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ABSTRACT: Groundwater resources are the major source of water during periods of drought. Indiscriminate exploitation 

of groundwater during drought periods will lead to a lowering of water tables beyond replenish able limits. Groundwater 

resources can be used effectively if their sustainability is planned long before drought periods. This paper attempts to 

indicate the drought condition of groundwater by using Standardized water level index (SWI) and the main source of 

ground water recharge is precipitation therefore the drought condition of precipitation is estimated by using Standardize 

precipitation index SPI. The depth of water table was interpolated by using geo statistical method of ordinary Kriging. The 

results shows that in 1990 the depth of water table more than 10 meter increase from 0.2%   to 17.5 % of total study area 

during pre-monsoon and in 2013 the depth of water table more than 10 meter increase from 0.74 % to 23% of total study 

area during post monsoon. The mild drought condition is observed only in 6 wells out of 30 wells in 1990 during pre-

monsoon but the severe drought hit to the 15 wells out of 30 wells in 2013 during pre-monsoon. The SPI value shows that 

the drought condition of precipitation decrease in the study area from 1990 to 2013 during pre-monsoon while the 

precipitation drought increases from 1990 to 2013 during post-monsoon in the study area. The decline of water table in the 

Peshawar region indicates that the recharging of groundwater is not sufficient to fulfill the water demands of the people of 

Peshawar. The decline of water causes many secio- economic problems in the region. 
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1. INTRODUCTION: 
One of the major natural hazard that impacts the 

environment and economy is a drought. It disturb major 

parameters of hydrological cycle including precipitation, 

runoff and most importantly the storage of ground water 

aquifers. We elect that parameter of hydrological cycle on 

which we perform our analysis [2].We can classify the 

droughts based on meteorology, hydrology and 

agriculturally which include less precipitation, stream flow, 

ground water recharge and soil moisture and high 

evapotranspiration [18].Variables of drought are intensity, 

frequency and duration. Less precipitation, more 

evapotranspiration and over use of water resources or 

combination of all these cause water shortage that results 

drought. For the classification, identification and 

measurement of drought causative and responsive 

parameters the drought indices are used. It is difficult to 

correlate the parameters of different types of drought. 

There are many drought indices are developed to study the 

drought condition such as Palmer‟s Drought Severity Index 

[21], Palmer‟s hydrological drought index [20], surface 

water supply index [3] Standardized runoff index [16]. 

Study Area: 

Peshawar is provincial capital of Khyber Pakhtunkhwa 

(KPK). It is an old city which is the hub for commercial, 

industrial, social and political activities in the north-western 

region of Pakistan. Geographically Peshawar is located 

between 33° 44′ to 34° 15′ Northern Latitude and 71° 22′ to 

71° 42′ East Longitude in the south western part of 

Peshawar valley. The study area for the Peshawar a total 

area of 330 sq.km. Peshawar features a semi-arid-climate, 

with very hot summers (May to September) and mild 

winter (November to March). The maximum summer 

temperature is over 40°C during the hottest months of May 

and June and the mean minimum temperature is 25°C. The 

mean minimum temperature during winter is 4°C and 

maximum is 18.5°C. The average annual rainfall in 

Peshawar area is 340 mm, while the mean annual 

evapotranspiration is approximately 1500 mm.  The spring 

comes around the end of February which is the most 

pleasant period of the year. The average humidity is not 

high over the region. Under the influence of western 

disturbances and monsoon rainfall it rises locally. The 

mean relative humidity ranges from 42 to 69 percent during 

the year. The water supply for Peshawar is mainly from 

groundwater which prevails over an area of 5000 sq .km. 

Groundwater flows from Southwest to Northeast direction 

towards Kabul River. Peshawar valley is mostly comprised 

of alluvial deposits having variable depths eroded from the 

surrounding mountainous. The alluvial deposits that fill the 

valley make up the aquifer that provides groundwater for 

Peshawar. 

2. MATERIALS AND METHODS: 
In order to monitor hydrological drought in study area the 

pre-monsoon and post-monsoon ground water levels of 30 

observation wells of the region have been analysed. 

Standardized Water Level Index (SWI) has been Use to 

estimate the groundwater recharge deficit both for the pre-

monsoon and the post-monsoon seasons. The pointwise 

SWI values are then spatially interpolated in GIS 

environment using the ordinary kriging method and 

ArcGIS 10.2 software to find out the areal extent of 

drought in the study area. The data of ground water depth 

of 30 wells from 1990 to 2013 within the study area were 

used to study the drought condition of ground water table in 

Peshawar. The study was done by using geostatistical 

ordinary kriging method for interpolation of the depth of 

water table in ArcGIS 10.2. The ordinary kriging method 

with spherical model is best for interpolation in the study 

area [1].The geostatistical semivariogram is used to 

quantify the differences between sampled data values in the  
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Figure1:  Study area of Peshawar. 

 

terms of separation distance h. In practice the 

semivariogram γ*(h), is calculated as follows 

 
Where N(h) is the number of sample pairs that are separated 

by a vector h, and z(xi) and z(xi+h) are the values of the 

variable z at locations of xi and xi+h, respectively. 

However, for kriging analysis, an appropriate theoretical 

model should be used to fit the experimental data.. The 

spherical model used in this study is defined as follows: 

 
Where C0 is the y-axis intercept (the “nugget effect”), C0+C 

is equal to “sill”, which  represents the range of influence. 

  

2.1 Ordinary Kriging: 

Ordinary Kriging assumes that the mean is stationary but 

unknown. In addition, the Ordinary Kriging estimator is 

defined as follows: 

 
With 

 
Where z*(x0) is the Ordinary Kriging estimator at location 

x0, z(xi) is the observed value of the variable at location xi, 

λi is the weight assigned to the known values near the 

location to be estimated and n(u) is the number of 

neighbouring observations. The values of λi are weighted to 

obtain a sum of unity, and the error variance is minimized 

as follows: 

 
Where μ is the Lagrange coefficient for minimizing the 

ordinary Kriging estimation variance, γ(xi, xj) is the 

average semivariogram value between the observed values 

and γ(xi, x0) represents the average semivariogram value 

between the location xi and the location to be estimated 

(i.e., x0).The Ordinary Kriging estimation variance (or 

standard deviation) can be used as a measure of the 

estimation uncertainty as follows: 

 
2.2  Standardized Water-Level Index (SWI):  

The Standardized Water-Level Index (SWI) was proposed 

in order to monitor anomalies in ground water levels [29]. 

The SWI is computed by normalizing seasonal 

groundwater levels and dividing the difference between the 

seasonal water level and its long-term seasonal mean by the 

standard deviation. SWI is an indicator of water-table 
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decline and an indirect measure of recharge, and thus an 

indirect reference to drought         

SWI = (Wij –Wim) / σ 

where Wij is the seasonal water level for the ith well and 

jth observation, Wim is the seasonal mean and σ is the 

standard deviation. Since groundwater levels are measured 

from the ground surface to the bottom of the observation 

wells, positive anomalies correspond to water stress while 

negative anomalies represent a „no drought‟ condition. The 

drought conditions on the basis of SWI is given in table 1. 
Table1: SWI drought Conditions 

SWI value Condition 

SWI >  2.0 Extreme drought 

SWI >  1.5 Severe drought 

SWI >  1.0 Moderately drought 

SWI >  0.0 Mild drought 

SWI  <  0.0 No drought 

2.3 Standardised Precipitation Index (SPI): 

The SPI is use to analyse the impact of rainfall deficiency 

on drought development in the study area,  The Six month 

SPI analysis  has been used to quantify the precipitation 

deficit in the monsoon and the non-monsoon periods since 

19990 up to 2013. The SPI is calculated using the 

following equation, written as 
Table2: SPI drought Conditions 

SPI value Conditions 

2.0+ Extremely Wet 

1.5 to 1.99 Very Wet 

1 to 1.49 Moderately Wet 

-0.99 to 0.99 Near Normal 

-1 to -1.49 Moderately Dry 

-1.5 to -1.99 Severely Dry 

-2 and less Extremely Dry 

SPI = (Xij –Xim) / σ 

where, Xij is the seasonal precipitation at the ith rain-gauge 

station and jth observation, Xim is its long-term seasonal 

mean and σ is its standard deviation.The drought condition 

corresponding to SPI value is shown in table2. 

RESULTS AND DISCUSSION  
The standardized water level index was calculated from the 

pre-monsoon and post-monsoon groundwater level data for 

the period 1990-2013. The temporal assessment of 

hydrological drought indicated abrupt change in SWI 

values for the period 1990-2013. The results shows that 6 

wells have a mild drought out of 30 wells in pre monsoon 

1990 but the drought condition increase from mild to 

moderate drought for 15wells in pre monsoon 2013 shown 

in the figure1. The analysis revealed that droughts of mild 

to moderate category occurred in the study area in a 

frequent manner during the pre-monsoon seasons. The 

standardized precipitation index shows that there is no 

drought condition of precipitation in 1990 but the drought 

condition occurred in 2013 in pre monsoon but the 

precipitation drought during post monsoon is not occurred 

in 2013 shown in figure 2.   

The depth of ground water table was interpolated by using 

geostatistical method of ordinary kriging Method during 

the period of 1990 to 2013 for premonsoon and 

postmonsoon.The result indicate that the depth of water 

table more than 10 meter is extented upto 11 sqkm to 94 

sqkm of study area during 1990 to 2013 in premonsoon but 

in post monsoon the depth of water table more than 10 

meter is increses upto 4 sqkm to 125 sqkm. The trend of the 

depth of ground water table is decline in the east part of the 

study area shown in the figure 3. 

The value of SWI is interpolated by using geostatistcal 

method of ordiary krigging. The  maps of SWI shows that 

during the pre-monsoon in 1990 few discrete pockets of 

moderate drought found in the central part of the study area 

and the major parts of the study area were free from 

drought in all other years.  but the drought conditon is 

increacses from central part of the study area to east part 

during pre monsoon in 2013. The drought condition 

becomes mild to Extreme drouhght during premonsoon 

2013 as shown in figure 4 and figure 5.   

 

Figure 1: Standardized water level index of pre Monsoon 
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Figure 2: Standardized Precipitation index of pre Monsoon and post Monsoon. 

 

   

 
Figure 3: Depth of water table in premonsoon and Post monsson.  
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Figure 4: Drought condition premonsoon1990 

 

 
Figure 5: Drought condition premonsoon1990. 
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Figure 6 : Drought condition in 1990 Post monsoon.  

 

 
Figure 7: Drought condition in 2013 Post monsoon. 

 
In the year1990, post-monsoon water level was normal or 

near-normal in major parts of the study area and there is no 

drought found in the study area but in 2013, post monsoon, 

many parts all over the study area were hit by extreme 

drought .The drought situation was aggravated in the post-

monsoon period of 2013 with moderate and severe 

droughts in some parts of the study area shown in the figure 

6 and figure 7. 
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3. CONCLUSION AND RECOMMENDATION:  

The present study concerned the assessment of 

hydrological drought and the spatio-temporal behavior of 

SWI in a chronically drought prone region of Peshawar 

region of Pakistan. The depth of groundwater table more 

than 10 meter in the is increases from 0.2% to 17% of the 

total study area of in the last 23 years in pre monsoon and 

during post monsoon the depth of water table more than 10 

meter increases from 0.74% to 23% of the total study area 

in post monsoon from 1990 to 2013. The 20% wells of the 

study area having mild drought during pre-monsoon in 

1990 and in 2013 the 30% of wells hit by extreme drought 

during pre-monsoon. The mostly drought is facing on the 

east part of study area in 2013. The SPI values indicate that 

the precipitation drought in the study area is decreases in 

post monsoon but during pre-monsoon the precipitation 

drought increases in the study area .Therefore to sustain the 

depth of ground water the pumping well installed near to 

Kabul River and Surface Water facilities should be avail to 

minimize use of groundwater. 
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