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Extended Abstract
Introduction: Landslides are a natural hazard that cause human and financial losses. This phenomenon also

results in significant environmental damage through land degradation in landslide-prone areas. In this regard, it
is important to prepare landslide hazard maps to effectively plan for landslide risk management. In recent years,
multi-attribute decision-making (MADM) methods have been used in landslide hazard mapping. This study aims
to evaluate the performance of widely used hybrid MADM methods, including AHP-SAW, AHP-TOPSIS, and
AHP-VIKOR for creating landslide hazard maps in the Qezel Owzan region, Qazvin Province.
Materials and methods: In the present study, various causal factors, including rainfall, slope angle, slope aspect,
lithology, altitude, land use, distance to roads, distance to faults, and distance to streams, were considered as
effective indicators for predicting landslide occurrence. Two normalization methods were employed, namely, the
Min-Max normalization method for the SAW method and the vector normalization method for the TOPSIS and
VIKOR methods. In addition, the group decision-making method in the Analytical Hierarchy Process (AHP) was
used to determine the weights of causal factors based on the perspectives of 12 experts. Furthermore, the Quality
sum (Qs) index and the Area Under the Curve (AUC) values of the Receiver Operating Characteristic (ROC)
curves were used to validate the performance of the different MADM methods used in this study.
Results and Discussion: The Qs values for the AHP-SAW, AHP-TOPSIS, and AHP-VIKOR methods were
calculated as 0.241, 0.262, and 0.626, respectively. Also, the AUC values for these three methods were
calculated 0.769, 0.786, and 0.805, respectively, so that they are within the acceptable and excellent acceptance
range. In this study, the AHP-VIKOR method is introduced as the best method for producing a landslide hazard
map. One of the disadvantages of using hybrid MADM methods is their reliance on the precise calculation of the
weights of causal factors, which heavily depends on expert's view points in the AHP method. To adress this, the
group decision-making method was applied in AHP to improve weights calculations. It is worth noting that the
AHP-SAW method used in this study, which demonstrates acceptable accuracy in producing landslide hazard
maps, has also been introduced in other studies as a simple and efficient method. Although the SAW method is a
simple weighting method based on normalizing the decision matrix data, determining the weights of the
indicators, and aggregating the indicators based on the weighted average method, it is widely used in
environmental assessments. Additionally, the Density Ratio (Dr) values of different landslide hazard classes,
calculated for the VIKOR method, exhibit an upward trend from areas with very low potential for landslide
occurrence (class 1) to areas with very high potential for landslide occurrence (class V). This trend highlights the
VIKOR method capability for producing landslide hazard maps in the study area.
Conclusion: The evaluation of hybrid MADM methods based on performance evaluation indicators, indicated
acceptable (AHP-SAW and AHP-TOPSIS) and excellent (AHP-VIKOR) performance of methods for producing
landslide hazard maps. Due to the presence of areas with high to very high landslide hazard potential in this
region, planning for landslide risk management is strongly recommended. Although landslide distribution maps
are beneficial for evaluating MADM methods, the lack of reliance on these maps during the MADM process is
one of the strengths of this approach. However, accurately determining the weights of causal factors remains a
challenge. To enhance the weight calculation process, using the group decision-making method in AHP is highly
advisable.
Keywords: AHP; Causal factors; Decision matrix; Group decision-making; MADM
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Figure 3- The schematic layers related to causal factors with secondary values (classified): (a) Reclassified
land use, (b) Reclassified lithological map, and (c) Reclassified altitude
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Figure 4- The schematic layers related to causal factors with primary values (unclassified): (a) Mean
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Extended Abstract

Introduction: Dust storms are a consequence of desertification and land degradation, particularly in arid and
hyper-arid regions worldwide. The factors influencing the spatial distribution of dust storms are largely dependent
on altitude and latitude. Among natural disasters, droughts stand out as climatic anomalies that develop gradually
and insidiously, exerting pressure on various societies. Drought can significantly affect the conditions and
characteristics of dust storms. The primary objectives of this research are to examine the temporal and spatial
distribution of dust storms in llam and Khuzestan provinces, and to explore the relationship between
meteorological drought characteristics and the occurrence of dust storms in these regions.

Materials and Methods: This study investigates the temporal and spatial variations of dust storms and the impact
of drought characteristics on them during the statistical period of 1989-2019. The characteristics of drought were
identified using the Standardized Precipitation Index (SP1) method. Dust storm data were extracted from synoptic
station records related to the horizontal visibility on dusty days. Monthly, seasonal, and annual distributions of
dust storms were analyzed. The trends in dust storms, precipitation, and temperature changes were determined
using the Mann-Kendall method and Sen's slope estimator. Additionally, satellite images from the MODIS sensor
were analyzed for days associated with dust storms, and the Aerosol Optical Depth (AOD) and Normalized
Difference Dust Index (NDDI) were derived. The relationship between drought characteristics and dust storm
characteristics was then assessed using correlation and linear regression analyses, and the effects of drought on
dust storm occurrences were examined.

Results and Discussion: The years 1990, 1995, 2007, 2008, 2010, 2011, and 2017 experienced widespread
droughts, with 2008 recording the highest drought intensity and extent. Meteorological data indicated that January
and August, as well as the winter and autumn seasons, had the highest and lowest incidences of dust storms,
respectively. According to the AOD index, April and December, and the spring and autumn seasons, exhibited the
highest and lowest dust storm occurrences, respectively. During the studied period, the frequency of dust storms
increased at 11 stations and decreased at 8 stations. The trend of maximum temperature was upward at all stations,
while minimum temperature trends were upward at most stations. Precipitation trends were generally decreasing
across the studied stations. The NDDI index provided a good estimate of regional dustiness, although in some
cases, the index data did not align with ground observations and contained significant errors. Statistical tests
revealed correlations between maximum temperature, minimum temperature, and precipitation data. However, the
AOD index generally showed no correlation with other variables.

Conclusion: The analysis of the relationship between drought characteristics and dust storms indicated that 2008
saw the most frequent and severe dust storms, as well as the most widespread drought, though this trend was not
consistent in other years with widespread droughts. Comparing llam and Khuzestan provinces, it was observed
that southwest llam, which borders Khuzestan, shares similar dust storm characteristics due to comparable
topography and climatic conditions. Overall, there is a significant difference in the intensity and frequency of dust
storms between the two provinces, largely due to llam's mountainous terrain, especially in its central and northern
regions. Additionally, it appears that the primary source of dust storms in the region originates from neighboring
countries southwest of Iran. The flatness of the Khuzestan plain also contributes significantly to the intensity of
wind activity, leading to higher frequency and severity of dust storms.

Keywords: SPI index, NDDI index, AOD index, drought characteristics.
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Table 1- Horizontal visibility classification of
dust storms (Beroghani et al . 2019)
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Figure 3- Zoning of widespread dry years during the statistical period of the studied stations
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Figure 4- Dust intensity zoning of the studied stations
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Figure 4- Seasonal dust zoning of the studied stations
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Figure 5- Monthly dust zoning of the studied stations
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Figure 6 - Graphs of dust storm trends for selected stations in the two studied provinces
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Table 3 - Correlation results of dust storms, maximum and minimum temperatures, precipitation, and
AOD index at Ilam station
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Precipitation Minimum temperatures Maximum temperatures Dust storms Variable
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Table 4- Annual distribution of AOD trends in the studied stations
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Table 5 - Regression relationships of maximum and minimum temperatures, precipitation, and AOD index for
selected studied stations
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Figure 7 - Zoning of the number of days with pervasive dust storms based on the NDDI index
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Extended Abstract:
Introduction: Climate change is considered one of the main and important threats to the environmental, economic

and social. Climate change has been occurring all over the world without taking necessary measures to reduce
greenhouse gas emissions and in recent years has left disastrous effects in many countries. The increase in
greenhouse gases in the atmosphere due to the development of industry and increased use of fossil fuels and changes
in land use in the last few decades has caused a constant eating of climate variables especially global warming. The
negative consequences of this phenomenon for mankind can be destructive to the extent that among the ten
threatening factors for mankind in the 21% century, the climate change phenomenon has taken the first place. This
study aims to investigate the extreme temperature and precipitation changes using the Statistical Downscaling
Model to downscale the output of the MPI-ESM1-2-HR model from the GCM report under three scenarios SSP1-
2.6, SSP2-4.5 and SSP5-8.5 for the next three periods of the near future, the average future and the far future in the
Todeshk watershed in Isfahan.

Materials and methods: In this study, to evaluate the performance of the general circulation model of MPI-ESM1-
2-HR in the downscaling of maximum and minimum temperature parameters and precipitation of the Naein synoptic
station in Isfahan province during 1989-2014 were used as the base period. In this model, data from 1989 to 2006
were used as the calibration and data of 2007 to 2014 were used as model validation. First, using linear regression
test in SPSS software, among 26 variables of ECMWF historical data, variables that had the highest correlation
with dependent variables were extracted as independent variables. Also in order to evaluate the performance of the
model, goodness of fit correlation coefficient, root mean square error, nash-sutcliffe, kling gupta efficiency and
taylor diagrams were used.

Results and Discussion: The results of the goodness of fit coefficient R, RMSE, NSE and KGE in the calibration
and validation of the MPI-ESM1-2-HR model with the SDSM downscaling model to estimate the precipitation
variables, maximum temperature and the minimum temperature of the Naein synoptic station were 0.97, 0.42, 0.96
and 0.87 respectively, which implies the high performance and accuracy of the model in modeling of climatic
variables. The results showed that the output of the MPI-ESM1-2-HR model and the SDSM statistical model have
high and medium performance for downscaling of maximum and minimum temperature and precipitation variable
in the Naein synoptic station, respectively, and the high and average conformity between the scenario of the
maximum and minimum values of the maximum and minimum temperature and the precipitation variable under
scenarios SSP1-2.6 and SSP2-4.5 and SSP5-8.5 for the time periods 2015-2042, 2043-2070 and 2071-2100. The
results also showed that in the MPI-ESM1-2-HR model, the average monthly precipitation amounts in the time
periods 2015-2042, 2043-2070 and 2071-2100 have been reduced to 0.21, 0.22 and 0.24 mm, respectively, and the
average maximum temperature values were 1.49, 1.5 and 1.52 °C and the mean temperature of minimum
temperature will increase 0.51, 0.53 and 0.54 °C under scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5 respectively.

Conclusion: Since the current conditions of the world show the spread of climate change in all countries and in all
continents and risks of sustainable development, international community needs to move toward environmentally
compatible environments, use of clean and non-renewable energy and implementation of international standards
for sustainable development including reduction of greenhouse gases. Therefore, it seems reasonable that among
the scenarios evaluated in this research, the average scenario SSP2-4.5 is considered as a decision criterion for
planning in order to propose a solution to deal with climate change in policy agenda of policy makers and planners.
Keywords: Climate Change, Downscaling, Sixth Climate Model Intercomparison Project (CMIP6), SDSM model,
MPI-ESM1-2-HR model, Todeshk watershed.
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Figure 6- Comparison diagram of monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 7- Taylor diagram of the monthly average of simulated and observed values of the maximum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Table 4 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of maximum temperature

KGE NSE RMSE R Sloj oy99 99 bow oliilgn ailgo Joe pb
0.852 0.969 1.643 0.99 2015-2042

0.854 0.969 1.632 0.99 2043-2070 SSP1-2.6

0.851 0.967 1.678 0.99 2071-2100

0.828 0.966 1.722 0.99 2015-2042

0.830 0.966 1.723 0.99 2043-2070 SSP2-4.5 ain sbks  MPI-ESM1-2-HR
0.830 0.966 1.726 0.99 2071-2100

0.836 0.962 1.806 0.99 2015-2042

0.834 0.962 1.805 0.99 2043-2070 SSP5-8.5

0.826 0.959 1.879 0.99 2071-2100
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Table 5 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of mainimum temperature

KGE NSE  RMSE R Sloj oy99 92 )Leww oliilgn 4il g Joe pb
0827 0988 0884 099  2015-2042

0826 0987 0915 099  2043-2070 SSP1-2.6

0818 098 0939 099  2071-2100

0778  0.983 1.037 099  2015-2042

0780  0.984 1.030 099  2043-2070 SSP2-4.5 et slos MPI-ESM1-2-HR
0784  0.984 1.006 099  2071-2100

0784  0.982 1.081 099  2015-2042

0782  0.982 1.084 099  2043-2070 SSP5-8.5

0774  0.981 1118 099  2071-2100
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Figure 8- Comparison diagram of the monthly average of simulated and observed values of the minimum

temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 9- Taylor diagram of the monthly average of simulated and observed values of the minimum
temperature under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Table 6 - Evaluation of SDSM model under SSP1-2.6 & SSP2-4.5 & SSP5-8.5 scenario with meteorological
component of Percipitation

KGE  NSE RMSE R Slejoygs gL wllgn adlgo Jue pbs
0371  0.425 0.180 0.610  2015-2042

0.534  0.484 0.171 0.610  2043-2070 SSP1-2.6

0.737  0.495 0.161 0.550  2071-2100

0.754  0.561 0.157 0.600  2015-2042

0.789  0.674 0.136 0.700  2043-2070 SSP2-4.5 ok MPI-ESM1-2-HR
0.836  0.687 0.133 0.710  2071-2100

0.398  0.196 0.213 0470  2015-2042

0.293  0.173 0.216 0.460  2043-2070 SSP5-8.5

0.493  0.316 0.196 0510  2071-2100
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Figure 10- Comparison of the monthly average of simulated and observed values of the Percipitation
under the scenario SSP1-2.6, SSP2-4.5, SSP5-8.5
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Figure 11- Taylor diagram of the monthly average of simulated and observed values of the Percipitation
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Extended Abstract

Introduction: Groundwater level (GWL) is of critical importance, especially in arid and semi-arid countries. In
many areas, excessive exploitation of GWL has led to irreversible damage to groundwater resources. Predicting
GWL is a key challenge in hydrogeological research, effective aquifer management, and assessing groundwater
volumes. The aim of this research is to investigate and compare the efficiency of Deep Learning (DL), Decision
Tree (DT), and Gradient Boosted Tree (GBoost) models in predicting the GWL of the Rudan aquifer.

Materials and methods: Monthly GWL data of the Rudan aquifer, along with precipitation, temperature, and
evaporation data from the region's meteorological stations (2000-2020), were collected. The second part of the
study involved satellite data accessed through the Google Earth Engine platform, where GWL data and key
parameters- including the Palmer Drought Severity Index (PDSI), Standardized Precipitation Index (SPI), Potential
Evapotranspiration (PET), precipitation (Pr), and vegetation indices such as NDVI, EVI, SAVI, NDWI, and
GNDVI- were extracted and processed. Data normalization was performed to improve the performance of machine
learning models, and the data were split into training (80%) and testing (20%) sets to evaluate model performance
and prevent overfitting. To investigate the behavior and model the GWL of the Rudan aquifer, 10 parameters were
used in 10 scenarios across three models: DL, DT, and GBoost.

Results and Discussion: In the DL model, increasing the number of parameters from the first to the third scenario
decreased the model's accuracy. However, scenarios 5 to 9, which showed the highest correlation (0.86) and the
lowest error (0.85) and percentage error (41%), were the most suitable for modeling GWL changes in the Rudan
aquifer using cumulative precipitation, NDWI, PDSI, SAVI, NDVI, EVI, Pr, PET, and SPI variables. The DT
model showed improved accuracy with an increasing number of parameters up to a certain point (from the first to
the seventh scenario). The highest accuracy was achieved using a combination of cumulative precipitation, NDWI,
PDSI, SAVI, NDVI, and EVI, with RMSE and MSE of 0.282 and 0.08, respectively, and a percentage error and
correlation of 13.07% and 0.987, respectively. The GBoost model demonstrated relatively stable accuracy across
all scenarios. Given the low error values and high correlation, the overall statistical criteria indicated that adding
more parameters had a reduced sensitivity on the model's performance and did not significantly change its
accuracy. Both the DL and DT models are more sensitive to input parameters. Additionally, this models exhibited
similar responses to the input parameters in each scenario. Considering the four-month delay of precipitation on
GWL, the DL model included precipitation, evapotranspiration, and drought indices in its selected scenarios.
Therefore, it can be concluded that this model, considering a broader set of environmental parameters and
examining their impact on modeling GWL changes, provides better efficiency, performance, and
comprehensiveness for the Rudan aquifer.

Conclusion: The output results of the models showed that the DT and DL models, with high correlation values
and lower error values, demonstrate highly accurate performance in predicting GWL. The scatter plots of
predictions and actual values indicate a very close match between these two datasets, highlighting the high
accuracy of both the DT and DL models. The accepted scenarios in both models include vegetation indices,
indicating the significant impact of this parameter on groundwater resources, particularly in arid and semi-arid
regions, where vegetation is a primary source of moisture. On the other hand, the DL model included
meteorological drought indices in its selected scenarios, demonstrating the influence of these key factors on GWL
changes in the region. Given the complexity of the DL model in selecting important parameters affecting GWL
fluctuations, this model can be considered an efficient and suitable tool for investigating the factors influencing
GWL changes in the Rudan aquifer. The use of these input parameters in the selected scenarios of both models
can improve the accuracy and efficiency of groundwater resource management. Ground observational data for
GW.L further confirm the high importance of these parameters.
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11- Gradient Boosting Regression

12- Convolutional Neural Networks

13- Normalized Difference Vegetation Index
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19- Coefficient of determination
20- Mean Absolute Percentage Error
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Table 2- Analysis results of selected models in the studied station

Jome PYgIom R? MSE RMSE  MAPE
Cum_Pr 0.767 0.855 0.925 47.586

Cum_Pr-NDWI 0.744 1.151 1.085 54.719

Cum_Pr-NDWI-pdsi 0.702 1.210 1.100 57.230
Cum_Pr-NDWI-pdsi-SAVI 0.806 0.874 0.957 52.775

3 Cum_Pr-NDWI-pdsi-SAVI-NDVI 0.815 0.893 0.976 50.218
% Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI 0.838 0.868 0.942 48.047
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr 0.855 0.651 0.807 39.229

1 Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET 0.864 0.638 0.818 39.275
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET-SPI 0.868 0.667 0.817 38.817
Cum_Pr-NDWI-pdSI-SéA’:I/I;-IJIDVI-EVI-Pr-PET-SPI- 0.819 0.984 0.992 49773

Cum_Pr 0.978 0.135 0.367 17.799

Cum_Pr-NDWI 0.985 0.096 0.310 14.550

Cum_Pr-NDWI-pdsi 0.987 0.083 0.288 13.679

R Cum_Pr-NDWI-pdsi-SAVI 0.987 0.080 0.282 13.071
z)? Cum_Pr-NDWI-pdsi-SAVI-NDVI 0.986 0.090 0.300 13.862
z Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI 0.986 0.088 0.296 13.659
1 Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr 0.986 0.087 0.295 13.736
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET 0.970 0.184 0.429 19.174
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET-SPI 0.970 0.184 0.429 19.177
Cum_Pr-NDWI-pdS|-S£’:|/I;-\I>IIDVI-EVI-Pr-PET-SPI- 0.967 0204 0,452 20111

Cum_Pr 0.935 0.060 0.244 12.459

Cum_Pr-NDWI 0.944 0.051 0.225 11.719

Cum_Pr-NDWI-pdsi 0.944 0.051 0.226 11.764
Cum_Pr-NDWI-pdsi-SAVI 0.944 0.051 0.226 11.744

3 Cum_Pr-NDWI-pdsi-SAVI-NDVI 0.944 0.051 0.226 11.744
S Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI 0.944 0.051 0.225 11.719
0] Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr 0.944 0.051 0.225 11.719
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET 0.956 0.040 0.201 10.234
Cum_Pr-NDWI-pdsi-SAVI-NDVI-EVI-Pr-PET-SPI 0.956 0.040 0.200 10.194
Cum_Pr-NDWI-pderS:I/I;-I\)IIDVI-EVI-Pr-PET-SPI- 0,056 0,040 0,200 10,194
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Figure 2- Correlation of investigated parameters with changes GWL

Z 9y el odal o oo (9,5 b ¥ S o
Sl Ol maw gleosls b puead <0 Jow
golie Olpss &gy ol ol ey 5Ll
5 009 Olyzel b Gebaie Joe ol 5o 00d (i
o PSS 5ab el o5 Sl Laosls L2uST,,
boplr g Jlie (Vb peedd &350 Joo s
Seslawl b Jaw opl s oppiag sl <AV
«Cumulative Precipitation slagg,9 oS5
sl cawsas EVI g NDVI SAVI PDSI NDWI
AN Siad oy 5 +IYAO Ll RMSE a5
g Sl AV L plp g lade 0 VL (6 S el
o b Ny, el o5 Ly baosls 2isT,
oilin Bollas o y0] caw sbedls L Juw

KN

& lslies LL3 I GNDVI el by onsplonil JLolow o

Stean SAVI Lasls b Ll ol olas EVI

=

o ;0 Oglas ol ol alils g LB

5 b Ll 4l ids sleesls
o ety sl axllas ailaie ol sl S
GNDVI L olS ig slaasls ase LN
sl gl cnl 53 "elSas b Wl (Sien
LLs )l liome (owyp a5 oo oo lis gl o9l o3
OSee g Cawl (5y9p0 byal)l plo b 2Ll e
Solite glaasa Shle ol 4 a3ls o ol
(N ¥ S0 Gado 0l el byl 0 )
=+/YY 5 -+/+1 <55 & GNDVI L SPI 4 PET



AD

s

S99l 5l eolaiwl b oyl 138 50 Jelge g Gaae (6 uSob SeS @ e 2 ol grlan Ol s (s i

0.8376x + 25.538
R?=0.8199

y:

[oe]
e
—

©
©
—
w-

(

< o~ o
X<} e ©
— — —

e}
n
—

«© < o~
n 0 n
— — —

Model-deep learning

&

y

V
P
73

-

165

o
—

n
<
—

|aAS7]4312MPUNOID)UoNdIpald

10-80-¢¢0¢
10-G0-1¢0¢
T0-20-020¢
T0-TT-8T0¢
T0-80-210¢
10-50-9T02
10-¢0-GT10C
T0-TT-€10C
10-80-¢10¢
T0-S0-TT0C
T0-20-0T0C
TO-T1-800¢
10-80-L002
T0-50-900¢
10-¢0-500¢
T0-TT-€00C
T0-80-200¢
T0-S0-T00C
10-¢0-0002

(w)jana1481MPUNOID

155 160 165 170

150

GroundwaterLevel

GroundwaterLevel(m)

prediction(GroundwaterLevel)

Decition Tree

0.9669x + 5.2079
R2 =0.9669

y:

170

165

160

155

©
©
—

o
O
—

< o~ o @ o
© © O [Te) n
— — — — —

150

< N
wn [Xo}
— —

(W-]aA81481BMPUNOID)UONDIPId

Model Decition Tree

170

165

160

n
n
—

150

n
<
-

(w)jaAs1481BMPUNOID

T0-80-¢20¢
T0-50-T20¢C
T0-20-020¢
T0-TT-8T0¢C
T0-80-LT0¢C
T0-50-9T0¢
T0-20-ST0C
T0-TT-€T0C
T0-80-¢T0C
T0-S0-TT0C
T0-20-0T0C
T0-TT-800C
T0-80-200¢
T0-50-900¢
10-¢0-5002
T0-TT-€002
10-80-¢002
10-G0-1002
10-¢0-000¢

GroundwaterLevel

pred

GroundwaterLevel(m)

(GroundwaterLevel)

on

ict

170

&

Gradient Boosted Tree

o

0.3695x + 99.357
R2=0.9562

y:

160 165
GroundwaterLevel(m)

155

161
161

(

Gradient Boosted Tree

o
~
—

n o ,mw o w
© ©o un umn <
L . B N

(w)jans14818MPUNOID

O O OO O W W N~ N~ O
© © 0 1N 1 10 wn ww
E e B B I B B I o I |
w-

[9A874812MPUN0ID)UoNdIPald

10-80-¢c0C
10-G0-1¢0¢
10-¢0-0¢0¢
T0-T1-810¢
10-80-210¢
10-50-910¢
10-¢0-G10C
T0-TT-€10¢
T0-80-¢10¢
T0-S0-TT0C
T0-20-0T0C
T0-T1-800C
10-80-200¢
10-50-900¢
10-¢0-500¢
T0-TT-€00C
10-80-¢00¢
10-50-1002
T0-20-000¢

150

©
[Tp)

prediction(GroundwaterLevel)

e G roundwaterLevel

Al la oy, b (e 0y 2l Oladd g5l Joe @l - S

Figure 3- Results of modeling groundwater changes using different methods
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Extended Abstract

Introduction: The population of the world is growing at an unprecedented rate, and the demand for food is
expected to increase dramatically in the coming decades, placing enormous pressure on the agricultural
sector. In this regard, developing countries are forced to use more chemical fertilizers. However, chemical
inputs often have harmful effects on the surrounding environment due to their improper and disproportionate
use in the form of chemical fertilizers. These effects include the degradation of water and soil resources, air
pollution, and soil erosion. Soil erosion and loss of nutrients under its influence are some of the most critical
concerns in the sustainable provision of human needs over time. In this regard, Iran, located in the
Mediterranean climate and with lands sensitive to erosion, is witnessing soil erosion and the depletion of
food resources. On the other hand, the loss of nutrient resources in the soil has caused a decrease in
agricultural production and an increase in the cost of production, resulting in the degradation of the soil.

Materials and methods: In this research, we evaluated the cost of replacing lost nutrients in different land-
uses. We collected previous soil erosion studies in different areas of Iran and determined the amount of
erosion in different land-uses as well as the amount of phosphorus and potassium in each kilogram of eroded
soil. We used Iran's land-use map from Sentinel-2 products in 2021 which has a spatial accuracy of 10 meters.
Finally, we estimated the cost of soil erosion in the second-order watersheds of Iran using the alternative cost
method based on the price of the mentioned elements.

Results and Discussion: Quantitative evaluation of lost elements in rangeland, agricultural and forest land-
uses showed that forest lands had the highest mean amount of potassium and phosphorus losses, at 364.98
and 16.30 mg kg?, respectively. Additionally, the Talesh-Anzali Wetland Watershed has the lowest
replacement cost for phosphorus and potassium, at 2943.90 and 61591.40 million Rials, respectively, and the
Central Desert Watershed, with the main land-use of rangeland, has the highest replenishment cost at
413188.79 and 8644609.73 million Rials, respectively. In terms of agricultural land-use, the South
Baluchistan Watershed has the lowest phosphorus and potassium replacement cost, at 41.08 and 994.02 and
the Salt Lake Watershed has the highest, at 48419.64 and 445.310 million Rials, respectively. In watersheds
with forests, the Atrak Watershed has the lowest cost, at 55.42 and 1240.84 million Rials, and the Haraz and
Qarasu Watersheds have the highest replacement costs for phosphorus and potassium, at 7277.60 and
162955.71 million Rials. Regarding alternative costs, the Talesh-Anzali Wetland Watershed, with 234,114,
and the Central Desert Watershed, with 9,299,886 million Rials, have the lowest and highest costs,
respectively. In addition, the replacement costs of phosphorus and potassium elements in rangelands were
estimated at about 60319513, in agricultural lands at 3808598, and in forest lands at 557882 million Rials.

Conclusion: As the research results showed, only the loss of two elements, phosphorus, and potassium, can
cause direct and indirect economic losses. At the same time, the soil is rich in other vital nutrients and living
organisms, whose replacement costs will be irreparable for Iran. Therefore, it is necessary to evaluate the
damage caused by the loss of other elements and the amount of wind erosion in future research to better
understand the damage caused to the country under the influence of soil erosion. In addition, in estimating
the value of soil maintenance with the alternative cost approach, the cost of labor for spraying fertilizer and
the cost of reconstruction and renovation of damage caused by soil erosion should also be included in the
calculations. Considering such components, the mentioned figures will increase significantly, and the value
of resources in maintaining soil fertility will be further confirmed.

Keywords: Erosion Economics, Erosion Monitoring, Integrated Watershed Management, Nutrients Loss,
Soil Loss.
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2- Damage Cost Avoided Method
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Table 1- The amount of phosphorus, potassium and erosion in different land-uses of Iran
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Table 1 Continued- The amount of phosphorus, potassium and erosion in different land-uses of Iran
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Figure 1- Distribution of land-use in the second-order watersheds of Iran
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Table 2- Costs of eroded potassium and phosphorus in different main land-uses and second-order watersheds of Iran

JU) gebro— by, by 00 4y 3o JU) gabno yiud by yun 4y HSe- ol

S 9 pb o) Gy S S 9 pb o) Sigas Kx Er9 pb 2l S)ystaS S &2 550 092 oS
1268381.61 246061.00 7420.37 60625.19 10168.82 331.39 3246469.69 691945.85 24436.16 o)l 1
61591.40 74973.80 87594.45 2943.90 3098.40 3911.97 157645.48 210833.14 288459.06 S eYb -l 2
2079175.30 221483.95 31640.39 99378.92 9153.14 1413.06 5321726.19 622832.95 104195.62 S5 Og,dmie 3
177629.54 3944470 145554.03 8490.21 163011  6500.44 45464937 110922.09 479326.94 3,5 5 55 ,0wics o slotiliog, 4
311475.53 146269.94 162955.71 14887.68 6044.81 7277.60 797233.15 411324.35 536632.75 gu0,8 5 51,0 5
186548.78 166544.48 102789.91 8916.52 6882.69 4590.60 47747851 468338.18 338499.55 39,5 ,5 g guo,8 6
958750.06 45123.94 1240.84 45825.64 1864.81 55.42 2453956.28 126892.62 4086.24 S il 7
1372598.32 170029.50 4141.64 65606.46 7026.71  184.97 3513216.23 478138.39 13638.92 S G 8
1585544.58 425897.48 0.00 75784.71 17600.82 0.00 4058260.06 1197662.34 0.00 a5 9
2267595.14 328244.83 1350.62 108384.87 13565.19  60.32 5803993.73 923054.24  4447.75 SHn ol 10
1390708.45 195500.36 0.00 66472.08 8079.33 0.00 3559569.77 549764.76 0.00 &l oo 11
775287.03 49888.32 0.00 37056.61 2061.71 0.00 1984375.86 140290.47 0.00 al> 12
1822150.31 57634.51 0.00 87093.82 2381.83 0.00 4663861.19 162073.46 0.00 Qe 13
2368776.69 31038.92 0.00 113221.07 1282.73 0.00 6062971.67 87284.27 0.00 Ol JS 14
1699886.51 14969.03 0.00 81249.94 618.62 0.00 4350922.47 42094.27 0.00 i — b yun 15
1857674.34 994.02 0.00 88791.77 41.08 0.00 4754786.26 2795.27 0.00 TS AWE N 16
1567607.79 368359.38 0.00 74927.38 15222.98 0.00 4012350.20 1035860.00 0.00 dungyl azl o 17
3099264.64 445710.93 0.00 148136.41 18419.64 0.00 7932682.61 1253379.58 0.00 Sad axl o 18
1537304.65 66440.63 0.00 73478.97 2745.75 0.00 3934788.18 186837.08 0.00 w95 19
1066451.09 141811.98 0.00 50973.46 5860.58 0.00 2729621.05 398788.16 0.00 o)l 5 K - Sl 20
2214900.51 33609.33 0.00 105866.21 1388.95 0.00 5669119.89 94512.48 0.00 Oy — 58] 21
2630140.79 58707.24  0.00 12571356 242616  0.00 6731942.74 165090.08  0.00 lygesle - oela 22
8045625.07 28223.76 0.00 384558.96 1166.39 0.00 20593075.31 79367.76 0.00 Dol S 23
8644609.73 231499.89 976.49 413188.79 9567.06 43.61 22126198.73 650998.70 3215.70 Sy nsS 24
1906257.11 9480.14 0.00 91113.90 391.78 0.00 4879135.68 26659.01 0.00 055 ol oS 25
1955166.01 23118.50 0.00 93451.61 955.41 0.00 5004319.80 65011.32 0.00 oly0 598 26
1247750.21 19661.20 0.00 59639.06 812.53 0.00 3193662.86 55289.08 0.00 Blgz 158 27
1249720.56 16109.79 0.00 59733.24 665.76 0.00 3198706.05 45302.18 0.00 dioyud = (gl 28




Vo

\F-F Qllmgl.? 90 c)Lo.i': e 3% JLw ‘)Ju] 6“‘"’}9’ é.ol> Co i

OHSer 5 oz

Table 2 Continued- Costs of eroded potassium and phosphorus in different main land-uses and second-order watersheds of Iran
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Figure 2- Total of phosphorus, potassium and potassium and phosphorus costs (million Rials)
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Extended Abstract
Introduction: The Zagros forests, as one of Iran's most important forest ecosystems, play a crucial role in preserving

water resources, carbon storage, and biodiversity. Soil moisture in these forests is vital for ecosystem stability,
groundwater recharge, vegetation growth, and erosion control. However, accurately measuring soil moisture across this
vast and challenging terrain is difficult due to its extent, inaccessibility, and high costs. Consequently, advanced
interpolation methods like Kriging have become essential for creating soil moisture maps and managing environmental
resources. Nevertheless, selecting the optimal Kriging method under varying topographic and climatic conditions
remains a research challenge that requires further investigation.

Materials and Methods: This study involved collecting 60 soil samples from depths of 0 to 15 cm across different
forest zones with varying canopy densities (open and closed), in both northern and southern aspects, and at three
elevation classes (1750-1850 m, 1850-1950 m, and 1950-2050 m) within the Zagros forests. Various Kriging methods,
including Ordinary Kriging, Simple Kriging, and Universal Kriging, were utilized to estimate and map soil moisture
distribution across the region. The primary objective of employing these three Kriging methods was to compare and
determine the most accurate approach, aiming to achieve precise soil moisture distribution estimates based on limited
sampling data and to minimize estimation error. Model accuracy was evaluated using statistical metrics, including Root
Mean Square Error (RMSE), Mean Absolute Error (MAE), and Coefficient of Determination (R2). In this evaluation,
models with lower RMSE values were considered more accurate for estimating soil moisture spatial distribution.
Results and Discussion: The results indicated that slope aspect and canopy density significantly influenced soil moisture
content (P < 0.05). The highest soil moisture content, approximately 12.46%, was observed in areas with closed canopy
and northern slopes, which was significantly greater than that in open canopy areas and southern slopes, suggesting the
protective effect of closed canopies in retaining soil moisture. Furthermore, comparison of interpolation models revealed
that Simple Kriging with a linear variogram had the best performance on northern slopes, achieving the lowest RMSE
value (0.79), indicating the effectiveness of this model in conditions where soil moisture distribution exhibits a linear
dependency on spatial location. Conversely, on southern slopes, Ordinary Kriging with an exponential variogram
provided higher accuracy, with an RMSE value of 0.44. This finding suggest that in conditions with greater moisture
complexity and nonlinear variation, employing an exponential variogram and Ordinary Kriging can yield improved
interpolation results.

Conclusion: This study strongly emphasizes the critical importance of selecting the correct variogram models and
interpolation techniques, which are specifically suited to the unique characteristics and features of a given region. The
results clearly demonstrate that employing a single, fixed interpolation method across all areas does not necessarily yield
the most optimal results. The choice of the appropriate interpolation method can have a significant impact on improving
the accuracy of soil moisture predictions and estimations. For example, in areas with more uniform variations and
relatively stable conditions, simple Kriging with a linear variogram proves to perform better, while in regions with more
rapid and significant changes over shorter distances, ordinary Kriging with an exponential variogram results in higher
accuracy and better performance. Therefore, it is highly recommended that researchers take into account a combination
of various optimal interpolation methods, carefully considering the climatic, topographical, and vegetation
characteristics of the region. This methodical approach can greatly assist in reducing estimation errors, improving the
precision and reliability of soil moisture maps, and ultimately enhancing the management and preservation of natural
resources and forest ecosystems. Additionally, this study underscores the importance of conducting a thorough and
precise analysis, along with the careful selection of suitable statistical methods, in order to achieve more accurate
predictions of soil moisture conditions, which play an essential role in sustainable natural resource management and
environmental conservation, particularly in forested and ecologically sensitive regions.
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2- Global Positioning System
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4- Semi-Variogram
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Figure 2- Mean comparison (£ standard error) of soil Moisture in different elevation classes, aspects
(north and south), and two canopy cover types (open and closed); non-identical letters in the columns
indicate a significant difference at the 0.05 level
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Table 2- Parameters of the nugget effect and sill for the fitted variograms
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Figure 3- Linear variogram fitted to the soil moisture data in the northern slope
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Table 3- Results of cross-validation for three Kriging variograms
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Extended Abstract

Introduction: Governmental conservation management of forests and local communities' claim to traditional forest
rights and ownership have always been a source of conflict, limiting the sustainable management of forests. As
sustainability of production is one of the important goals of forest management and conservation, it is necessary to
consider the assessment, conservation, and improvement of quality in forest management. Therefore, identifying the
both governmental and public stakeholders and being aware of their points of view and perspectives are inevitable
aspects of forest conservation management. In this regard, the present research has analyzed the indicators of
conservation management of Hyrcanian forests while identifying its challenges in basin number 86 of Golestan province
(one of the 104 basins in Hyrcanian forests).

Materials and methods: The current research is of an applied study that used grounded theory with a qualitative approach.
The statistical population in this research were specialized forestry experts in the General Department of Natural
Resources and Watershed Management of Golestan province and local communities in four villages of Tuskestan,
Qoran-Abad, Taghratepe and Jafarabad in Gorgan County. In-depth semi-structured interview was used as the main tool
for collecting data from experts. The interviewees were selected using snowball sampling method and their information
was collected through face-to-face interviews. As well as taking notes, all the interviews were recorded for coding,
correction and feedback by the interviewees. The criteria for judging when to stop interviewing each person and the
number of sampling were based on the theoretical adequacy of the proposed categories. So that theoretical adequacy
was achieved by conducting 60 in-depth interviews. Data analysis was conducted in three stages: open, axial, and
selective coding. Finally, after calculating the ratio of the repetition of categories to their number in the interviews, the
degree of importance and effect of the categories in the conservation management of Hyrcanian forests in the study area
was determined and while ranking them, the results in the final template was presented.

Results and Discussion: The results showed that the four categories "uneconomical of livestock farming and lack of other
alternative employment opportunities in the village", "lack of involvement of villagers in forest management decisions
and preparation of forestry plans”, "insufficient support of the government in paying facilities for rural jobs" and "high
unemployment rate and lack of income-generating job diversity in villages" were the most important challenges in the

conservation management of Hyrcanian forests in the study area, respectively. Based on the final categories and
classification made with the final model, according to the calculation of the ratio of repetition of categories to their

number, four categories "income and livelihood in villages”, "attracting social participation and local communities
satisfaction”, "illegal exploitation of the forest" and "Upstream policymaking " with the highest numerical value were
the most important challenges of forest conservation management in the region under the study and "forest conservation
manpower", "organizational management and inter-agency coordination" and "security and land use conservation" have
respectively been the least important challenges.

Conclusion: According to the results obtained from the research, the identification of income-generating potentials by
villages in different dimensions of industry, agriculture and horticulture, ecotourism and eco-tourism and rewriting
forestry plans according to ecological, economic, social and cultural conditions, and following that, targeted investment
by providing low-interest facilities for the prosperity and sustainability of rural businesses is one of the most important
suggestions of this research. Therefore, the necessity of holding skill-oriented courses and classes with the aim of
creating entrepreneurship in villages will be doubled. Identifying the violators of forest areas by village and planning to
employ them in mines and factories and providing employment permits in the village based on the ability of individuals
are among other recommendations that can be used to bring forest governance to an optimal level.
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Table 3. Determining the importance of the challenges of conservation management of Hyrcanian forests
in the 86" basin
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Extended Abstract

Introduction: The depletion of water resources in forested protected areas poses a critical environmental
challenge, necessitating innovative watershed management strategies. In this regard, the implementation of water
harvesting systems, such as crescent-shaped runoff capture terraces, is of paramount importance for enhancing
surface water infiltration and increasing soil moisture retention. The present study investigates the effects of these
systems on runoff infiltration and soil moisture content within a part of the Manesht and Qalarang protected area
in llam Province. The objective of this research is to assess the impact of crescent-shaped water harvesting terraces
on soil moisture storage and to compare it with the natural conditions (control area) in sloped terrains.

Materials and methods: This study was conducted experimentally using a randomized block design. In the first step,
several rows of crescent-shaped water harvesting terraces were constructed in a zigzag pattern along the sloping
terrain of the study area. These systems were designed such that the runoff between two adjacent water harvesting
systems was captured and managed by the lower-row terrace. Following the installation of the systems, soil
moisture content was measured at three locations in the control area and at 15 locations within the treatment area
(various points of the crescent-shaped water harvesting system) after five precipitation events, from November
2022 to May 2023. Soil moisture measurements were taken at two depths: 0-15 cm and 15-30 cm, and the data
were recorded accordingly. Data analysis was performed using the SAS software, and mean comparisons were
conducted using the Duncan's Multiple Range Test.

Results and Discussion: The results of this study indicated that depth, system type, and precipitation amount
significantly affect soil moisture retention. Specifically, the crescent-shaped system at a depth of 15 cm exhibited
the highest soil moisture retention compared to the other systems. In particular, at the 15 cm depth, soil moisture
in the crescent-shaped system increased by approximately 15% compared to the control area. Additionally, the
results revealed that the water harvesting point inside the pit had the highest soil moisture retention, with an average
of 27.38%, while this value did not show a statistically significant difference from the water harvesting point at
the top of the ridge, which had an average of 36.50%. Further analysis of the interactions between different water
harvesting points at varying depths indicated that the point inside the pit, at a depth of 15 cm, exhibited the highest
soil moisture retention, with an average of 51.70%. Conversely, the lowest soil moisture retention at the 30 cm
depth was observed at the point located on the ridge, with an average of 20.49%. These findings suggest that the
crescent-shaped system, particularly at the water harvesting points inside the pit, plays a critical role in enhancing
soil moisture retention.

Conclusion: The results of this study clearly demonstrated that the use of crescent-shaped water harvesting
systems can significantly contribute to soil moisture retention in sloped terrains. Specifically, the water harvesting
points inside the pit exhibited the greatest impact on increasing soil moisture retention compared to other locations.
Additionally, the increase in soil depth generally led to a reduction in soil moisture retention across all treatments.
Furthermore, data analysis revealed that the effectiveness of the water harvesting systems in improving soil
moisture retention is influenced by factors such as precipitation intensity, soil depth, and the type of system
employed. In instances of sufficient precipitation, the crescent-shaped system, particularly inside the pit, played a
prominent role in collecting and storing water, thereby significantly increasing soil moisture compared to natural
conditions (control area). These findings suggest that the crescent-shaped system can be a highly effective tool in
improving soil moisture conditions in arid and semi-arid regions facing water scarcity. The results emphasize that
the design and application of water harvesting systems can serve as an efficient and sustainable strategy for water
resource management and ecological restoration in forested areas, particularly in regions with limited precipitation
and steep slopes. Such systems offer a promising solution for addressing drought crises and mitigating the
depletion of water resources.

Keywords: Soil moisture, Runoff, Water harvesting systems, Sloped terrains, Infiltration

Citation: Mohammadi, A., Tavakoli, M.,& Soleimani, F. (2025). Assessing the impact of crescent-shaped water
harvesting systems on increasing soil moisture (Case study: A Part of the Manesht and Qhalarang Region).
Integrated Watershed Management, 5(2), 147-159. doi= 10.22034/iwm.2025.2050619.1202

Copyrights:

Copyright for this article is retained by the author(s), with publication rights ®
granted to Integrated Watershed Management. This is an open-access article

distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/ by/4.0).



mailto:m.tavakoli@ilam.ac.ir

gy i g4 FY-109) AFeF Ll (o0 o ylouds ey Jlw < jussT o g ol o o

doi: 10.22034/iwm.2025.2050619.1202 YYAY-FOMY : Sig sl LS "e’g

@
Bojpo

o 359 390 Axliac) S Cagb y st 31 40 WwT I sLailobu gl (o y
(&)Ms 9 wwwlo dilae

Y . & ®) . \ .
Sloadw (5900 8 7 Le pmxo ¢ gooo Loy Je
U‘)"‘ ‘ra)b‘ “a)l..\ olKisls 46))5Lu5 0uSisls sLs)‘b)..JuT 9 e).o 05; A

Ol @3l (xml @lin 5 (55,5laS (3390] 5 Dl 55 50 ¥
m.tavakoli@ilam.ac.ir : J giwwe odouw ¢ #

OFF1Y1) by fu,yb VEYNYIY - 1,595 g, VESY) YF el s u,b)
b ganro 00

s e gla IS0l ) asll aiels oS el laialionn ) pte Jilas 1 (S5 ot ilas >lg 10 ofsd ( ASix 3blie o Of mlie rals :deddo
o] SIS Cugh ) 0,33 Gialial g Oy, 3985 05 sl T I zghans sle T o pae slaailobes 5l ooliwl diwl, ol Jo b o (pgs
50 S g ctibe sadcblas ddlaie jl sy 0 S Cogb, i g Sllg, 398 5 bailele ol IS ol Gadss jo el lo 65 slodug
2 (@0l 45l) b Comdg b o) dulio 5 S5 Cusb; 0055 5 Sl (o slans 3B ) pslatens gy cnl 0d gy 3! il
S Oy locwd bl

e sl glaaibolss 51 iy, Gpais lanl ad plosl Bolas glacSsl >1b 5l eolatul b 5 doloy] &jgmas pol> aghs i jbg)y g lgo
alalos 90 Joolbas Clly, a5 wias (il glaigFa basbels opl ol clasl s jge dilate Hlocud glodials 10 dwgn § aaSs I L LT
Casby Glie NV FY slociigua)l 5T olopybl 51 dadiloles elasl 5 Guy 058 Jle 5 555100z il @3, KT diloles lawgs 5,LS .5
ol lp o s pSo3lail 3k asly ity 5l e (el (o sl s alises Ll) jlad do e 5l alai V0 5 aalds acje jl abii 4w 0 S
5 eslazul b bosls Judowigas o0 058 ,5 cud bosls g plodil ey adaw (g 0 il VO-Y2 g +=10 Gos g0 ;0 S Cusb, (5 m5ojluil jslais
3 S50 5SHI (yge3l 5l eslitul b b Kilie anulio g SAS 138l 5

23 Pl alals whgtr s SB Cush) 00035 g logine 8l (Tl Blie 5 el g5 Fos oS Bl Gl Bk ol gl 1w 9 i
Cagb) 0735 i(g yo gl VO Gas jo (ol jsboay ol (olaisl sgs a4 baailols plo b aslie o) Cagby 0253 (n piion (g0 55l VO Gos
YATY 5k bl ols Jlaseiul adads oS ols olid gl iz pe .Cls (ial38l as )0 10 sga0 wall doye 4y Coed o ailols ;o S1>
ol S 5l g sy YEIO Sk oS iy slgl jo Jlastl alai b oyliee cpl a5 Jl j0 wadls 1) S5 Coghy 058 o yds cduoyo
Goe 0 dly S5l Jlasiwl alais oS ols olis iz slagoas ;0 olhb o Jlastn!l gladdais 48 gs blite Ol 31wy p .cudls (g lo sme cglis
Yo Gas g5 S asby 0,058 (e mizan ol olatsl 055 a1y S Cushy 058 ey w8 BV :Slin b (5 e 5o 10
Jlasiwl blas ;o ofgas Sl ailoles a5 ains oo ylid ol cpl ol oowline aoyo Vo /FA (1 Sle b iy (55, Jlaiul aais ;o (5 e sSle
S o Ll S sho) 0,55 Ghalidl o oo 15 ey 510

bl 0 S Cogby 033 4 55550 jsbas Al o 2T IMe sk glaailols 51 oolatul a5 ols lis Zgbsds Gudos oyl gl 1 gy Azt
Omzed Slails S Cugby 03 ol o 1) S0 i Dbl ple b awglie o dle 3l Jlasiwl bl ojysa uS SLS ol
0y5 g 5ol sloailels 13T aS sl les bosls Judow ool 3 ogdle o La Lo Ao 4o Cughsy 0053 2alS Crge S yeba S Gee il
blE ;0 oga Do ailels sl 005y S5 L 5L a5 eyl o o)l 18 aibele g9 5 S Gas (( SW)b ol b cos S o,
PR Hsbas (sals axb) grmb Ll pd b asylis ol S Cogh ) conl aiilss g 00 )5 Wyl ©F (6005 5 (s pslanz 5o 65,k oo el S5
) polie 058 b a5 Sitddas § St 3blie ;0 S Cugh, Cundg 990 10 il co Mo dilolu a5 sips o (ylis loasdly (ol ams iol33l
bl (5958 Loyl 050 9 o olie o o 40 KT slaaileles i ooliul 5 ()b a5 w5l oS bazsl ol us bl oS s axlge
sl 2ol s (Jlusis slagl e b ablio ) k5 w5 Sal, G Glsiear il oo Vb glaced 5 3gume )L L (25 50 ohsn (S
9% ke o

398 ot gblie KT Mo sladilels willy, (Sl cugh, 1 godS gldojlg

SL s, Gl e KT Do sleaible 5t oy p OFF) O (Slado 5 4 ( IS5 g (oo bl
AEVA0 YD st/ (sloojam mols o o (S5 B § cuiile ddlate 51 idu 153,90 anlllas)

el &>
@ ® o yiod b el il bl el Bgize alie onl (51) soiansi 6l ol 3>
O3 p3es ly 4 ptd Colg o ol Ojgo 85 onl 5o eads Sl Slalllae ples ;]

el o yiws B a0 csls



mailto:m.tavakoli@ilam.ac.ir

g VEF leasls cpgo o leds qpamiy Jlo (el slaojem gal> o o

Dile et al., ) oS oo S5 JlSiz SIS ol
22 0hl <l 6 slaez St ((nl ogdle (2013
Yannopoulos ) wsls  cege i Lodew ials
(et al., 2019; Londra et al., 2021

5l ailgge b laclly, y5laez 5 o e
asile (glojls 5 (glojluscium 5 calie sla g, 315k
Al ‘v)?i?T L.J)L"’ ‘YS)Lé 2SS ¢ s g
wgd el glojlucn ) slaggyslid o o7 b
S5 Olsieas ST sl e 3l ekl kg sl
5 Cepde 5 She lojlucen; slabs,
Sl gl g 2dlol Baa b wgsr Y555 (5 ysleex
(Ahmadpour et al., 2022) s,ls |3 a>g 5,90
SAlisS 5 8 el gl o Sl sla e
adle g Phb s b SlS O jsoa a5 siiiin
oo,z obml glaiea bjlsle ol aigd o
5 ol Gylae 0 4 Gileass b slaysul
Moghim ) oS’ oo Wyl (6 550 i Lably, s
ol Gl 3l s e -6t al, 2024
ol silwo o33 5SS el 25T sla Do
JAS «SB (y)0  of i aalidlolilsy (el
Lol obml (S d) )00 5l 6 2S5l 5 ale 3
oles jo g Gl wl; Gl il addls >
Dol slagsb sz gl celio s 3,51 ool 3
(Moghim, 2014) ail o &5l bl g
St 5l oolaisl gllie  gouxie Slllas
S92 9 SB Cash, Gl n | Ol yslaex
o andlhe S mls lesls lis GblS o Sles
wxge Plo eSSl a5 b plas o S sl
Oty bzl g S sk gplp g0 LISl
Heshmati ) ool ouls  SoSis pals § ouSis
Lle 0095 (sliwg, ;o sipg} ,o (6t al, 2017b
b Stdl) Bile 55 59 31 woliile S il o o3l

1- Floodwater Spreading
2- Contour Furrow

3- Water harvesting

4- Half-Moon Pit

Qbm 9 (G

doddo
Casl 39250 S Gld o aS ol 4 S Cugh,
bl g liiiol )0 oo (i 5 0900 DL
Sk 9 S Gl ele (nl o)l (2l il

Jrs ) elS Sl iy 5 et ol Sk
.(Penna et al., 2013; Chaney et al., 2015) oS
S5 5 by sl wlide jo S Cush (J (pl b
Wang et al., 2015; Xu ) ceol &glaze [l ccalisee
Lo Bl Fgr95 il coos ut 4 a5 (et al., 2021
(Kassaye et al., 2021) s,ls |3 S slo S5
G 5 o BBt slogh)l ool mlie 0508
o pde Ls[!boa.o..w as oﬁwso Q_A.CL’ S I LS’T
Sleeas (ol ol gslaesr dem)l ol wl
i Slge wdg g Ol el 6l Sl oLl
Mucheru-Muna et al., ) oS oy ok Cownl
la, gl> & dagt)l 5l 226 ST (5 )slae (2017
oS lgaal (3 Oloredr (pialu B obml g pud
Gososte oIBl s b islas CusE Gl
Tadrosetal., ) cusl ouls 7 las (55 ,5liS DY gazxs
S xSslr 5 ol 5l e b (2021
soals s |, JlSes e Sl asl S
Gl o GUls e Lagdy, ol s
Dl b as bl ;o o390 w0l ol ds (us yiad
o> a1y g0l Sl ax g8 D 490 O] SgueS
o x5 (Shaikh and Birajdar, 2024) sles S >
O3 Olise a8 adlge windy)) e 4 oL o]
Sl alem wipsles slac b 5l Slarsy sl
3o 0,5 oolaiul oo Congjlaone Lads g asle>

3 Bble (! 6 piiaa] als a4 Gis, cnlicaly




(S5 M5 g cetile adlaio 51 iy 169,50 anlllae) S Cugb; (il o KT Do sloaibole 38 oy 10+

Sldsme yebar ) pliwl jo w50 sl
SL sla Shg osete 5 (AL by Gl s
5 Cusby Lias o iy o3l (S5 olal o 5 0
Moghimetal.,) a,ls 55 10 sbopimsST g
Gble o ol ySeix als @ a>g5 L (2024
SSPIE 5 cile cndcblas ddlaie o bl SIS
ol (SoSaS oy (izmen 5 oL pliul 5o &8l
S35 54 pg3) (Heshmati et al., 2017a) b 5>
Ol o e ol 50 Ol glie S e S50 sla 1S5l
e sl Jlsias g48g 09b o0 bl Ay
SIS iyl 39 b 9 (2L pog Hloeed
Sl 5 alS ibsy p helas jlid (ST 0 O
bl i 53 S o oy 3blis ol (Sl
D zsbans o358 oSl claailels L L)
Cagh) 035 Sall g Slly, S5&5 Sgun 50 ]
Lalble cpl .l o630 oYL ol 51 S
20 lg e A0S g ok el SO lgieas
bl oty Jged o ooad8l Ol SISl ials
Sz Glpgian; g)lul <)l 5 alS idg
Bua b ol gt g, cpl oS Wl 6 55 il
g S Cugb, Lix o baibls opl SIS o)y
So9re aihie (nl jo (Su3dsST g Il 4SS
Mg oo oo ol @l o)l o5 g oele
Sy 1y a5 23l b, ol QLI » ol
5 SB Cogb, sgge 4o gl 5l Seo S ool
sl g dibats ol bl sl Sz 5 (Sis pals

led @al B ) S5 la JSim

g, g dlge

asIllaod ygo diilaie

ashio 5l oidu (Gubod ol 0 dslllaes ge adhaie
Corlaa b 58 5 ctile suseblis 5 SlanyS

Ms(owoszowsujbb?lmswﬁiw
5 Do mhaw) LSl zohw glp ke S
o, AY L pile Jlas bl Gubo o oolaul (554
agb, Gl 5o 1 @l YL (3L Jlaseial
Sl b abele JS a5 Jb o sl S
(Gheitury et al.,, 2019) culys S cosb, ,
S5z b ey 0 R e mls
Sugh) Cundg p (S L (Dlo S slavs
ol as ol lid 8T jew oS 0 Sles g S
oS 5 S s pul)ly s o s jobas LSS
Lis o1y 0 ,Shee o i SSbgdle 05,08 o 3
S sban cuils olS o Slas 350 9 Cusb,
Saeed etal., ) wog 5o Cusb, 053 10 58 Do
3l oolatul a5 ols las mls glaadllas o (2019
Ll ol cls p asb g0 Juls) *RIML sla g,
& e (Bl 5 3985 Al S ol ST el
lize glages ;0SB Cugh, azg LB )38l
oo;&oSWJamoﬂwoijoM
5 6,50 dsllls s (Ding et al., 2021) el
S aS ol plas og el LKl i w1 e
Dl asbeles sl AT 51TV Ly slelo
dilaie & Cowd BLS ibe il cel K
el Ve 1A e sla Lo o Lol cads sl
cails LS e bl oS st alls
EL o slaslllas mls .(Rostampour et al., 2023)
8 ol ol 5 (Wbl ligoye5) Lok Lo o
el CHRHS) oL o 3985 ailoles 5 oolazul
Sl gl e Loyl (lie 4 S5 oy Sl
(Rojano-Cruz et al., 2023) cwl ooy (s odgs
039> 4O J...ia—‘ G])Lib LgLde..BLnL» 6‘)‘?" adlﬁ%)&:

5- Rainwater harvesting + Infiltration enhancement
+ Mulching
6- Hydroinfiltrator Rainwater Harvesting System



VO VEF Lol pgo o lods cazy Jlo sl slaojem gal> o o

Glosls ululyy ojls plas! JbSa Ve L Ll
W) oolislen oSyl (VY B VTYA) Soeail
YA oS canl o Lo OFY ailaie 4Vl 3L Lawgie
ol el rizmes S)lie B Dgo @ ol woye
OSlee g sl e )l gy elel - adlare
aibeo oS il axy0 VWY1 AVl sl

.(Fathizadeh et al., 2017)

G‘)M 9 R

Sl Job o 5 ekl plial s lSe AY
eldla> ooe g B FROYNIYN B FSOY 2!
Gl 00l @8ly  Jlos YYOF 'YV B YACYYION”
G FAY elas)l oogass b aslate ol () JS3)
VPOF lawgie gl lyls byo mhaw 5 e VAYAQ
Sl )8 il co o VY ol hawgie g o
e e oSS ol ailaie ) 5 e )
Iz 4 ol colus ones a5 Cal EL g oo el

46°30'30"E 46°31'0"E
* ! 46°0'0"E. AT00"E 48°00"E
N
N
5 . 5ot : —
51 g 4 - N 2
o L] 5 g !
-] L Tt, S0 2> .sle,a:
[ - -
- z |’ ™y
: L o RN
] 2 ;
g z bl
2 j
s
z 3 4 \
H s Y
g " 2 ‘~~.
| DEM (m) e . o
- . = Ml) u,u : ‘1\
o High: 1939 ) i?-" e
7 A £ . L4 oles by
S Low : 1483 s PO &
? 60 90 120 T
0 0102 04 06 - Kilometers | =
— K ¢ 460" A0E A00E

46°30'30"E 46°31'0"E

Ol HeinS g oM liw! jo axdllae 8 ygo ddbrice Caxdgo —) IS
Figure 1- Location of the study area in llam province, Iran
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Figure 2- A view of the control area and water harvesting soil moisture retention systems in the oak forest
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Table 2- ANOVA of the effect of depth, system,
and precipitation on soil moisture storage
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Table 3- ANOVA of the effect of depth,
rainwater harvesting point, and precipitation
amount on soil moisture storage
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Figure 3- Comparison of the mean (a) simple effects of depth, system, and precipitation amount, and (b)
simple effects of depth and extraction point on soil moisture storage
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Figure 4- Comparison of the mean (a) dual interaction effects of depth and system, and (b) dual
interaction effects of depth and collection point on soil moisture storage
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