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Table 1- Required data and their specifications for SWAT model implementation.

Type data Scale Source Description
Digital Elevation 30-meter Extracted from the -
Map watershed topography

Land Use/Land 1:25000m Country Mapping It was investigated by the
Cover Map Organization with a General Department of Natural
resolution of 30 meters
3- Ardisoil 1- Molisoil
4- Inceptisoil 2- Entisoil
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M Rsts
Resources of Semnan Province
using field studies.
Some physical and chemical
Soil Map 30-meter World soil map properties along with soil groups
in the global soil map used in
the SWAT model

Semnan Regional Minimum and maximum

meteorological climatology 5
data stations and one Meteorological and temperature and daily
hydrometer station, Water Organization precipitation for a period of 30
years (1992-2022)

Semnan Regional Water (2008-2018)

11 years of daily
Organization

observational
runoff data,

runoff

x Weather station e
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-
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Figure 1- Location of the study area in Semnan province and Iran.
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| Preparing Data for SWAT Model Input |
<5
| Construction and Implementation of the SWAT Model |
=7
| Senzitivity Analysis, Calibration, and Validation using the SWAT-CUP Model |
-
Extraction of Climatic Vanables (Temperature, Precipitation, and Evapotranspiration), Surface Flow, and Groundwater
Flow
_~
| Calculation of Drought Indices: SPL, SRL, SGRI, and RDI |
=
| Determining the Relationship Betwesn C]jmaﬁc_iariables and Aquifers Using Pearson Correlation |
=7
Determining the Trend of Climatic Variables with Extreme Phenomena (Drought and Wet Periods) Using the Mann-
Kendall Test and Sen's Slope Estimator (on Seasonal and Monthly Scales)

=~

Determining the Trend Between Climatic Indices and Extreme Phenomena (Drought and Wet Periods) Using the hMann-
KEendall Test and Sen's Slope Estimator (on Seasonal and Monthly Scales)

Trend Analysis of Climatic Variables on Growmdwater Trends Using the Mann-Kendall Test and Sen's Slope Estimator (on
Seasonal and Monthly Scales)

~

Trend Analysis of Drought Indices on Groundwater Trends Using the Mann-Kendall Test and Sen's Slope Estimator (on
Seasonal and Monthly Scales)

o R Jo e sleduig, -V S
Figure 2-Trend Chart of Research Steps
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Figure 3- Digital Elevation Map (C), Slope Map (A), Land use Map (D), Soil Map (B).
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Table 2- Climate classification based on SPI, SRI and SGRI values (McKay et al., 1993).

Classification of drought Index value

Extremely wet (EW) >2
Very wet (VW) 1.99-15
Moderately wet) MW) 1.49-1
Near normal (NN) 99.0 to- 0.99
Moderate drought (MD) -1t0-1.49
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Table 3- The results of efficiency coefficients in the calibration and validation period.

GHPRAS

Statistical indicators Calibration  validation
Nash-Sutcliffe coefficient 0.69 0.77
Coefficient of explanation 0.74 0.79
PBIAS 9.9 9.2
Average annual precipitation 150 130
Runoff standard deviation 0.21 0.14
Standard deviation of precipitation 12.1 10.72
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Figure 4- Observed and simulated monthly runoff values with concurrent rainfall during the
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Figure 5- Correlation and the values of explanatory coefficients between observed and simulated
runoff values in the SWAT model in the calibration periods(a) and validation periods(b).
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Figure 6- Time pattern of monthly groundwater recharge simulated in the SWAT model in the
calibration and validation periods.
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Table 4- Pearson's correlation coefficient between climate variables and underground water.

climate variable

Pearson's correlation coefficient

Precipitation 10%

Runoff 45%
Temperature 15%
Evaporation 30%
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Table 5- Z values obtained by MK method and SS values for precipitation, runoff and underground

water variables.
season Period Z(MK) SS Period Z(MK) SS Period Z(MK) SS
Winter Precipitation -0.04 -0.157 Run  -0.17 -0.18 Ground  -0.04 -1.74
Spring -0.05 -0.34 off -0.046 -0.275 water -0.03  -5.43

-0.15
-0.02

-0.3
-0.38

Summer
Auntum

-0.05
-0.16

-5.34
-3.83

-0.15
-0.074

-0.21
-0.25
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Extended Abstract

Introduction and Goal

Groundwater is considered one of the most important sources for agriculture and drinking water
supply, and it is significantly affected by environmental and climatic factors. Our limited
understanding of hydrological processes, particularly groundwater resource, makes understanding
the metrics and patterns affecting groundwater recharge essential for the optimize water resource
management. Examining the temporal patterns of groundwater recharge provides a foundation for
sustainable management of groundwater resources to mitigate the effects of drought on water
supplies.

Materials and Methods

This study quantifies groundwater recharge from 2008 to 2018 using the SWAT model in the
Damghanroud watershed located in Semnan Province. Calibration and validation of the model
were performed using SWATCUP and the SUFI2 algorithm. The standardized precipitation index
(SP1), the reconnaissance drought index (RDI), and the standardized runoff index (SRI1) were used
to assess the impacts of drought on aquifer recharge. The trend of aquifer recharge was analyzed
using the Mann-Kendall non-parametric test and Sen's slope estimator method.

Results and Discussion

The analysis of the Nash-Sutcliffe Efficiency (NSE) coefficient during the calibration (0.77) and
validation (0.69) periods in the SWAT model showed that the model's performance in simulation
groundwater was relatively good. The findings revealed that, on a monthly scale, the effects of
drought on aquifer recharge did not show a specific trend; however, in the winter, spring, and
summer seasons, there was an increasing trend in the decline of aquifer recharge. Reduced rainfall
and runoff, coupled with increased temperature and evapotranspiration during rainy seasons,
intensified drought conditions, leading to decreased groundwater recharge.

Conclusion and suggestions

Temporal analysis of aquifers revealed that in arid and semi-arid regions, climatic variable
changes are closely linked with drought phenomena.
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The results of this study show that the temporal pattern of aquifer recharge changed under the
influence of various variable changes in the watershed, and the magnitude of these changes was
based on the correlation of the variables. The trend analysis of droughts on aquifer recharge
showed an increasing trend during wet periods and a decreasing trend during dry periods. These
findings can be used to improve aquifer recharge during wet periods and to mitigate the effects
of droughts on aquifer recharge through optimal management and planning of existing water
resources. It is recommended to implement comprehensive planning and optimal management of
water resources during both wet and dry periods to improve groundwater recharge and mitigate
the effects of drought. Additionally, using climate change prediction models and strengthening
monitoring of groundwater resources in arid and semi-arid areas is essential to prevent unexpected
reductions in aquifer recharge in a timely manner.
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