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Abstract 

As one of the most catastrophic atmospheric events, drought affects various aspects of the environment. Groundwater resources are one 

of the sectors that are influenced by long-term droughts and have received insufficient attention compared to other aspects of the 

environment. Rainfall data collected by 23 metrological stations for 20 years (2005, 2010, 2015, and 2020) was used to investigate the 

drought event and its situation in Qazvin Plain, the central plateau of Iran. Drought characteristics are evaluated using the 24-month 

standardized precipitation index (SPI). The results of SPI indicated that insufficient precipitation, excessive use of groundwater for 

irrigation, and utilization of uncontrolled wells caused a significant reduction in groundwater aquifers from 2015 to 2020. To assess the 

performance of the SPI, a five-year moving average of available precipitation data was calculated, and the result confirmed the outcomes 

of the SPI. Appropriate geostatistical interpolation methods are used to generate maps of drought zoning. Based on the results of this 

investigation in the northeastern part of the study area, June and November had the highest and lowest rates of drought, respectively. 

The linear regression between the annual average of precipitation and the changes in groundwater aquifer level exposed a significant 

correlation of R2 = 0.4253. Furthermore, linear regression between 24-month SPI and groundwater aquifer level indicated a correlation 

of R2 = 0.614. Considering the results of this study, the reduction of groundwater aquifer levels in Qazvin Plain from 2015 to 2015 exposed 

a significant negative difference compared to previous years (2005 to 2010). 
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I. INTRODUCTION 

Drought is a natural phenomenon and disaster and happens 
in any geographical region across the world. However, it's more 
common in semi-arid regions [1]. Groundwater occurs in all 
climatic zones, such as those with high precipitation averages 
and those attributed to low rainfall averages [2]. The extensive 
water reserve beneath Earth’s surface is a crucial source for 
humans and ecosystems [3]. By supplying 36% of water for 
drinking and 42% of farming water, groundwater is a significant 
freshwater source globally [4]. Throughout the existing 
condition of the 'Anthropocene', groundwater resources are 
under massive stress due to natural and anthropogenic stresses 
[5]. Naturally, groundwater is sensitive to variability and change 

in - hydroclimate conditions [6]. For instance, an increase in the 
intensity of evaporation as the consequence of a warmer climate 
decreases groundwater recharge, which is also responsive to 
landscape features, such as soil and vegetation characteristics [7, 
8]. 

Moreover, groundwater accessibility is also affected by 
human water withdrawals to maintain different socio-economic 
activities [9, 10]. Uptakes from groundwater resources have 
risen significantly in recent years due to global population 
growth and water use per capita [11]. Groundwater is a 
trustworthy resource of fresh water, which covers human water 
demands. Its gradual response to climatological circumstances 
makes it a massive buffer against climate variability, as well as 
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drought [12]. It is projected that 35% of the Earth’s surface does 
suffer various forms of drought in several given years [12]. This 
puts into disbelief whether groundwater will meet the growing 
water demand [13], given the emerging depletion threats from a 
reduced recharge rate in the face of increasing demand [14]. 

During the recent drought events, groundwater has been 
heavily exploited for various agricultural, urban, and industrial 
uses. The impacts of the droughts are not limited to Iran, [2] 
exhibited that the drought has severely affected crop yields in 
Erbil Province of Iraq within the last two decades. Although 
groundwater is considered one of the most crucial water 
resources in the world, it is not considered in many drought 
studies [15]. 

Accessibility to groundwater resources is vital in populated 
and dry parts of the world [16-18]. Surface water is declining 
sharply as the temperature rises [19-21], and it increases the 
competition for surface water resources [22-24]. Groundwater 
drought occurs in periods while the volume of rainfall in that 
period is less than the long-term average [25]. When the 
groundwater aquifer system is influenced by drought, initially 
the dewatering, then the surface, and finally the groundwater 
aquifer discharge decreases [26]. The rise of global and local 
temperature can influence physical and chemical changes of the 
earth's surface process and eventually affects groundwater 
quality [27, 28]. Various research has been done on the impact 
of drought on the aquifer surface. Weider and Boutt [29] 
revealed that groundwater responses to rainfall anomalies are 
more dissimilar than the responses exposed by streamflow. 
Consequently, Bloomfield, et al. [30], Kumar and et al. [31], and 
Stoelzle, et al. [32] discovered that the drought of groundwater 
happens in specific geographic regions and can be affected by 
the hydrological attributes and storage capability of these 
regions. Al-Quraishi, et al. [33] conducted a time series analysis 
of the drought based on NDVI, SPI, and NDWI. The result 
exposed a significant correlation between SPI and precipitation. 

The drought affects the groundwater and vegetation [34] 
demonstrated a massive reduction of the vegetation-covered 
area affected by drought severity in the Iraqi Kurdistan Region. 
Javadanian and Ahmadi Darani [35] evaluated the correlation 
between the amount of groundwater usage and the reduction of 
groundwater aquifer level in Damaneh of Isfahan and showed 
that the decrease in groundwater level has a direct effect on the 
creation and expansion of subsidence. Within the last two 
decades, Qazvin plain experienced catastrophic events like 
drought severity drying of seasonal rivers, which caused a 
massive reduction of surface water and an eventually significant 
reduction in the level of groundwater aquifer [36]. In the last two 
decades, Qazvin plain-faced massive changes.  

Drought occurrence, surface water reduction, drying of 
seasonal rivers, and significant decreases in groundwater aquifer 
levels are the most catastrophic events of the last 20 years in this 
area. Therefore, this study investigates the impacts of the 
drought events on the decline of groundwater resources in 
Qazvin plain over the last two decades. The decrease in 
groundwater aquifers level in Qazvin plain was increased 
significantly, which can cause economic, social, and 
environmental crises in this region. Drought, climate change, 

land-use change, and uncontrolled drilling of the wells are the 
influencing factors of the groundwater crisis in Qazvin plain. 

According to current evidence, the annual consumption of 
groundwater in Qazvin plain is 200 million cubic meters, while 
only 1.4 million cubic meters of this consumption is being 
recharged by precipitation water. Less than 10% of the harvested 
water is used for drinking and industrial sectors, while about 
90% of this water is consumed in the agricultural sector. Qazvin 
plain, with an area of 4220 km2 and an average alluvial thickness 
of 300 meters, has a potential of 1.2 billion cubic meters of 
groundwater [7]. This study investigates the relationship 
between fluctuations in groundwater aquifer level and the 
drought impacts using the standardized precipitation index (SPI) 
in Qazvin plain, Iran. 

II. STUDY AREA 

Qazvin Province is situated in the central region of Iran and 
covers 15,623 km2, which lies between latitudes of 35°24'-
36°48' N and longitudes of 48°44'-50°51' E. Sharing borders 
with Mazandaran to the north, Zanjan and Hamedan to the west, 
Tehran to the east, and Markazi Province to the south. Qazvin 

plain has an annual average temperature of 13℃, and annual 

precipitation of about 0.32 m in Qazvin Province. Qazvin plain 
has a dry climate with hot summer and cold winter (Fig. 1). The 
groundwater depth in this area varies between 28 to 35 m from 
ground level. Qazvin plain has 3500 km2 fertile agricultural 
lands divided into two parts based on the source of irrigation 
water. The irrigation system of the northern part of Qazvin plain 
has been supplied through the Taleghan river in the last thirty 
years, and nowadays, this river is not capable of supplying the 
demanded water for this area. Therefore cultivators are shifting 
toward groundwater as an available alternative. 

 

Fig. 1. Inset Outline map of Iran on the right side and the red frame indicates 

specified research area, the main figure on the left presents the tectonic map of 

the study area [37] 

III. MATERIALS AND METHODS 

This study used the standard precipitation index (SPI) and 
precipitation data, obtained from meteorological stations to 
evaluate drought events in the Qazvin plain. The SPI values 
were calculated employing (DIP) software. The 24-month SPI 
index allows the evaluation of groundwater resources; therefore, 
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the 24-month SPI index was used in this study. The interpolation 
methods are used to predict values for each pixel based on 
available data points within the specified study area. Three 
methods of interpolation, inverse distance weighted (IDW), 
radial basis functions (RBF), and kriging, were examined and 
the best interpolation technique was selected by analyzing Root 
Mean Square Error (RMSE) values, equation (1). Research 
workflow is presented in Fig. 2.  

𝑅𝑀𝑆𝐸 =  √
∑ (𝑍(𝑋𝑖) − 𝑍∗(𝑋𝑖))𝑛

𝑖=1

𝑛
                           (1) 

Where, Z* is the predicted value and Z is the observed value 
of the variable in position xi, and n is the number of 
observations. 

Correlation and linear regression were calculated to evaluate 
the relationship between drought events and groundwater 
fluctuations using suitable software like SPSS and excel. 

A. Standardized Precipitation Index (SPI)  

The Standardized Precipitation Index (SPI) is a widely used 
index to characterize drought events on a range of timescales. 
The SPI calculation involves fitting a probabilistic gamma 
density function to a specific time series rainfall data. The SPI 
can be created for differing periods of 1-to-36 months, using 
monthly input data. This was evaluated independently for each 
month and location for an overall review of drought concepts 
and modeling. Lack of sufficient rainfall is considered the 
leading cause of the drought. 

Furthermore, the spatial distribution, amount, and 
precipitation time are essential to define its effectiveness. At the 
same time, the storage of the water depends on the available 
water reservoir, water demands, and its usage as well. Thus, 
drought is a persistent term for water scarcity and occurs 
naturally when an area receives less than regular rainfall for 
several months. Where the rainfall is less than the long-term 
average, the output value of SPI is [38]. Unlike other land 
indices, the SPI is not heavy to use. The SPI gets only time-series 
rainfall data as input [39]. The SPI operates based on 
Normalized data, and this index is spatially constant and can be 
evaluated in different regions [40]. The SPI index is calculated 
using Eq. (2). 

𝑆𝑃𝐼 =  
𝑥𝑖 �̅�

𝜎
                      (2) 

Where x is the rainfall data for the selected period of years (i), 
𝑥 is long-term mean of precipitation (xi), and σ is the standard 
deviation of data for the specified timescale. 

B. Inverse Distance Weighted (IDW) 

The inverse distance weighted (IDW) technique estimates 
the value of each point based on its distance to the observed 
points. The weights assigned to the predicted points are 
regulated by weighting parameters of IDW, such as distance and 
power. Greater powers decrease the effect of points farther from 
the predicted point, and smaller powers distribute weights more 
consistently between neighboring points. Obviously, this 
technique only respects distances, regardless of the position and 
arrangement of points. That, points with an equal distance 

related to the observed point will receive the same weight [41]. 
The inverse distance weighting technique is calculated based on 
Eq. (3): 

λ𝑖 =

∑ (
𝑍𝑖

𝑑𝑖
𝑝)𝑛

𝑖=1

∑ (
1

𝑑𝑖
𝑝)𝑛

𝑖=1

                                       (3) 

𝜆𝑖  is the point to be predicted, n is the number of points, 𝑧𝑖 is 
the value of the observed point for location (i), d is the distance 
and p is the power. 

C. Krigning 

Kriging is one of the most widely used geostatistical 
interpolation methods that consider both the distance and the 
degree of variation between observed data points while 
predicting values to the unknown points [42]. It is a multistep 
procedure; it comprises exploratory statistical evaluation of the 
data. Kriging is essentially a statistical approach to compute 
weights regarding adjacent values. It is also recognized as 
BLUE (Best Linear Unbiased Estimator). 

 

Fig. 2. Research workflow 

IV. RESULTS AND DISCUSSION 

The SPI is computed for the 24-month timescale and is 
presented in Fig. 3. The results of drought analysis for the 24-
month timescale in Qazvin plain are presented in Figure 3. The 
result of drought severity from 2010 to 2015 is more significant 
due to its intensity. To determine the dry year, ranks were given 
to each year based on drought intensities. According to the 
results of the SPI index, Qazvin plain had the lowest moisture 
from 2015 to 2020 and was determined as the driest years. To 
validate the output of SPI, a five-year moving average of 
precipitation was calculated, and the result of SPI was 
confirmed. Among the interpolation methods IDW, RBF, and 
kriging, based on their Root Mean Square Error (RMSE). The 
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IDW interpolation technique with the least error was recognized 
as the best method for data interpolation this research.  

 

Fig. 3. Twenty-four-month time series of SPI index of Nusrat Abad station 
from 2010 -2015 to 2015 to 2020. 

The spatial expansion of drought range in Qazvin plain 
presented in Figure 3, and the results of SPI revealed in 2010-
2015, November and December had the highest humidity with a 
percentage of 64.14 and 60.93, respectively. June received the 
lowest with a percent of (7.07). August with (33.34%) of the area 
experienced the highest rate of severe drought. The east and 
northeastern parts of the study area had unfavorable humidity 
and moisture conditions in the second half of the investigated 
years, while the southwestern parts are in a normal condition. 
The maps of drought periods are presented in (Fig. 4). 

 

 
Fig. 4. Drought partitioning in Qazvin plain using IDW technique (a, b, c, d, 

e, f), Drought zoning in Qazvin plain, obtained by IDW (g, h, i, j, k, l). 

A. Influences of drought on groundwater resources 

In order to inveterate the effects of drought on groundwater, 
the monthly hydrograph of the study area is used to evaluate the 
correlation between groundwater aquifer level, and rate of 
precipitation. The result exposed the negative impacts of the 
drought on groundwater aquifers. The hydrograph of the study 
area shows a negative trend. According to this trend, the level of 
groundwater aquifer decreased 1-meter per-year in the last 13 
years. The statistical information obtained from correlation 
coefficients between monthly rainfall and monthly water level 
fluctuations is presented in Table I. The low correlation 
coefficient between precipitation and water level occurs mainly 
due to two reasons. The infiltration of precipitation water and 
the delay of snowmelt that causes a delay in reaching to the 
groundwater aquifer. 

Furthermore, the monthly rainfall and the groundwater 
abstraction level are not regular. Table I shows the correlation 
coefficients of groundwater aquifer level and rainfall for one-to-
four months ago. These coefficients show that the precipitation 
of three months ago has the highest correlation with the surface 
of the groundwater aquifer. This correlation coefficient is 
significant in confidence (1%), shown in Figure 5. 

TABLE I.  CORRELATION COEFFICIENTS BETWEEN MONTHLY 

PRECIPITATION AND GROUNDWATER AQUIFER LEVEL 

Coefficients 

 

Simultaneous a 

month 

ago, 

two 

months 

ago, 

Three 

months ago, 

Monthly rainfall     

The correlation 

coefficient 

0.155 0.243 0.432* 0.652** 

* Correlation is significant at the 0.05 level (2-tailed)       

 **Correlation is significant at the 0.01 level (2-tailed)   

-4

-3

-2

-1
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2
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Fig. 5. Linear regression between monthly precipitation and water level 
Changes in Qazvin plain 

Correlations between 24-month SPI and groundwater level 
are evaluated and showed that the groundwater aquifer level of 
Qazvin plain in 2010-2015 had a good correlation with 24-
month SPI, therefore the correlation coefficient with a value of 
0.634 and a significance of 0.01 was obtained. Figure 6. The 
findings of this study proved that drought is the main reason for 
the water table decline in the Qazvin plain. However, other 
factors such as the overdraft of groundwater, population growth, 
and mismanagement are involved with the decline of 
groundwater in this plain. 

 

Fig. 6. Linear regression between 24-month SPI and groundwater Aquifer 

surface. 

V. CONCLUSION 

Drought is a natural disaster that affects human life, 
sustainable development, and the earth's ecosystem. Evaluated 
24-month timescale SPI results demonstrate a five-year severe 
drought in Qazvin plain occurred from 2010 to 2015. Three 
interpolation methods, IDW, kriging, and RBF were evaluated, 
and the IDW method with the least root mean error (RMSE) 
exposed more feasibility as the best interpolation method for this 
research. Considering the outputs of the drought severity zoning, 
all the regions of the Qazvin plain exposed unfavorable 
conditions within the specified years of the study, except the 
southeastern regions, which have a normal condition in all 
months of the years. Based on the monthly average of 
precipitation, drought conditions vary between the regions. 
However, considering the overall condition across the study 
area, the most severe droughts during the last two decades 

occurred in August and June, and the severity was increased in 
August, where 33.34% of the research area was covered by 
severe drought. According to the study area hydrograph, the 
groundwater aquifer level has shown a negative trend in the last 
20 years. Based on this trend, the water level decreased 1-meter 
per year and reached 2-meters per year from 2010 to 2020. 
Findings of this study indicate that groundwater aquifer level has 
a good and significant correlation with standardized 
precipitation index with a 24-month timescale. This study 
exposed a substantial decrease in groundwater aquifer levels 
from 2010 to 2020 compared to 2005 to 2010 due to drought. 
However, the drought is not the only influencing factor for 
reducing the groundwater aquifer in Qazvin plain. Population 
growth, uncontrolled drilling of the wells, and agricultural 
activities are also responsible for this issue. It requires a proper 
planning and management system to protect and limit the water 
usage during the drought crisis contrarily this region will not be 
capable of supporting life in the future.  
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