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ABSTRACT: Lahore is the second largest city of Pakistan and capital of Punjab province. It has a long history of
groundwater over abstraction with continuously decreasing rate of aquifer recharge which results in water table
level recession substantially. Water supply demand has been increased as a result of rapid increase in population,
urbanization and industrialization. On the other hand, land development has reduced the recharge as a significant
portion of the land has become impermeable. River Ravi which was considered a dominant source of recharge to
groundwater remains almost dry except in the monsoon season. Groundwater conditions are likely to worsen in
near future if the situation remains persistent. The basic step towards remedial measures for the issue is to quantify
this rate of degradation and to identify possible causes as well. In this study Geographic Information System (GIS)
has been used as it provides Interpolation, classification and Contour delineating tools for this kind of quantitative
measurements. A depression zone in the groundwater levels below 38m has been identified which goes on expanding
after 2004 persistently with an average rate of about 24.5 Km? per year. The expansion trend in the depression zone
has also identified consequences of recent developments in the study area and increased flow of Ravi in 2010.
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INTRODUCTION

Water is absolutely essential to life and is used for numerous
purposes including drinking, bathing, washing and so many
others. Earth is a watery place [1] but only 2.5 % of Earth’s
total water is fresh [2, 3]. For human use, only one-third of
this meager amount of fresh water is available [4] and more
than half of it is already being consumed [5]. Approximately
99 % of all liquid fresh water is in underground aquifers [6]
and at least a quarter of the world’s population draws its water
from these groundwater supplies [7]. The total water
withdrawn for human use has almost tripled in the last 50

years from 1382 km3/year in 1950 to 3973 km3/year in 2000
and the worldwide projections predict that the human water

consumption will further increase to 5235 km3/year by 2025
[8]. This blessing is now facing geographical issue and
almost every region of the world is under water crisis.
Groundwater has surpassed surface water in its importance
in many regions of the world [9]. Since the water demands
are almost entirely met by groundwater [10], therefore the
study of groundwater depletion and increasing water
demands are very important.

The mega city of the Lahore is also facing the problem in
that is water level is lowering down mainly due to excessive
pumpage compared to recharge [6, 11-15]. Lashari et al. [16]
estimated that about 60-70% population of Pakistan depends
directly or indirectly on groundwater for its livelihood.
Groundwater supplies about 80% of the domestic water
usage [13, 17] and more than 50 % of the drinking water
supplies. Many studies reported a number of problems
arising due to overexploitation and degradation of
groundwater [13, 18-25]. This paper seeks to highlight
causes of decline in water table in Lahore and to quantify
this decline in terms of depression zone expansion.

STUDY AREA

Lahore metropolitan is the second largest city of Pakistan,
and the provincial capital of the Punjab. It covers a total area
of 1014 km? and lies between 31°15’-31°45" N and 74°01'-
74°39" E. It is entirely groundwater dependent city [26].
Lahore's population is almost 10,000,000 [11] and now it is
about to become one of ‘mega cities’-cities with more than
10 million inhabitants.

The major sources of groundwater recharge for Lahore are
rainfall and river Ravi [11, 6, 14]. Lahore is a sub-tropical,
semi-arid region with average rainfall of the order of 575mm
per year but can vary from 300-1200mm which accounts for
more than 40% contribution to groundwater recharge in a
year. Most of the remaining recharge supply depends upon
the water flow in the Ravi River.

FACTORS REDUCING GROUNDWATER LEVEL
Population Growth

The number of tubewells and, hence, the groundwater
abstraction has been increasing with the increase in
population. The groundwater level, has gone down to more
than 40m, which used to exist at about 4.5m below surface.
Peripheral growth

Figure-1: History of Water flow in Ravi

Reduction in number of irrigation fields due to progressive
urbanization and industrialization has reduced the rate of
recharge to aquifer, as a significant part of the land has
become impermeable.

River Ravi

It is a big setback that River Ravi enters in Pakistan from
neighboring country India. The surface flows to the Ravi
River started facing reductions immediately after
independence in 1947 ending to nearly zero flows after the
construction of Thein Dam in 2000 upstream of Madhopur
head works in India [11, 27, 6, 13]. The river remains dry
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Figure-2: History of Water flow in Ravi

except during the monsoon season. It results in lowering of
groundwater levels in river adjoining areas of Lahore city
[6]. Graph in Figure-1 shows that River Ravi inflow has
went on reducing with the passage of time.

Along with the increase in population, the construction of
Thein Dam also has contributed well in this decline as
shown in Table-1.

Table-1: Average annual rate of groundwater decline [10, 28
Period 1960 | 1967 | 1973 1980 | 2000
to to to to to
1967 | 1973 1980 | 2000 | 2011
Rate of
Decline 0.30 0.55 0.60 0.65 | 0.792
(m/year)

QUANTIFICATION OF THE DEPRESSION ZONE

For this study expansion of groundwater depression zone has
been considered as a measure of water table recession. This
depression zone is calculated using Geographical
Information System (GIS), which is popular for planning
and management because of its ability to easily link different
disciplines like resource management and natural hazards
etc. Static water level (SWL) values were available from
Water and Sanitation Agency (WASA). The coordinate
information for 476 tubewells was gathered by field survey
of each tubewell site specifically for the study using Garmin
GPSmap 76CSx with an accuracy of 3 m shown in Figure-2.
number of techniques have been applied over the dataset to
get best interpolation surfaces for the analysis. Accuracy
results of various popular techniques for the given dataset
are shown in the Table-2 which suggests kriging as the best

method for the interpolation.
Table-2: Comparison of Various Interpolation techniques for
Lahore's Groundwater

Method RMSE Correlation Rank
IDW 3.492 0.890536 3
Spline 3.399 0.897549 2
Kriging 3.37 0.898589 1
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Figure-2: Location of Tubewells installed by WASA in the Study
Area
A Depth surfaces for the month of October from 2007 to
2011 have been created using kriging as the interpolation
method in ArcGIS-10 environment. This study is aimed to
quantify recent trends in groundwater decline in the city.
Therefore the standard depth to measure change is taken
from measurements in the year 2004. In October 2004 the
maximum depth of groundwater was found to be 37.86 m at
Shadman market. In other words in 2004 there was no region
having groundwater depth more than 38 m. As the ground
water depletion continuous, more and more areas of the city
get depth values over 38m. To calculate the area of water
table depression zone below this depth limit of 38m contour
analysis has been performed. Contours of 38m depth value
have been drawn to all five datasets followed by their
digitization to polygons as shown in figure- 3. Visual Basic
code to find area of polygon was then implied to each of the
polygon to find its area. Results of this area calculation have

been shown in the Table-3.
Table-3: Temporal Growth of Water table Depression Zone

Year Depression zone Annual Change
(km?) (km®)
October 2007 52.10
October 2008 69.85 17.75
October 2009 133.86 64.01
October 2010 142.25 8.39
October 2011 150.26 8.01

Contour map shows an eastward shifting of the aquifer
depression, showing high abstraction and low recharge rates
in these areas. This shifting in the depression zone is a result
of recent developments in eastern parts of the city where a
large cultivated land has been transformed into concrete
structures of populated areas.
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Temporal Growth of Groundwater Depression Zone in Lahore
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Figure-3:Expansion of Depression Zone from 2007 to 2011

CONCLUSIONS AND RECOMMENDATIONS
Results have shown an increase in the groundwater depth in
the city because of high water extraction rates as compare to
the recharge. Water demands are increasing due to
population growth and recharge is decreasing due to decline
in the water flow of the Ravi and increase in the
impermeable area in the city. The area in the city with
groundwater below depth of 38m is increasing continuously
at an average rate of 24.5 Km® per year. As a result of
heavy monsoon in 2010, the flow of Ravi was improved due
to flooding in many areas of the Pakistan and neighboring
country. After this monsoon, expansion of the depression
zone has considerably reduced to 8 Km® during the year,
which indicating the role of Ravi flow in the recharge of the
Lahore’s aquifer. The expansion of depletion zone to the
eastern parts of the city highlights contributing role of
permeable land to aquifer recharge of the city. All these
conclusions suggest the need to understand the dynamics
and factors which are responsible for the worse groundwater
declines in Lahore. Following steps may be taken to
overcome the issue

e Installation of new tubewells should be stopped within
limits of Lahore city as heavy pumping of groundwater
is the sole cause of lowering water table. In addition to
excessive pumping, close spacing of tubewells is also
responsible for accelerating groundwater depletion.

e  If installation of new tubewells cannot be stopped then
large spacing among them may also be helpful to arrest
the groundwater draw downs.

e  There is need of making public aware about the
dwindling status of groundwater so that un-wise usage
of water can be reduced.

e  Making small ponds of water reservoir in or near River
Ravi to store water during heavy rainfalls can serve as
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another option and may contribute well to save aquifer
from exhausting.
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