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ABSTRACT

The reduction of renewable water resources in arid and semi-arid regions of the world and on the other hand, the increase in the demand for high-
quality water resources has forced the dicision makers to allocate water resources of higher quality for urban and drinking purposes and water
resources of lower quality (such as municipal reclaimed wastewater) to be allocated for purposes such as agriculture, industry and green spaces.
However, the situation of accumulation of heavy metals in various parts (tissues) of crops irrigated with wastewater is still unclear and due to the
risk of these metals entering the human food cycle, it should be measuered and monitored regularly. In this research, the effects of irrigation with
treated municipal wastewater on the accumulation of heavy metals in the roots, aerial parts and seeds of the faba bean plant (Vicia faba L.) were
investigated and compared with concentration of heavy metals in the faba bean plant irrigated with well water (as a control treatment).The results
showed that the concentration of all the heavy metals in different parts of the faba bean plant under the wastewater treatment was significantly
higher than the well water treatments, so that the concentration of iron and cadmium in the root (non-edible part) of the faba bean plant was higher
than the standards’ limits. The concentration of copper and manganese in different parts of faba beans was lower than the permissible limits. The
concentration of cadmium and zinc in the grain is higher than the standards’ limits, so measures should be taken to reduce the concentrations of
these metals in the effluent.
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1.Introduction

On the one hand, like the arid and semi-arid regions of the world, Iran is facing a decrease in renewable water resources and on the other hand an
increase in the demand for high-quality water.This has forced the dicision makers to preserve better quality water resources for urban and drinking
purposes and less quality water resources (such as municipal reclaimed wastewater) to be allocated for purposes such as irrigation of agricultural
crops, vegetables and green spaces. In the meantime, the situation of the accumulation of heavy metals in different parts of the crops and
vegetables irrigated with reclaimed wastewater, is still unclear. Therefore, the concentration of these metals in plants should be measured and
monitored, regularly due to their risk of entering the human food cycle and bringing about diseases. Therefore, in this study, the effects of
irrigation with treated municipal wastewater on the accumulation of heavy metals in the roots, aerial parts and seeds of the faba bean plant (Vicia
faba L.) were investigated and compared with concentration of heavy metals in the faba bean plant irrigated with well water (as a control
treatment).

2. Methodology

2.1. Experimental site and Kermanshah municipal wastewater treatment plant

This research was conducted in Kermanshah city with a semi-arid-cold climate. The average long term annual temperature and precipitation of
this city is 14.3 degrees Celsius and 444 mm, respectively, where most of the precipitation occurs between the months of November and May.
Kermanshah municipal wastewater treatment plant is located in the southwest of the city with an area of 78 hectares. This treatment plant collects
waste water from a population of 400,000 people, so that its daily discharge capacity is 60,000 cubic meters. The treatment process in this waste
water treatment plant is a conventional activated sludge method, which includes primary, secondary and tertiary treatment stages. In this research,
the fields under faba bean cultivation were located at the downstream of the treatment plant, each with an area of nearly 5 hectares. The lands
under irrigation with treated waste water were always irrigated with the effluents of the treatment plant using the traditional surface irrigation
method for nearly 10 years, and the control treatments, were also irrigated with well water for many years.

2.2. Collecting and preparing plant samples
At the time of crop harvesting, a number of whole faba bean plants (roots, aerial parts and seeds) from different parts of each treatment (farm)
were randomly harvested in three replicates. Afterwards, the different parts of each plant were washed with "triple distilled water" in order to
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eliminate possible pollutants. After the washing process, the drying process of the plant samples was carried out in the vicinity of the open air.
Then, different parts of each plant, such as the seeds, aerial parts and roots were crushed and ground and packed in plastic bags as plant samples.

2.3. Measurement of heavy metal concentration
Plant samples were digested using the method described by Batarse et al. (2011). An atomic absorption device (Spectra AA 220 model) [made by
VARIAN factory in Australia] was used to measure the concentration of heavy metals in each sample.

2.4, Statistical Analysis Statistical Analysis

The statistical analysis was carried out in the form of a completely randomized design (CRD) with three replications and two irrigation treatments
viz, treated waste water and well water (as control). The measured parameters were analyzed and evaluated using MiniTab 17.0, SAS 9.1 and
MSTATC statistical softwares. After performing the test of normality of the data, comparison of means tests was performed at 1 and 5 percent of
probability levels using Duncan's method.

3. Results and discussion

The results showed that the concentration of all the heavy metals in different parts of the faba bean plant under the wastewater treatment was
significantly higher than the well water treatments, so that the concentration of iron and cadmium in the root (non-edible part) of the faba bean
plant was higher than the standards’ limits. The concentration of copper and manganese in different parts of faba beans was lower than the
permissible limits. The concentration of cadmium and zinc in the grain is higher than the standards’ limits, so measures should be taken to reduce
the concentrations of those metals in the effluent.

4. Conclusions

Understanding the accumulation of heavy metals in plant tissues is critical to address environmental and food safety concerns. By comparing the
concentration of heavy metals with existing standards, potential risks can be identified and strategies can be developed to minimize the impact of
heavy metal pollution. This research is very important and necessary to maintain the health of the ecosystem and human well-being in the face of
increasing demand for the use of non-conventional water in arid and semi-arid regions due to successive droughts and the crisis of water
resources. Efforts to reduce the pollution of heavy metals cadmium and zinc in the effluent of treated wastewater, which in this research were
found to be hazardous to human health, include specific and additional treatment of these two metals from the effluent, implementation of
appropriate waste management practices, improvement of industrial processes, regulating the use of specific products and using effective
technologies for wastewater treatment. Supervisory and management measures are also necessary to control the release of heavy metals in water
resources.
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ABSTRACT

Gilan-e Gharb Reservoir Dam in Gilan-e Gharb County in the southwest of Kermanshah Province is one of the dams designed to provide
agricultural water to downstream lands in a hot and dry region. This dam is one of the structures where the calculation errors in the estimation
of the water entering the reservoir have caused the failure of the planned goals in such a way that to compensate for this calculation error and
to supply agricultural water to the Gilan-e Gharb dyke area in front of the Gilan-e Gharb spring flow, it was designed and was executed After
25 years of dewatering this dam, the volume of the reservoir has not yet reached the estimated value. The studying consulting engineers
company mentioned the reason for this failure due to the quality of the reservoir dam inlet station, the quality of statistics and information, the
occurrence of drought, and finally the effects of watershed operations in the catchment area of this dam. The main purpose of this research is
to evaluate the methods of estimating the inflow to the Gilan-e Gharb dam reservoir and to investigate the factors affecting the calculation
errors by using HEC-HMS software to analyze the runoff rainfall model of the Gilan-e Gharb dam reservoir and to investigate the effect of
water management operations on the productive runoff and peak flood discharge. In this study, maps of land use, geology, vegetation and soil
hydrological groups were prepared along with field assessments, and then the CN map of the basin was prepared from the integration of the
said maps using GIS software. According to the historical record of the statistics and information of the inlet station of the Gilan-e Gharb
Reservoir Dam in recent periods and even before the construction of the Reservoir Dam, the volume of the reservoir due to several reasons
such as the low amount of incoming runoff, the existence of karst formations that collect most of the runoff, the volume of runoff with the
amount 17 million cubic meters does not match. The results of this research showed that the estimation of the dam inlet was accompanied by
gross errors due to the lack of knowledge of the hydrological conditions of the reservoir dam area. Taking into consideration that the watershed
operations in the carried-out periods have also had an impact on the water intake of the mentioned reservoir dam, the watershed cannot be the
main obstacle for not reaching the predicted watershed.
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1.Introduction

Experience has shown that the application of experimental methods of watershed estimation from watersheds without knowing and obtaining
the required parameters and their appropriate estimation and without considering the studied watershed system has not led to acceptable
results. In addition, the restoration and extension of the data using the statistics and information of watersheds which have nothing in common
with the studied watershed, do not yield reliable results. In many cases, consultants of contracting parties of employing companies use
hydrological models and generalization and extension of data to analyze water structures, to evaluate water resources. Determining the amount
of runoff and the shape of the flood water feature, while being used in determining the flood process in a basin for the design of flow control
structures, organizing the river and designing other water structures, will indicate the response of the basin to rainfall. Among the different
hydrology models, the HEC-HMS model is more useful in hydrology evaluations for the design of hydraulic structures. The main purpose of
this research is to evaluate the methods of estimating the inflow to the Gilangreb dam reservoir and to investigate the factors affecting the
calculation errors by using HEC-HMS software to analyze the runoff rainfall model of the Gilangreb dam reservoir and to investigate the
effect of water management operations on the productive runoff and peak flood discharge. In this study, maps of land use, geology, vegetation
and soil hydrological groups were prepared along with field assessments, and then the CN map of the basin was prepared from the integration
of the said maps using GIS software. One of the reasons for choosing the Gilangreb Reservoir Dam in order to carry out pathological studies
on the estimation of the inflow and design discharge of the mentioned spillway is the significant difference between the long-term inflow of
the dam and the design flow.

2. Methodology
In this survey, the statistics and information of the studied catchment area and its adjacent areas were used (Tables No. 1 and 2). Considering



https://orcid.org/0000-0001-7370-0321
https://orcid.org/0000-0002-0130-372X
https://orcid.org/0000-0001-6870-2023

the statistical gaps in the water and meteorological stations in the region, especially due to the imposed war, it was tried to use the recorded
statistics and information to repair the statistical gaps, and to use the statistics and information of other stations whose catchment areas are not
similar. It does not have a hydrological relationship with the study area and should not be used. However, in view of this, in inevitable cases,
the rainfall statistics of Kermanshah synoptic station, which is more reliable than other stations in the region, and the statistics and information
of Qasr Shirin stability rain gauge station and the number of rainy days of this station and the mentioned parameter and the maximum 24, 48
and 72 rain gauge stations of Pol Shah and Qasr Shirin were used. Also, by using digital maps (DEM) and satellite images, various thematic
maps (Figure No. 3) were created in order to use the results in the Hec-Hms model (Figure No. 4 A). ) is presented.

3. Results and discussion

The results of the trend test are based on the existence of a trend in the data in irrigation, although in the case of some data such as monthly
irrigation, the results of the Kendall test and the turning point were not the same. Also, using the available statistics of the water measuring
station at the entrance of Gilangharb dam, the water level of some years, such as the water years of 70-71, 72-71, 74-73, 77 and 98, 97, is
different from other years. The outlier test has been used, and according to the recommendation of the American Water Resources Association
in 1981, considering that the skewness coefficient is greater than 0.4, the outlier data test has been performed for large values. Based on this
test and considering the k value of the test, the upper limit of 22.74 and the lower limit of 0.44 have been calculated as 2.448, except for the
water year of 89-90, when the volume of water produced is 0.35 million. Yes, no outliers have been observed in the data. In addition, with
field observations and the use of satellite images, watershed operations were also investigated. Due to the limitation of surface and nderground
water resources, as well as the border and exclusion of the studied area, in the initial approach and field visits during 30 years, a major change
in land use, which is mainly pasture agricultural land, oak forests and villages located in the area No major change has been achieved (Figure
No. 4).

4. Conclusions

Before the management and development and review and analysis of water resources systems, it is necessary that its infrastructures are
prepared in the form of basic studies of water resources, and with the advancement of technology, the monitoring quality of the water
resources measurement network is improved both from the quantitative and It should also be done from a qualitative point of view. In addition,
it is necessary to know and study methods in the form of systematic and integrated management of water resources, development studies
without considering the above levels may cause a waste of time, cost and opportunities, and at the time of occurrence Natural phenomena such
as droughts and floods and even climate changes make management difficult and sometimes impossible. In the study area, by establishing a
water measuring station and exploiting it, important facts and facts of the area were determined that the use of empirical relationships and the
restoration and extension of statistics using the information of areas that have no hydrological commonality with the study area. It does not
work, it is useless and non-technical. The studied area up to the Gilangreb Reservoir Dam, based on the documentation in the past and in
normal time conditions, had a runoff potential of 7 to 8 million cubic meters (in the form of floods), which in the current dry period (at least in
the last ten years) and the events that happened in the area ( watershed operations) on the one hand and on the other hand the poor potential of
the underground water in the basin (which has caused a negligible base flow in it) and possible uses on a case-by-case basis, the river's
drainage has reached less than 2 million cubic meters. This is despite the fact that according to the conditions of the study basin, the river
reaches the super-alashare water level only in normal years, when the annual rainfall in the basin is more than 600 mm and there are high
intensity showers in a few days. that the probability is low every year. The analysis carried out shows that the watershed operation has not
completely reduced the water level and the volume of floods in the Gilangarb reservoir dam area, and the water level has alternated between
wet and dry periods, and there have been no continuous wet or dry periods. The volume of floods and flooding has decreased by 43% and 34%
respectively. The error that happened from the previous studies was that the runoff was not available for at least 100 square kilometers of the
catchment area, which is made of karst formation (mainly limestone) and has had a preventive effect on the real area and the topographical
area. The results of this study showed that the methods of estimating the water input to the Gilangreb dam reservoir due to the use of statistical
relationships and its extension could not be in accordance with the basin realities and the construction of this dam with high costs actually did
not reach the pre-designed goals.
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ABSTRACT

The current study evaluated the accuracy of general circulation models of the sixth climate change report in simulating the monthly rainfall at
Kermanshah synoptic station in the studied region. In this study, the CanESM5/MRI-ESM2-0 and MIROC6 models were utilized to forecast
the precipitation of the Kermanshah synoptic station at the microscale using the statistical delta change factor method. The models' accuracy
has been assessed after error correction. The accuracy of the adjusted models compared to the observational data for the 1990-2014 period has
been evaluated using validation indicators like root mean square error (RMSE) and Nash coefficient (NASH). The lowest average of monthly
rainfall from 2026 to 2100 occurs in June, July, August, and September, while the highest precipitation is in April, March, and November
across all three near-future historical periods (median and Far). In the second period (2051-2075), there are more similarities in the trend of
changes in monthly rainfall. However, in the SSP126 scenario, the models MIROC6 and CanESM5 predict greater increases in precipitation
for this historical period compared to the SSP245 and SSP585 scenarios, according to the MRI-ESM2-0 model.

Based on the validation criteria after bias correction, the study area's best and worst models for predicting monthly rainfall are MIROC6 and
MRI-ESM2-0, with the lowest and highest errors, respectively. The Nash-Sutcliffe coefficient for the models MRI-ESM2-0, MIROCS,
CanESMS5 s calculated as 0.91, 0.93, 0.95, indicating the effectiveness of the delta change method in downscaling climatic parameters. The
MRI-ESM2-0 model shows lower accuracy in predicting monthly rainfall in the study area, but it could yield varying results for other climate
parameters and regions.

Keywords: CMIP6, climate change, monthly rainfall, delta change factor method and bias correction.

Article Type: Research Article
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1.Introduction

Climate change has been a crucial environmental issue in recent years, with global warming, water crisis, and ecosystem changes drawing
significant attention. Scientists have been developing various scenarios of greenhouse gas emissions to model future climate changes.

Prior research has focused on forecasting rainfall using the fifth climate change report, with little attention to the future socioeconomic
impacts. This study addresses monthly rainfall prediction for the Kermanshah synoptic station using data from the sixth climate change report,
considering various social and economic scenarios (J. T. S. Pedersen et al., 2022).

2. Methodology

Climate change, caused by human activities, is a widely studied topic. The Intergovernmental Panel on Climate Change (IPCC) is the leading
authority on researching and predicting climate change, and they have developed numerous emission scenarios over the years. The challenge
of addressing climate change is currently one of the most significant issues.

The Kermanshah province, located in the western part of the country, spans 24.64 square kilometers, in Iran. It stretches between the latitudes
of 33° 36' to 35° 15' north and the longitudes of 45° 24' to 48° 30" east. The Kermanshah synoptic station is situated at the coordinates of 34°
21 longitudes and 47° 10 latitudes.

One challenge with using AOGCM model outputs in regional climate change studies is the mismatch in spatial scale between the model's
computational cells and the study area. At the same time, regional studies need data at a resolution of 50 kilometers or less to assess the effects
of climate change. The current study utilized the Delta Change Factor (DCF) method to reduce the scale of GCM model data. In CMIP6,
models typically feature enhanced resolution and improved dynamic processes. The simulation of future climate changes has utilized the
Shared Socioeconomic Pathways (SSP) scenarios. These scenarios, employed in CMIP6, forecast global socioeconomic changes until 2100.
The study utilizes the SSP5_8.5, SSP2_4.5, and SSP1_2.6 scenarios. To assess model accuracy, RMSE (Root Mean Square Error) and NSH
(Nash-Sutcliffe Efficiency) are used as indicators (Fatemi et al., 2022).
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3. Results and discussion

In this study, three climate models - CanESM5, MRI-ESM2-0, and MIROC6 - were utilized to forecast monthly rainfall variability in
Kermanshah synoptic station for the sixth climate change report across three future periods: 2026-2050, 2051-2075, and 2076-2100 under
SSP126, SSP245, and SSP585 scenarios. The comparison of the trend of monthly rainfall changes in the corrected data indicates that the
MIROC6 model predicts the median for the Kermanshah region with the least error compared to the other two models. First, the average
monthly rainfall for models after correcting the error for three intervals (2050-2026), (2051-2075), and (2076-2100) was analyzed in Figure 1.
As can be observed in all scenarios, there is a decreasing trend in monthly precipitation.
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Figure 1. Monthly average rainfall for all three scenarios and mode

The lowest amount of precipitation is related to the months (June-July-August-September), while the highest amount of precipitation occurs in
the months (April-March-November) across the near future, mid-term, and far future. The average rainfall in the SSP126 scenario is predicted
to be higher for the MIROC6 model than for the other two models shortly (2026-2050). In the mid-term future (2051-2075), the MIROC6
model predicts less rainfall than the other two models, and in the far future (2076-2100), the CanESM5 model predicts the highest average
rainfall for April. In the SSP245 scenario, shortly (2026-2050), the MRI-ESM2-0 model predicts the highest amount of rainfall for November,
and the rest of the values are similar. In the mid-term future (2051-2075), the predictions of the models are almost similar, and in the far future
(2076-2100), the MIROC6 model predicts the highest average rainfall for March, the CanESM5 model predicts the highest average rainfall for
April, and the MRI-ESM2-0 model predicts the highest average rainfall for November. In the SSP585 scenario, shortly (2026-2050), the MRI-
ESM2-0 model predicts more rainfall than the other two models. In the mid-term future (2051-2075), the CanESM5 model predicts the highest
amount of rainfall for November, and in the distant future (2076-2100), the MRI-ESM2-0 model predicts the highest amount of rainfall for
November, while the CanESM5 model predicts approximately the highest average predicted rainfall.




4. Conclusions

The most significant changes in monthly rainfall are expected to occur after bias correction in the first period (2026-2050) in the MRI-ESM2-0
model scenarios. The MIROC6 and CanESM5 models show similar predicted rainfall changes. In the second period (2051-2075), the trend of
monthly rainfall changes for all three scenarios is more similar. However, the MIROC6 and CanESM5 models under the SSP126 scenario
have predicted greater increases in rainfall compared to the SSP245 and SSP585 scenarios of the MRI-ESM2-0 model during this historical
period. The MRI-ESM2-0, MIROCS6, and CanESM5 models are suitable for use in the study area after bias correction, based on the validation
index values for all three scenarios and models. Nonetheless, there are differences in the accuracy of the models for examining various climate
change parameters and different climate regions. For instance, the MIROC6 model exhibits the highest accuracy for predicting monthly
rainfall, while the MRI-ESM2-0 model has the lowest accuracy. The accuracy of the MRI-ESM2-0 model for predicting monthly rainfall in
this study area is lower, but its accuracy for other climate change parameters and different regions may yield different results. The comparison
of observational data and historical scenario model data in the study area for predicting future monthly rainfall shows that the best models for
the study area are MIROC6 and CanESMS.
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ABSTRACT

In order to reduce the amount of evaporation from water reservoirs, various methods have been proposed, which can be divided into two
physical and chemical categories. In the physical methods, by using physical coverings, such as floating balls, metal and polymer plates, or
tree leaves, and by covering the water surface, evaporation waste is greatly reduced. These covers reduce a large amount of solar energy
reaching the water surface and reduce vapor transmission by slowing the air flow (Zhang et al, 2017). The present study was conducted with
the aim of investigating the effect of the coverage and shape of polypropylene sheets on reducing the evaporation rate and the effect of
meteorological variables on the efficiency of these sheets efficiency. This research was carried out in two parts, in the first part, the efficiency
of square and triangular polypropylene plates was investigated in comparison with floating balls, and in the second part, the efficiency of 100,
70, 50, and 30% coverage of polypropylene plates was evaluated.The results obtained from the tests showed that in the conditions of using
floating balls, the reduction of evaporation was more intense and this coating was able to reduce evaporation to a greater extent compared to
square and triangular floating plates. Also, using the square and triangular polypropylene plates and floating balls reduced evaporation by
30.71%, 14.86% and 48.7%, respectively, compared to the control pan. The results of two-way ANOVA on different meteorological variables
showed that the percentage of relative humidity, which was the most important factor in evaporation from the pan, lost its significance due to
the presence of floating balls and polypropylene sheets on the water surface. The comparison of rectangular covers with different densities
showed that by increasing the density from 30, 50 and 70% to 100% respectively, evaporation decreases by 2.3, 1.5 and 0.8 times.

Keywords: Evaporation, physical methods, polypropylene plates, ANOVA.
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1.Introduction

Water is considered as the main factor for the growth of agriculture and industry in arid and semi-arid regions. Improper and excessive
consumption of water resources and its waste in various ways have led to the reduction of water resources. One of the most important
challenges of the current century is the lack of water. This issue has affected many countries of the world and created many problems for
governments and people. This problem has made the need for an optimal solution for monitoring and managing water resources to be more
attention. Water is a limiting resource due to rapid population growth and climate change, especially in arid and semi-arid regions. The annual
evaporation rate in the Karun River basin has been measured as 1521 mm, which directly evaporates several billion cubic meters of water
annually from the entire surface of the reservoirs of this river. Accordingly, in this research, an attempt has been made to investigate the rate of
evaporation from the free surface of water using different shape of polypropylene plates. Floating balls were used to evaluate the performance
of polypropylene sheets. In addition to the effect of the shape of the polypropylene plates, the density of the plates has also been evaluated on
the rate of evaporation from the water surface.

2.Methodology

The present study was conducted to investigate the effect of the amount of coverage and shape of polypropylene sheets on the reduction of
evaporation and the effect of meteorological variables on the efficiency of these sheets. Experiments related to this research were carried out at
Ahvaz Airport meteorological station located in Ahvaz city. Ahvaz is the capital of Khuzestan province with a hot and dry climate, which is
located in the southwest of Iran along the Karun River, the largest river in Iran, at 31° 20' N and 48° 40' E latitude and 16 meters above sea
level. The annual average rainfall is 202.5 mm and the average minimum temperature is 19.2 and maximum temperature is 33.4 °C. Along
with polypropylene sheets, floating balls, which are among the common methods to reduce evaporation from the water surface, were used as a
measure to evaluate the efficiency of polypropylene sheets. The diameter of the balls was 10 cm, made of PVVC and 200 balls were used in one
pan. In this research, polypropylene sheets with square and triangle geometric shapes, 10 cm in size and 100%, 70%, 50% and 30% coverage
were used. Two-way analysis of variance was used to investigate the effect of different meteorological variables on the performance of
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polypropylene sheets in this study. In this study, this analysis was used to investigate the effects of independent variables on the dependent
variable. The independent variables in this research include different meteorological variables such as temperature, relative humidity
percentage, average vapor pressure, wind speed and solar radiation, and the dependent variable of evaporation was considered in different
treatments. To perform two-way analysis of variance, the dependent variables should have an approximately normal distribution.

3.Results and discussion

The results of two-way analysis of variance (ANOVA) to investigate the effects of different meteorological variables on the rate of
evaporation from the free surface of water showed that the effect of temperature and relative humidity variables on the rate of evaporation is
significant. The Partial Eta Squared coefficient of relative humidity had the highest value, which showed that different levels of relative
humidity have the largest changes on the amount of evaporation from the free surface of the pan. The results of two-way ANOVA to
investigate the effects of different meteorological variables on the rate of evaporation from the free surface of water in the pan containing
floating balls showed that none of the meteorological variables was significant on the rate of evaporation from the pan containing floating
balls. In other words, the presence of floating balls reduced the impact of changes in meteorological variables on the rate of evaporation.
Meanwhile, the results of two-way ANOVA related to square composite plates showed that in the presence of polypropylene plates, the
temperature variable had a significant effect on the rate of evaporation. Comparing the results of the two methods of floating balls and
polypropylene plates with the control pan showedthat the percentage of relative humidity, which is the most important factor in evaporation
from the control pan, has lost its significance due to the presence of elements on the water surface. The investigation of different methods of
reducing evaporation showed that the use of square floating plates, triangular floating plates and floating balls reduced the evaporation from
water surface about 30.71%, 14.86% and 48.7% comparing to control pan, respectively. According to the measurements, the control pan,
triangular floating plates, square floating plates and floating balls have the highest evaporation rate. The results of one-way analysis of
variance to investigate the effect of different densities of polypropylene sheets on the rate of evaporation from the free surface of water showed
that there was a significant difference between all the coverages used.

4.Conclusions

The results of two-way variance analysis to investigate the effects of different meteorological variables on the rate of evaporation from the free
surface of water showed that the variables of temperature and relative humidity were significant on the rate of evaporation in the control pan.
This is despite the fact that none of the meteorological variables were significant on the rate of evaporation from the pan containing floating
balls. In other words, the presence of floating balls reduced the effect of changes in meteorological variables on the rate of evaporation. In
addition, in the presence of polypropylene sheets, only the temperature variable had a significant effect on the rate of evaporation. Comparing
the results of the two methods of floating balls and polypropylene plates with the control pan showed that the percentage of relative humidity,
which is the most important factor in evaporation from the control pan, has lost its significance due to the presence of elements on the water
surface. Examining the different treatments investigated showed that the use of square and triangular floating plates compared to the control
pan caused a reduction of 30.71% and 14.86% of evaporation from the pan, respectively. The reason for the difference between the two cover
was related to more free space between the triangular elements compared to the square elements, although we tried to make the covers 100%.
The comparison of rectangular covers with different densities showed that by increasing the coverage level from 30%, 50% and 70% to 100%,
evaporation decreases by 2.3, 1.5 and 0.8 times, respectively.
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ABSTRACT

Drought is a costly natural hazard with wide-ranging consequences for agriculture, ecosystems, and water resources. The present study aims to
investigate droughts in Iran using multi-variable indices. The data used includes soil moisture network data and monthly precipitation from the
MERRA center over a 43-year period (1980-2022). Based on soil moisture and precipitation data, the results of a drought calculation in Iran
demonstrated that droughts occur throughout the country with varying degrees of severity and weakness. Their occurrence has become a
permanent feature of the country's climate, particularly in recent decades. The analysis of Iran's drought chronology revealed that, according to
the MSDI index's range, most of the country's droughts are weak and moderate. It was also discovered that as time scales increase, the
frequency of droughts decreases while the continuity, magnitude, and severity increase.
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1.Introduction

The weather has an ongoing impact on human living and working environments. Drought is a natural disaster that ranks first in frequency of
occurrence, financial losses, and even human casualties among natural disasters that endanger humans and their environment. Due to its
complexity and imperceptibility, this phenomenon—one of the primary and recurring features of various climates—has significantly impacted
the human environment more than any other hazard. Its effects can also accumulate gradually over time and last for years afterward.

Drought manifests across diverse climatic zones. Despite this, its characteristics, such as severity, duration, and magnitude, vary by location,
and its occurrence is more common in arid and semi-arid areas. As a result, due to their geographic location, countries like Iran, which are
found in arid and semi-arid regions, have long faced this risk and its effects.

Drought cannot be avoided, but if its nature and characteristics are researched and understood, we may be able to forecast when it will occur,
lessen its adverse effects through planning and preparation, and perhaps even control it.

2. Methodology

The political region of Iran is the subject of this study (Figure 1). Soil moisture and monthly precipitation are among the data used. The
necessary data, which included 516 precipitation files and 516 soil moisture files with a spatial resolution of 0.5*0.66 in NC format, as well as
drought and its characteristics calculated for all points, were acquired from the MERRA website for 43 years (1980-2022) to conduct this
research. Iran's droughts were estimated over 3, 6, 9, 12, and 24 months using the MSDI. The characteristics of droughts, such as frequency,
duration, severity, and magnitude, were computed, analyzed, and presented as a map in addition to examining the actual droughts.
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Figure 1. M;p of the study area
This index's operational framework is an expanded version of the single-variable SPI that focuses on the joint distribution of soil moisture and
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precipitation and can characterize the conditions of agricultural meteorological droughts across various periods. This index uses a combination
of SSI and SPI to determine when a drought starts and ends. SPI is typically used to diagnose the start of a drought, while SSI's behavior is
used to interpret its continuation.

Table 1.Classification of MSDI values (Aghakouchak and Hao, 2014)

Index value Severity of drought
Very weak drought -0/1to-0/49
Weak drought -0/5to0-0/7
Moderate drought -0/8to -1/2
severe drought -1/3 to -1/5

3. Results and discussion

Analyzing the drought characteristics for 1546 points across Iran revealed that the frequency and number of drought periods decrease as the
time scale increases. In contrast, the values of other traits—such as continuity, intensity, and magnitude—also rise as the time scale increases.
Put another way, droughts with more continuity, magnitude, and severity occur as the time scale increases. The increase in drought
characteristics with increasing time scale, in terms of magnitude, duration, and severity, has been highlighted in studies by Nouri and Homai
(2020) and Torabinejad et al. (2023). Geographically, the southeast and eastern parts of Iran have seen the highest frequency of droughts
throughout the 43 years; in the southeastern part of the country, which is centered on the provinces of Sistan and Baluchestan, Kerman, and
Hormozgan, there have been 28 to 34 periods of drought in 3 months. Conversely, the least amount of drought occurred in the northern coasts
during the short-term periods of three and six months, with six to twelve periods, and in the coasts of the north and the southwestern region of
the country during the long-term periods of twelve and twenty-four months, with two to six periods.

The provinces of Sistan Baluchistan, Kerman, and Hormozgan in the southeast, as well as the far east of Khorasan Razavi and South provinces
in the east of the country, experienced the worst droughts in terms of severity. Severe droughts lasting 12 or 24 months are concentrated in the
southwest, in Bakhtiari and Chaharmahal, Kohgiluyeh and Boyer Ahmad, and part of Khuzestan.

The findings from the computation and analysis of the duration and magnitude of droughts in Iran over the period under discussion indicated
that, for two features, the country's northern regions, centered on the north coasts, mainly Mazandaran province, had more prolonged and
severe droughts than other regions within the time scales of three and six months. By looking at the country's southwest from the perspective
of location over periods of 12 and 24 months, the provinces of Fars, Bushehr, south of Kohgiluyeh and Boyer Ahmad, and Khuzestan province
make up the central core of the most prolonged and most extensive droughts.

4. Conclusions

Based on soil moisture and precipitation data, the results of a drought calculation in Iran demonstrated that droughts occur throughout the
country with varying degrees of severity and weakness. Their occurrence has become a permanent feature of the country's climate, particularly
in recent decades. The analysis of Iran's drought chronology revealed that, according to the MSDI index's range, most of the country's droughts
are weak and moderate. It was also discovered that as time scales increase, the frequency of droughts decreases while the continuity,
magnitude, and severity increase. Geographically, the country's southeast and east saw the highest frequency of droughts, while its northern
coast—mainly the province of Mazandaran—and southwest—where the provinces of Chaharmahal & Bakhtiari and Kohgiluyeh & Boyer
Ahmad—saw the lowest frequency. The maximum severity of drought in the country is -1.93 on the 3-month scale in the southeast and -2.2 on
the 24-month scale in the southwest. Two of the study's notable findings are the continuity and high magnitude of the droughts that struck the
country's north and southwest. Thus, the most extensive droughts, with values between -16 and -31 on short-term scales and between -35 and -
68 on 12- and 24-month scales, have happened in the country's north and southwest, respectively. These results suggest an overall decrease in
soil moisture and precipitation in these regions.

Cite this article: Masoompoor Samakoosh, J., Miri, M., & Rezaie, S. (2024). Analysis of drought characteristics
(severity, duration, magnitude) in Iran based on multivariate standardized drought index, Advanced
Technologies in Water Efficiency, 4(1), 82-98. DOI: https://doi.org/10.22126/atwe.2024.10319.1114

Publisher: Razi University © The Author(s). @ &

NC




1 639 0y 8 Gy S 59k

4 . £y . . - ¢ o
.%t/,, YVYAY'-¥F4¢¥ 3§f}f§3‘ LLs https://atwe.razi.ac.ir '« 5 a@{, g’,/,.@o,

SR (550 o woud) Jlusis b S g Julod
0 kio Wi Sl Ja>ls ol
Tl b (& T g o yo (0 oS lons s p 0 gane yinn
j-masoompour@razi.ac.ir:asbll, . ol wlisle,S gl oKl ¢ slusl psle o clusl 8aSisly Ldlyis 09,8 lutls ¢ Jotume oivgi '

morteza.miri64@gmail.com:asbll, .ol el ws «siyshiS zoy 5 ool lisios lojl g bopme 5 S cbilis saKimy}y bkl
sararezaee4030@gmail.ComM:acbll, .l olisle, 53, oKl Sl pole 5 ol 8a5isls Ll 09,5 ¢ uoli wal8l s gl il *

LXVCES

-

cnlin e (S5 )35 by slmodls yolul 1 o pite tiz (glayasls 1 odlizl b ol sla JluSits cols Gua b ysls Lingg,
odlitulyge (slaodly .l 00 plsl Slusl gols> pr JLib; lac)lus 5 oS5l cules g Ol gl yipe Copte pslatess
ool 03910 (gl (VAAS=Y YY) b FY 6y0 b MERRA S50 alale 5l 9 S cogb, (glaSs claodly 0155 )y
onien g il Jloj (sl el )5 (MSDI) oyt siz JluSlis (asls (650 1 (o o0lituljgo g, -l (e
slaodly olal y JluSiid dple ol Al o e I8l 5 Lo )3 ((Sh3 5 ©ad ¢ Slgl 8 o) JLuSiid sla Shg ()
ISt ol ol g umoee &) lnl BB olod > Sglit cinid g s b Jluslis a5 b olits ol o 1 ()l 9 S b
&S 2l i lawgie clls jd lpl sla JluSis alad ) )y p sl oids Lad sl sladad (b oofagas oyl o8l Siivod slrosy
Osied it bausglo g Ui (WSS 55 51 pojlnl digg 3 00 &) sla Jlusiis juiy MSDI (asls ails olal
S g (S)p gl sladasila g (oS n JLSUS g8y Slglyd aasuin Sloj slawlbie (RIHEIL Sloj jlai ) &5 ad jaseda
2 ofgtr Jlod Jolsw 3 ol diaS 5 )08 (550 9 Bpd i 5 I JUSS g8y Slold Aty S i 1S e g (2l
P PUSid Oad dipdy Sl 0> £ 203l pg 4slSKeS 9 iliSu 5 Jlre)er Slaglivel Glp ) ez 3 g il Gl
el Sl jadS Cye g 0 VY dnle VF ulde )0 g jedS B s 50 —VAY anle ¥ ulde (gly jeuilS maw
P SGygba Cwl jodS ) g g Jlead 3ble 3 0y &) la JuSid (Vb () g pol gk cnl 2 225 B
D o L oo YF 5 )Y (ala oo 5 5 5508 Jlad 55 —¥) B35 Jliio b b JLSits 55,5 anlo 5 4 ¥ CsanbisS (sl yoliie
el LIS s 3 gblie gl Uik g S gy LialS Sl bl oyl &S sl o3l 5 yoS ot gz 3 —5A
JUSES 0l pgh o SB Cagb) ()L 1S s 85l

g3y dlis 1llie £od
VoY 03598 ¥ 1 Sdg w8 Ol VP oye 08 o) g rdy VFeY waul YY izl VFY (0 YF iCdl o tadlie alilw

0 yaxilo > ‘_;L.‘Sub ua>Lf.' ‘)uLul » u'f' (L;))J Wdo ‘UM) Jw Lglmuff9 J.al?u (\\G'Y‘) ‘o ‘uﬁ"‘”‘) 9P (Lpo T (uu;‘.o.w )R pyars 3wl
https://doi.org/10.22126/atwe.2024.10319.1114 : Jluous dwlis AY-AA (MF o/ (659 000 0 dibpio (slo (o)9li5 «

.O\fx.ugj} © d}‘) olKisly :)..ZU
BY NC



mailto:j.masoompour@razi.ac.ir
https://orcid.org/0000-0001-9914-2145
https://orcid.org/0000-0001-6186-0803
https://orcid.org/0000-0003-3260-0900
https://orcid.org/0000-0001-9914-2145
https://orcid.org/0000-0001-6186-0803
https://orcid.org/0000-0003-3260-0900
https://orcid.org/0000-0001-9914-2145
https://orcid.org/0000-0001-6186-0803
https://orcid.org/0000-0003-3260-0900

5 i oy S b s ool g5 3lp2] (5 532 coto coind) Sl S5 29 Julos

doddo

2 8 ol JLSis anb b 1SS ) 1,3 leago] )*’L’ Cov o,lgen S o cdld g S5 o 0 i &S e
Jol 03y 33 Sl (o g Jlo clacylud Jlai jl o 5 g8y (Sglh8 lai jl o gl (S5 b 5 (sl oS deg (b U o
3 ol S ] o oy it (slapalsl o0 ST g ol (sla Shg 3l @ly yd oass ol (IYAY (o) JugB) 3yl I8
5 S S ony o V0V GB68) 3, 15 (T Gopme 3 e 8 Sl el i AVl Sgpsber amd &5 e
Cnlo g (Vo)) olylSon 5 obl) amsse )8 58 o 1y lusl (555 bama ()03 0ol yo i (g2 ol BBt
O 4l g 9y s 4 Sl mo iy ol sl 0387 s (o & 000l 5 eclen 4 1) ol Gen g
L5l ausly debdl 55 OT B o sl e sl 9 05 il v (g9, Yok 0y sly TN Canl S OT ol sl 9 JSKie
25 bl ly 3linyge ol cliSpus O cadS ad pay (2B Jlgs b el 4 Gl & WS e 3l s lae
5,5 o)l cloinkgolasdl slacld y ).»)L» 5 ol olSiw; Jole (0)05 poy g )8 LialS ¢ Jpame cdl ass
(Yo S g i)

A3 e 9 S Sl

CAl e cabo asls SLIL bl s ool Slallles 45" s el OT 3 e )lud picren g L;Lwa.o s S
Sldllas oyl does g plool jopel a0 U 8 sladad jI Sloj calisee (sl wlie (o JlSis Sloj g S Slpss wyp g
bl ) Jusis (o Shy cals 5 Gl e x> olol 32 1503 (S g e S lul p pa3ld ol I (S
ool (PSD') b JlSid cus adls VAPV f).mla 9 35) Uil jl edlatwl i (D|) ey asls aiS o
Gy 9 i pasls (Vo0 oS g e ySho) 3 g i 5 b sbaosls 1 saliul L (RDI) Jlusizs ololis jasls
sl o po pole Gliies 0 S (B 2)90

S o jasls b jl Jsis b She chuog gly aisee slo o aslS lband 0 b o & job len
Sl opie SO L 2jaie gl et L i el gla ol o e b g opmie SO b pasll pl b & sl il plol
oy Sy gy Jlsis (o Sy ol el pgal bl alil o die (3L 2o B pasde (93)8 9 Bun 5 0l sl e
Al laadld oSy e opiie M2 el Gag clp U gyl Anleiel @l edldl gosomn
yosd g3y 8 slolo ) Jis (sla Sy 5 bulyd ) galy ol sl pltinty JLuSiis Giliin (slachyma b JLuSis
O 2 oS sl osds pbuil 1S el sastiec VLI p3 JlSis gels Lol (gl oW s 5 (S 0yl asldl 5 pols b s
e Gl 5 e rew clogilwans )93l o 0l (6 S0l slaooly ol calises zle 5l o.xoic;wM.g Sle M|

! Kogan

2 Subash et al

% Mishra & Singh

4 Gibbs & Maher

5 palmer

® McKee et al

" Tsakiris et al

8 Vicente-Serrano et al



AY=AA (V)€ VELY OF (559 0300 5 A8 gty (S (69L8 /)], Ko2 g (WgSlows jg3 Pgaare

2 Foe oyl oS5 3l (ADD) ress JlSis opiie wp Lasla (YN ohen 5 5legs) %05 oS5 al
5 L) ool a8l anogs (PCA) Lol oo o gb 51 (Saislpien 5 ipsltS oulidlyn slo Jlusas
5 $16) 25 o3l dmgs llsy 5 (Sl a5 i Jesko o5 slize 2 ID) gl JuSis (a5l ciopan (Y- ¥ 81,0
g lo g Yo WSSl 5 gila) as onliul 3 o pite din (clbyasld (cdnsgd gy dny el 1 pore ol (Yoo al S
o S Cugby 5 ik sl 5 e (MSDI) 6 piie wis 805 3 ikl Jlusiis asls ol Jls 5 (Y08 Kan
opsiie din (ol )linl JLSis [asls (YIY) SooS Bl o slo .cunl 3] any b e d350y50 slopasls J S
bl oS5 padls ol J) Jols b g 200015 slilyjge (Jloud clidg)S 5 1,adlS" o JuSis w2 &l ], (MSDI)
MSDI a5 sy i mbs 26,8 awlie (SPI) sads)lsbul o)L ¢ (SSI) o5 4 cawles JlSis slajasls
Lol ol g pls> 9 SPIL JUsits £9,5 o <o s sl SSIg SPI alsl p JUSits (L 5 g9 gosimplits
5 oslizl ol 55 g50liS 5 wlislon el JLuSiis Lo, Jubos Gun b (Y- VF) 7 L Kon o oplsS 5yl Sinlon SSI s,
oanlio JSis j aagi B bl ol Gyd o oS Iy 730 labl b 45 Wl o5 JIaiS= e oy90j] s MSDI sl
(JuSiS aptey 2 (V0 10) Se Bl wloS w05 1) g bl (Sis olal 65y 5 o Jad Jlad slagise wts
5 by oo a5 o Lis (MSDI) jasls 5l eslacsl b e 381 505 Yo3Y g Yode JUSis (gly osd 03,54 pglss (sliey
& 31 5y0  JlSis Jlool jlaia clp Jae ool @30, oblg p sdelcandd gols sgMeds Aitun Gaaio vy Clinlie
ly SIS e it sla Jlszs MSDI 3 SSMISPI (asls aw jl oozl b (¥+7+) Y oo o Sy 08 oo 25T
IS5 oy 4 Jlusiis 5 Ly Wl o ST gl 9 ()l polie <85 i )3 MSDI (s s &8 sioges (ol 9 (2
5)95 b MSDI [asls jl oslial L 1) win lesS 539, adgs 55 03y &y sla Jlukis (Yo¥)) " o) Kon 5 ol 1S Chrogs
33,8 gy VAAY=Y 410
ozt s Se s b 5l o] Gl Shy bl camde ¢ cilie slaglil > JLsSis o) wb plo & psbplen
5 ) ol it SiiBaes 5 Sis 3blio 3 ol 3, lgld 5 (VRO Fo)k) cglite K> e 4 oee 51 Jluizs
g pldlpe e s @ lpl HouS wlen (e SiSdas 5 Sid gblie 3 #ly gl yeiS 5yl (VWA S
dbbo g o)l cix (Sl wopeS 53 (85 )13 clde 4 Glul ) (awwy lagise wlesg dalge ol lately g o)kl (ul b 5o
@i 5 Sy 53 By 5l S e Bl ) (oS UL )lsem g sl Sitbaass 5 StS lgmg] gyl (Sisliys Ltdyy 55T,
Gl (Jb 53 ol (IWAT oy JuasB) ol (s Sllgs gl o (o)l i) 5 osllaol (255l o ()L loj — SIS
S0is D 5 Ol (raw glaglp S Casb) ) prits jobas o] Sl o sl (gpite ek SH)k &S
9 (#liod) 2,5 )15 4295390 JluSitd 5l (Al ya (coyp p3 Sl o Sl (ale gl ()l S (e 41 095 o0 uSaionng
3365 B srnt g adlledyge o] Cluogas o cumls 51U 58 (cpSsle Glgel JuSiis g5by 5l ar po (WY (ladld,

0l 25 J5S (Ses Sygo 3 5 (il il Ll Sl agipaelin o (ST L g og st o obe 4 S glgie

L Kumar et al
2 Keyantash & Dracup
% Kao & Govindaraju
* Hao & AghaKouchak
5

Ma et al

6 Golin et al
"Wang et al
8 Bhatt et al
° Baren



| oo 3 ISt b L Lol 1 ool (5 53 €0 €nh) IS o T a9 Jabos

Sl oslBl sl gially K03 5 (0)k 2 0gMe &S 0yt L sl padll lul p ogada ) 3 LSS oy ale o)y
2l oo (6596 Ol 908 | il Mo b ablie g Ol polio o e g (s3)40b s yobateds 1S o ol JLuSis 3,91

o939,
oalaiwldyge (slodly sl o edly L (V) JSKb 50 &S canl lpl jeuiST awlow 0dgae ighy cpl )d daddllasd)ge ddlais
3,35 395 ¢ canlio (g5lol 0,93 Jgbo b S5 gl (slmodls y9uiS pdaw j3 4l 4 dn g5 b .ol ailale S5 cogby g (5L Jobid
236 LA Lo 5l 5540 ol sbvosls a3 oolizel MERRA 55 10 lawgs o dple SB caobsy 9 5L sbaodls jl )05
019> S sl MERRA (sl 51 515,90 slaosls Guios ol bl (sl 255 (o )8 pliime Sl )3 (39587 oy b ole iz
#0/66 (Latitude) Ko SS& @y L SB cugby Ll 0V 5 5L LB 0V Jold (Y-¥Y-)3A-) alls Y
VOYS cyosll aigg sl MERRA S cugby g 3)b slrosls bl sluws s <db,» NC cw s L, 0/5 (Longitude)

A5 Aol blE  oled (lp o sla Sig g JlSiis a5 cunl dlat

5l e s odlazwl (MSDI o e din JLuslis a3 li jl oo)lpl ang 2 03> &y (sla JUuSiid amolxe clp Gidod ol )
o b )3 laodls 5315, 9 oY (sla 35 i cslol )90 Jobo g modls sl w4 dv g5 b ol 03 pb (slmodly iy
sl wlie 3 olpl sla JlSis IMSDI (a3 ls (clp o) Kon 5 SogS Bl Lawgs sdsags o8 51 odlazul b aals] > g a5 sl
2 owgpdoly 5l oolaiwl b woly 7y sla JWSis aoypm g o0gde Gimgh ol 50 005 dusbre dnle YF 5 VWY A & X o
S Shy (ooan g &l iy ab owp g dbe 55 (Syi g OB pglas (Slglid f el JlusSiis gla S eclie bae
09> Jsb 6395 ol oluly ad slial sl Jlusiis Jlod Jglite g, 5 (So &5 gy 6095 ) gl Jlusias
il 3 48 gy () Siefebgs o il J il 4 Juits 5L ke o8 o ] el S (DD pols b Jluis
&S Sloj 9 b oo aell JluSis wisl bl paw 5l 5wl Jlsis jadls Hlude a5 eble canl 5 il .ol o 1)) (V)
e gylel )90 o (b a8 Slds I bl cpl g b o bl JLSiS sy ailin] pdaw (Vb 4 JluSiiS ja3li lade
o el () S8 &0 85 355 o (DF) JLuts g5y gl ) sl JLuslits: sliod s 1 558y Juts sl
iy o8l JUSiS 85 0359 55 5 3,90 (e b 1 ol s (slagead ggucna bl (DS) s S 238
039 Job 4 W25:aS game Capus b ol iy A3l (o Wd31aS xSk ey > o8 (DM) It (5550 35,5 (oo apulons V)
Dgas oo duwbxo (¥) alaly 5l oozl b &8 Jluslis

DL=tqt;+1 (V) alal,
ks ol oloj g Uit b oloj b el plyr a0 B g by o JLSzS 0,59 Jobo DL (1) dad, 3
DF=2-x100 {(Y) e
59> ole JS S N 5 JluSis slis ) L olyan (slools b casl il DE ( JLuSis go8s Slslys DF ((¥)akay, 5

DS=3L, |xo-x,] o) s
e La) Lol e Xy (i il gaw Xg o Jlusiid b olen glaole IS sl dI o JluSis ©ud DS byl o)
(Jluszs

DM=c2 AF) el

g pde g YA, S0n 5 (ciclus) JlSiis 0y93 Jsb DL (JluSiis s DS (Jlusuis (S, DM () a5
NUERCUARI RTINS

! Mishra et al



YN LV)E ET ol (559 0 2 9 W8 g 510 5198 /)5 3 S o 3 s |

W0l iuled

e ae0ve
£ £
2 H
£
£ :
3 3
=
z z
2
3

® MERRA clo o3t

07 okl i=

&) i
i - Yiigh - 502 o .
. g
H Low: 20 A 13

65130 260 300 50

—

MOTE 4CTE S2VUE GEVIE

anllns ) go 03 gdone 4285 ) K2

(MSDI) JluSuid 5 ppiio dis 305 L5

a4 B a8 w3l e S Cugby 5 )b S yide ajsl (gay opmite 5 SPI gons 0315 Ly (ca5us (s ls ol 5 Gsnylon
obb g gord (adls ol @ly p il il Sloj sbulide 3 (55pliS—oulidln o JlSis lulyd ooy
by & dos b o palss s o SPIL UL gy s o 5 45 S o s SP1 9 SSI a8 5 ol 1y JluSis
9,5 0,3l 53190 4 o)y 0 MSDI [asls (cla Shg o pte j -1l o SSI
B e Al Cagby oa ()b ob dapadls I (S 4 a0 g L) Jsas Llys MSDI (Ll
&S o oyt SSI wlie 1) JLusiis polis g amd o L SPI ey o b 1) JLSis g9, MSDI (o
ol daled L |y oyntn JSis cud Wi Glis |y a8 e S cusb) 5 i)k Lasls 9 ,a o5 5 MSDI (z
oS w3 e ol 1) gady Jloinl wopiio S5 SSI g SPI wilon wopiio din g0 lilin] JluSid asls o8 ol S350
(YOS S Bl 5 glo) 5,5 1,8 oalislyjg0 54 o (gl Wlsi oo

(18 gl S SGN) MSDI uslis (gituaids ) Jgdr

I[P ECR oad Lo e
s e JluSits AR
Gy JluSiis NI
bgie JluSits — A\
ss Jlsis VY-V

! Hao & AghaKouchak



oyt Wy JnSuid LadLd Loll g1 ool (5 53 e oind) S G2 oo

il
SlaSeiis 3lusy Sl

IS8 59y o Hgbplean a0 (LS ejolpl g i |y e Sloj slagplids 13 JluSiis @By Syl ganaig (V) S
Ol 5l (g BB aw )3 b g dllaio gl )9l phaw ) JLSiS g58g Slgl S ainie dale ¥ loj (e )3 el jasuie
I b g (g dard 3 15, VA JIVY e b JLuSiis sld ) ainin pod digy ol 033 &) (Bjoy 9 (linsh 5 (b (glo)S
Ceond g ohjle il Cojgme b )5aS Jlad Jolgw )3 (JLsiis £53g Slgly3 aineS” i )3 .Cunl oanlin LB )9S (5,5 Jloud
g il s slmaials g ot lad csloceond A5l e )93 VY A i olybijle el Uslge 3 85 el S il
Olujss 9 o) cpledol l lacund 5 aanl g g 4skSeS )i 5 Jre )iy lapliol Jols o g 5l and (yizpan
oo diilon Jlusiis g8y Jlolyd o8l (Sl Jlas jlamle oy (olidie )3 .l 0392 0,93 VF IV (o JluSUid £35Syl
N Sles olide )3 XpS oo 3 1y (6 eS o 08 i Sl (JBhis g Sl slaaigy (ol (nl )3 &5 gl (I bl dale ¥ o
FuSiis g5y Slgld By w9 3 GlaCend ohgh g s ot 4 Cund H5iS Jlod g ()¢ s wale
Csiz 3 099V IV ol a9 5088 Jlad (219 )3 0093V (1T JLuslis olis ) 508" ol ] 1o o0 S 305 1) (5 %8
2 JLSis gody gl anle Y 5 WV by slaplie ) cusl 03y &) 35 el sl 5988 350 0 5 (B 50y0 Gl (sl 558
S Sodiun sy lde (pl ) Cunl oad Sgliste 0> (olide duw 4 Cund 0)93 3lu Yl I oo g (oS Jlas I on )5S digg
Slolyd diiny diud dalo VY Sloj [ulbie 13 5 oo sdalie jouiS calite (slaciond 1D § Cuwl ol olped iuljol b  JluSlis olis,
0303 25 0)93 W (I Ve b pliows (il (B35 Chond (imen g (a9 (595 Lol (il ] (93 (slaciand > JLuSiis g4
Mo il Jlsias slaoyes Slgld (Byd —(opf cliwly S S SYeb Sl slagplie ) &5 CS (g sk
S e

oo

]

NN




AY-AA (V)€ A E-Y ‘yi B9 0382 30 & puiny s (5,9l /4y, K0 4 095 loww I PPARo

wgoN

200N

200N

Wy wuE

—18A) MSDI [asla b cels olul s anle YE 5 1Y & Y by slagabie 55 Ol ks slasty Jlsl5 suivaigs Y S8

(YevY

(¥) JSs 0 MSDI [asls ool p anle YF 5 VY & & & Sloj caliso (slaolie 3 JlSiis cud (adls alulbxe gl

& Oyl Gy adl giie ewd g 3y g dilale > Gl oy b b sl JSis dale dw Sloj (wlis jd .l oad edly ol
dod cyo)8 il 3y i (B res clinagl g Gl el 0008y JlSis Gud dioiy die S b 5l el ool
¥ obj ol 3 03 & s Jlusiis ©ad bwgte sblie (pl )3 sl (5 5 695y OlolS laglivl 355 5 plo)S liwl (a9
A 05l sla JLSis g9 5l MSDI (a3l o3gaome (sdismmnds (olol p a8 sy 0 =V/AY I VA (o 5l S 4 olo
) o (Pl 085 d9b e Jold anle Y el )3 i 1y )5Sl (P JB e &5 ©AD aiin b o JluSis pod g
Jolamw 50 ©ad o yieS b gl JluSiis (sble cpl blie 5o .l VY (JI=VA o b Jlslis cud oS cul §yd Jloud g Gy
oy 3l aale £ Sloj whie jo .cwl odld &y VE I VY i b o)l g ol gl Gl claciend o MS kil
Cayome by youlS 5y o Bblio 5l (6508 pdaw Gl iy did oS (gyobdy Cunl odd dtwlS joiS gy ;0 L b JLSis
3 lde Hhai 5l a8 canl VA JI VA o o0 7y gla JLuSiis nd bawgie diday (wlie (ol )3 g oo Jold |y B0 yn Lol
5 e Jlad dalaie S Lol 0gMe Cud oS gdtud whis pl il 03,8 Ly ialS dale ¥ Sloj (wlie 4 Cows
005 oS 35 )08 0 gz g oy dibais o JLSiS Sd eldo cpl 3 29 Jold 35 1) Syl g (b byl sl
P ol 4o g 0yt g g Cgn (Byd gl lbcend 5 ghiile liel pd  JlSiid G a5 el anle A Lolde 4 .ol
g oyf dihls > A deS b JlSis dgy (508 ebie cpl gl dn g BB 4SS g 0 odnlin jauiS Gy Jlodd slaciond
P b g Cowl ol yiaS 0y1u8 Gl JlSlid ud Al dtus L e anle YF 5 WY Jloj sla wlide > canl joiS oy e
4 Cod ©a5 e 392503ll 355 0 0daliie donl gy 5 45hSeS 5 S)kie Jlra)ler sl Cojgne b )i 06 gin dilaie
Gl wlis o @ud pl & Wb o ¥ JIYIY oo JlSiid Gud ddn dlud OUS lawgile &S g)sbdy ol oad gl LS wlide



oyt Wy JnSuid LadLd Loll g1 ool (5 53 e oind) S G2 oo

).’.)l.n.o WS)) u»L.vl » )9.»5 dmgw CRPIAD &S css U‘?"Lf ol Cud dlb&.\m )l..\.a.n u»L.u‘ 2 u.:l):Lu Do ol &3
sl @y obde opl o (JlsSis oud o cuwl S5 BB sl diwgy £o8g 4 dale VY 5 VY Sloj sla julids )0 S cugby 5 o)l
ool g5 BB 35 )9S (2l

e s400E

N

+

—14A0) MSDI astls b conks (ol s aale YE 50T & A X ilos glaulie s Oyl JLSist s Kl vy ¥ IS8
(YeVY

SlSiis G
VE 5\ & QX les caliseo clo oo ;5 MSDI [asli olol 5 olyl g 3 o3 ¢ (sla JLuSiis polus Lawgio (F) S5
9 Fomk sbusye 4 S p by el (oye (L IS cdl 5 cul asuie JSB 55y & jebplen a3 ol ) anle
FUSiS g5y aldey anle A 5 £ Jloj slapolie ) &S (bt 2950 ALl I LSl Ce il )9S 558 g 3ble ohige:
2 42 B OISl (S dbie ol 5l e g 5l sl o329 5988 Jlad & Cglare oo oty 0l ) e (1908
sy &S gyebdy Cunl dale V¥ Sboj whis (gly jeuiS alisee bl o JlSid polis b sladiun il JlSiis poly coy
5 ) s (] S50 oalis Gyl s g st 0 y3iS Jlad p odle SYsb (el JlSits | cloatun anlo VE JluSis
D313 ey oliileyS g (lusd)S slalinl 5 ©pf gz ) denl g g ghSeS g liwes ()b rede ol 59y 2 S



AY—‘\A c(\)i c\i"" cyi $)9 8y )b &'SM dlh ‘5)9135 /d')&&h,ufsgsw 19 PyeRe

il pcend (oS Gpbul poga )i 0pf Csx g 0xf (Jlad 3blie )3 anle YF 5 WY loj slapslide 5
Bblie > JuSis pols ondpl] Slwbne (plal 1 wcasl 039 598 (B plo Sl G JaSitd St (1S0le diiir o)6 5 S92
SOHE cal Lo JlB adllaod;ge 0)93 (o 3blio cnl )> JUuSis pglti aineS g Conl (S5l Sl a8 )9S 558 gz g 358
)9S iz 3blie p oSl colil lulyd @i 5 S0 @iy 4 g bl ol ) Sloj cilie (lagulide )3 bulyd ool ol
b babols 4 cuns byl oLdlis Cundge o lase sl Sy 5 ©olis 5| 8L Kl o 03 &) ela JluSiid Sto y3 Sglis

A5k




o ke Wi JlwSciids s LS ol 1 (31! (5552 30 (008 S 55 g Jalos

(YoYY

Jukis 5 3

o olol p culond odly L dale YF 5 VW & & F Glisee sl Jloj (sl wlide 3 03l &) clo JSis 5,5 (0) K6 50
ansie &S Cool s cpl @ @Bly o calis cpl ol JLSiiS polts dnsuie wiles JLSis (55 dnsuie o3 stelcuwna
Wloi ole 3 Cawl ol ddd g9y 45 Hob lad ol (JLSid Dlad ) Goe (D (adld meod Hlade Jluslis l JlSis ()5
Cawl hile bl o3gds (Jlod Jolow Cojgmme byl Jlods bl (gl polts dastin wilen JlSis 55 aiude b ¥
Uy JuSis Sy sVl ped digg wlde (pl jd Casl VA 3Sls 5 V8 Blas huile sbul olp JSis (S5 lade
oolde (gl blie ;5 sl o =V JI WY Jlide b liadS liwl oy g ohhile il 5y g jpdl psin slaaiely (55550 (slaciand
il o =Y JI=0 o &S sl odaline LB (635 0 blio oo b jouS calitte (slaciond ) JWSis (S5 dneS dale ¥ wilej
) s ot (o g By slacand 5 Ve Y (S5 b b Jsis Sy 5 a8 0 Jlad (slaciend
les b JlusSis (S5 oo dale £ oy wlide j3 .l6d)S dyyzss VA=YV e 0ye0 (b 1) W= JI-Ve (55 L sl Jlsis
Yl elide (pl 50wl odd by (S5 lade blie )0 g a8 (55 pSls dius 0yiul &S Colas pl b cusl anle ¥ Sloj ulide
i e P BB aw a5 JLSid (55 dneS ds jpolie .l =YY Slis o VO Blas jeiSt Jled Jolow o JluSis (S5
ol =V (=0 (o am3 o0 by (2932 9 (B 4o 3 ] oS

olyor Jlade g S a3 5l an e BB sl b LB wlde 93 4 Cuus dale YF 5 VY sla wlio olp JWSis (55 ansuin
Coypme g )8 Cgix adate )3 (429 B joba Jlod (Sly g oMo JluSiis (S)i (n VL ladiun &S gysba cunl o
e WV Gloj (plido )3 ol oalia B 55 pOLI 3 s g lwjod (il Jlad choal pg 5 45l SeS cs)liso 5 Jlomo)lz slaglin]
i Ln e @ale YF Sloj obide o .l —FA JLSis (5,5 dasuin Sl g —A joiS maw » JSis (S50 Jihe
iy Jlad  Jloss Jolguw) oS’ calisro (glacuond ) 5 Cunl odd yidin dale VW Sloj (wlie 4y o o JluSiis oy 55 )5 dinioy
Soliol 59y 2 2P 03uS b )5S Cpb g ) ol ol atus cubgsl Cusl saaliio hB (038 5 0 w5 (G Cs>
ol g ol =FA JI =00 o diws pl (S5 dasuie Hlade wCunl 03 F) liwjed liw] g desl pgr g 4kSeS Cain b ¢y,
anle VY wlido 5 wlbie cpl 0 W )sba .cuwl —FA JluSlis (5,5 ansuin iShe o =W JSis 5,5 dasuie J8lis wlie
Slialy Sy 5 S (55 e dtan ol (pl 3 S o 005 |y 2SI (55 b Sla St 108 i gty el
Ve Sl o W Jils o JWSis (S5 jlde &S sad o ide |y ey el B Jled luls ola bl ¢ ggin = Jledds

Cwl



AY=AA (V)€ N EY O (559 050t 5 i puiiey S (559U / oy K02 g yigS low j92 @guare

= oow

-
.o

250N

)

. -

“14A0) MSDI asls b ks polud s anle YE 51T @ A X Sl slaabie 53 Ol JlStst S5 ol w0 JSS

(Y+YY

sl 03)8 d o glite i g oAb L] o3b) gla Jlsiis el @ U5l 35 aldlie cusbge davlga olul HeuS
solaiody calises (glo yadlis jl odlawl b (g0bj Ollllae 5 cunl zylas sudaid il onsdy S laisdy ) HouS mdaw o JlsSis jis g
“5)‘)9[:.5 ‘stl;.«f:lp Jw slbacs plos J‘;‘93L5°5 SIS sl jasls 51 oolazu! L’ﬁbﬁgl{ Canl 00 Plzu’l "j J:bu 5 ol
S5 395 @8ly y3 (VoI (SogS Bl g gla) 3,8 odlit] ansls xix 3,9, SO 5l b Ban Cpl 4 ey lp 9 a3 LS 1) (g5lg,un
)b dagl blie gy o Jsis slojadls o oldl Caliseo (ol yuiio (Jols JLsis b gy cleMbl 345 Jao b phaw
5 ol oSy slrodls p e (MSDI) JLusiis oyt ki jaslid 5l oslatul b csejlys 0 ol sl She g olpl sl Jusiss
Gla 59 o lid 03 I8 ) pdy9e Syp 9 b cpolss ¢ Slglyd ¢ ol ol pae (sladuastino ¢ duwle MERRA S 10 S15 cugb,
Gl b Sloy (b epdydlasl (giayacly cax )3 1y Gliaely mre IR Ol Slgee ailaie S JLSis laslyy,
Slooygd 3l oM g coml (a8 b aS dgas (S3yaeby (Syob g e Cmme oS g nd b JLSis sladlyg, o8y Jloxs!
(IYAY (s)) 3,8 (S5 asbiy b g $lalsT JlusSis b ,Sod 5)kea b g 3905 535 Jlusiis cow



| oo 3 ISt b L Lol 1 ool (5 53 €0 €nh) IS o T a9 Jabos

JuSis g58g Slolyd dmsuin polie IS clls o aS oy lis olpl joulS pdaw jo aleds VOFF (gl JluSid sla S5g oy
b sl Jusis Sy wbis Lioldl b S il A8 o My (il 50 baaasuine polae Jloj wlie ilidl b (S5 9 i
b ol b Jusias (o Shy (n g9o9e b (V1Y) ohlSer g 33l Gudod )3 a5 YL CAd g (S)n ol
S sl el o aST Sloj elide Ll b JLSiis @nd g pglts ( Sy sbdaseine (il3l » SPEL o SPI by jasls
Y oloj wlie ;0 oS gyobdy ol 03l &) joulS” 5yud 5 §yb g ddlale 3 Al ¥V 0y (b ol slo JLSis go8y  Slgl 8 didi
Eo8y & JluSid 000 ¥F I YA dlaws 535050 ¢ )lo)S ¢l sly o oyl (gl liwl oo b jaudS 5y igin ddlais ) anle
50y VY JIF ol b Jlos Jolow jo dale & o ¥ ioolisS” Sloj (slo wlibe ;0 JusSiis g8 o8 aineS ( blas o .Cuwl diwan
ool 0013 25 0)93 F LY b jouiS 0y g dilais g (Jlod Jolgw jd dnle Y 9 VY e Ysb (slo wlis )

5 ooy ol gl i slaliol 3 ool F) o JLSid o Suad aale £ 5 ¥ Sl sl wlis o ( JluSiid s Hlas )
19 ol 3l oad &8 )5S 5y adlate 1 (a9 9 S35 el laglinl 0 adlwiie )3 9 B8 g adlate ) (BTjeyn
b sldun dale Y¥ 5 VY Gl wlbo 0 0505 o )18 wud sla JlSis 09,5 ;0 a5 conl VA JI=VA o JlSis cus
g Jbejlee slaglinl 5 )8 Cgi ddlaio )3 Had la JlSis 150 5 2980 Oglite (3 (el 93 4 Cud b Jlusuis
Slasis olady Sl Lo 5l aS oyl egMe o olide (pl ;3 aS Canl S5 JB .cwl lisjed 5l cewd 5 donlpgr o 455l SRS (o lisy
5oV sl wlio jl i b wlie cpl o b JluSiis Gud 5 Cuwl Gglite ju G Hlade Ja jl oad ciglasie LB wbie 4y Cond b
K1 Oyl Gy g ddlaie ) 8 LD Hlaw g Lad gl JlSis Slisy ) (WAY) s bwss il pbsl cldllas 4o sl dalo
Lol ol

2 dasuie 93 gl a5 ob i Goudyge 0y b lpl sl JSis (S)p g polt lbdasuie wyp 5 dubre gls
GV (533 5 oo b la JuSis oyl el shiger Jlad ol Capsmo b 158 e blio anlo 5 5 ¥ (iloj (slo ol
Ol gl 0y WY I Ve oo 7y JlSis pol lawgie dale ¥ yolide )0 a5 g psbbds lod ST o jauiS  Ale ple 4 Caws
9=V Jilas hasile sliwl gly JlSis (S5 slade iomen (sl odd cud 0y90 &£ (JIY olaw pols JBlas b sblio (gly g o055k
sl wlie o JSis S5 g polti sladasuin polie ol =Y+ iShs 5 -0 JBlis o oS glaciond yuin gl 93 xSl
(Sloj olie 3 29 e Dglita jlde Jai jl e g (S ol o dnle Fg T SeolisS Sloj (slamliie 4 Coms dale YT 9 AT Slo;
anle YF o VY slo wlis o Je jlai ) cwl =FA JWSis (55 dasuie @Sls o VY Jlslis (5,5 dasuis Jile dalo VY
Cox s (o)l Slaglivl 59y p 4P hB 0yiuS b jeiS ©pf wgix 13 598 S JLSUiS (nFS)h g S SYeb Lol
ol 03l &y liwjed bl g desl ygr 5 45l SeS

S5 4o
9 Eglite Cinds 5 S b JuSits 4 o oLt ol g 3 ol 5 S Cagby cslmodls ool JluSits dsls gl
BBy wyy ol odd bad p3] sladnd (b oga ol waldl (Siwen claosdy 5l (S 4 o 2l8 g amd e &y oyl bl eles
g9 5| cposolnl Aty ol &y sla Jlsis o IMSDI [asls awly wlal p a8 3l ol bwgio b )5 olpl la JluSiss
8y Slolp aasuio (Sloj sbagwlide (il b (Sloj sl jl a5 ab pastie (pizres dits bwgle 5 s o Jlusiis
Brd 2y b Jlsis g Slglhd dndn (Sl )5 58 (o0 Iy (I Cad 5 (S)i gl sladasida g ialS b Jlusis
s ke 5 Jowsler clagliol Jols (lul 0 Csiz g huijle gl 3 e Jlad Jolsw 3 ol deS 5 )9dS 5y
VY ol )3 55988 By i )3 VAV anle ¥ ulide (sl )9S paw 3 JLuSiid b dipdey Sl 03 £ denl g glSeS



AY=AA (V)€ N EY T (559 030 55 A8 iy (S (539L8 /o, 1Ko g (WigSlows jg3 Pgaare

Flod 3blie y3 03> &) la Jlusias (Vb ()5 5 polts (ingls (nl 2 4295 S8 @l J) (S cunl 58 )2 gz )3 VIV aale
2 99485 Jlod 3 =¥V BV e b b JLsSis op 555 cdalo 7 9 1 daoliS (slagpwlide 3 455 psbocy Canl )9S 08 iz
ol il s S Cagby LinlS 08 ol Ll cpl 45 Cal 0303 &) 43S oy ogiz 15 —FA Y0 Jaho L ole YF 5 Y (slayolida
el JS 2l o gbolie

B o o S Wl Col (55,9l g (ulidlsn JLSS Sl S 5 oS gy ol jleselcussa @lis bl 9eze 1
5 35y cpl dabl ol 015 asln BLE iy 3ei g ) cpmimen 5 (655hiS slacalle glol (el S Cugby 39808 b il |
Slgie o b dblie (gl culie Lol ploxl pas (Sl Syg0 53 5 Jluslis Slpl Gials gy cuslie (6000 352 pas
by S wojls Glnl Gbacund (olod &5 S (g g)cnlil S arlse wded g o )bl b Gy Jl G ) geejolnl Cenjlaee
tbe o Sl pinls g JluSiis b ablio gals

&l

oadLs jleslatel b ol )3 o sladastin 5 JluSits glgl wyp (WWAF). ke o oyb3g) (ol g )l cpyd epyyins @l ol
XVYFAS XV(Y) SB g O alxe (SPE) onss ylusbisl ymim s o)k
https://doi.org/10.22067/JSW.2023.81322.1257

Cubdigdygo aalllas) ;3T amd 93 )3 woinj ol Sl St ;56 (WWR-) . Baacs calel 5 coging wgfind 36,8 ¢ Bgiguily
https://water-soil.tabrizu.ac.ir/article_1195_36.html.\sa- VA o S 5 Ol ils 4 i o Ju)|

FEY-YVA V(F) ul Cope 5 wdige oolp) Siddag 5 Suid didlato p» JuSiid b Shy owpn (V) cub < )
https://doi.org/10.22092/ijwmse.2015.103082

5 Ot il > oliblon sla Juuslis )y (WAS) plie (b g Sl gy sy eplony )] IS8 b 2,
YE-A X()) olpl O ple clidss aAbre Bg)le opou; Jie g SPL ales Gl edlamel L ks
https://www.iwrr.ir/article_15467.html

S Jlo 03055 Jae 5l oolimul b ol 0pieS 3 wlidley JlSiis cunds BTy (0TY) sl (lishiy 5 qgige o solied
https://doi.org/20.1001.1.22517480.1391.1.3.1.7.)-\Y &f Sk 4 ol le cbles

Ol b mlio dloo . By Ol?j.g.l.g).‘)i oK) slp Jyp 5 JuSis oLl o Jse Q}p)‘] LIYAY) gy o ooy JUod
https://ijnr.ut.ac.ir/article_25250.html .0\V-aY- HA(Y)

wols el wlel p JSis clogas pua (WWA0) adllje (SIS 5 cailow piio (3geme o faillol (caclus
TV-0Y FY(F) SB g Of cblis gl iagh (Sloj calise (slaoygd g bl » ol @lpss wyp 9 (RDI) Jlsis
https://doi.org/10.22069/JWFST.2017.8878.2266

References

Mosaedi, A., Mohammadi Moghaddam, S., & Kavakebi, GH. (2017). Drought characteristics based on
Reconnaissance Drought Index and its variations in different time periods and regions of Iran. Journal
of Water and Soil Conservation, 23(6), 27-52. https://doi.org/10.22069/JWFST.2017.8878.2266 [In
Persian]

Aghakouchak, A. (2015). Amultivariate approach for persistence-based drought prediction: Application
to the 2010-2-11 East Africa drought. Journal of Hydrology, 526,127-135.
https://doi.org/10.1016/j.jhydrol.2014.09.063

Baren, M.A. (1985). Hydrological aspects of droughts. UNESCO/WMO, London, (19982).
https://doi.org/10.1002/wat2.1085


https://doi.org/10.1002/wat2.1085

o i 3y JwSid 2315 ol g ol (552 0 ) P 5o S 39 s

Bhatt, D., Mall, R.K., Prudhvi Raju, K.N., & Suryavanshi, S. (2021). Multivariate drought analysis for the
temperature homogeneous regions of India: Lessons from the Gomati River basin. Meteorological
Applications, 29/ (2), e2044. https://doi.org/10.1002/met.2044

Daneshvar VVousoughi, F., Dinpashoh, Y., Aalami, M.T. (2011). Effect of Drought on Groundwater Level
in the Past Two Decades (Case study: Ardebil Plain). Journal of Water and Soil Science, 2(4),165-179.
https://water-soil.tabrizu.ac.ir/article_1195_36.html [In Persian]

Ghavidel Rahimi, Y. (2005). Study of Drought and Wet Year Assessment Models for Stations in East
Azerbaijan Province.lranian Journal of Natural Resources, 58(3), 517-
530.https://ijnr.ut.ac.ir/article_25250.html [In Persian]

Gibbs, W. J., & Maher, J. V. (1967). Rainfall Deciles as Drought Indicators. Bureau of Meteorology
Bulletin No. 48, Melbourne: Bureau of Meteorology.
https://www.scirp.org/reference/referencespapers?referenceid=2819353

Golin, S., Mazdiyasni, O., & Aghakouchak, A. (2014). Trends in meteorogical and agricultural drought in
Iran. Theor App Climatol. https://doi:10.1007/s00704-014-1139-6

Hao, Z., & AghaKouchak, A. (2013). Multivariate Standardized Drought Index: A Parametric Multi-
Index Model. Advances in Water Resources, 57, 12-18. https://doi: 10.1016/j.advwatres.2013.03.009

Hao, Z., & AghaKouchak, A. (2014). A Nonparametric Multivariate Multi-Index Drought Monitoring
Framework. Journal of Hydrometeorology, 15, 89-101. https://doi:10.1175/JHM-D-12-0160.1

Kao, S.-C., Govindaraju R.S. (2010). A copula-based joint deficit index for droughts. Journal of
Hydrology, 380, 121-134. https://doi:10.1016/j.jhydrol.2009.10.029

Keyantash, J.A., & Dracup, J.A. (2004). An aggregate drought index: assessing drought severity based on
fluctuations in the hydrologic cycle and surface water storage. Water Resour Res, 40(9), W09304.
https://doi.org/10.1029/2003WR002610

Kogan, F.N. (1997). Global Drought Watch from Space. Bulletin of the American Meteorological
Society, 78(4), 621-636. https://doi.org/10.1175/1520-0477(1997)078<0621:GDWFS>2.0.CO;2

Kumar, N., Rajeevan, M., Pai, D.S., Srivastava, A.K., & Preethi. B. (2013). On the observed variability of
monsoon  droughts over India; Weather and Climate  Extremes, 1(1),142-150.
https://doi:10.1016/j.wace.2013.07.006

Ma, M., Ren, L., Singh, V.P., Yang, X., Yuan, F., & Jiang, S. (2014). New variants of the palmer drought
scheme capable of integrated utility. Journal of Hydrology, 519, 1108-1119.
https://doi.org/10.1016/j.jhydrol.2014.08.041

McKee, T.B., Doesken, N.J., & Kleist, J. (1993). The Relationship of Drought Frequency and Duration to
Time  Scales. 8th  Conference on  Applied Climatology, = Anaheim,  179-184.
https://www.droughtmanagement.info/literature/ AMS_Relationship_of _Drought_Frequency_and_Duration_199
3.pdf

Mishra, A.K., Singh, V.P., & Desai, V.R., (2009). Drought characterization: a probabilistic approach.
Stochastic Environmental Research and Risk Assessment, 23, 41-55. https://doi:10.1007/s00477-007-
0194-2

Mishra, A.K., & Singh, V.P. (2010). A Review of Drought Concepts. Journal of Hydrology, 391, 202-
216. https://doi.org/10.1016/j.jhydrol.2010.07.012

Nouri, M., & Homaee, M. (2020). Drought trend, frequency and extremity across a wide range of
climates over Iran. Meteorological Applications, 27(2), €1899. https://doi.org/10.1002/met.1899

Palmer, W.C. (1965). Meteorological drought. Research Paper 45, U.S. Dept. of Commerce, Weather
Burea, Washington.
https://www.droughtmanagement.info/literature/USWB_Meteorological_Drought_1965.pdf


https://doi.org/10.1002/met.2044
https://doi.org/10.1002/met.1899

AY-QA (V)€ VLT Ol (6,9 0 80 59 & s (S0 (593 /o Sod 9 (FsSloww 432 @gmase |

Qomgami, M., & Bazarafshan, J. (2012). Forecasting the meteorological drought situation in the area of
Iran using the Markov chain model. Protection of water and soil resources, 1(3), 1-12.
https://doi.org/20.1001.1.22517480.1391.1.3.1.7 [In Persian]

Raziei, T. (2015). Investigation of drought characteristics in arid and semi-arid regions of Iran. Watershed

Engineering and Management, 7(4), 363-378. https://doi.org/10.22092/ijwmse.2015.103082 [In Persian]

Raziei, T., Daneshkar Arasteh, P., Akhtari, R., & Saghafian, B. (2007). Investigation of Meteorological
Droughts in the Sistan and Balouchestan Province, Using the Standardized Precipitation Index and
Markov Chain Model. Iran-Water Resources Research, 3(1), 25-35.
https://www.iwrr.ir/article_15467.html [In Persian]

Subash. N., Ram Mohan, H.S., & Banukumar, K. (2011). Comparing water-vegetative indices for rice
(Oryza sativa L.)-wheat (Triticum aestivum L.) drought assessment. Computers and Electronics in
Agriculture, 77(2),175-187. https://doi.org/10.1016/j.compag.2011.05.001

Torabinezhad, N., Zarrin, A., & Dadashi-Roudbari, A.A. (2023). Analysis of Different Types of Droughts
and Their Characteristics in Iran Using the Standardized Precipitation Evapotranspiration Index
(SPEI). journal of Soil and Water, 37(3),473-486. https://doi.org/10.22067/JSW.2023.81322.1257 [In
Persian]

Tsakiris, G., Pangalou, D., & Vangelis, H. (2007). Regional drought assessment based on the
connaissance  Drought Index (RDI). Water Resources Management, 21, 821-833.
https://doi:10.1007/s11269-006-9105-4

Vicente-Serrano, S.M., Begueria S., & Lopez-Moreno J.I. (2010). A Multi-scalar drought index sensitive
to global warming: The Standardized Precipitation Evapotranspiration Index — SPEI. Journal of
Climate, 23(7), 1696— 1718. https://doi.org/10.1175/2009JCL12909.1

Wang, Y., Yang, J., Chen, Y., Su, Z., Li, B., Guo, H., & De Maeyer, P. (2020). Monitoring and Predicting
Drought Based on Multiple Indicators in an Arid Area, China. Remote Sens.12, 2298.
https://doi.org/10.3390/rs12142298


https://doi.org/10.3390/rs12142298

Advanced Technologies in Water Efficiency

homepage:https://atwe.razi.ac.ir Online ISSN:2783-4964 \'\/

Ragi University

Prediction of fluctuations in the groundwater level of Sonqor Plain using
machine learning methods

Abbas Rasool Javad Al-Suraifi'*', Reza Shirinabadi®®*' HamidReza Rabiefar®:', Mohsen
Najarchi*

' Ph.D. student of Civil Engineering, Department of Civil Engineering and Research Center for Modeling
and Optimization in Science and Engineering, South Tehran Branch, Islamic Azad University, Tehran,
Iran. E-mail: abbasalsarifi@gmail.com

2 Corresponding Author, Associate Professor, Department of Civil Engineering and Research Center for
Modeling and Optimization in Science and Engineering, South Tehran Branch, Islamic Azad
University, Tehran, Iran. E-mail: re.shirinabadi@gmail.com

3 Assistant Professor, Department of Civil Engineering and Research Center for Modeling and
Optimization in Science and Engineering, South Tehran Branch, Islamic Azad University, Tehran,
Iran. E-mail: H_rabieifar@azad.ac.ir

* Associate Professor, Department of Civil Engineering, Arak Branch, Islamic Azad University, Arak,
Iran. E-mail: mohsennajarchi@yahoo.com

ABSTRACT

The fluctuation of groundwater level is one of the important criteria required for decision-making in many water resources exploitation
models. The lack of reliable and complete data is one of the most important challenges in analyzing the decline and predictions of the
groundwater level in water management. In recent years, the use of different numerical models has been noticed as a reliable solution. These
models are able to estimate based on extensive statistics and information and based on various land maps and measurements such as pumping
tests, geophysics, soil and land use maps, topography and slope data, different boundary conditions and using complex equations. The level of
groundwater in any region. In the present research, first, by using available statistics and information and maps, the fluctuations of the
groundwater level of Songor Plain were simulated by the GMS model, and the accuracy of the model was evaluated in two stages of
calibration and validation. Then, due to the need for much less data in machine learning methods, GWO-ANN and PSO-ANN hybrid methods
and LSTM and SAELM models were used. The results showed that the output of the SAELM model had the best fit with the observational
data with a correlation coefficient equal to 0.97, and it also had the best and closest distribution of points around the 45 degree line, and in this
sense, it is considered the most accurate model. Therefore, to predict the level of groundwater in the whole plain, instead of using the complex
GMS model with a very large volume of data and also a very time-consuming calibration and validation process, SAELM model can be used
with confidence. This approach greatly helps the researchers of the groundwater sector to predict the changes of the groundwater level in dry
and wet years without using numerical models with a complex and time-consuming structure using artificial intelligence with high accuracy.
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1.Introduction

The fluctuation of groundwater level is one of the important criteria required for decision-making in many water resources exploitation
models. The lack of reliable and complete data is one of the most important challenges in analyzing the decline and predictions of the
groundwater level in water management. In recent years, the use of different numerical models has been noticed as a reliable solution. These
models are able to estimate based on extensive statistics and information and based on various land maps and measurements such as pumping
tests, geophysics, soil and land use maps, topography and slope data, different boundary conditions and using complex equations. The level of
groundwater in any region.

The studied area is Sonqor plain in the west of Iran, located at a distance of 100 km northwest of Kermanshah city (Figure (1)). Sonqor plain is
one of the fertile plains in Kermanshah province, whose needs are provided by two systems of surface water and groundwater. Part of the
water needed in the plain is provided by Shohada Dam and the rest is provided by 278 deep wells dug in the south and west of the plain.
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Figure 1. The location of the study are:

2. Methodology

In the present research, first, by using available statistics and information and maps, the fluctuations of the groundwater level of Songor Plain
were simulated by the GMS model, and the accuracy of the model was evaluated in two stages of calibration and validation. Then, due to the
need for much less data volume in machine learning methods, GWO-ANN and PSO-ANN hybrid methods and LSTM and SAELM models
were used.

Based on the general direction of the groundwater flow in the entire Sonqor plain, the grid direction was considered to be 250x250 meters in
the north direction. Therefore, the model network was built with 2596 cells (44 rows and 59 columns) with 250 meters intervals, which
included 908 active cells and 1688 inactive cells. In this study, the general head boundary package was used to simulate the entry and exit
borders of Sangar plain. In this package, the inlet or outlet flow is affected by the hydraulic gradient at the boundary and the conductance of
the boundary cell. Using the prepared geophysical sections and the data log of the wells, a bedrock map of the plain was prepared. Also, the
DEM map of the plain was used to determine the upper limits of the layer in the groundwater model. In the GMS model, the WELL package
was used to simulate exploitation wells in Sonqgor Plain (278 wells) and well cells were identified. The recharge of the plain is one of the
important parameters in the groundwater model. Usually, due to the different characteristics of soil, geology, vegetation, rainfall intensity and
the slope of the land, the amount of groundwater recharge is different in different places. In the GMS model, the RCH package is used to
consider the recharge. The zoning method was used to estimate the hydrodynamic parameters of the aquifer. The zoning of the area for
hydraulic guidance and specific yield was done based on the well log, exploratory and piezometric wells, as well as geophysical sections
prepared from the area. According to the type of soil and sediments of each zone, the initial values of hydraulic conductivity and specific yield
were estimated. Finally, after performing the calibration process, for each zone, the optimized value of hydraulic conductivity and specific
drainage was taken into account. In the groundwater simulation section, after the calibration and validation tests of the model in two permanent
and non-permanent modes and ensuring its accuracy, the final zoning of the main parameters of the model, i.e. hydraulic conductivity and
specific drainage, was prepared so that the model can predict the changes in the groundwater level for 6 years. Simulate consecutively.
Because all the required information was available for 6 years (October 2019 to September 2015).

3. Results and discussion

The results of calibration and validation of the GMS model in transient state during the 6-year period from October 2009 to September 2015
showed that the model is able to accurately predict the changes in the groundwater level due to the stresses applied to it. So that the value of
RMSE considering all simulation months is around 0.42. The results showed that the output of the SAELM model had the best fit with the
observational data with a correlation coefficient equal to 0.97, and it also had the best and closest distribution of points around the 45 degree
line, and in this sense, it is considered the most accurate model. Therefore, to predict the level of groundwater in the whole plain, instead of
using the complex GMS model with a very large volume of data and also a very time-consumingcalibration and validation process, SAELM
model can be used with confidence.

4. Conclusions
This approach greatly helps the researchers of the groundwater sector to predict the changes of the groundwater level in dry and wet years
without using numerical models with a complex and time-consuming structure using artificial intelligence with high accuracy.
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