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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
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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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Variable bservationith missinthout miss Mini i Mean d. deviation
Seriesl 30 0 30 0011 0.640 0156 0.164 PiSEharge of Gl DA Ry SO
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" 1
Pettitt's test (Series1): ‘7 |

os [\ Il
K 135.000 . 1 ‘ | | ‘
t 9 % I | 1 |
p-value (T 0.015 oz | )
alpha 0.05 A
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. o ‘f v e 4 1 " ‘ L
99% confidence interval on the p-value: 01 - “g X T ‘. f

10.012; 0.018 [ ¥ 2 \V -\' S " W
¢ o 5 lb 15 20 25 3¢ 35
Year

Test interpretation:
HO: Data are homogeneous ——Seiest - mu2 =0.112

Ha: There is a date at which there is a change in the data

As the computed p-value is lower than the significance level alpha=0.05, one should reject
the null hypothesis HO, and accept the alternative hypothesis Ha.

The risk to reject the null hypothesis HO while it is true is lower than 1.52%.
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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
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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 CanESMS5.
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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 PVC 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—aone 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. Map 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 -0/5t0-0/7
Moderate drought -0/8to0 -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: Rezaie, S., Masoompoor Samakoosh, J., & Miri, M. (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: 10.22126/atwe.2024.10319.1114
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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 Songor plain in the west of Iran, located at a distance of 100 km northwest of Kermanshah city (Figure (1)). Songor 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 area

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 Songor 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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