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Effect of drought on groundwater levels drop in 
Kermanshah Province 
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Abstract—Drought is a natural disastrous phenomenon that occurs due to the continuous reduction of rainfall over a short or a long period 
of time. A deficit in precipitation (meteorological drought) can result in a recharge deficit, which in turn causes lowered groundwater heads 
and a deficit in groundwater discharge. Given the importance of water in human life, it is necessary to determine the relationship between 
drought and groundwater levels. This paper related to a drop in groundwater levels in the plains of Kermanshah in a 13-year period (1998-
2011) using data on precipitation and groundwater, and DIP and SPSS software has been examined. First by using SPI indices and other 
derived parameters such as the number of months in the face of drought and drought magnitude (DM), long-term drought conditions in the 
study area have been investigated. Then correlation coefficient between the time scales of SPI index of 1, 3, 6, 9, 12, 18, 24, 48 months 
with groundwater level with time lag 1, 2, 3, 4, 5, 6, 9, 12, 18, 24, and 48 monthswere calculated, for the plain, And a time scale and the 
optimal time lag that highest correlation is introduced, then linear regression between groundwater level fluctuations on time scales of SPI 
Index and the optimal time delay is obtained for each region. 

Index Terms—DIP software, Drought,  Groundwater Level Decline, Kermanshah, SPI index  
——————————      —————————— 

 INTRODUCTION                                                                     
rought is a slow-onset disaster that has economic, social, 
and environmental consequences and it is one of the 
most important hazards. Over the last decade, Iran has 

experienced its most prolonged, extensive and severe drought 
in over 30 years. This drought of 2003–2011 (as it is still ongo-
ing) has affected many farm families and rural communities 
across most of the central, eastern and southern parts of Iran. 
Although Iran has a history of drought,  critical features of the 
current drought are not only their widespread natures and 
severity, but the fact that the impacts of the current drought 
have been exacerbated by its proximity to the previous 
drought (1998–2001) [1].  Drought can therefore be regarded as 
a normal part of the Iranian farmers’ environment. Drought is 
the most complex of all natural hazards, and more farmers are 
affected by it than any other hazard. There is few studies have 
identified the complexity of these impacts at varying indica-
tors, and databases to document impacts and track trends by 
region or sector are virtually nonexistent [2]. 

With the increased population pressure and excessive hu-
man expansion into drier areas an increasing number of peo-
ple have become vulnerable and exposed to more frequent 
weather calamities. The consumption of the critical production 
elements such as water, alternative uses of dry season grazing 
land through introduction of irrigated and non-irrigated 
crops, and the industrial and urban uses of land and water at 
the expense of rural agricultural producers have broken the 
links in traditional production chains and, where not compen-
sated, have led to a breakdown of the entire production sys-
tem. Due to its geographical location, Iran has an arid and 

semi-arid environment covering 90% of the country. Only the 
Caspian Plain in the northern parts of Iran receives more than 
1000 mm of rainfall annually. Zagros mountain chains in the 
western parts of the country and Alborz in the northern parts 
prevent clouds to enter central, eastern and southern parts of 
the country. Therefore, central and southern low lands along 
with eastern parts of the country receive very little precipita-
tion. Due to shortage of precipitation and its uneven distribu-
tion in these areas, most rivers are seasonal and their flows 
depend heavily on the amount of rainfall. If there is more rain-
fall than the average, flush flood is a common phenomenon. 
Otherwise, it is drought. The distribution of precipitation is 
also very important. For the growth of vegetation and replen-
ishment of water resources, if throughout the hydrological 
year the distribution of precipitation is even, the outcome is 
normally good. If not, all resources will be negatively affected. 
[3]. 

Groundwater is a vital natural resource. It is estimated that 
approximately one third of the world’s population use 
groundwater for drinking [4]. In some parts of the worlds 
such as large areas of the Middle East, groundwater is the 
unique source of water. In general, the Middle East is charac-
terized by scarcity of water and rapid growth in population. 
Water is therefore the most important constraint for future 
development in this region [5], [6], [7]. However, it is antici-
pated that the process of development will continue, resulting 
in greater demands for fresh water and declining groundwater 
level. Iran as a country in the Middle East is confronted by 
multiple water-related problems, such as drought and envi-
ronmental degradation from overexploitation of aquifers in 
the central and eastern parts of the country. Iran is considered 
as a semi-arid to arid zone. It has gained substantial im-
portance because of agricultural prosperity. Almost all water 
consumption needs are met from groundwater resources. In 
the last decades, rapid population growth coupled with agri-
cultural expansion has significantly increased demand on 
groundwater resources. Large increases in water demand with 
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little recharge have strained groundwater resources resulting 
in declines in water levels and deterioration of groundwater 
quality in the major parts of the plain. It's worth mentioning 
that the paramount cause of sharp drop in the groundwater 
table in recent years is conclusively attributed to pumping out 
of well water which confirmedly exceeds the level of the natu-
ral recharge. 

First, it is necessary a appropriate index of meteorological 
drought and its impact on the water resources of the region is 
determined. Among the various indices Standardized Precipi-
tation Index (SPI) is used most by McKee et al [8]. were pre-
sented. Peters and et al [9]. the propagation of a drought from 
groundwater recharge to discharge and the influence of aqui-
fer characteristics on the propagation was analysed by track-
ing a drought in recharge through a linear reservoir. The re-
sults showed that the delay in the groundwater system caused 
a shift of the main part of the decrease in recharge from the 
high-flow to the low-flow period. This resulted in an increase 
in drought deficit for discharge compared with the drought 
deficit for recharge. Also the development of multiyear 
droughts caused an increase in drought deficit. The attenua-
tion in the groundwater system caused a decrease in drought 
deficit. In most cases the net effect of these processes was an 
increase of drought deficit as a result of the propagation 
through groundwater. Only for small droughts the deficit de-
creased from recharge to discharge. The amount of increase or 
decrease depends on the reservoir coefficient and the severity 
of the drought. Under most conditions a maximum in the 
drought deficit occurred for a reservoir coefficient of around 
200 days. Khan and et al [10]. examined the relationship be-
tween drought and groundwater level in one of the regions of 
Australia began.  And concluded that the standardized precip-
itation index and the shallow groundwater level, there is a 
strong correlation. Tweed and et al [11].  examined the interac-
tion between surface water and groundwater and the impact 
of multi-year drought on lakes conditions in South-East Aus-
tralia using data from four years of drought (1992- 1996) and 
drought (1997- 2006)  The Great Lakes Basin Durgmaynt ex-
amined. And concluded that the drought causes a loss of 60% 
of the lake area and 80% reduction in the volume of water in 
the two lake. 

MATERIALS AND METHODS 
     The Kermanshah Province as one of the main cereal-
growing region is located in the western part of iran, with to-
tal area of 24,890 km2. Its annual precipitation varies from 375 
to 500mm. The province includes 11 provincial cities(PC). Ta-
ble 1 and Figure 1 indicates the geographical location of cities. 
 
 
Table 1 - Characteristics of the study in Kermanshah province.  

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
6TFig16T12T 6T12T- 6T12T 6T12TLocation6T12T 6T12Tof the studied6T12T 6T12Tprovinces. 

 
6TIn6T8T 6T8Tthe present study6T 8T 6T8Tmonthly6T8T 6T8Trainfall6T8T 6T8Tdata from6T8T 6T8Train gauge6T8T 
6T8Tstations and6T8T 6T8Tsynoptic6T8T 6T8Tweather station6T8T 6T8Tin6T8T 6T8TKermanshah6T8T 6T8Tprovince6T8T 
6T8Tin the6T8T 6T8Tperiod6T8T 6T8T13676T8T 6T8Tto 13906T8T a6T8Tnd6T8T 6T8Tgroundwater level6T8T 6T8Tdata6T8T 6T8Tfrom 
2366T8T 6T8Twells6T8T 6T8Tduring the6T8T 6T8Tperiod6T8T 6T8T19986T8T 6T8Tto 20116T8T 6T8Tis used6T8T 6T8TPiezometric6T8T. 
6T8TPosition6T8T 6T8Tand6T8T 6T8TPiezometric6T8T 6T8Train gauge6T8T 6T8Tstations6T8T 6T8Tin6T8T 6T8Tthe6T8T 6T8Tregion6T8T 6T8T(6T8T2) 
6T8Tis shown6T8T.6T8T The6T8T 6T8Tdata from the6T8T 6T8TRegional6T8T 6T8TWater Board6T8T 6T8Tand6T8T 
6T8TKermanshah6T8T 6T8TProvince6T8T 6T8TKermanshah6T8T 6T8TProvince6T8T 6T8TMeteorological 6T8T 
6T8Twere prepared6T8T. 
 
 
 
 
 
 
 
 
 
 
 

 
6TFig 2 - Location of meteorological stations and Piezometric Ker-

manshah Province 
6TMeteorological stations6T 6Tselected6T 6Tby considering6T 6Tseveral6T 6Tcases6T 
6Tsuch as6T 6Tlong-term6T 6Tstatistics6T 6T(6Tminimum 6T236T 6Tyears6T) 6Tand6T 6Tthe6T 6Tlow6T 
6Tstatistical errors6T 6Tare selected6T.6T Initially6T 6Tmonthly6T 6Trainfall6T 6Tdata6T 
6Tstations6T 6Tin terms of6T 6Thomogeneity6T 6Tby6T 6Ttwo 6T 6Tdoubly6T 6TMass6T 6Twere 
investigated6T 6Tand6T 6Ttest6T 6Tdrive6T, all 6Tthe data6T 6Twere homogeneous6T.6T 
The6T 6Tstatistical errors6T 6Tof the data6T 6Tusing6T 6Tthe ratio6T 6Tof6T 6Tthe differ-
ence6T 6Twas renovated6T.6T In the next step6T 6Tvalues of6T 6Tthe standard-
ized6T 6Tprecipitation6T 6T(SPI), 6T 6Tusing6T 6Trainfall6T 6Tdata6T 6Tand6T 6Tapplication 
deployment6T 6TDIP,6T 6Ton6T 6Ttime scales of6T 6T16T, 6T3 6T, 6T66T, 6T96T, 6T126T, 6T186T, 6T246T, and 6T486T 
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months during the period 1998 to 2011 calculated. The correla-
tion coefficient between groundwater level fluctuations and 
SPI index using equation (1) is calculated. 
 
 
 
 
Where : The correlation between the volatility index and 
the standardized precipitation, groundwater, X:  Standardized 
Precipitation Index, Y:  groundwater level fluctuations, : 
Standardized Precipitation Index, : groundwater level fluc-
tuations. 
The SPI calculated in this way has the following desirable 
traits: The SPI is uniquely related to probability. 

1. The precipitation used in SPI can be used to calculate 
the precipitation deficit for the current period. 

2. The precipitation used in SPI can be used to calculate 
the current percent of average precipitation for time 
period of i months. 

3. The SPI is normally distributed so it can be used to 
monitor wet as well as dry periods. 

4. SPI can be calculated for the other water variables of 
snowpack, reservoir, stream flow, soil moisture, and 
ground water. 

The SPI is normalized so that wetter and drier climates will be 
represented in a similar way. Using the SPI as the indicator, a 
functional and quantitative definition of drought can be estab-
lished for each time scale. A drought event for time scale i is 
defined here as a period in which the SPI is continuously neg-
ative and the SPI reaches a value of -1.0 or less. The drought 
begins when the SPI first falls below zero and ends with the 
positive value of SPI following a value of -1.0 or less. Drought 
intensity is arbitrarily defined for values of the SPI with the 
following categories: 
 

Table2- Drought classification based on SPI value 
 
 
 
 
 
 
 
 
 
 

 
 
The definition of drought thus far has included a beginning date, 
ending date, and a current drought intensity. Duration of drought can 
be either a current duration since the beginning or the duration of a 
historic drought event from beginning to ending. Peak intensity can 
easily be determined from the SPI. A measure of the accumulated 
magnitude of the drought can be included. Drought M,agnitude 
(DM) is defined as: 

 
 

 
 
 

where j starts with the first month of a drought and continues to in-
crease until the end of the drought (x) for any of the i time scales. 
The DM has units of months and would be numerically equivalent to 
drought duration if each month of the drought has SPI = -1.0. In fact, 
many droughts will have a DM very similar to the duration in 
months since most of the SPI values are between 0 and -2.0. Other 
benchmarks that help assess the vulnerability of each station 
on SPI drought appears to be an important measure of the 
longest duration period (number of months in the face of 
drought.) In order to determine the time delay caused by 
drought and the Standardized Precipitation Index (SPI) on the 
groundwater level, the correlation coefficient between this 
index and fluctuations in groundwater level plains with a time 
lag of 1, 2, 3, 4, 5, 6, 9, 12, 18, 24, and 48 months were studied. 
The groundwater level fluctuations during the period 1998-
2011 SPI index by software spss, was calculated. 

 
Results and Discussion: 
 
As mentioned before In this study, the criteria for assessing 
vulnerability to drought faced many months of drought,   And 
a large assembly of drought (DM) was calculated for each   
The results in Table 3 and Figure 3 is presented. 
 

Table 3 - Standards drought in each of the stations 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 3 - Standards Evaluation of drought in each of the stations 
 

(1) 

(2) 
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As shown in Table (3) also appears Ravansar stations with a 
total of 508.52 Maximum of Sahneh stations with the lowest 
total DM has a total of 435.13. In terms of the time scale of 
months 1, 3, 6, 9, 12, 18, 24 and 48 months with a total of 318 
months in the face of drought, Maximum station in Islamabad 
and with the Harsin station is 298 minimum.  
Groundwater level fluctuations in Kermanshah province 
during the period 1998-2011  is depicted in Figure 3.  The 
groundwater level in the form of Kermanshah in most cities is 
generally declining. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 4 - groundwater level fluctuations during the period of 
1998-2011 regions of Kermanshah province. 
 
 
The index values of SPI, during the period 1998-2011 was 
marked by the 2007-2008 and 2010-2 periods of drought 
occurred. Table 4 Correlation coefficients between SPI index 
and the average groundwater level in the regions of 
Kermanshah province during the period 1998-2011 shows. 
 
Table 4 - Correlation coefficients between standardized pre-
cipitation index and the average groundwater level in differ-
ent regions of Kermanshah province during the period 1390-
1377. 
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According to Table 4, Maximum correlation is found in every 
city., To determine the effect of time delay on the SPI index 
groundwater level, the correlation between the standardized 
precipitation index option with the highest correlation coeffi-
cients in Table 4 had a mean groundwater levels at 1, 2, 3, 4, 5, 
6, 9, 12, 18, 24, 48 months, of which the results are presented in 
table 3. 
 
 
Table 5 - Correlation coefficients between the standardized 
precipitation index and the average groundwater level plains 
of the province with the exercise of choice latency period  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Numbers Table (5) shows the correlation between mean 
groundwater level in the scale of 48-month SPI index without 
delay to the city Kangavar  and  SPI-scale 48-month and 24-
month time lag for the city of Kermanshah, SPI-scale 48-month 
and 12-month delay for station Ravansar SPI 48 months and 
the falcon station without delay, SPI time scale with a time lag 
of 48 months and 24 months for the station Harsin , SPI 24-
month scale and without delay to the station and SPI-scale 48-
month and 9-month time lag. Figure (5) changes with time 
scales of SPI index of the selected choice and latency than the 
monthly average groundwater level fluctuations during the 
period 1998-2011, the total area of the study shows. 
 

 
 
 
 

 
 

 
 
Fig (5) - Standardized Precipitation Index variations with time 
scale and time delay selection and groundwater level fluctua-
tions than the monthly average for the study area. 
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Figure 5 shows the monthly average groundwater level 
fluctuations that follow, the SPI index is changed. In other 
words, whenever the Standardized Precipitation Index in the 
form (5) has a value of -1 or Less (droughts) is to show a fur-
ther decline in groundwater levels. In order to determine the 
impact of drought on groundwater levels decline, Simple 
linear regression relationship between groundwater level fluc-
tuations (the dependent variable, WT) with SPI index in the 
selected time scale (the independent variable, SPI) determines 
the period 1 has been the results in Table 5 are shown. This 
relationship suggests a direct effect of drought on 
groundwater level fluctuations in the study area. 
 
Table 6 - Results of simple linear regression between the 
standardized precipitation index in the selected time scale. 
Fluctuations in groundwater levels in the study area during 
the period 1390-1377 

 
 
 
 
 
 
 
 
 
 

 
 

Equations are given in Table 6 it can be concluded that for a 
given unit of SPI index for each area of a few meters of 
groundwater levels will occur in Kermanshah and vice versa. 
 
Conclusion 
Kermanshah plain aquifer of drought on groundwater re-
sources has a negative impact, So that the relationship be-
tween the standardized precipitation index (SPI) scale and the 
ground water level and there is a time lag. The time delay and 
time scale of the plains is different, because of these 
differences, the depth of ground water, soil and aquifer 
hydraulic properties in each region is concerned. Due to 
declining groundwater levels in the regions of Kermanshah 

province, in order to determine the impact of drought on 
groundwater level fluctuations, regression equations between 
SPI and the amount of groundwater level fluctuations during 
the period (1390-1377), was determined the high correlation 
indicates that the groundwater level decline was directly 
affected by the drought index was confirmed in the plains. 
DM or a drought directly related to the number of months in 
the face of drought and famine of each month (value SPI). 
because the number of months in the face of increasing 
drought the total value DM and DM drought event in a 23-
year period, for example, will increase and this is also true for 
each month in relation to the severity of the drought. 
Therefore this feature is to evaluate an area's vulnerability to 
drought index, the index number of the months were faced 
with drought 
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