan
Groundwater Resource Management for the Kuchlak sub-basin, Balochistan, Pakistan

2 Introduction
In Balochistan irrigated agriculture depends on both surface and groundwater resources. The
main sources of canal irrigation are Khirther, Pat Feeder and Lasbela canals in the alluvial parts
of the Indus Basin. Another important source of surface water is the floodwater that flows through
streams. Some 97 percent area was cultivated under irrigated crops and only 3 percent was
under rainfed (Sailaba) farming during 2014-15 (Government of Balochistan, 2014-15).
According to estimates around 30 per cent of floodwater has been harvested for agriculture
through sailaba diversions, storage dams and minor perennial irrigation schemes. Groundwater
is also available for irrigated agriculture through Karezes, springs and tubewells. Groundwater
irrigates around half of the irrigated area of Balochistan and the main source is tubewells.
The growth of tubewell led agriculture in Balochistan on one hand has caused manifold increase
in the agricultural production, but the groundwater resources in many basins of Balochistan are
under tremendous pressure. Watertables are declining sharply at the rate of 2 to 5 meters
annually which in some areas has resulted in declines up to 300 m. The result is that many areas
are running out of water and causing tubewells to fail resulting in a loss of farming livelihoods.
An understanding of the water balance for the sub-basins of Balochistan is essential if
groundwater is to be managed effectively. Additionally, under climatic uncertainties it is of vital
importance to devise an evidence-based policy for sustainable management of groundwater for
improving and sustaining the livelihood of people.
In Pakistan, about 20% of GDP is contributed by the agriculture sector due to lack of land and
water resources, and Balochistan is deficient in food resources. Surface water resources are
meagre and therefore agriculture and livelihoods are dependent on groundwater. In order to
sustain and strengthen the agriculture sector and socio economic development it is important to
investigate the extent of groundwater resources that can be exploited sustainably and which will
lead towards improvement in living standard of the inhabitants.
The climate of Balochistan ranges from semi-arid to hyper-arid conditions characterized by
scarce and spatially scattered rainfall and high evaporation rates (PMD, 1999). Mean annual
rainfall ranges from less than 50 mm in western deserts to more than 400 mm in northern
highlands, whereas the annual evaporation rate exceeds 2000 mm. The spatial availability of
surface water in the province is 23 percent (556 m3/ha/annum) of that of Pakistan (2453
m3/ha/annum) (World Bank 2005). However, runoff is high due to high stream gradients.
Groundwater is the smallest resource in terms of availability however, groundwater is heavily
utilised with estimates of 61 percent of groundwater resource exploited annually in Balochistan
(IUCN 2000). Rapid utilisation of groundwater commenced in the 1970’s as a result of incentives
offered to farmers for installation of tubewells and subsidized electricity tariffs further accelerated
the uptake of tubewells for irrigation. The increase in groundwater usage was highest in the
northern areas of Balochistan where groundwater is largely utilized for fruit farming. The total
numbers of tubewells in Balochistan in 1995 were 16,294 (8,089 electric, 8,205 diesel). More
recent estimates by Ashraf and ul Hassan (2019) indicated that by 2014 the number of tubewells
had increased to more than 40,000 by 2014. Overexploitation of groundwater resources has led
to an imbalance between recharge and extraction and has subsequently led to declining
groundwater levels in the major river basins of the province.

2.1 Study Area
The Pishin Lora Basin (PLB) of Balochistan was selected as water levels have declined
significantly. The total area of Pishin Lora Basin (PLB) is about 18,133 km 2, and hydrologically
the basin is divided into eleven sub-basins namely Pishin, Kuchlak, Quetta, Kolpur, Mastung,
Shirinab, Patki Shahnawaz, Mangochar, Kalat and Kapoto (Figure 2.1). The sub-basin which is
a focus of this study is the Kuchlak sub-basin (Zarghoon). According to the Census of 1998, the
population of Pishin Lora basin was about 35% of Balochistan, of which the majority live in Quetta
(Halcrow, 2008). The main occupation of the people of the area is farming and livestock.
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The Pishin Lora Basin (PLB) receives low rainfall, has high rates of evaporation and extreme
temperatures. The average annual rainfall is around 247 mm, evaporation rates vary from
74.1mm in January (winter) to 324.6 mm in June (summer), and temperatures range from -3.4oC
in February (winter) to 36.2oC in July (summer) (IUCN 2011).

Figure 2.1 Sub-Basin in Pishin Lora Basin

The Kuchlak sub-basin is part of Pishin Lora Basin and lies in the northern part of Balochistan
between latitude 28 40 N and 31 00 N and Longitude 66 12 E and 67 43 E. Its area is about 2083
km2, and stretches from northeast towards the southwest. The sub-basin is bordered by three
sub-basins of Pishin Lora namely Quetta to the east, Pishin in the Northwest and Shirinab in the
Southwest as shown in Figure 2.1. Kuchlak is the most affected sub-basin of Pishin Lora Basin
where groundwater level has declined drastically due to prolonged drought, over exploitation and
lack of proper management. The sub-basin is facing acute shortage of water. The Kuchlak subbasin measures 2083 square kilometers. Of this area 340 square kilometers is cultivable (16%).
Rainfall measures 217 mm/annually, with a large variability. Annual evaporation is in the order
of 1750 mm and the area is classified as arid.
Groundwater resources have declined enormously compared to the trends in water level decline
in other basins of Balochistan. The need for a strategy to manage groundwater in the Pishin Lora
Basin is gaining priority at the policy level, which requires data regarding availability and use of
water resources in the sub-basin to initiate a useful planning process. Groundwater availability
has decreased continuously and will continue with time due to climatic changes resulting in less
precipitation coupled with enhanced demands due to increasing population and agriculture. The
resources are not keeping pace with the demands and in the absence of a functional regulatory
framework groundwater levels will continue to decline. The entire focus has been on the
development of the resources and no attention has been given to the management of the
available resources resulting in the lowering of the water table and mining of groundwater in the
Kuchlak sub-basin. The analysis of water demand and supply has become crucial for future
planning and management of the basins water resources.
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Figure 2.2: Physical features in Kuchlak sub-basin

2.2 Project objectives and outputs
The aim of the project is to build capacity to improve groundwater management to enhance
agriculture and farming livelihoods in Pakistan.
The first of three key objectives is to develop a shared understanding of sustainable groundwater
use and the need for improved management in Balochistan, Punjab and Sindh provinces.
Developing a participatory research methodology and the stakeholder engagement strategy with
our stakeholders at our field sites provides the foundation for developing a shared understanding
of the issues, and also a mechanism to learn from others. The outputs of this objective which
includes the PRA reports is a key part of helping to develop groundwater models that are useable
with input from stakeholders. The household surveys undertaken also provided valuable and
practical information to improve understanding of how groundwater is used in the study area.
The key project objective directly relevant to the development of the groundwater model is to
develop with stakeholder’s groundwater management tools and options that have the potential
to enhance livelihoods of farming families. The groundwater models being developed in Sindh,
Punjab and Balochistan together with the Irrigation Departments from each of the provinces is
the central focus for building capacity in-country so as to improve monitoring, modelling and
management of groundwater. To meet this objective, the project has embarked on substantial
capacity development activities for Balochistan Irrigation Department (BID) to learn groundwater
modelling and so that BID staff can develop groundwater models on their own. Training has also
been provided to students from BUITEMS so that capacity in-country is developed beyond the
Irrigation Departments. With the ongoing drought conditions in Balochistan coupled with
increasing demand for groundwater, there is an urgent need for BID to commit human and
financial resources to address the challenge of groundwater depletion, improve monitoring of the
basins resources, and have sufficiently skilled personnel to monitor, model and manage
Balochistan’s groundwater resources.
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The model will also play an important role in addressing aspects of the third objective: to enhance
capacity and institutional arrangements for post project adoption of tools and options developed
by stakeholders. Thus capacity development of stakeholders to improve monitoring, modelling
and management of groundwater resources is central to improving sustainable use of
groundwater resources, and to allow stakeholders which includes the farming community to
make informed decisions that will improve livelihood outcomes. In the case of the Kuchlak subbasin model it is crucial that scenarios address the concerns of the farming communities as these
communities continue to pump groundwater that is depleting the aquifer at alarming rates. A step
by step process of community and stakeholder engagement has taken place, however, it remains
to be quantified if this has translated into an improved understanding of groundwater and the
need for improved equity in sharing the resource. Moreover, the post project adoption of the
monitoring systems and models can only happen if BID takes a lead role in monitoring and
modelling, and there is sufficient commitment within BID to commit human and financial
resources to continue into the future.
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3 Review of water use in the Pishin Lora Basin
3.1 Irrigation Management
Balochistan experiences more extreme water scarcity compared with the other three provinces
of Pakistan. It comprises about 44% of the total area of Pakistan and has a population of 12.34
million (2017 census, Pakistan Bureau of Statistics). Balochistan has 18 major river basins. The
Pishin Lora Basin (PLB) is the largest basin having an area of 1.7756 M ha, out of which, 0.42
M ha is under cultivation (Halcrow, 2008b). Due to low precipitation (average per annum of
217.63 mm) and drought spells, the PLB is classified as semi-arid falling within the 200-250 mm
annual rainfall bracket (Halcrow, 2007, 2008a).
The groundwater in Balochistan’s aquifers provides a buffer against drought for crop production,
and for livestock and human needs (Siebert et al., 2010; Ashraf & Routray, 2013). Low
precipitation, drought, climate change, and poor irrigation methods mean groundwater is being
over exploited, and causing karezes1, dug wells and shallow tubewells to dry up. Fast depleting
groundwater is a matter of grave concern for agrarian and non-agrarian stakeholders of the PLB
(van Steenbergen, 2015).
The focus of this review is to develop an improved understanding of water use, water users and
their impact on the groundwater conditions in the Kuchlak sub-basin.
To obtain a better understanding of available water and its use in the Pishin Lora Basin and the
potential for developing an integrated approach.
•
•
•

To determine a realistic picture of demand and supply for both surface and groundwater.
To identify gaps and loopholes in existing legislation.
Role and extent of groundwater compared with surface water for irrigation

Water is vital to sustain everyday life. Balochistan experiences acute water shortages and the
Pishin Lora basin is one of the most stressed basins given the added challenges of huge influxes
of people migrating there from Afghanistan (Sagintayev et al., 2012). After domestic, livestock
and agriculture use, the available surface water (of all types) in PLB is 0.2835 BCM (billion m3)
whereas the available groundwater after use is in deficit at -0.5040 BCM (Halcrow, 2008b).
Other studies have described the devastating condition of PLB. For example, van Steenbergen
et al. (2015) has observed that over the last thirty years there has been a steady decline in
groundwater levels in the Kuchlak sub-basin of PLB. In the beginning of 1970s, the karezes and
open dug wells were a common source of groundwater. Then there was an increase in the use
of groundwater in the 1980s as the development of transport to large markets like Lahore and
Karachi occurred. There was also an economic expansion and the influx of Afghan refugees. In
late nineties and early 2000’s a position was attained where the main alluvial aquifer in Kuchlak
was depleted (van Steenbergen et al., 2015).
The period of drought affected the province very severely. Ahmad (2007b) offered evidence to
show that drought had an adverse impact on surface water flows in Balochistan. There was a
48% fall in the surface water flow during the period of the drought (1998-2005) compared with
the pre-drought year (1997). These figures reflect the critical condition facing water management
in Balochistan. One opportunity to explore is to harvest flood water for use in drought years. The
government and groundwater users should explore the sustainability of groundwater use in the
PLB, and take measures to use this resource judiciously.

1

Karez is a horizontal water collecting structure for developing and utilizing groundwater, which is suitable for
piedmont and alluvial fan margin
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3.1.1 Demand and supply analysis
Groundwater budget analysis is one of the main tools used in irrigation management to assess
availability of water for different uses. Agriculture, human, livestock and the environment all have
demands on water but literature studies show different results on water uses. Agriculture being
the dominant sector consumes 70 to 80% of groundwater and almost all of the surface water.
The crop water requirement in PLB is 486 MCM (million m3) (SMDams Project Consultants,
2016).
According to the 2017 population census, Balochistan has a population of 12.3 million. It has
since grown by over 9.9 million (NIPS, 2016). The population of PLB is about 3.33 million and
requires 82.8 MCM water per year for human use (SMDams Project Consultants, 2016).
Livestock production is a major source of livelihood for people of the province. Range lands cover
about 79% of the total area. There are about 20 million livestock heads in the province. In PLB,
the population of livestock heads is 7.27 million which require 94.56 MCM water.
A study of available water resources and their exploitation by Halcrow indicated that by 2008
groundwater overexploitation had resulted in a deficit of 500.3 MCM (Table 3.1). Their study also
projected sector wise water use in 2040 given in Table 3.2. The projected agricultural demand
in 2040 shows a massive increase from 670.3 to 5473.6 MCM which will require new sources of
water.
Table 3.1 Availibity of water reources in the Balochistan (MCM) (source Halcrow 2008b)
Available for all
Used for all
Difference
purposes
purposes
Surface Water

302

13.7

+288.3

Groundwater

170

670.3

-500.3

Table 3.2: Projected water use in an average year by 2040 (million m3) (source Halcrow 2008b)
Basin
Domestic
Livestock
Agriculture
Environment
Total
PLB

116.23

127.456

5473.6

30.00

5747.3

3.1.2 Legislation and policies
According to UNESCO (2003) and Mukherjee et al. (2015) groundwater is one of the world’s
most mined resources. During recent decades, the exponential growth of groundwater both in
scale and intensity has been observed in many areas, and has led to groundwater pollution and
aquifer depletion (Giordano, 2009; Wada et al., 2010; Kulkarni et al., 2015).
Legislation related to water is dislocated and lacks proper structure. Current policies are run on
ad-hoc basis and cover only a few aspects of water resource management (Kamal et al., 2012).
The same is also expressed by other researchers that the governments of Balochistan and
Pakistan generally do not have appropriate legislation regarding control and sustainable
management of groundwater (van Steenbergen & Oliemans, 2002; van Steenbergen, 2006; van
Steenbergen et al., 2015; Theesfeld, 2010; Khair et al., 2015).
There is limited means for the government in Balochistan to provide guidelines to those involved
in water regulation. With no framework, and because inter-agency linkages between
implementing agencies is poor, the impact of any legislation on the ground is scant.
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Existing legislation related to water in Balochistan is listed below:
•
•
•
•
•
•
•
•
•
•

Water Rights of Locals Clans
Balochistan Groundwater Rights Administration Ordinance, 1978
Balochistan Canal and Drainage Ordinance 1980
Water Users Association Act, 1981
Quetta Water and Sanitation Authority Act, 1989
Indus Water Apportionment Accord, 1991
National Environmental Quality Standards, 1993
Balochistan Irrigation and Drainage Authority Act, 1997
Pakistan Environmental Protection Act, 1997
Community Irrigation Farmers’ Organisation Regulation, 2000

Another major threat contributing to groundwater over-exploitation is the emergence of solar
powered tube wells. If installation of these tube wells proceeds without due permission or policy,
the groundwater situation could become even direr in the near future.

3.1.3 Irrigation structures, conjunctive use and managed aquifer recharge
Quetta Valley is a covered valley with karstic bedrock in a tectonic depression. Aquifers are
located near the foothills of the Murdar and Mian Ghundi regions. There is a Samungli-Baleli
water gap about 10 km wide in the northwest region of Quetta, which joins the Quetta Basin with
the Bostan-Pishin Plain. The drainage of Quetta Basin makes its way through this gap to join the
Pishin Lora River (Murray et al., 2007).
Despite substantial investment by the World Bank and others in gravity flow perennial systems
and ‘delay-action dams’, these efforts were fractional and scattered reactions to the issue, and
over exploitation of groundwater continued unabated (Mustafa & Qazi, 2008). The launching of
different projects for sustainable groundwater management has been a one sided effort, and
many have asserted that governments will need to work collaboratively with water users to
achieve the goal of reducing groundwater use, and a longer term strategy will be required (e.g.
van Steenbergen, 2006).

3.1.4 Distribution management, practices and decision making
As in other parts of the Pakistan, water distribution is commonly based on the landholding of the
farmers. The traditional karez water distribution system was very accurate and is still honoured,
despite a transition away from this system (Mustafa & Qazi, 2007). All shareholders of a spring,
karez or any other common source would choose a person unanimously to take care of each
farmer’s share. There is evidence that farmers designed water distribution structures using a log
with slots in it according to the share of farmers. The modern design of water distribution structure
from a source for different farmers is almost the same. When a project is launched, modern
techniques of water distribution, water conveyance and check structures are introduced, along
with social structures. These new inventories have replaced the old system in many areas.
However, it is still the case in Balochistan that decision making is the right of senior male family
members; females are not allowed to take part nor move outside the home for work or trade
(Qasim et al., 2011).

3.1.5 Existing irrigation practices/ methods/ modes/ tools/ techniques
Irrigation through a karez or a spring is one of the oldest irrigation practices. Karezes and springs
were the chief source of irrigation during early to mid-twentieth century (Mushtaq et al., 2013;
Khan & Nawaz, 1995). Karez irrigation system in Balochistan is under tremendous threat from
the rapid expansion of tube wells, and could lead to their complete disappearance (van
Steenbergen & Oliemans, 2002). Farming families are seeking to make the most of the area
under cropping and to increase productivity thus rejecting the earlier and traditional form of
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irrigation (Mustafa & Qazi, 2008). Khushkaba when only localised “within field” runoff is used
from incident rainfall and crops suffer moderate to severe moisture stress during crop cycles,
and Sailaba when water is harvested through ephemeral streams, and crops complete their life
cycles using stored moisture; irrigation practices are used where no other means of irrigation are
available or accessible (Ahmad, 2007a).
The Pishin Lora Basin is the major fruit growing belt of the province. Excessive groundwater
extraction in the surrounding district of Pishin, Quetta, Manghochar, and Kuchlak are lowering
the water table which is resulting excessive long term groundwater depletion and is a serious
threat to the sustainability of agriculture.

3.2 Socioeconomics Characteristics of Groundwater Users and
Use in Kuchlak sub-basin
3.2.1 Socioeconomic situation
Agriculture is the main source of livelihood source for some 60-70% people, followed by business
10-15%, government/private jobs 5-10%, mining 5% and laborers 5-10%. There are two cropping
seasons Kharif and Rabi. The Kharif season crops are sown in summer and harvested in late
summer or early winter, while the Rabi season crops are sown in winter and harvested in late
winter or early summer. The cropping pattern is dominated by horticultural crops (fruits and
vegetables). Apple being the most profitable crop dominates the cropping pattern. Grapes and
tomato are crops replacing apple in water scarce areas, and wheat, onion, and garlic are also
grown. Farmers are growing high water demanding horticultural and vegetable crops with
traditional irrigation techniques. However, research shows that high value low water demanding
fruits such as grapes, pistachio, and almond are also suitable for the area and have promising
features and are economically viable for sustainable farming.
The majority of farms (60-85%) are small (<5 acres) and due to the law of inheritance the farm
size is getting smaller with the passage of time. The small farm size also limits the adoption of
modern technology due to small and landless farmers with limited financial capacity. In contrast,
the larger farmers are wealthy and influential and adopt new agricultural technology first, while
the small and landless farmers get that after months and years (Khair et al. 2021). The large
wholesale markets such as Quetta, Lahore, Karachi, Islamabad are also easily accessible by
farmers through well-connected road network.

3.2.2 Groundwater trading
Like in other parts of PLB farmers used to sell water in excess of their needs. But now a days
farmers have reported that marketing of irrigation water for cash is on decline due to water
shortage amid depleting groundwater and lack of electricity for pumping. However, share
cropping on a third of crop output between the landlord and sharecropper is still practiced in the
area on crops and vegetables. The sharecropper is paid a share in crop output for his labour
contribution, it usually ranges from 33 to 50 percent depending on how much labour and cost
sharing is involved. But fruit orchards are large owner operated enterprises, however in some
cases contract/lease for a period of (1-5 year) on different terms and conditions is also common.

3.2.3 Availability of basis amenities
The population of Kuchlak sub-basin are connected by metaled road to the nearby towns of
Khanozai, Kuchlak and Quetta city. The other facilities such as Basic Health Unit for medical
facilities, veterinary centre for animals, agriculture extension facility for farmers are available at
the village/town level. Schools (primary, middle and high) for boys and girls do exist at the
village/union council level which is an encouraging feature of the area and both boys and girls
are taking education in a good number near their homes. Drinking water facility is also available
either insides homes or at a short distance from their homes.
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4 Physical Setting
The physiography of the Kuchlak basin can be divided into three units, of mountains, upland
piedmont plain and valley floors. The elevation of the mountain peaks range between 1893 to
3455 m about mean seal level. The mountain highlands includes Takatu, and ranges. The
piedmont is flat to moderately undulating slope bordering the mountain floor and occupies major
proportions of the sub-basin. It extends towards the valley floor.
Table 4.1: Detail of physiographic unit (ha)
Physiographic
unit

Mountain highlands

Piedmont

Valley floor

Area

43771

51541

24605

Figure 4.4 (section 4.4), covers a part of northern Balochistan Province and has a total area of
about 40,332 km2. It lies between latitude 30°-0' N and longitude 31°-50'and longitude 66°-20' N
and 69°-0' E. The area under this hydrogeological sheet constitute the part of Pishin Lora, Zhob
and Nari river basins and their sub-basins namely Quetta Valley, Pishin Valley and Kuchlag
Valley of Pishin Lora Basin, Muslim Bagh, Murgha Faqirzai, Qila Saifufflah, Sharan Jogazai,
Shaigalu of Zhob River Basin, Ziarat, Harnai, Sharig, Loralai, Dabbar Rud, Lakhi Rud, Duki and
Gumbaz of Nari River basin. Physiographically these basins exhibit characteristic land forms i.e.
mountain highs, piedmont plain and valley floor. The mountain highlands occupy major portions
and form high ridges trending east-west bordering the alluvial plain of basins. The altitude of
mountain high land ranges from 3583 m to 1401 m above mean sea level (MSL). The maximum
elevation of mountain highland is 3583 m above MSL in Pishin Lora Basin near Urak. The
piedmont slopes are the area of intermediate slope occurring generally along the foot hills and
merge imperceptibly with the valley floor. The valley floor occupies the central part of the valley
which is relatively flat with gently sloping topography. The main streams of the area are Zhob
River in the Zhob Basin, Loralai River, Thal River and Khost River in Nari Basin, and Pishin Lora,
Karanga-Karak Lora, Surkhab Lora in Pishin Lora Basin. The streams are ephemeral; however
base flow occurs near the downstream reaches in some streams. Recharge to the groundwater
occurs due to flood flow in the stream and direct infiltration of precipitation falling over the
piedmont plain.

4.1 Climate
Pishin and environ area is classified as arid, subtropical, highland characterized by low rainfall,
low humidity, and high rate of evaporation, dry winds, severe winter and mild summer. All stations
in the sub-basin receive a mild winter rainfall in January and February maximum per month and
a minimum in October with the aid of the winter in November to May and summer in June to
October precipitation. The sub-basin measures 217/annually, with a large variability and annual
evaporation of 1750 mm, and is classified as arid region (van Steenbergen, Kaisarani et al.
2015).
Table 4.2: Cummulative precipitation for Kuchlak sub-basin (mm)
Rainfall

Effective rainfall
(mm)

Effective (%) of total
rainfall

Highlands

196.5

39.3

14.4%

Lowlands

76.3

15.3

5.6%

Total

272.8

54.6

20%

Source: Balochistan Irrigation department
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Climatically the area lies in sub-tropical region of arid zone with hot summers and cool winters
characterized by large seasonal and diurnal fluctuations in temperature and rainfall. The average
temperature ranges from below freezing point in winters to maximum of 40°C in summers. The
hottest month is June and coldest is January. During winter precipitation occurs in the form of
snow in areas near Quetta, Muslim Bagh and at higher altitude. Maximum rainfall occurs during
July and August due to monsoons and the average annual rainfall ranges from 200 to 300 mm.
The climate in Pishin and Kuchlak has extreme temperature variations, seasonally, daily and
annually. The climate in the northern mountains is influenced by altitude. The summer
temperature in Pishin Lora and the Kuchlak model area is very high occasionally rising above 50
°C (Ahmad et al., 2004). Maximum and minimum average temperatures are 27° C in July and
3.7 °C in January. The hot winds called “loo” blow in the summer throughout the plains. The trees
shed their leaves to avoid the loss of moisture. The temperature data was obtained from NOAA.
The average annual temperature (2010-2018) shows the northern regions have low temperature,
while the western areas show moderate temperatures (see Figure 4.1).Error! Reference source
not found. Storms of dust and thunderstorms that temporarily reduce the temperature
occasionally break the dry, hot weather. Evenings are cool; the daily temperature variation can
be between 5C and 17C. Winters in northern and northwestern Balochistan model area indicate
low temperatures with an annual average minimum temperature of -0.3 to 1.0 °C, while the
western zone in the peak temperature area and south Balochistan model area showed mild
temperatures.

Figure 4.1 Mean (a) minimum temperature and (b) maximum temperature variation in Kuchlak
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4.2 Landuse
The total land area of Kuchlak basin is 2083 km2. The landuse of Kuchlak in Figure 4.2 was
determined through remote sensing, shows that the forest and agricultural land is about 276.8
km2 and the cultivable land is about 70.25 km2 which comprises about 16.7 percent of the
Kuchlak basin. Mountains and desert/dry plains comprises 42.1 percent of the area and
floodplains 24.6 percent of the sub-basin (van Steenbergen et al 2015).

Figure 4.2 Land use in sub-basins of Pishin Lora Basin – Kuchlak is shown in sub-basin B-16 (Source
Halcrow Pakistan and Cameos, 2008)
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4.3 Topography and drainage
Drainage of the Kuchlak sub-basin is from northwest towards southwest and less commonly
east. The main streams in the sub-basin are the Ghurkai Lora, Khanozai, Bibi Lora, Bostan and
Surkhab River (Figure 4.3). Ultimately all the streams drain into the Pishin valley through the
Pishin Lora River.
Table 4.3: shows surface water and groundwater drainage of the sub-basin
Entering rivers

Main internal river drained

Main internal region river
drained

Existing rivers

KarangaKarak Lora

Ghurkai in East

Bibi Lora South

Surkhab
Lora
Karak Manda

Source: Sagintayev et al. 2012

Figure 4.3: Surface topography of Kuchlag sub-basin with major streams (Khanozai Nadi, Dilla Nadi,
Karanga-Karak Lora and Surkhab River)
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4.4 Hydrogeology
4.4.1 Stratigraphy
The sedimentary range continuously ranges from recent to late Cretaceous, Eocene Jurassic
age exist in the area. Recent and sub-recent gravels and conglomerates are major sources of
groundwater.
Table 4.4: The following table illustrates stratigraphy of the sub-basin
System
Recent and Pleistocene
Pliocene
Miocene
Oligocene
Eocene

Formation/Rocks
Recent sub recent Bostan formation
Shaigalu sand stone and Urak group
Nisai group, Nimargh limestone and Ghazij
shale
Berwary limestone
Parh group
Chiltan limestone, Shirinab and Alozai group
Alozai group
Muslimbagh Intrusive

Paleocene
Cretaceous
Jurassic
Triassic
Early Paleocene and Late
Cretaceous
Source: Balochistan Irrigation Department

4.4.2 Structure and Tectonics
The Kuchlak sub-basin is a region of repeated parallel thrust and folds in which the topography
follows the strikes of the folds. These structures and the directly related topography determines
the main drainage directions of the groundwater and surface water. The location of hard rocks
for gravel formation and saline rock particularly Bostan formation affects the water quality of the
area. The existing rock formations may be separated in to five groups according to their actual
or potential water bearing characteristics.
Table 4.5: Alluvial aquifer dimensions of the Kuchlak sub-basin
Aquifer

Assumed
shape

Average
width
km

Length

Surface
area

Average
thickness

km2

m

51.45

124.32

45.415

22.53

72.52

54.864

km
Explored
eastern aquifer

Rectangular
Triangular

Western gravel
aquifer
Linear

2.4 to
3.2

0.805

24.14

Volume
aquifer

57.3024

Source: Balochistan Irrigation Department

The consolidated rocks exposed in the area are of sedimentary and igneous origin. The
occurrence of igneous rocks is confined to Muslimbagh and Qila Saifulla areas. The sedimentary
rocks include limestone of different type, shales, sandstone and conglomerates. The igneous
rocks are mafic ultrabasic intrusive and consist of dunites, surpentinites which are famous for
chromite. The rocks are folded and faulted locally and there are repeated parallel thrust faults on
a regional scale. The fault axis in some case runs along the centre of the valley. The consolidated
rocks have developed secondary porosity such as joints, cracks, fissures and at places prove to
be hard rock aquifers with limited potential. In such areas groundwater discharges in the form of
springs.
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The unconsolidated deposits of alluvium fill are derived from the adjacent mountains and laid
down in structurally depressed areas by the streams. These deposits consist of layers of sand,
silt, clays and gravel of variable thickness down to certain depth. The unconsolidated deposits of
the valley vary in character that is coarser in areas close to the mountains and grades to fine in
the central part of the valleys. These deposits wherever saturated constitute the principle aquifers.
For the exploitation of groundwater resources, the area has been investigated by WAPDA in
collaboration with UNDP in 1973-83. During investigation 52 tubewells were installed and 26 test
holes were drilled in different sub-basins. Out of these 15 tubewells of depth ranging from 99 m
to 252 m and 6 test holes of depth ranging from 123 m to 576 m were drilled in the Zhob River
Basin, which is shown in the Figure 4.4 . The groundwater in the Zhob River basin is generally
found in unconfined conditions at depth ranging from 8 m to 84 m below land surface. The aquifers
in this basin are encountered within 200 m depth which is fairly thick and transmissive. The
specific capacity of wells in this part varies from 57 to 203 m3/hr/m of drawdown. In Nari river basin
14 tubewells of depth from 64 to 246 m and 10 test holes of depth from 52 to 246 m have been
located in this sheet. Groundwater is generally unconfined and occurs at depth ranging from 3 m
to 36 m below land surface. The aquifer is generally localised and patchy in character and
moderately transmissive. The specific capacity of the wells installed ranges from 0.67 to
15.13 m3/hr/m of drawdown. In Pishin Lora Basin 22 tubewells of depth from 16 m to 120 m and
9 test holes of depth ranging from 106 m to 298 m have been shown in this sheet 3.3. The aquifer
thickness is variable and ranges from 22 to 315 m in different parts of the basin. The depth to
water varies from 8 m to 61 m below land surface. The specific capacities of the wells installed
range from 20 to 53 m3/hr /m of drawdown.
For the determination of quality of groundwater detailed chemical analysis of water samples from
wells and holes were made in the WAPDA Laboratory. The results show that in Quetta valley the
quality of groundwater is generally fresh at all depths and the total dissolved solids in groundwater
are found within 1000 ppm. In Zhob River Basin the quality of groundwater varies. It is found fresh
in Muslim Bagh sub-basin with total dissolved solids 500 to 1000 ppm. In Qila Saifullah area the
water is found mineralized in certain parts, where the total dissolved solids reach a limit of 2500
ppm. Elsewhere the quality of water is satisfactory. In Nari basin the groundwater quality is
generally fresh.

Figure 4.4: Hydrogeological features in the study area

Page 23

Improving Groundwater Management to Enhance Agriculture and Farming Livelihoods in Pakistan
Groundwater Resource Management for the Kuchlak sub-basin, Balochistan, Pakistan

Figure 4.5: Hydrogeological Map (Source: Hydrogeological Map of Pakistan Sheet N0. NG-42/NW
Quetta, WAPDA-GoP)
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4.5 Depth to Groundwater
The locations of known extraction bores are shown in Figure 4.6. There are about 30 monitoring
points in Kuchlak which were used to develop a map showing depth to water table depth in Figure
4.7. The depth to water in the highlands northeast region of basin is deep (85m), this rises from
deep (85m) to low (35m) class. In the southeast of the basin the water table depth is low to
moderate. Due to unplanned tubewell installation and unrestricted pumping of water, the area is
facing problem of depleting groundwater table. WAPDA (1993), studied the unplanned
groundwater management in Pishin Lora basin and concluded there was no additional water for
future exploitation. Water tables are declining sharply at the rate of 2 to 5 meters annually which
is very alarming situation. The result is that many areas are running out of water and causing
tubewells failure. Farmers are losing their source of livelihood and being confronted with many
problems.

Figure 4.6: Depth to water monitoring points in the study area
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Figure 4.7: Depth to water surface in study area in 2010
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4.6 Mean annual Rainfall in Pishin Lora and Kuchlak (2010-2018)
Pakistan also gets monsoon and western Rainfall. Monsoon takes place in July through
September with heavy downpour across the nation, except in western Balochistan. In
Balochistan most of the rainfall occurs in December to February due to west wind. The source
of precipitation data is Climate Hazards Group Infra-Red Precipitation with Station data
(CHIRPS) https://developers.google.com/earth-engine/datasets/. CHIRPS is a quasi-global
precipitation dataset for 30+years. CHIRPS involves a 0.05 degree resolution satellite imagery
and on the-Spot satellite data for grid time series rainfall to evaluate trends and seasonal drought.
The annual average rainfall in the Pishin Lora Basin (2010-2018) ranges between 216 and 400
mm. The northeast has an average annual rainfall of 321 to 400 mm. The precipitation is
maximum toward north and northeast of the study area. It reduces in the southwest in Naukundi.
The average annual rainfall at Kuchlak ranges from 241 to 251 mm spatially in the basin (Figure
4.8). Most of the precipitation falls in the winter and early spring. Regimes for three contrasting
precipitation locations in the region of Pishin and Kuchlak indicate 200-250 mm annual rainfall.
Reliability for regeneration is generally low throughout upland and for Pishin Lora and Kuchlak.
In July and August, 40% of the average rainfall occurs in the north and south.

Figure 4.8 Spatial variation in annual rainfall for Kuchlak (mm)
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4.7 Mean Annual Evapotranspiration and Actual
Evapotranspiration in Kuchlag (2010-2018)
The main element of aridity and desertification and the balance of natural hydrological processes
is evapotranspiration. Pakistan lies in the subtropical belt, with long periods of sunlight and low
cloud cover in winter. The source of is the evapotranspiration data is USGS Earth Explorer2. The
USGS FEWS NET Data Portal offers access to geospatial data, satellite image products, and
derived information products in support of FEWS NET drought surveillance initiatives worldwide.
The USGS FEWS NET Project, part of the Early Warning Focus Area at the USGS Earth
Resources Observation and Science (EROS) Center, provides this portal.
This variation in evapotranspiration is due to temperature changes, precipitation, sunshine,
velocity, relative humidity, latitudinal and altitudinal expansion in the research region. The mean
annual evapotranspiration (2010-2018) in Kuchlak varied spatially from 1577-1736 mm. The
minimum evapotranspiration in winter was 24.3 mm/mo and the maximum was 235.6 mm/mo in
summer. The spatial distribution of mean annual actual evapotranspiration (Eta) in the Kuchlak
model area from 2010 to 2018 shows the actual evapotranspiration ranges from 995 to 1228
mm. The maps in Figure 4.9 show elevated rate of evapotranspiration in the northwest which
decrease towards the southwest. Balochistan experiences highest evapotranspiration rates
during the pre-monsoon season, along with extreme temperatures, sparse precipitation, lengthy
sunshine hours, low relative humidity, low pressure, and calm winds.

Figure 4.9 Spatial variation in average annual potential and actual evapotranspiration for Kuchlak
(2010-2018)

2

https://earlywarning.usgs.gov/fews/datadownloads/Global/PET
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5 Model Development
The groundwater model for the Kuchlak sub-basin covers an area of approximately 730 km2.
The model domain is bounded by the piedmont slopes along the northern, eastern and western
model boundary (see Figure 5.1). MODFLOW was used for developing the Kuchlak groundwater
model. The data collation, analysis and processing required to construct the model are described
in the following sections.

5.1 Conceptual Model for Balochistan
This chapter presents a conceptual model for the study area. Simulating the real world is a
daunting task that requires simplifications of the system. The conceptual model should capture
the response of the groundwater system under different stresses for the study area under
consideration. The model domain for this study covers Kuchlak sub-basin of Balochistan. The
sub-basin is bordered by three sub-basins of Pishin Lora basin namely Quetta west, Pishin in
the northwest and Shirinab in the southwest. The major stream in the basin is the Surkhab River
which flows out from a narrow gap in the southwestern part of the basin. Kuchlak is the most
affected sub-basin of Pishin Lora Basin where groundwater level has declined drastically due to
prolonged drought, over exploitation and lack of proper management.
The conceptualization of the various components for Kuchlak is shown in Figure 5.1. Due to the
decline in water levels over that past 2 decades and the lack of data sources in the area, we
considered the Kuchlak aquifer as a two layer aquifer system. The main streams in the sub-basin
are the Ghurkai Lora, Khanozai, Bibi Lora, Bostan and Surkhab River are captured in layer 1.
Agriculture is the mainstay of livelihoods in the area and dependence on tubewells for irrigation
water as well as for domestic needs in the townships is commonplace.

Figure 5.1: Conceptual model of the Kuchlak aquifer

5.2 Model Grid and Model Boundaries
The basic package in MODFLOW requires the definition of the model grid and boundary
conditions, in order to perform a numerical solution of the flow equation. In this section, the
description of the grid and boundary condition is defined for the sub-regional model of
Balochistan.
The model of Kuchlak sub-basin is bounded between 275,000 m East and 348,000 m East, and
between 3,332,500 m North and 3,395,500 m North. Each grid of the model is 500 m x 500 m.
It has 126 rows and 146 columns. The model framework consists of two active layers and the
grid network is shown in Figure 5.2. The bottom of the aquifer is assumed where shale layers or
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hard rock was encountered, which is assumed to form the floor of the basin. The basement is
assumed to have negligible permeability, no flow occurs across this surface.
Groundwater in the sub-basin mainly occurs in inter granular openings mainly admixture, usually
in unconfined aquifers. Under appropriate conditions the groundwater is stored in fine grained
rocks whereas water also occurs in fractured rock and nodular limestone. The main streams in
the Kuchlak basin are the Ghurkai Lora, Khanozai, Bibi Lora, Bostan and Surkhab River.
Ultimately all the streams drain into Pishin valley through major Pishin Lora.
The transient package of MODFLOW requires the temporal discretization of the model. In
MODFLOW, temporal discretization is performed by defining the stress periods and time steps.
A stress period is that time frame in which the model stresses (i.e. recharge, evapotranspiration,
river stage etc.) remain constant. We have considered monthly stress periods divided in three
time steps for model convergence. The model was simulated from October 2010 till September
2018 to cover the cropping season (Rabi and Kharif) for the modelling period.

Figure 5.2: Model grid showing river cells for the Balochistan model
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5.3 Aquifer Geometry
The purpose of a numerical groundwater model is to provide a means whereby the various
elements of the groundwater flow system can be described in a quantitative way so that the
impact of changes to, or stresses on, parts of the system can be predicted. The groundwater
flow system has two directional components, namely horizontal and vertical. To accommodate
the horizontal component of flow, the groundwater system is considered to be formed of a series
of layers, each of which is given a mathematical representation of the aquifer characteristics for
that layer. A grid is overlaid on the layers, to provide a means of assigning differing values for
these characteristics to different parts of layer, and to facilitate the simulation of the vertical
component of flow. This kind of approach is known as quasi three dimensional approach for
depicting the fully three dimensional groundwater system.
The top of the layer is defined by the surface topography (Figure 5.2) obtained from the digital
elevation model (DEM) for 30 meter resolution from the surface radar topography mission
(SRTM), NASA. As the model grid considered for the Balochistan model is 500 m by 500 m, the
30 meter SRTM data is up scaled by averaging the number of 30 meter grid values to obtain
values for each model grid cell. The base of the aquifer (Figure 5.4) varies from 1209 m to 1700
m this is inferred from the bore log data (Figure 5.6).
The base of the model was then identified by tagging the layers that have shale, limestone, or a
sequence of cemented clay and sand layers. These elevations were noted and then interpolated
to generate the basement surface of the model (Figure 5.4).
Figure 5.5 represent the cross sections across different rows of the model domain. Section A-A
crosses through the northern part of the model and shows two distinct groundwater flow paths
along valleys for the Khanozai Nadi, and the Surkhab River. As we move towards the south the
aquifer becomes deeper towards the mid-section of the domain and dips towards the KarangaKarak Lora River in the west. Section C-C that is in the south, shows the aquifer dips towards
the east with the aquifer depth increasing towards the southeast. Purely based on the geometry
of the aquifer, two drainage path ways may be expected i.e. one that drains from northwest to
southwest and other that drains to southeast.

Figure 5.3: Aquifer top
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Figure 5.4: Aquifer Bottom

Figure 5.5: Location of the cross-sections
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5.4 Aquifer Parameters
MODFLOW computes the conductance components of the finite difference equation which
determines flow between adjacent cells. It also computes the terms that determine the rate of
movement of water to and from storage. The aquifer geometry, leakage between layers, and
the properties of the aquifer system need to be specified. The aquifer parameters that need to
be specified are hydraulic conductivity (kh) and specific yield (Sy), and specific storage (Ss) for
layer.
A database of about 40 bores with bore logs were compiled from sources provided by BID, SMO
WAPDA, and from various previous field studies. These logs were scanned, geo referenced and
compiled in a lithology database. The digitised logs along with locations and reference elevations
were included in the database. The aim was to include information from as many bores as
possible in order to have adequate spatial coverage of the Kuchlak model as shown in Figure
5.6.

Figure 5.6: Bore log locations for estimating the aquifer parameters

The bore logs for these 40 bores have been plotted using Strater a borehole and well logging
software. Examples of typical borelogs are shown for selected bores for Kuchlak basin is shown
in Figure 5.7. A complete list of all bore logs is provided in Appendix A. The bores are drilled to
different depths and do not necessarily penetrate the full thickness of the alluvium, therefore
interpretations of the basement surface needs to account for either a less permeable horizon
such as a clay sequence if one is present at deepest depth, or where in some cases the bore is
deep enough to have reached the basement rock typified by granite or other hard rock.
Each of the 40 bore logs were used to estimate hydraulic conductivity, specific yield, specific
storage and porosity. The approach used involves interpreting the drilled logs using average
values for various lithological components. The interpretation of the logs is not intended to give
a perfectly calibrated value; rather it provides the initial estimates of aquifer properties for the
model domain which will subsequently be refined during calibration.
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Once the layer structure was finalised, the next step was to estimate a composite value of aquifer
properties for each layer. The purpose of this approach is to provide a reasonable estimate of
aquifer properties which can be used in the model to start calibration once the model set up has
been completed. The estimated hydraulic conductivities (kh) are shown in Figure 5.7. The kh
values for the model have a range from 4 to 18.34 m/d with grid average values ranging from
3.99 to 18.34 m/d as shown in Figure 5.8 (a). Taking an average value of 11 m/d the average
transmissivity of the is 2,200 m2/d where the average layer thickness is 200 m. The distribution
of higher kh values is greater in central Surkhab command area as shown by the orange and red
regions in Figure 5.7 (a). There are also areas of low kh in central of Khanozai.

Figure 5.7: Selection of bore logs for Kuchlak (remaing bore logs in Appendix A)

The spatial distribution of specific yield (Sy) for the model is shown in Figure 5.7 (b) is has a
median value of 0.06. The gridded range of Sy is in a narrow range from 0.03 to 0.079. The Sy
in the south of Karanga-Karak Lora area is relatively higher. Much of the lower Sy zones are in
the central Khanozai command areas. Overlaying the distribution of salinity for this layer will
provide improved insights into availability of freshwater from areas with higher storage potential.
The spatial distributions for specific storage (Ss) for the model is shown in Figure 5.7 (c).The
mean Ss is 1.11E-3 (1/m) and the range of Ss varies from 5.22E-4 to 1.7E-3 (1/m). The grid
average values shown in Figure 5.2 vary from 2.77E-4 to 5.096E-6 (1/m).
These initial estimates of Kh, Sy and Ss are imported in the MODFLOW model and were
subsequently refined during model calibration
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Figure 5.8: Initial estimate for aquifer parameters (a) hydraulic conductivity (m/d); (b) specific yield;
and (c) specific storage (1/m).

5.5 River-Aquifer and stream-Aquifer Interaction
The parameters required to simulate stream-aquifer interaction for each designated river cell in
the model domain are the river stage, bed conductance and the river bottom elevation. In order
to prepare this data file, a substantial amount of data collection and processing is required. The
first step was to identify the network of river and streams for the model domain.
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River-aquifer interaction in the Modflow is defined by Equation 1. It is assumed that the river
aquifer interaction can be represented by the conductance such that the seepage from/to the
river is proportional to the head in the river stage and head in the aquifer cell.

𝑎𝑖,𝑗,𝑘 = 𝐶𝑅𝐼𝑉𝑖,𝑗,𝑘 (𝑅𝑖,𝑗,𝑘 − ℎ𝑖,𝑗,𝑘 )

(1)

Where,

𝑅𝑖,𝑗,𝑘 is the head in the river (L)
𝐶𝑅𝐼𝑉𝑖,𝑗,𝑘 is a conductance (L2T-1). This can be calculated as the vertical hydraulic
conductivity of the river bed material and the area of the river bed as it crosses the cell,
divided by the thickness of the river bed material.

ℎ𝑖,𝑗,𝑘 is the head in the aquifer cell (L)
Representation of the river system in the model is done by segmenting the river into reaches,
such that each reach resides in a single cell. This is required as the area required for the
calculation of conductance is taken for each grid cell. The thickness of stream bed material (m)
is assumed to be 1 for initial model run, and considered as calibration parameter in the model
calibration step.

5.6 Recharge
Recharge to the aquifer for the groundwater model is the amount of water added to aquifer per
unit area per unit time. Groundwater recharge in the sub-basin is affected by the non-perennial
stream flow and runoff passing along the stream channel and over adjacent areas. This is very
rapid near the piedmont area on permeable alluvial gravels. The stream network is catered for
above in section 4.5. In this case the recharge comprises of rainfall recharge and some irrigation
return flows. However, since the water levels are relatively deep recharge to the aquifer is
relatively small and thus unrestrained pumping results in depletion of the groundwater.

5.7 Pumping and groundwater use
The Kuchlak sub-basin is situated in the Pishin Lora Basin, just northeast of the center of the
basin. The Kuchlak sub-basin is a part of the intermountain valley system of Balochistan formed
due to the ingression of Indian Shield under the Arabian Shield. This has resulted in over-folding
of rocks with a series of thrust faults trending northeast–southwest, giving rise to a complicated
hydrogeology. The sedimentary rocks of the basin range in age from Jurassic to Recent. Over
time the synclinal zones were filled with alluvial material – often deposits of gravels and boulders
in the form of conglomerates and poorly sorted sand and clay sediments. These alluvial deposits
constitute the most important aquifers in the area (Halcrow Pakistan and Cameos, 2008a).
Kuchlak presents a specter predicted for semi-arid areas of the world that depend on unmanaged
groundwater, particularly where there is little recharge to compensate for the intensive use of
groundwater
At the census of 1977 the population of Kuchlak town was 7000 persons. At this time most of
the farm land was under cultivation. Annual crops were common: wheat, vegetables and
potatoes. Fruit Trees – apples, mulberries and apricots – were cultivated as well but sporadically
at this time. The main sources both of irrigation and domestic water were karezes and springs.
There has been a steady decline in groundwater levels over a period of thirty years in the Kuchlak
sub-basin. Initially in 1970s the groundwater use was very nominal through karezes and open
dug wells. Groundwater use however increased steeply around 1980 with economic expansion
and in particular the development of transport to large markets like Lahore and Karachi and the
influx of Afghan refugees, bringing skilled labor. By the late nineties and early part of 2000s a
point was reached whereby the main alluvial aquifer in Kuchlak was exhausted.
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From the 1970s onwards two developments took place that altered the local economy. This caused
a steep increase in the use of groundwater. In the first stage – in the seventies – dug wells were
developed often by farmers who did not share in the jointly owned kareze or spring. In due course
water tables dropped and went beyond the level where karezes and springs could be relied upon.
The uncertain karezes accelerated the development of more dug wells in the late seventies and
eighties. Ultimately, these dug wells fell victim to the overexploitation of groundwater as well. Spring
boxes were installed inside the dug wells. However as water tables continued to fall, these failed
too and dug wells were replaced from the early eighties onwards by electric powered deep
tubewells, using submersible pumps (Van Steenbergen, 1995; Mustafa and Usman Qazi, 2007;
Baloch and Tanik, 2008). By 1990 the groundwater level was 80 m below the surface. It kept
declining and tubewells were drilled even deeper. Agriculture by that time had transformed – and
the Kuchlak area was dominated by high value commercial horticulture. The high returns from the
apple cultivation were fuelling investment in more and deeper tubewells. By this time almost every
farmer in Kuchlak had established a fruit orchard, though not all farmers (5–25%) had a tubewell
of their own. They, however, had access to groundwater through ‘water tenancies’, whereby a
tubewell owner provides irrigation services and in return receives one-fourth of the crop. On
average a tubewell served 6–8 ha of land. Orchards were mainly cultivated through specialized
hired labor, often migrants from Afghanistan. Small land owners relied less on hired labor, using
family labor instead.
The major change manifested itself in 1998 when new tubewells for the first time started to hit the
bottom of the alluvial aquifer – at approximately 120 m depth. The decline in water table continued
with several tubewells going dry or having severely reduced discharge. From 1999 onwards some
of the farmers invested more in even deeper tube wells beyond the alluvial aquifer – penetrating
the harder limestone formation. These wells were typically drilled to a depth of 250 m. The yield of
these new deep tubewells was far less – not more than 15% of a production well in the alluvial
aquifer in the good years. Other farmers continued to run their well in the alluvial aquifer but again
with increasingly marginal results. Irrigated agriculture reduced to 20% of what it was in the heydays
of the early eighties.
Currently, only 279 ‘official’ tubewells are functional in the area – see Table 5.1 – but at significantly
reduced discharges. However, there are many more tubewells in Kuchlak which are not listed3.
Table 5.1: Tubewells in Kuchlak sub-basin
Type

No. of TWs

Remarks

Domestic water supply

15

Operated by Public Health Engineering Department

Agriculture – illegal connection

20

No payment of electricity charge

Agriculture – legal connection

244

Payment of flat rate of PAR 4000/month (USD 45)

Total

279

Most pumping is for agriculture, as mentioned for apricot, grapes and vegetables and winter wheat.
Water sharing between farmers is still practiced. It is not based on payments, but on informal
reciprocal exchange. In addition use of the shallow aquifer continues in a limited way, mainly fed
by seepage water from surface sources and leakage from pumping. As mentioned, the population
of Kuchlak increased tremendously – rising to more than twenty times the population of 1977. There
are an estimated 27,000 households and approximately one-third of these – mainly in the south of
the city – have excavated a small diameter tubewells or open dug wells in their compounds for
domestic use. The water is used for washing clothes and for home gardening – not for drinking
water as it brackish.

3

Pers. Comm. Mr Rasheed Tarin, Balochistan Department of Agriculture
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Table 5.2: Salient features of tubewells in Kuchlak sub-basin
Area

WL_2010_
m

WL_2018_m

Change WL (20102018)

30.567

45.73

115.85

-70.12

67.4

30.667

36.59

121.95

-85.36

RudMalazai

67.45

30.601

24.39

91.46

-67.07

KilliMalazai

67.517

30.601

18.29

85.37

-67.08

RudMalazai

67.45

30.601

24.39

91.46

-67.07

KilliDilsora

67.384

30.634

36.59

146.34

-109.75

KilliSafianBostan

67.051

30.45

36.59

85.37

-48.78

KilliRudMalazai 3

67.45

30.601

36.59

121.95

-85.36

KilliSpinTakai

67.367

30.633

45.73

137.2

-91.47

KilliSpinTakai

67.368

30.634

39.63

125

-85.37

KilliSpinTakai

67.367

30.634

39.63

115.85

-76.22

RudMalazai

67.434

30.617

24.39

88.42

-64.03

KhushabPishin

67.284

30.567

45.73

115.85

-70.12

KhanozaiPishin

67.351

30.617

24.39

137.2

-112.81

67.45

30.6

36.59

106.71

-70.12

67.284

30.567

48.78

112.81

-64.03

67.4

30.651

36.59

106.71

-70.12

Bostan

67.001

30.433

30.49

85.37

-54.88

Bostan

67.067

30.433

54.88

109.76

-54.88

KilliMhatarzai

67.967

30.367

67.07

146.34

-79.27

KilliMhatarzai

67.967

30.367

54.88

137.2

-82.32

KilliMhatarzai

67.967

30.367

67.07

118.9

-51.83

Kuchlak

67.984

30.384

67.07

137.2

-70.13

Hashim Khan
Nasar

66.95

30.367

24.39

115.85

-91.46

PotiNasaran

66.95

30.367

36.59

137.2

-100.61

PotiNasaran

66.95

30.367

60.98

115.85

-54.87

MehtarzaiBeleli

66.884

30.267

67.07

131.1

-64.03

KuchlakkiliPoti

67.95

30.367

76.22

100.61

-24.39

KuchlakBaqzai

67.117

30.351

76.22

115.85

-39.63

KhushabPishin

67.284

30.567

60.98

118.9

-57.92

Kili Sahibzada
Kuchlak

66.951

30.367

54.88

82.32

-27.44

Kuchlak

66.951

30.367

85.37

137.2

-51.83

Darwesh Abad

66.884

30.267

36.59

76.22

-39.63

Darwesh Abad

66.884

30.267

45.73

85.37

-39.64

Darwesh Abad

66.884

30.267

76.22

100.61

-24.39

KhushabPishin
Murgha zakariazai

RudMalazai
KhushabPishin
Murgha Zakariazai

Long

Lat

67.284
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Table 5.2. Continued
Area

Long

Lat

WL_2010_
m

WL_2018_m

Change WL (20102018)

Hashim Khan
Nasar

66.95

30.367

60.98

112.81

-51.83

Killi Baz Mhatarzai

67.967

30.367

97.56

137.2

-39.64

KilliChawkal

67.051

30.434

85.37

134.15

-48.78

Killi Sahib Khan

67.051

30.467

67.07

115.85

-48.78

Gowal

67.183

30.5

60.98

97.56

-36.58

Gowal

67.184

30.501

85.37

134.15

-48.78

Khani Baba

67.117

30.484

97.56

134.15

-36.59

Khani Baba

67.118

30.484

85.37

121.95

-36.58

Khani Baba

67.117

30.484

91.46

137.2

-45.74

Mughtian

66.984

30.384

100.61

137.2

-36.59

Mughtian

66.984

30.384

106.71

134.15

-27.44

Mughtian

66.984

30.384

85.37

106.71

-21.34

KilliAkhunzadakhail

66.984

30.4

67.07

106.71

-39.64

KilliAkhunzadakhail

66.984

30.384

76.22

121.95

-45.73

KilliQasim

66.984

30.401

73.17

115.85

-42.68

KilliQasim

66.984

30.401

73.17

106.71

-33.54

KilliBazai

66.984

30.384

79.27

134.15

-54.88

KilliBazai

66.984

30.384

60.98

103.66

-42.68

khanozai

67.334

30.601

70.12

115.85

-45.73

khanozai

67.318

30.617

76.22

106.71

-30.49

khanozai

67.317

30.617

79.27

97.56

-18.29

khanozai

67.317

30.617

85.37

109.76

-24.39

khanozai

67.301

30.617

73.17

115.85

-42.68

160
140
120
100
80
60
40
20
0

KhushabPishin
KilliMalazai
KilliSafianBostan
KilliSpinTakai
KhushabPishin
KhushabPishin
Bostan
KilliMhatarzai
PotiNasaran
KuchlakkiliPoti
Kili Sahibzada…
Darwesh Abad
Killi Baz…
Gowal
Khani Baba
Mughtian
KilliAkhunzadak…
KilliBazai
khanozai
khanozai

WL Changes
m

Tube well Data

Area

Figure 5.9: Water levels for various areas in Kuchlak sub-basin (2010 and 2018).
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6 Model Calibration and Water Balance for Kuchlak
Calibration is a process of varying the quantity and spatial distribution of uncertain, model
parameters within a probable range until a sufficient consistence of modelled and measured data
is achieved. Model calibration consists of adjusting model inputs until the output agrees with
measured observations. The procedure involved adjusting aquifer hydraulic properties, storage,
boundary conditions, and system stresses for example recharge, evapotranspiration, and river
and canal-aquifer interaction such that the model is capable of simulating both spatial and
temporal responses. These changes in the aquifer parameters should be applied within realistic
limits such that there is a gradual improvement in the model to simulate field measured
piezometric heads, flows and salinity where a transport model is also developed. The calibrated
model can then be used for scenario prediction.

6.1 Piezometric surface
Model calibration was undertaken to ensure the model is able of predicting the regional flow
conditions for the Kuchlak aquifer, and to ensure the model would replicate temporal responses
at key hydrograph sites. A one layer model is considered as confined system. The procedure
involved adjusting aquifer hydraulic properties, storage, boundary conditions, and system
stresses for example recharge, river and stream-aquifer interaction such that the model is
capable of simulating both spatial and temporal responses.
Calibration was performed against key bore hydrographs in the study area to ensure the temporal
response of the aquifer at various locations matched bore observations. The model was
calibrated using data from October 2010 till April 2018 to ensure general watertable trends were
of the correct order. The comparison of contours of observed heads and modelled heads for the
Kuchlak show piezometric surfaces for model reasonably well predicted which is shown in Figure
6.1 Figure 6.2.
We recommend that as additional data becomes available for 2018 and 2019 that the model
calibration be checked against new data and improvements to model calibration undertaken
where required. Typically, the model calibration should extend over normal, dry and wet years
so that system stresses can be checked to ensure that model response is reasonable.

Figure 6.1: Simulated vs. observed calibration 2010 to 2018 for Kuchlak model.
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Simulated heads plotted versus observed heads in for layer 2 is shown in Figure 6.1. The
correlation R2 was 0.9947 as shown by the close match between simulated and observed heads.

6.2 Hydrograph Response
The calibration of temporal heads allows model simulated heads to be compared to observed
heads at different points in the aquifer for key hydrographs. Temporal calibration allows the user
to determine how much confidence can be placed in selected locations within the model domain.
During the calibration process changes in parameter values are made within reasonable limits
to ensure that values used in the model are realistic. Some of the limitations that accompany
these comparisons are that field measured heads are point measurements in space and time at
best are an indication of the heads in proximity to the bore. In the Kuchlak model stresses are
averaged for each grid cell which is 500 m x 500 m. Besides being spatially averaged values
modelled heads are also temporally averaged, as in this case monthly stress periods are used
so stresses and flows are constant over a single stress period.
As discussed previously that groundwater in the region is deep due to overexploitation and it has
declined from 30 to 110 m from 2010-2018. Consequently, the region has steep gradient spatially
which pose an additional limitations in the calibration process. Secondly, lack of usage data
regarding bores in the vicinity directly impacts the level of correlation between modelled and
observes heads. Despite these limitations bore calibrations are an important aspect of model
calibration.
There are about 29 bores that were available for calibration. These bores are not spread spatially
across the area and tend to be located along the eastern part of the model domain. A selection
of 10 bores is shown in Figure 6.2 and 8 bores in Figure 6.3 for the model. These bore
hydrographs shows reasonably good temporal calibration. Generally many of the bore
hydrographs show reasonably good trends and fit whilst some bore hydrographs would be
improved by monitoring of pumping and better coverage of water level monitoring to improve
simulation results.
Bores 9, 14, 13 and 1 (Figure 6.2) are reasonably well calibrated. It is worth noting that these
bores have declined by 80 to over 100 m in a span of 8 year – and it seems that unconstrained
pumping is resulting in a race to the bottom. Other bores in Figure 6.2 exhibit drops of 40 to 60m
from 2010 to 2018. Can it get more alarming than this? – yet there is no serious attention being
given to slow down this decline. In Figure 6.3 the bore responses show declines of 30 to 60m.
These bores are located in the southern half of the sub-basin. The declines are less than in the
northern areas of the sub-basin, nevertheless they are alarming as seen in the consistent linear
decline in most bores.
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Figure 6.2: Simulated and observed head (m AMSL) for piezometers in Kuchlak
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Figure 6.3: Simulated and observed head (m AMSL) for piezometers in Kuchlak

6.3 Water Balance for Kuchlak
Groundwater flow and storage changes in the aquifer are accounted by assessing the overall
water budget. The water budget includes the inflows, outflows and change in storage for the
aquifer. This provides better understanding of sustainable groundwater extraction, and
groundwater level management in the study area. Additionally the water budget can be
undertaken for irrigation districts to improve understanding of groundwater usage and constraints
on further groundwater development. The water balance for the Kuchlak sub-basin will quantify
the extent of depletion on the groundwater system and it will allow assessment of what needs to
be done to achieve aquifer sustainability. It will also assist in quantifying sustainable withdrawal
levels for Kuchlak basin.
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6.3.1

Water Balance for Model

Groundwater flow and storage changes in the aquifer are accounted by assessing inflows,
outflows and change in storage for the aquifer. This provides better understanding of sustainable
groundwater extraction, and groundwater level management in the study area. In the Kuchlak
sub-basin the, major inflows and outflows in the aquifer system are shown in Figure 6.4. For this
model the important components of the water budget are rainfall recharge, stream seepage,
groundwater pumping for irrigation, and interlayer leakage. In areas where ground water is used
for irrigation, declining water levels will have an adverse impact on water availability. The
thickness of the shallow aquifer varies from 11 to 54m and was designed to capture the stream
network and irrigation. The thickness of the deeper layer varies from 113 to 551m and this layer
provides the major source of irrigation and domestic water.

Figure 6.4: Inflow and outflow components of the groundwater budget for Kuchlak

The water balance for Kuchlak in Table 6.1 indicates recharge is the main inflow to the
groundwater system at 32.807 MCM. Pumping from the deeper layer is 427.284 MCM which is
the main outflow followed by boundary flows ate 56.575 MCM which exit the sub-basin along the
southern model boundary.
Table 6.1 Water balance for the Kuchlak sub-basin 2010-2018
Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

32.807

0

32.807

River

0.030

0.000

0.030

Well

0.000

-427.284

-427.284

GHB

0.000

-56.575

-56.575

Net

32.837

-483.859

-451.023

Contributions from the stream network are minor, as it only recharges the top layer which has
essentially dried out due to heavy pumping from the deeper layer. Although in the model the top
layer dries out it is conceivable that there are localised perched water tables due to seepage
from non-perineal streams. The major outflow is from pumping which accounts for 88% of all
outflows. The net loss in storage over the simulation period is a very alarming -451 MCM/yr which
equates to an average decline in water levels of 5.4 m/yr. This, as many authors have indicated
is a race to the bottom.
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6.3.2 Water Balance for watersheds in Kuchlak sub-basin
There are three distinct watersheds in Kuchlak sub-basin: (i) Surkhab Lora (Major town
Khanozai); (ii) Rokhi Lora (Major town Bostan and Kuchlak); and (iii) Karanga-Karak Lora, which
are shown in Figure 6.5. An analysis of the water balance for each watershed was undertaken
to understand where stress on the groundwater system in each of the watersheds.
6.3.2.1

Water Balance for the Surkhab Lora watershed

The water balance for the Surkhab Lora watershed in the northwest of the Kuchlak model domain
shows recharge inflows of 11.285 MCM, and significant inflows from west and east flows in
response to pumping (see Table 6.2). The major outflows are pumping at 79.34 MCM and
outflows along the southern and western boundary of Surkhab. The groundwater depletion is 86 MCM/yr equivalent to an average decline in heads of 6 m/yr. In the Surkhab area we will
explore scenarios where groundwater pumping is curtailed by 20% and 40% to understand the
impact on the groundwater system and to improve our understanding of long term sustainable
extraction rates. There are very few monitoring bores in the Surkhab Lora watershed. Increased
monitoring in this watershed is warranted along with strategies to engage with groundwater users
and the farming community in Surkhab to co-design cropping strategies of high value low delta
crops and high efficiency irrigation systems that reduce the number of irrigations and decrease
stresses on the aquifer.
Table 6.2 Water balance for the Surkhab watershed 2010-2018
Inflow [MCM]

Outflow [MCM]

Net [MCM]

West flows

1.534

-10.828

-9.294

East flows

14.154

-1.848

12.306

North flows

13.270

-1.827

11.443

South flows

1.912

-34.580

-32.669

Recharge

11.285

0.000

11.285

River

0.016

0.000

0.016

Well

0.000

-79.340

-79.340

GHB

0.000

0.000

0.000

Net

42.169

-128.423

-86.253
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Figure 6.5: Subwatersheds in Kuchlak sub-basin

6.3.2.2

Water Balance for the Rokhi Lora (Bostan) watershed

The Rokhi Lora watershed covers a major part of the Kuchlak model domain (see Figure 6.5).
The water balance for Rokhi Lora in Table 6.3 indicates recharge of 7.586 MCM, and significant
inflows from north and east flows in response to pumping. The major outflows are pumping at
230.008 MCM and outflows along the southern and western boundary of Rokhi Lora. The
groundwater depletion is -158 MCM/yr equivalent to an average decline of 6.2 m/yr. In Rokhi
Lora groundwater extractions comprise about 54% of total pumping from Kuchlak sub-basin.

Page 47

Improving Groundwater Management to Enhance Agriculture and Farming Livelihoods in Pakistan
Groundwater Resource Management for the Kuchlak sub-basin, Balochistan, Pakistan

There are very few options other than to reduce pumping as the groundwater is heavily
overexploited. Monitoring bores are not spread out in the Rokhi Lora area, almost all the
monitoring bores are located along the banks of the Rud Mulazai Khanozai Nadi. We recommend
that the Rokhi Lora watershed be closely monitored with a better distribution of monitoring bores.
The main town in the area is Bostan and there are likely to be a number of private households
with pumping bores in Bostan which are also tapping the deep aquifer for domestic use. Strategic
monitoring in this watershed is warranted along with strategies to engage with groundwater users
and the farming community in Rokhi Lora to co-design cropping strategies of high value low delta
crops that reduce the number of irrigations and decrease stresses on the aquifer.
Table 6.3 Water balance for the Rokhi Lora (Bostan) watershed 2010-2018
Inflow [MCM]

Outflow [MCM]

Net [MCM]

West flows

4.065

-17.140

-13.074

East flows

26.344

-1.585

24.759

North flows

60.749

-1.463

59.287

South flows

7.745

-14.587

-6.842

Recharge

7.586

0.000

7.586

River

0.004

0.000

0.004

Well

0.000

-230.008

-230.008

GHB

0.000

0.000

0.000

106.493

-264.781

-158.288

Net

6.3.2.3

Water Balance for the Karanga-Karak Lora watershed

The Karanga-Karak Lora watershed covers the southern region of the Kuchlak model domain
(see Figure 6.5). The water balance for Karanga-Karak Lora in
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Table 6.4 indicates recharge of 8.765 MCM, with significant inflows from the west, east and north
in response to pumping. The major outflows are pumping at 104.685 MCM and outflows along
the southern and eastern boundary of Karanga-Karak Lora. The groundwater depletion is -109
MCM/yr equivalent to a decline in head of 3.9 m/yr. Groundwater is heavily overexploited for
irrigation and domestic use in the Karanga-Karak Lora watershed. Monitoring bores are not
spread out in the Karanga-Karak Lora area, almost all the monitoring bores are located along
the eastern model boundary. We recommend that this area should be closely monitored with a
better distribution of monitoring bores. There are likely to be a number of private households with
pumping bores in the region which are also tapping the deep aquifer for domestic use. Strategic
monitoring in this watershed is warranted along with strategies to engage with groundwater users
and the farming community in Karanga-Karak Lora to co-design cropping strategies of high value
low delta crops that reduce the number of irrigations and decrease stresses on the aquifer.
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Table 6.4 Water balance for the Karanga-Karak Lora watershed 2010-2018
Inflow [MCM]

Outflow [MCM]

Net [MCM]

West flows

11.099

-0.644

10.455

East flows

16.352

-13.003

3.349

North flows

8.455

-1.567

6.888

South flows

3.379

-29.819

-26.440

Recharge

8.765

0.000

8.765

River

0.009

0.000

0.009

Well

0.000

-104.686

-104.686

GHB

0.000

-7.598

-7.598

Net

48.059

-157.316

-109.257

Our findings suggest that a suitable approach to managing groundwater would be to first improve
monitoring of the resource to improve assessment of the condition of the resource. Improved
monitoring can also provide irrigators, groundwater users and stakeholders a better
understanding of groundwater resource condition and the temporal and spatial changes
occurring in response to intensive aquifer exploitation. Engaging with groundwater users and
irrigators is necessary to co-design a sustainable future over a management planning period. An
example of this is the RAPs approach adopted in this project in Kuchlak and Pishin which is
resulting in adoption of low delta crops like pistachios, and adoption of high efficiency irrigation
for pomegranates – both are also high value crops. Adoption of new crops and sustainable
farming practices, with improved irrigation management will be a slow process as it takes time
to scale out these activities, but it also requires dedicated human and financial resources. A
multi-skilled team consisting of social researchers, groundwater managers, hydrogeologists,
irrigation and agricultural specialists is required to work with community groups to develop a
sustainable future for Kuchlak. BID may wish to adopt a 10 year planning period to increase
adaptation in areas where there is a concentration of pumping bores. Again this will requires
improved knowledge of pumping in the catchment. At present one of the significant challenges
we faced in developing this model is the lack of adequate information on pumping, locations of
pumping bores, and monthly usage. Compounding this issue is that we postulate that with the
rapid rate of declines many smallholder farmers would have abandoned pumping as water levels
would have declined to dry out their wells. So pumping many actually be forced to decline over
time, unless farmers have the capital to deepen wells.
Ultimately though controls on pumping will not be enough to stem this tide. Controls on pumping
and improved cropping practices along with low delta crops is part of the solution but not
necessarily enough to bring the aquifer to a sustainable level of management. Innovative
techniques for recharging the aquifer will be required. In Kuchlak there are a number of check
dams and other water control structures that capture and hold stream flows during the monsoon.
These areas need further investigations so that rainfall and flood waters can be captured and
artificial recharge of the aquifer using injection wells may also be part of the solution. Part of the
runoff from mountain slopes needs to be captured and detained to allow captured water to be
injected back into the deep aquifer. Distributed network of injection wells can be deployed for
enhancing recharge in the sub-basin.
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7 Model Scenarios for Kuchlak
Scenario assessment was performed to evaluate possible scenarios for future management of
the Kuchlak sub-basin. There are very few options other than to reduce pumping as the
groundwater is heavily overexploited. The concept of phased long-term extraction thresholds
involves an estimate of the long-term extraction limit for the Kuchlak basin and following that to
co-design with the Kuchlak community a gradual reduction in the extraction limits over three
decadal planning periods. This process will allow for a phased reduction in pumping, and
simultaneously introducing gradual uptake of low-delta high value crops, improved irrigation and
land management practices, improved management of surface water sources, and the
introduction of a network of injection bores to enhance recharge of the aquifer. More importantly
it also provides the community time and opportunity to improve livelihoods and to adapt. The 3
decadal planning periods will require the various agencies of the Government of Balochistan to
work with the groundwater users in Kuchlak to plan a better and more sustainable future.
The scenarios were designed to inform BID management of the impact of surface water supplies
on groundwater, and to help in sustaining groundwater use and agricultural productivity in
Kuchlak. The model was used to simulate a phased long-term reduction in extraction for the
following scenarios.
Scenario 1: BAU – historical rainfall data with average pumping over 30 years.
This scenario assumes that average pumping will take place for the next 30 years to 2047 when
Pakistan turns 100 years. This scenario was used as a baseline case to compare other scenario
and help to compare the results.
Scenario 2: Historical rainfall data with 20 % Decrease in pumping over 30 years
This was undertaken in consultation with SID to assist in understanding impact on the freshwater
zones. In this scenario water supplies in early Kharif period (i.e. April to July) is reduced to 10 %
as of historical supplies.
Scenario 3: Historical rainfall data with 50% Decrease in pumping over 30 years
In this scenario, pumping was increased for fresh water zone for in early Kharif period (i.e. April
to July). This will help is identifying threshold depth and time scale of depletion. It will also set
extraction limit for the freshwater lens.
Scenario 4: Rainfall based on RCP 4.5 scenario with 50% decrease in pumping over 30 years
In this scenario, water balance assessment was performed using time-series climatic input data
for RCP 4.5 rainfall data. Sustainable yield thresholds were established for future climatic
conditions.
Scenario 5: Rainfall based on RCP 8.5 scenario with 50% decrease in pumping over 30 years
In this scenario, water balance assessment was performed using time-series climatic input data
for RCP 8.5 rainfall data. Sustainable yield thresholds were established for future climatic
conditions.

7.1 Water Balance Assessment
7.1.1 Baseline/No change – average pumping
The water balance for the baseline scenarios from 2017 to 2047 is presented in Table 7.1. All
values are in MCM and are averaged over the 30 years of simulation. The two major components
of the water balance are inflows from recharge 35.42 MCM from irrigation and rainfall, and head
dependent inflows from the southern boundary of the model. The outflows are from pumping
which accounts for 223.41 MCM of outflows from the aquifer, and head dependent flows from
the southern model boundary which comprise 13.82 MCM. Pumping from the deep aquifer
accounts for most of the net loss in storage from the aquifer. This very high rate of groundwater
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extraction results in 309.81 MCM of loss in storage from the aquifer which is equivalent to 4.7
m/year decline in average water levels.
Table 7.1 Water balance for the BAU Scenario 2010-2047
Scenario 1

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

35.421

0.000

35.421

River

0.000

0.000

0.000

Well

0.000

-334.411

-334.411

GHB-in

3.024

-13.815

-10.791

Net

38.445

-348.226

-309.811

7.1.2 20 % Decrease in groundwater pumping
Using historical climate data, the model was used to simulate a gradual 20 percent decreasing
in pumping from 2017 to 2047 which is presented in Table 7.2. Pumping remains the dominant
outflow from the aquifer which accounts for 334.4 MCM. The gradual reduction in pumping by
20 percent over 3 decades results in an average reduction in pumping of 12.5 MCM/year with
only marginal benefit. The net storage loss over 30 years is 309.8 MCM/year which is equivalent
to 4.5 m/year decline in average water levels. More drastic reduction in pumping will be required
along with improvements in irrigation and farming enterprises to reduce the steady depletion of
the aquifer.
Table 7.2 Water balance for 20 percent reduction in pumping 2010-2047
Scenario 2

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

35.717

0.000

35.717

River

0.000

0.000

0.000

Well

0.000

-321.916

-321.916

GHB-in

2.560

-13.865

-11.305

Net

38.277

-335.781

-297.504

7.1.3 50 % Decrease in groundwater pumping
Using historical climate data, the model was used to simulate a gradual decrease of 50 percent
in pumping from 2017 to 2047 which is presented in Table 7.3. The average pumping in this
scenario is 299.2 MCM/year. The gradual reduction in pumping of an average 35.2 MCM resulted
in a net storage decline in the aquifer is 275.2 MCM which equated to an average yearly decline
in heads of 4.19m.
Table 7.3 Water balance for 50 percent reduction in pumping 2010-2047
Scenario 3

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

36.081

0.000

36.081

River

0.000

0.000

0.000

Well

0.000

-299.189

-299.189

GHB-in

1.869

-13.962

-12.093

Net

37.951

-313.151

-275.201
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Although the benefit seems small at first glance in Table 7.3, by 2047 due to the 50 percent
reduction in overall pumping will result in an overall reduction in pumping of 197.7 MCM per year
compared to the BAU scenario (Scenario 1), shown in Table 7.4 for the final year of the
simulation in 2047. The overall stress on the aquifer will reduce considerably however, the net
decline in storage will be 102.7 MCM equivalent to an average decline in head of 1.56 m/year.
Table 7.4 Water balance for 50 percent reduction in pumping in 2047
Scenario 3

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

28.585

0.000

28.585

River

0.000

0.000

0.000

Well

0.000

-136.743

-136.743

GHB-in

5.625

-0.143

5.482

Net

34.210

-136.886

-102.676

To achieve this level of reduction in pumping for the sub-basin over a three decadal planning
horizon will require Balochistan’s irrigation and agricultural departments to work with the farming
communities in Kuchlak to co-design a sustainable future. The introduction of Representative
Agricultural Pathways (RAP’s) by the socioeconomics team of this project maps one possible
pathway for a sustainable future (Nasir et al. 2021). The proposed management interventions
which were trialed for farms in Kuchlak and Pishin sub-basins are given in
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Table 7.5. There is no single solution to tackle the high rates of depletion in Kuchlak. A suite of
solutions is required, which includes High Efficiency Irrigation Systems, Introduction of high value
– low delta crops (e.g. pistachio, apricot, and pomegranate), improved irrigation and land
management practices, and improved capacity of farming communities for water conservation
and management.
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Table 7.5 Management interventions trialled to reduce groundwater pumping in Balochistan
Location

Management Interventions for Farms in Balochistan

Kuchlak sub-basin

•
•

Installation of Piezometer for groundwater level measurement and
monitoring
Introduction of low delta crops such as Pistachio, pomegranate and
grapes and High Efficiency Irrigation System (HEIS). The details are as
follows:
a. Tomato planted on drip Irrigation for efficient water use in
Zarghoon
b. Apple and Apricot orchard planted on drip irrigation to improve
water use efficiency in Zarghoon
c. Distributed 20 tensiometers among farmers to enable them to
measure soil moisture level and plan need based irrigation
schedule and avoid over irrigation
Distributed EC and TDS meters to monitor water quality

Pishin sub-basin

•
•

Installation of Piezometer for groundwater level measurement and
monitoring
Plantation of low delta crop such as pistachio, grapes and pomegranate
on drip irrigation to introduce low delta crops and high efficiency irrigation
systems (HEIS) to improve water use efficiency and promote
sustainable agriculture:
a. Planted young vineyard with improved grapes variety on (HEIS)
in Malikyar
b. A mature apple orchard (14 years old trees) converted from
flood irrigation method to drip irrigation to improve water use
efficiency in Malikyar
c. Planted new vineyards with improved grapes varieties on
(HEIS) in Huramzai
d. Planted new pomegranate orchard with improved grapes
varieties on (HEIS) in Huramzai
e. Pistachio planted as intercrop in mature grapes orchard to
replace them in long run in Huramzai, that will increase farmers’
incomes and improve water use efficiency
f. Distributed 20 tensiometers among farmers to measure the
moisture level in soil and plan need based irrigation schedule
and avoid over irrigation.
g. Distributed EC and TDS meters to monitor water quality

Source: Prepared by the Baluchistan ACIAR team prepared based on stakeholder interaction (Nasir et al 2021)
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7.1.4 RCP 4.5 Scenario with 50 % decrease in pumping
RCP 4.5 climate data was used to simulate a gradual decrease of 50 percent in pumping from
2017 to 2047 which is presented in Table 7.6. The average pumping in this scenario is 299.2
MCM/year. The gradual reduction in pumping of an average 35.3 MCM resulted in a net storage
decline in the aquifer is 274.5 MCM which equated to an average yearly decline in heads of
4.18m.
Table 7.6 Water balance for RCP 4.5 and 50 percent reduction in pumping 2010-2047
Scenario 4

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

36.801

0.000

36.801

River

0.000

0.000

0.000

Well

0.000

-299.175

-299.175

GHB-in

1.838

-13.922

-12.083

Net

38.639

-313.097

-274.458

By 2047 the 50 percent gradual reduction in overall pumping will result in an annual reduction in
pumping of 197.7 MCM per year for the final year of the simulation in 2047 (see Table 7.7) in
comparison to the BAU scenario (Scenario 1). The overall stress on the aquifer will reduce
considerably however, the net decline in storage will be 82.41 MCM equivalent to an average
decline in head of 1.26 m/year.
Table 7.7 Water balance for RCP 4.5 and 50 percent reduction in pumping in 2047
Scenario 4

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

49.207

0.000

49.207

River

0.000

0.000

0.000

Well

0.000

-136.725

-136.725

GHB-in

5.335

-0.228

5.106

Net

54.542

-136.954

-82.412

7.1.5 RCP 8.5 Scenario with 50 % decrease in pumping
RCP 8.5 climate data was used to simulate a gradual decrease of 50 percent in pumping from
2017 to 2047 which is presented in Table 7.8. The average pumping in this scenario is 299.7
MCM/year. The gradual reduction in pumping of an average 34.7 MCM resulted in a net storage
decline in the aquifer is 271.4 MCM which equated to an average yearly decline in heads of
4.13m.
Table 7.8 Water balance for RCP 8.5 and 50 percent reduction in pumping 2010-2047
Scenario 5

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

40.687

0.000

40.687

River

0.000

0.000

0.000

Well

0.000

-299.690

-299.690

GHB-in

1.760

-14.154

-12.394

Net

42.447

-313.845

-271.398
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By 2047 the 50 percent gradual reduction in overall pumping will result in an annual reduction in
pumping of 197.6 MCM per year for the final year of the simulation in 2047 (see Table 7.9) in
comparison to the BAU scenario (Scenario 1). The overall stress on the aquifer will reduce
considerably however, the net decline in storage will be 87.63 MCM equivalent to an average
decline in head of 1.33 m/year.
Table 7.9 Water balance for RCP 8.5 and 50 percent reduction in pumping in 2047
Scenario 5

Inflow [MCM]

Outflow [MCM]

Net [MCM]

Recharge

44.692

0.000

44.692

River

0.000

0.000

0.000

Well

0.000

-136.765

-136.765

GHB-in

4.820

-0.378

4.442

Net

49.513

-137.143

-87.631

A comparison of the RCP 4.5 (Table 7.7) with RCP 8.5 (Table 7.9) for 2047 shows that by 2047
the rainfall will decrease from 49.2 MCM to 44.7 MCM a reduction of 9.2%. Under the extreme
scenario (RCP 8.5) Balochistan will experience a drier climate.
Ultimately though controls on pumping will not be enough to stem this tide. Controls on pumping
and improved cropping practices along with low delta crops is part of the solution but not
necessarily enough to bring the aquifer to a sustainable level of management. Innovative
techniques for recharging the aquifer will be required. In Kuchlak there are a number of check
dams and other water control structures that capture and hold stream flows during the monsoon.
These areas need further investigations so that a portion of rainfall and flood waters can be
captured to artificially recharge the aquifer using injection wells which could also be part of the
solution. Part of the runoff from mountain slopes needs to be captured and detained to allow
captured water to be injected back into the deep aquifer. A distributed network of injection wells
can be deployed for enhancing recharge in the sub-basin. Measures should be taken to harvest
flood water to enhance recharge and storage. Capturing some of this water for recharging the
deep aquifer with injection wells requires a detailed feasibility and benefit-cost analysis, followed
by pilot projects.
Additional options may involve inter-basin transfers; however, this is a costly option and will
depend on availability of a water source. A significant program on water conservation and rainfall
harvesting and recharge for towns and villages in Kuchlak are also required to capture and store
rainwater for domestic use. This will also reduce some of the pressure on the groundwater
particularly in urban environments.

7.2 Water Level Assessment
A comparison of selected hydrographs for the five scenarios are shown below in Figure 7.1. The
hydrographs show a steep decline in heads as expected. However, some of the hydrographs for
example K9, K27, and K32 show a decrease in the rate of decline in heads particularly for
reduction in pumping by 50 percent. However, selected hydrographs such as K43 shows the
aquifer drying up by 2026. This means that bores located in this area would need to deepen
wells or abandon their irrigation bore.
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Figure 7.1: Comparison of hydrographs for scenarios

7.3 Water Balance for Watersheds in Kuchlak sub-basin for the 50
Percent Reduced Pumping Scenario
The water balance for the 50 percent reduced pumping scenario was undertaken for the three
watersheds in Kuchlak (Surkhab Lora,
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7.3.1 Water Balance for the Surkhab Lora watershed (Pumping reduced by
50 percent)
The water balance for the Surkhab Lora watershed from 2017-2047, in the northwest of the
Kuchlak model domain indicates recharge inflows of 12.854 MCM, and inflows of 5.92 MCM/year
from the Bostan watershed (see Table 7.10). The major outflows are pumping at 61.49 MCM
and outflows to the Bostan watershed. The groundwater depletion is -60.84 MCM/yr equivalent
to an average decline in heads of 4.25 m/yr.
Table 7.10 Water balance for the Surkhab watershed 2017-2047
Surkhab

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

12.854

0.000

12.854

River

0.000

0.000

0.000

Well

0.000

-61.485

-61.485

GHB

0.000

0.000

0.000

Boundary

2.510

-5.320

-2.810

Exchange Rokhi
Lora

5.915

-15.318

-9.403

Exchange
Surkhab

0.000

0.000

0.000

Net

21.279

-82.123

-60.844

The 50 percent reduction overall reduction in pumping is shown in Table 7.11 for the final year
of the simulation in 2047. Pumping remains the dominate outflow at 32.59 MCM, however, the
overall stress on the aquifer will reduce considerably as shown by the net decline in storage
which is 25.61 MCM by 2047. This net storage is equivalent to an average decline in head of
1.79 m/year.
Table 7.11 Water balance for the Surkhab watershed in 2047
Surkhab

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

10.173

0.000

10.173

River

0.000

0.000

0.000

Well

0.000

-32.586

-32.586

GHB

0.000

0.000

0.000

Boundary

0.629

-2.069

-1.440

Exchange Rokhi
Lora

2.664

-4.422

-1.758

Exchange
Surkhab

0.000

0.000

0.000

Net

13.466

-39.077

-25.611
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7.3.2 Water Balance for the Rokhi Lora (Bostan) watershed
The Rokhi Lora watershed covers a major part of the Kuchlak model domain (see Figure 6.5).
The water balance for Rokhi Lora in Table 7.12 indicates recharge of 10.11 MCM, and significant
boundary inflows of 22.94 MCM/year and additional inflows of 15.32 MCM/year from the Surkhab
Lora watershed. The major outflows are pumping at 146.86 MCM and outflows of 8.26 MCM/year
to the Karanga-Karak Lora watershed. The net groundwater depletion is -113.88 MCM/year
equivalent to an average decline of 4.47 m/yr. In Rokhi Lora groundwater extractions comprise
about 50% of total pumping from the Kuchlak sub-basin.
Table 7.12 Water balance for the Rokhi Lora (Bostan) watershed 2017-2047
Rokhi
(Bostan)

Lora

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

10.110

0.000

10.110

River

0.000

0.000

0.000

Well

0.000

-146.863

-146.863

GHB

0.000

0.000

0.000

Boundary

22.941

-2.823

20.118

Exchange
Karanga

1.609

-8.256

-6.647

Exchange
Surkhab

15.318

-5.915

9.403

Net

49.978

-163.857

-113.879

Reduced pumping by 50 percent reduction is shown in Table 7.13 for the final year of the
simulation in 2047. Pumping remains the dominate outflow at 50.65 MCM, however, the overall
stress on the aquifer will reduce considerably as shown by the net decline in storage which is
31.56 MCM by 2047. This net storage will result in an average decline in head of 1.24 m/year.
Table 7.13 Water balance for the Rokhi Lora (Bostan) watershed in 2047
Rokhi
(Bostan)

Lora

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

7.652

0.000

7.652

River

0.000

0.000

0.000

Well

0.000

-50.647

-50.647

GHB

0.000

0.000

0.000

Boundary

12.818

-0.522

12.296

Exchange
Karanga

1.570

-4.186

-2.616

Exchange
Surkhab

4.422

-2.664

1.758

Net

26.462

-58.019

-31.557
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7.3.3 Water Balance for the Karanga-Karak Lora watershed
The Karanga-Karak Lora watershed covers the southern region of the Kuchlak model domain
(see Figure 6.5). The water balance for Karanga-Karak Lora in Table 7.14 indicates recharge of
11.026 MCM, and inflows of 8.26 MCM from the Rokhi Lora watershed. The major outflows are
pumping at 87.85 MCM and outflows of 11.88 MCM along the southern and eastern boundary
of Karanga-Karak Lora. The groundwater depletion is -78.07 MCM/year equivalent to a decline
in head of 2.81 m/year.
Table 7.14 Water balance for the Karanga-Karak Lora watershed 2017-2047
Karanga-Karak
Lora

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

11.026

0.000

11.026

River

0.000

0.000

0.000

Well

0.000

-87.853

-87.853

GHB-in

1.862

-11.877

-10.015

Boundary

4.455

-2.329

2.126

Exchange Rokhi
Lora

8.256

-1.609

6.647

Exchange
Surkhab

0.000

0.000

0.000

Net

25.599

-103.668

-78.069

The water balance resulting from a phased reduction in pumping by 50 percent is shown in Table
7.15 for the final year of the simulation in 2047. Pumping remains the dominate outflow at 51.66
MCM, however, the overall stress on the aquifer will reduce considerably as shown by the net
decline in storage which is 32.24 MCM by 2047. This net storage will result in an average decline
in head of 1.16 m/year.
Table 7.15 Water balance for the Karanga-Karak Lora watershed in 2047
Karanga-Karak
Lora

Inflow
[MCM]

Outflow
[MCM]

Net
[MCM]

Recharge

9.038

0.000

9.038

River

0.000

0.000

0.000

Well

0.000

-51.656

-51.656

GHB-in

5.600

-0.049

5.551

Boundary

3.117

-0.909

2.208

Exchange Rokhi
Lora

4.186

-1.570

2.616

Exchange
Surkhab

0.000

0.000

0.000

Net

21.941

-54.184

-32.243

The water balances presented in Table 7.11 Table 7.13, and Table 7.15 for Surkhab Lora, Rokhi
Lora and Karang-Karak watersheds respectively show that a phased reduction in pumping offers
opportunities for extending access to groundwater which will provide opportunities for farming
communities to adapt groundwater irrigation and farming practices for a sustainable future.
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Strategic monitoring in the Kuchlak sub-basin is warranted along with strategies to engage with
groundwater users and the farming community in the Kuchlak sub-basin to co-design cropping
strategies of high value low delta crops that reduce the number of irrigations and decrease
stresses on the aquifer. The phased reductions in pumping suggested here will only be possible
through increased engagement and knowledge sharing with the farming community. The RAPS
approach offers one possible pathway towards a sustainable future in Kuchlak, along with a suite
of strategies to improve management of groundwater as outlined in Section 7.3.
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8 Conclusion and Recommendations
8.1 Conclusions
Balochistan is experiencing a groundwater crisis due to frequent drought spells, overexploitation
of groundwater, urban expansion, poor understanding of hydrogeological conditions, poor
assessment of availability of water, poor groundwater governance and lack of coordination
among different agencies working on water.
•

•

•

•

•

•

•

A regional flow model was developed for the Kuchlak sub-basin which is a part of the
Pishin Lora Basin in Balochistan. In the Kuchlak sub-basin observation bores exhibit a
declining water levels of between 30 m to over 100 m in a span of 8 year. The water
levels exhibit a linear decline year on year – it is a clear indication that unconstrained
pumping is resulting in a race to the bottom. We pose the question to policy makers and
the GoB - can it get more alarming than this?
The water budget for the overall model domain from October 2010 till September 2018
shows recharge of 32.807 MCM is the main inflow to the groundwater system and
outflows are dominated by pumping from the deeper layer at 427.284 MCM followed by
boundary flows at 56.575 MCM which exit the sub-basin along the southern model
boundary. The net loss in groundwater storage over the simulation period is a staggering
-451 MCM/yr which equates to an average decline in water levels of 5.4 m/yr for Kuchlak.
This, as many authors have indicated is a race to the bottom.
The water balance for the Surkhab Lora watershed in the northwest of the Kuchlak shows
recharge inflows of 11.285 MCM, and significant inflows from the west and east in
response to pumping. The major outflows are pumping at 79.34 MCM and outflows along
the southern and western boundary of Surkhab. The groundwater depletion is -86
MCM/yr equivalent to an average decline in heads of 6 m/yr which indicates a
concentration of pumping in Surkhab Lora.
There are very few monitoring bores in the Surkhab Lora watershed. Increased
monitoring in this watershed is warranted along with strategies to engage with
groundwater users and the farming community in Surkhab to co-design cropping
strategies of high value low delta crops and high efficiency irrigation systems that reduce
the number of irrigations and decrease stresses on the aquifer.
The Rokhi Lora watershed covers a major part of the Kuchlak model domain. The water
balance for Rokhi Lora indicates recharge of 7.586 MCM, and significant inflows from
north and east in response to pumping. The major outflows are pumping at 230.008 MCM
and outflows along the southern and western boundary of Rokhi Lora. The groundwater
depletion is -158 MCM/yr equivalent to an average decline of 6.2 m/yr. In Rokhi Lora
groundwater extractions comprise about 54% of total pumping from Kuchlak making it
the most heavily exploited watershed in Kuchlak.
In Rokhi Lora the existing monitoring bores are not spatially spread out to capture
changes in different parts of the basin. Almost all the monitoring bores are located along
the banks of the Rud Mulazai Khanozai Nadi. We recommend that the Rokhi Lora
watershed be closely monitored with a better distribution of monitoring bores. The main
town in the area is Bostan and there are likely to be a number of private households with
pumping bores in Bostan which are also tapping the deep aquifer for domestic use.
Strategic monitoring in this watershed is warranted along with strategies to engage with
groundwater users and the farming community in Rokhi Lora to co-design cropping
strategies of high value low delta crops that reduce the number of irrigations and
decrease stresses on the aquifer.
The Karanga-Karak Lora watershed covers the southern region of the Kuchlak model
domain. The water balance indicates recharge of 8.765 MCM, with significant inflows
from the west, east and north in response to pumping. The major outflows are pumping
at 104.685 MCM and outflows along the southern and eastern boundary of Sariab Lora.
The groundwater depletion is -109 MCM/yr; equivalent to a decline in head of 3.9 m/yr.
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•

Groundwater is heavily overexploited for irrigation and domestic use in the KarangaKarak Lora watershed.
In Karanga-Karak Lora almost all the monitoring bores are located along the eastern
model boundary. We recommend that this area should be closely monitored with a better
distribution of monitoring bores. There are likely to be a number of private households
with pumping bores in the region which are also tapping the deep aquifer for domestic
use. Strategic monitoring in this watershed is warranted along with strategies to engage
with groundwater users and the farming community in Karanga-Karak Lora to co-design
cropping strategies of high value low delta crops that reduce the number of irrigations
and decrease stresses on the aquifer.

8.2 Scenario Analysis
•

The BAU scenario indicated pumping from the deep aquifer accounts for most of the net
loss in storage from the aquifer. This very high rate of groundwater extraction results in
309.81 MCM of loss in storage from the aquifer which is equivalent to 4.7 m/year decline
in average water levels.

Reduced Pumping Scenarios
•

•

A 20 percent gradual reduction in pumping over three decades from 2017 to 2047, results
in an average reduction in pumping of 12.5 MCM/year with only marginal benefit. The
net storage loss over 30 years is 309.8 MCM/year which is equivalent to 4.5 m/year
decline in average water levels. This suggests more aggressive reduction in pumping
needs to be implemented.
A gradual reduction in pumping by 50 percent resulted in an average reduction in
pumping of 35.2 MCM. This resulted in a net storage decline in the aquifer of 275.2 MCM
which equated to an average yearly decline in heads of 4.19m. By 2047 the overall
reduction in pumping is 197.7 MCM per year for the final year of the simulation in 2047.
The overall stress on the aquifer will reduce considerably however, the net decline in
storage will be 102.7 MCM equivalent to an average decline in head of 1.56 m/year. To
achieve this level of reduction in pumping for the sub-basin over a three decadal planning
horizon will require Balochistan’s irrigation and agricultural departments to work with the
farming communities in Kuchlak to co-design a sustainable future.

Climate Change Scenarios
•

•

•

The RCP 4.5 scenario with 50 percent reduction in pumping resulted in a net storage
decline in the aquifer of 274.5 MCM which equated to an average yearly decline in heads
of 4.18m. By 2047 the annual reduction in pumping is 197.7 MCM per year in comparison
to the BAU scenario (Scenario 1). The overall stress on the aquifer will reduce
considerably however, the net decline in storage will be 82.41 MCM equivalent to an
average decline in head of 1.26 m/year.
The RCP 8.5 scenario with 50 percent reduction in pumping resulted in a net storage
decline in the aquifer of 271.4 MCM which equated to an average yearly decline in heads
of 4.13m. By 2047 the 50 percent gradual reduction in overall pumping will result in an
annual reduction in pumping of 197.6 MCM per year for the final year of the simulation
in 2047 in comparison to the BAU scenario (Scenario 1). The overall stress on the aquifer
will reduce considerably however, the net decline in storage will be 87.63 MCM
equivalent to an average decline in head of 1.33 m/year.
A comparison of the RCP 4 and RCP 8.5 scenarios for 2047 indicated that by 2047 the
rainfall will decrease from 49.2 MCM for RCP 4.5 to 44.7 MCM for RCP 8.5 or a
corresponding reduction of 9.2%. Under the extreme scenario (RCP 8.5) Balochistan will
experience a drier climate.
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What Options are available for Kuchlak’s groundwater users
•

There is no single solution to tackle the high rates of depletion in Kuchlak. Reductions in
groundwater pumping will be necessary, but in itself reductions in pumping are difficult
to achieve due to the prevailing political economy, and are difficult to enforce due to the
dire need for food security and protection of livelihoods. The introduction of
Representative Agricultural Pathways (RAP’s) in this project provides one possible
pathway for a sustainable future (Nasir et al. 2021). A suite of solutions is required, which
includes phased reduction in pumping accompanied by widespread adoption of High
Efficiency Irrigation Systems, introduction of high value – low delta crops (e.g. pistachio,
apricot, and pomegranate), improved irrigation and land management practices, and
improved capacity of farming communities for water conservation and management.
Additional strategies for improving groundwater management are discussed in Section
7.3.

8.3 Strategies for improving groundwater management in Kuchlak
Sub-basin
Improved monitoring:
•

Our findings suggest that a suitable approach to improve management of groundwater
would be to improve spatial and temporal monitoring of the resource. This will allow
improved assessment of the condition of the resource. Improved monitoring can also
provide irrigators, groundwater users and stakeholders a better understanding of
groundwater resource condition and the temporal and spatial changes occurring in
response to intensive aquifer exploitation.

Engaging with groundwater users to improve irrigation and crop selection
•

Engaging groundwater users and irrigators is necessary to co-design a sustainable
future for a designated management planning period. An example of this is the RAPs
approach adopted in this project in Kuchlak and Pishin which is resulting in adoption of
low delta crops like pistachios, and adoption of high efficiency irrigation for pomegranates
– both are also high value crops. Adoption of new crops and sustainable farming
practices, with improved irrigation management will be a slow process as it takes time to
scale out these activities, but it also requires dedicated human and financial resources.
A multi-skilled team consisting of social researchers, groundwater managers,
hydrogeologists, irrigation and agricultural specialists is required to work with community
groups to develop a sustainable future for Kuchlak.

Adaptation Strategies
•
•

In Rokhi Lora groundwater extractions comprise about 54% of total pumping from
Kuchlak sub-basin. There are very few options other than to reduce pumping as the
groundwater is heavily overexploited
BID may wish to adopt a 10 year planning period to increase adaptation in areas where
there is a concentration of pumping bores. Again this requires improved knowledge of
pumping in the catchment. At present one of the significant challenges we faced in
developing this model is the lack of adequate information on pumping, locations of
pumping bores, and monthly usage. Compounding this issue is that we postulate that
with the rapid rate of declines many smallholder farmers would have abandoned
pumping as water levels would have declined to dry out their wells. So pumping many
actually be forced to decline over time, unless farmers have the capital to deepen wells.
At the same time some smallholder farmers may also be engaging in water trades by
purchasing water from farmers that have deep tubewells in exchange for a share of their
crops.
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Injection wells to recharge the aquifer
•

Ultimately though controls on pumping will not be enough to stem this tide. Controls on
pumping and improved cropping practices along with low delta crops is part of the
solution but not necessarily enough to bring the aquifer to a sustainable level of
management. Innovative techniques for recharging the aquifer will be required. In
Kuchlak there are a number of check dams and other water control structures that
capture and hold stream flows during the monsoon. These areas need further
investigations so that a portion of rainfall and flood waters can be captured to artificially
recharge the aquifer using injection wells which could also be part of the solution. Part
of the runoff from mountain slopes needs to be captured and detained to allow captured
water to be injected back into the deep aquifer. A distributed network of injection wells
can be deployed for enhancing recharge in the sub-basin.

Managing flood waters, runoff from mountain slopes and check dams
•

Measures should be taken to harvest the flood water to enhance recharge and storage.
Capturing some of this water for recharging the deep aquifer with injection wells requires
a detailed feasibility and benefit-cost analysis, followed by pilot projects.

Longer term planning
•

It is crucial to understand the condition of the groundwater resource, how it has changed
over time, and to establish phased long-term extraction thresholds that will support the
viability of agricultural enterprises in Balochistan. The concept of phased long-term
extraction thresholds involves an estimate of the long-term extraction limit for the Kuchlak
basin and following that to co-design with the Kuchlak community a gradual reduction in
the extraction limits over three decadal planning periods. This process will allow for a
phased reduction in pumping, and simultaneously introducing gradual uptake of lowdelta high value crops, improved irrigation and land management practices, improved
management of surface water sources, and the introduction of a network of injection
bores to enhance recharge of the aquifer. More importantly it also provides the
community time and opportunity to improve livelihoods and to adapt. The 3 decadal
planning periods will require the various agencies of the Government of Balochistan to
work with the groundwater users in Kuchlak to plan a better and more sustainable future.

Capacity development and financing
•

There is a definite need to continue to improve capacity of stakeholders, farming
community and groundwater users in improved water conservation practices. This will
require enhancing the skills and capabilities of staff in various GoB institutions. The
financing can also provide the Balochistan Irrigation Department, the Balochistan
Agriculture Department, and other stakeholders including groundwater users the
opportunity to adopt new technologies and to improve how groundwater is used and
managed for the Kuchlak sub-basin.

Policy implementation
•

Setting allocation limits backed by a regulatory framework needs serious consideration.
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Our message
Our clear message here is that there is no one solution for Kuchlak which requires a number of
different approaches.
•
•
•
•
•

Of these the RAPs approach is one that needs to be pursued by GoB agencies to
introduce low delta and high value crops that will result in less demand on groundwater.
Support from development banks may be possible for scaling out RAPS in Pishin Lora.
Better use of flood waters and runoff from mountain slopes including check dams,
subsurface dams and other structures. This will require an integrated approach to
surface and groundwater management.
Pilot projects to develop a network of injection wells to inject captured surface water to
enhance recharge to eth deep aquifer.
Along with the above mentioned interventions greater focus on capacity development
and financing are required.
Lastly, a dedicated project that investigates various options for Managed Aquifer
Recharge, design of appropriate deep injection wells, and other options to recharge the
aquifer need serious consideration.
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Appendix A - Borelogs for Kuchlak District,
Balochistan, Pakistan
Well Hole ID

Depth (m)

Page

Well Hole ID

Depth (m)

Page

Kuch1

286.51

3

Kuch25

137.16

8

Kuch2

304.80

3

Kuch26

274.32

9

Kuch3

292.61

3

Kuch27

274.32

9

Kuch4

274.32

3

Kuch28

274.32

9

Kuch5

274.32

4

Kuch29

163.07

9

Kuch6

243.84

4

Kuch30

110.64

10

Kuch7

298.70

4

Kuch31

156.06

10

Kuch8

268.22

4

Kuch32

161.54

10

Kuch9

262.13

5

Kuch33

304.80

10

Kuch10

274.32

5

Kuch33a

274.32

11

Kuch11

298.70

5

Kuch33b

283.46

11

Kuch12

249.94

5

Kuch33c

292.61

11

Kuch13

243.84

6

Kuch34a

289.56

11

Kuch14

274.32

6

Kuch34b

268.22

12

Kuch16

280.42

6

Kuch34c

249.94

12

Kuch17

183.49

6

Kuch34d

262.13

12

Kuch18

286.51

7

Kuch19

268.22

7

Kuch20

274.32

7

Kuch21

268.22

7

Kuch22

289.56

8

Kuch23

274.32

8

Kuch24

274.32

8
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