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Figure 1- Layout of the study area and spatial distribution of meteorological stations utilized in this

study.
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Table 1- Weather station locations and period of meteorological observations.

Code Station Longitude Latitude Elevation  Mean Precipitation
(m) (mm)
S1 Torbat-e Jam 600 35’ 350 16 950.4 131.18
S2  Torbat-e Heydarieh 59013 350 20 1451 252.76
S3 Sabzevar 570 39 360 12/ 962 189.86
S4 Sarakhs 610 10 360 32 235 212.56
S5 Quchan 580 30 37004 1287 317.39
S6 Kashmar 580 28 350 16 1110 183.84
S7 Golmakan 59017 360 29 1176 209.22
S8 Gonabad 58041 34021 1056 128.82
S9 Mashhad 590 38 360 14 999.2 242.81
S10 Neyshabour 580 48 360 16/ 1213 206.13
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Figure 2- Comparisons of the monthly precipitation values from satellite-based data with rain
gauge measurements in Khorasan Razavi province.
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Table 4 - Statistical analysis results of Satellite Precipitation Products (SPPs) for estimating the
SPI1-12 in the Khorasan Razavi province.

Satellite Statistic indices
products Correlation Relative bias  Root-mean-  NashtSutcliffe ~ Probability
coefficient (RBIAS) square error efficiency of
(CC) (RMSE) (NSE) Estimation
(POE)

TRMM 0.80 -1.90 0.61 0.55 0.70

GPM 0.76 -0.39 0.66 0.47 0.67

PERSIANN 0.68 -1.80 0.77 0.27 0.67

ERA5 0.76 0.04 0.69 0.42 0.66
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Table 5 - Frequency of Drought Using Satellite Precipitation Data and Ground Station in the
Khorasan Razavi Province.

Station/Satellite products Number of Droughts  Total Records Drought Frequency

(%)
Station 29 190 15
TRMM 28 190 15
GPM 44 190 23
PERSIANN 31 190 16
ERAS5 39 190 21
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Table 6- Ranking of satellite products (SPPs) for 12-month SPI estimation in different regions.
Study Area Ranking
1 2 3

Torbat-e Jam ERAS5 GPM TRMM
Torbat-e Heydarieh TRMM GPM ERA5
Sabzevar GPM TRMM ERAS5
Sarakhs ERA5 TRMM GPM
Quchan TRMM ERA5 GPM
Kashmar TRMM GPM PERSIANN
Golmakan PERSIANN GPM ERAS
Gonabad ERAS5 TRMM GPM
Mashhad TRMM GPM PERSIANN
Neyshabour TRMM GPM PERSIANN
Khorasan Razavi TRMM GPM ERA5S
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The performance of the TRMM product was better in Torbat-e Heydarieh, Quchan, Kashmar,
Mashhad, and Neyshabour. This product exhibited a high correlation coefficient and low root
mean square error values compared to ground-based data, indicating its reliability in these regions.
The performance of the PERSIANN and GPM products was better in Golmakan and Sabzevar,
respectively, and they showed better agreement with ground-based rainfall data at these stations.
The ERAS product was found to be most effective in Torbat-e Jam, Gonabad, and Sarakhs,
demonstrating a high degree of accuracy in these areas. The relative bias and mean error metrics
also showed that overall, the satellite products provided accurate rainfall estimates with minimal
systematic deviation from ground-based data. The NSE values, which which can be used to assess
the predictive accuracy of models, were greater than 0.65 for the top-performing products,
indicating their high efficiency in drought monitoring.

The results of the point-by-point statistical analysis were better compared to the aggregated data
at the provincial level. In the aggregated analysis, the highest correlation coefficient (CC=0.8),
the highest Nash-Sutcliffe efficiency (NSC=0.55), the lowest root mean square error
(RMSE=0.61), and the highest probability of detection (POD=0.70) were obtained from the
TRMM satellite data. It seems that individual stations may provide different data compared to the
entire province due to specific local conditions such as the presence of local water sources,
specific vegetation cover, or human influences. Therefore, by aggregating the data at the
provincial level, the impact of these local anomalies was amplified, and the resulting outcomes,
due to reduced accuracy and increased influence of local anomalies, no longer accurately reflected
the actual climatic conditions of the province. It can be concluded that the validation of the
aforementioned satellite products in determining the 12-month drought index should be carried
out locally.

Conclusion and Suggestions

Based on the accuracy assessment of the 12-month SPI time scale, the performance of
satellite-derived precipitation data in the studied areas was satisfactory. The results of separate
statistical analyses of the data at each station were more accurate compared to the aggregated
analysis of all stations. n particular, the accuracy of TRMM data for Torbat-e Heydarieh, Quchan,
Mashhad, Neyshabour, and Kashmar stations; the GPM data for Sabzevar station; the ERA5 data
for Torbat-e Jam, Sarakhs, and Gonabad stations; and the PERSIANN data for Golmakan station
were suitable and can be used for water resources management and drought monitoring. It is
suggested that, given the appropriate accuracy of satellite data, these data can be used as a valuable
long-term dataset to investigate droughts in the studied areas of Khorasan Razavi Province.
Because satellite data uses different data sources, each of these data may be affected by various
environmental, geographical, and climatic factors. Therefore, due to local characteristics and
inherent differences in the instructions used in each data, it was expected that performance would
not be the same across all stations. Therefore, it is suggested to use large-scale satellite data, data
analysis methods, local calibration, and uncertainty modeling in a combined manner to achieve
an appropriate confidence factor for these data.
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Table 1- Descriptive analysis.

Average Maximum Minimum Variable
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15 70 1 Residence period
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. - - amount of income
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- - - Annual cost of living
million tomans  million tomans million tomans
5 7 3 Family size
2 20 0.25 Cultivated area
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Figure 3- Description of individual characteristics.

I

Y~y St Coa40 yik ¥t xj aiC-» T E- A0}y
+10u CiuEjy Srad:Cilbd AbAAE itz y Ay OtE
CUilng Gy CHAC 3j §wreg Ikiicisy | A 32A
wo.h G E&i y«Ai j ot CoAl
Ulr AT Opo/Ea xj Ot +§iot EdAl j CHATE -
wy Crj Vit OCike E0AY  waADIAR EE&uT B Vin
L R HL § GOF QunET ChigCujit A{AL Co
Xj Owéoji GIBEN Uikl ¢ CTC |2 Qi ET
Oienjl Caopa CiaAEAR IGLiToé AIRCEL ¢ iy L
Gudan o CT0 AT ¢Ar Cid 12 Ul § A X
j xj ucin G &L OC™ 0 @& j AT Ayl

56 1 33 4 313
Single  Farmer Rancher Lor Turk
5 87 3 87 3
5/6 96/7 3/3 96/7 3/3
Goma tAijy 6Ci™ ¢

¢ A Ut COnpoAy j CaCTAE Hiij i j it ¢y CT¢
CChl« OF Ar ik i) afi®Ca CaCTAL huj 4 Af
COufpodv tj Collv <AAgd Cij 19paCuj @Cibt
Cutsis ¢A ¢Clhl« OTA 2| CUrmlibt
AGAR -0 ELiTot Ciaou IE&jA- Gyt Ji-+,0
- Oj°« it 0f CIaANAT UtYE@Al AT ©F 3°C-pA
a9 i 1acopcy CAwa 2im) )¢Al 39 a1t nE
CEAR AT 1% QwEj v3AGAR §9CCAE yEIN § HiChi
40 Gia o A- IC) ¢Vt CidApiha Edni
Jths O GiRi HE +/- §CCAE YN 1w GHEAC g
TE- &0iu 1t GA« j dyAj LA{GT BCIA et ;)

<&






oo

JEHAAC _ 1j £%0 AwAr Yz Vb alig=ily GEL CuaneAyih 42 waALAR COp A (- 6P«

) CHAAC_1j £3%0 COC™ U CofEly  Suioér i CYudoay i Cantg i

Table 2- Prioritization of items in the villages of the Imamzadeh Jafar plain based on the watershed

management plan.

Object Mean gtarjdgrd Coefﬂ_mgnt of Priority
eviation variation
1-Reducing the costs of irrigated agriculture after the
E implementation of the watershed project 2.74 1.16 0.42 1
IS 2-lmproving income generation in the region after the
5 implementation of the watershed project 2.74 115 0.42 2
0 3- Reduction in the price of water after the implementation of the 260 1.08 0. 42 3
watershed project ' ' '
1- Increasing people's trust in each other after the 2 61 0.90 0.35 1
_ implementation of the watershed project ' ' '
- - ) . : .
2 2- Increase in tourists to the village aftt_ar the implementation of 2 86 1.10 0.39 2
3 the watershed project
3- Reduction of migration from villagers after the
implementation of the watershed project 2.64 1.04 0.39 3
= 1- Reduction of flood volume after t.he implementation of the 2 97 1.07 0.36 1
% watershed project ' ’ '
IS 2- Increasing access to surface water after watershed
= implementation 2.79 1.07 0.38 2
2 3- Compatibility of thg location of the_v_vatershed project with 2 60 1.04 0. 40 3
L environmental conditions
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Figure 4- Coefficient of variation in villages of the Imamzadeh Jafar plain based on the watershed

management plan.
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Table 3- Correlation test of villages in the Imamzadeh-Jafar plain based on the watershed
management plan.

Education Residence Income Cultivated area Environmen Social Economic
record tal
Education Pearson Correlation L
Sig. (2-tailed)
N 90
Residence Pearson Correlation 0.214* 1
record Sig. (2-tailed) 0.043
N 90 90
Income Pearson Correlation 0.202 0.290** 1
Sig. (2-tailed) 0.056 0.006
N 90 90 90
Area under Pearson Correlation 187 0.334** 0.704** 1
cultivation Sig. (2-tailed) 0.078 0.001 0.001
N 90 90 90 90
Environmental Pearson Correlation .200 0.306** 0.252* 0.304** 1
Sig. (2-tailed) 0.058 0.003 0.016 0.004
N 90 90 90 90 90
Social Pearson Correlation 0.302** 0.333** 0.291**  0.398** 0.604** 1
Sig. (2-tailed) 0.004 0.001 0.005 0.001 0.001
N 90 90 90 90 90 90
Economic Pearson Correlation 0.217* 0.221* 0.331** .304** 0.433** 0.684** 1
Sig. (2-tailed) 0.040 0.037 0.001 0.004 0.001 0.001
N 90 90 90 90 90 90 90
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Table 4- Significance level test.

Sum of squares df Mean square F Sig.
Environmental Between Groups 541.689 2 2708.344 18.046  0.001
Within Groups 13057.100 87 150.082
Total 18473.789 89
Economic Between Groups 1830.167 2 915.233 5.551 0.005
Within Groups 14343.933 87 164.873
Total 16174.400 89
Social Between Groups 2364.356 2 1182.178 11.744  0.001
Within Groups 8757.967 87 100.666
Total 11122.322 89
Y vaeAjh O Gz Ho CONYA 10d%aibr J2A{) Htibp C{CéPt TAU.j Sy
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Extended Abstract

Introduction and Goal

The targeted watershed management activities serve as a comprehensive solution to reduce the
negative impacts of floods and combat climate change, play a vital role in ensuring water security,
improving livelihoods and the quality of life of communities. In the near future, these approaches
can help improve the resilience of communities to environmental challenges and facilitate
sustainable development. Also, climate change and increase in the intensity and frequency of
floods directly affect food security, public health and social development. To reduce the impacts
of these phenomena, it is necessary to study climate change and plan appropriately for watershed
management and apply climate adaptation methods. And with proper groundwater recharge, it
increases water security and agriculture. Improving ecosystem services through watershed
management activities, on the one hand, ensures water resources and a healthy environment, and
on the other hand, improves the sustainable economic and livelihood development of local
communities. Additionally, Watershed management plays an important role in the management
of water and soil resources and is very effective in sustainable rural development, and assessing
its effects is essential. This study was conducted to investigate the socio-economic and
environmental effects of the Imamzadeh-Jafar watershed management project from the
perspective of the beneficiary villagers. The present research is applied in purpose, field-based in
terms of variable control, and descriptive-analytical in nature.

Materials and Methods

Data collection was conducted through a survey and a questionnaire was used to gather data. The
statistical population of the study included farmers and ranchers from the villages of Naserabad,
Mohajerin, and Imamzadeh Jafar in Gachsaran County, totaling 120 individuals. According to the
Krejcie and Morgan table, a suitable sample size for this population is 90 people, chosen through
simple random sampling. The data was analyzed using SPSS software.
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Figure 1- Location of study area in the Hormozgan Province and Iran.
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Figure 3- Weights of selected criteria using the Analytic Hierarchy Process.
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Figure 4- Location map observational wells by TOPSIS model.
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Figure 5- Location map observational wells by TOPSIS model.
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Figure 7- Thiessen network map indicating impacted areas by observational wells
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Table 3- The mean of the location score in the Thiessen network
Thiessen Observation  Average Thiessen Observation  Average

network well site network well site
number number selection  number number selection

score score
1 1 0.222 21 21 0.369
2 2 0.595 22 22 0.313
3 3 0.708 23 23 0.412
4 4 0.739 24 24 0.168
5 5 0.771 25 25 0.642
6 6 0.485 26 26 0.533
7 7 0.610 27 27 0.487
8 8 0.618 28 28 0.426
9 9 0.524 29 29 0.111
10 10 0.593 30 30 0.607
11 11 0.463 31 31 0.621
12 12 0.673 32 32 0.713
13 13 0.574 33 33 0.412
14 14 0.352 34 34 0.556
15 15 0.468 35 35 0.887
16 16 0.413 36 36 0.807
17 17 0.480 37 37 0.614
18 18 0.519 38 38 0.426
19 19 0.462 39 39 0.566

N
o
N
o

0.319 40 40 0.517
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Figure 8- Suitable and unsuitable wells in terms of location
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Figure 11- The results of the homogeneity test respectively in well No. 1, 14 and 29.
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Figure 12- The relative importance of groundwater observational wells.
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Table 4- The relative importance of the groundwater wells in the Gahkom Saadatabad Plain.

well Relative well Relative well Relative well Relative
number importance number importance number importance number importance
w14 0.422 W36 0.310 W9 -0.355 W4 0.649
w17 0.421 w28 0.258 W37 -0.411 W39 0.643
W33 0.415 w11 0.226 w8 -0.493 w1 0.632
W25 0.326 W7 0.128 W32 -0.606 W3 0.623
w18 0.323 W20 0.071 W15 -0.632 W2 0.613
W29 0.691 W16 -0.015 W30 0.683 W13 0.562
w27 0.690 W12 -0.121 W40 0.677 W24 0.556
W26 0.686 w23 -0.207 W34 0.674 w21 0.550
w22 0.685 W19 -0.228 W35 0.667 W31 0.522

W5 0.683 W10 -0.315 W38 0.667 W6 0.485
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Table 5- The fitted variograms in the Gahkom Saadatabad Plain.

Model Nugget Sill Range Effective Proportion r2 RSS
Co Co+C Parameter Range C/(Co + C]
Ao
Spherical 1.00000  412.90000 38420.0000 38420.0000 0.998 0.843 19111
Exponential 1.00000  412.90000 18710.0000 56130.0000 0.998 0.803 26911
Linear 1.00000  412.90000 27130.0000 27130.0000 0.998 0.866 15836
Lineartosill  1.00000  412.90000 27130.0000 27130.0000 0.998 0.866 15836
Gaussian 47.00000 504.90000 21610.0000 37429.6180 0.907 0.871 15138
HCAAR 6OU$ +RAEHY UEYoAr (, . OTE
Figure 13- The best variogram (Gaussian model).
)2016( )2013( RMSE
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Table 6- The value of the standard error statistic.

Description RMSE
Standard error before removing low-importance wells ~ 0.68
Standard error after removing low-importance wells 0.79
Error percentage change 14.71
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Figure 1- The location of the studied area in Iran and the Fars Province.
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Figure 3- Structure of the ANN-MLP model used to predict land use transition potential.
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Table 2- Total area coverage according to different LULC classes and percent coverage for 2014 to

2024.
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Urban areas 84.16 21.6 2.54 3.42 0.88
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Table 3- Total area coverage according to different LULC classes and percent coverage for the year

2000 to 2024.
Area (km?) Area (%)
LULC 2000 2024 A 2000 2024 A
Pastures 1004.34 948.57 -55.78 | 40.78 38.52 -2.26
Barren lands  793.83 696.71 -97.12 | 32.24 28.29 -3.94
Garden 22.96 100.38 77.42 | 0.93 4.08 3.14

Agriculture  602.99 632.75
Urban areas 38.47 84.18
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4571 | 1.56 3.42 1.86
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Table 4- Accuracy assessment of LULC maps from 2000 to 2024.

LULC Pastures Barren lands Garden Agriculture Urban areas
Pastures 0.9414 0.0394 0.0060 0.0077 0.0055
Barren lands | 0.0011 0.7440 0.0118 0.2139 0.0292
Garden 0.0089 0.0367 0.7237 0.1831 0.0475
Agriculture 0.0009 0.1050 0.1121 0.7437 0.0383
Urban areas | 0.0373 0.0620 0.0214 0.0668 0.8125
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Table 4. Total area coverage based on different LULC classes and coverage percentage for the

years 2034 ( 2044)

Area (km?) Area (%)
LULC 2034 2044 A 2034 2044 A
Pastures 941.22 935.39 -5.83 | 38.27 38.03 -0.24
Barren lands | 876.48 634.93 -241.56 | 35.63 25.81 -9.82
Garden 101.71 84.59 -17.12 | 4.14 3.44 -0.70
Agriculture | 455.65 708.81 253.16 | 18.52 28.82 10.29
Urban areas | 84.63 95.98 11.35 3.44 3.90 0.46

)-+/1§ -+ ./ CiEaOiA Evia yCEiEA LULC gPECHUEC- CiaAES (0OTE
Figure 5 - Predicted LULC maps for the years 2034 and 2044, respectively.
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Materials and Methods

Land use classification of satellite images was performed using a pixel-based supervised
classification approach in the Google Earth Engine environment. The Support Vector Machine
(SVM) model was employed for land use classification. Following the analysis, the study area
was categorized into five distinct land use classes: rangelands, barren lands, orchards,
agricultural lands, and urban areas. Since modeling land use transitions and predicting future
scenarios is essential for spatiotemporal change assessment, the Cellular Automata-Artificial
Neural Network (CA-ANN) method was used to forecast land use changes. The MOLUSCE
plugin in QGIS was applied to analyze spatiotemporal changes (2034—2044) and compute Land
Use/Land Cover (LULC) transitions for generating change maps. A transition potential matrix
was also created for the years 2000-2014 to produce a change map. The Multilayer Perceptron
Neural Network (ANN-MLP) was utilized for transition potential modeling, with slope, aspect,
elevation, and distance from roads, faults, and rivers serving as spatial input metrics. The ANN-
MLP structure processed input data through hidden layers, with the output layer containing
reclassified LULC categories.

Results and Discussion

The LULC change maps (2000-2024) revealed a significant expansion of agricultural land in
the region. Findings indicated that the natural ecosystems of the plain would face serious
challenges due to increasing land use transitions. These changes stem from unsustainable
exploitation of resources, driven by human activities such as urbanization, improper farming,
excessive well-digging, and overuse of groundwater for irrigation, which may lead to soil
erosion and desertification. Additionally, agricultural land conversion was accompanied by
substantial changes in barren lands. The 20342044 prediction maps showed a continuous rise
in agricultural land use, increasing from 65.455 km?2 (18.52%) in 2034 to 81.708 km? (28.81%)
in 2044. The simulation accuracy was 82.43%, with a Kappa coefficient of 0.72. The study
confirmed that physical and socio-economic factors significantly influenced landscape patterns.
Geographical variables were selected for model calibration due to their strong correlation with
LULC changes. Physical factors (e.g., terrain, climate) were the primary drivers of human
activities, while socio-economic factors (e.g., population growth, GDP) also impacted LULC
dynamics.

Conclusion and Suggestions

LULC pattern changes negatively affect groundwater quality and threaten food security. The
SVM model proved effective for precise land cover monitoring. The study highlights that any
land use modifications must follow scientific, data-driven planning, incorporating remote
sensing and GIS technologies to prevent irreversible environmental damage (e.g., groundwater
depletion, desertification, land subsidence) in Darab Plain. The projected LULC maps should
serve as a guideline for land-use planners and policymakers to regulate agricultural expansion,
urbanization, and orchard development. The decline in barren lands in simulated maps reflects
rapid population growth, rising demand, and land conversion to farms, orchards, and residential
zones as key drivers in Darab.

Keywords: ANN-MLP model, google earth engine, Support Vector Machine (SVM), MOLUSCE
plugin, QGIS
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Table 1- Classification of soil salinity limitation using electrical conductivity.

Electrical conduction(ds/m) The amount of salt restriction

4< No restriction

4-8 Low restriction
8-16 Medium restriction
16-32 Severe restriction

> 32 Very Severe restriction
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Figure 2. Geological map of the watershed upstream of the Islamabad underground dam and the

location of the dam (Adapted from the geological map, sheet 1/100000 of the Geological
Organization).
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Figure 3- Soil hydrological groups in the watershed of Islamabad underground dam in the
Islamabad.
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Table 6- Results of grading and soil categories at the underground dam in the Islamabad.

Borehole D#‘;F]);h Classification of layers (Alluvium / Bedrock) r;k;iti\ée;fgﬁ] ?ﬁ;ﬁﬁn(tggg)
SC-SM’ SC
BH1 7 0% 20% | 29.4
I i —
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BH6 5 l(C;OC;/O 18

7- Silty Sand
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Table 9- Results of water chemical analysis of BH6 borehole (in the dam site).

Anion / Cation Soluble Hardness Acidit Saltiness
(mg/l) solutes(mg/l) caco3 y (mp/cm)
HCO3 (ol S04% Ca** Mg?* Na* TDS TH pH EC
360 195 181.5 64.1 924 133.8 643 540.6 7.7 150.7

i ¢A GiCA &tk 1t Yok Gl CiaAtAh i CAL
WEC IAC va&n- Ul 1L 1Achl CiaAL CriaCrAly
st \CA ©Citr j CCpCilnni ajn S Ak ACE
gi ae- Andg E 1 Ciop{g § Clinke ¢CiiU
xj CHCUCE yCi¥d ¥ yiid OACHT IgteA 1A
oyt Ai ¢aii QACU Ikt 1A AgOpI C~ OA¥E;
Ul §j CA A<t Oné 1A AGOpU Giaéu- 4 gtoA
Ak Yz JHha OpEA- WY Cla&u- ath KL 1ae-
Ebigj 2ij % Che{ll Yokr Cilaj @ive a0 20
CirtAth © T4 y ComAjL 24mj j Lojimhi O, U »Ag
S+ o Yol ¢ N § OddA Edigj 20w § ¢l
Aavgj Yo &8 AT CBA A-Cy QiCl el
j @C-» g3 IFC-» yON @fcL ¢ lade-iA
Unpd CrAA &9 m ChCigii;PA & -vA Gtz Catxj
naAekiE Gt Audi % 1kt )CAr OARe) ©3 4t X
Cyh Uty Al %ok ¢8lgj ¢ONy A A<kt 1§
Y-f w Ci™t ET4, Cyh Koy ¢ Chtaakl
Cyh j tAECH WADEC- [Coj OAO ¥t CHEAETH;
ofyt Ar AcAt m |tz ©FA | yhipu Cair Gyt A O~
IC”OAYE; xj CUCE § % €y Ajer 2 Apta
LADEC- | ki Cr Ot § ORI 0 +Er g01°)r aAtjA:
j xj CHCUCE yCi% %CCa duan3r Apllg 1t tAECI

&

WELAPEC~ § CYCRA-Caj
70 67U CIACHAY AT 10 Qi EEayh- b 26
#con 20§ %e/Es ©A 4oy § #amACTE § C§ °A
o 20T Ob hedh y 1A AeOpl CAipEGCH; Uné
IClj Quiice § 8%C-» B=3 § EOPxj ICHOw- AifcEL
¢lgj i vaojil CTCpTiA y CAopAl GiaCidey Uni
+A0AS 1AOER § WEATE § gt A LAchl
j A CEj § xj a2 oAl Ciaoun ¢ KCooAACH
ji Cheug¥e, A &7 xu_ojy ¥ vaouy GiedaAl ¢
WOEAL laiom-wA O340 ©pixj Gz +;d  §1°CAUL
GiaCilty ¢y CAa § Chiojagkt 2w opCu
ChCugtit; @A aoe-vA 670 4 vaaght AnAr CACpAl
GAA jr 4 vapAGLAL edk AT 1 QuEj 1ij=EA
Cui 1A0pI ¢ -wAUCY, CIAED Omél ¥t Wik
¢ N OCtA %EC IAdt b )EA  j jiend
Ao it Ah OTH § gid o) 1EomALd
aicl v ¢ A SdAid xjipt § CTaj Ciadphatht
At )LAr BCEIE Tl % W/ § Y6Y-OTE CidAid
CAA j1 4 wdaght AAL giing § vaCiAty 120pt A
Y oAby EG SRR i ¥ S0y QiAE o
o3¢ Wy o3 Afwj 60071 Akl I )°F Ljji
Crop{e~ a°y j #Cua- W -E §j EWu-
ok E 1 ¢afii QiCl 1PA aion-1A 671 Cia&-









Watershed Management Research

Fars Agricultural and Natural Resources ISSN: 2981- 2038 Agricultural Research, Education and
and Education Center Extension Organization

Investigating of the Engineering Geological Features of the
Underground Dam Construction in the Islamabad, Fars

Ali Reza Majidi*"®, Hamid Hosseini Marandi?

1- Assistant Professor of Hydrology Research and Water Resources Development Department, Soil
Conservation and Watershed Management Research Institute (SCWMRI), Agricultural Research,
Education and Extension Organization (AREEQ), Tehran, Iran
2- Assistant Professor of Soil and Watershed Protection Research Department, Fars Agricultural and
Natural Resources Research and Education Center, Agricultural Research, Education and Extension
Organization (AREEQ), Shiraz, Iran

Extended Abstract

Introduction and Goal

Underground dams are water structures that are built to block or divert underground and
subsurface flows. The use of this technology is recommended for the management, control,
protecting and developing small water resources in arid and semi-arid areas such as Iran. The
watershed of the Islamabad Underground Dam, due to its mountainous location, lacks an
alluvial groundwater aquifer, and groundwater resources are limited to subsurface water in the
alluvial deposits of the streambeds or hard formations water. Therefore, the underground dam is
one of the solutions for providing water in such conditions. The engineering geological
characteristics of the rock mass and alluvium of the streambeds have a direct impact on the
success, safety, and sustainability of underground dam projects. Therefore, in the selection of
the dam site, geological and geotechnical investigations and studies are carried out with the aim
of determining the geological structures, stratigraphy and lithology of formations, discontinuity
and faults, grain size, hydrodynamic characteristics and thickness of bed alluvium, the location
and conditions of underground water at the dam site and its reservoir area, in order to estimate
the volume of the reservoir and its sealing. The inefficiency and failure of dam projects are
often caused by insufficient engineering and geological investigations in the pre-construction
stages.

Materials and Methods

The catchment area of the Islamabad Underground Dam is located in Arsanjan County, Fars
Province, in the high Zagros zone. The current shape of the basin and the numerous fractures in
the study area depends on the characteristics of this zone and are affected by the state of the
geological structures of the region.
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6- Flow Accumulation

7- Stream Power Index (SPI)
8- Surface Roughness

9- Total (Gross) Erosion

10- Total Sedimentation
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5- General Curvature

©





















1404 147 2 38

|¢ A dOEA |

oo

¢ALA; copiCofE- GugA-pA GiCopCh C{AY U o)
6j°« h opCu/e- CiA-pA ChigAL CES) ¢y aOUj
-1

Table 1- The results of the average topographic metrics in the 14 selected hillslopes.

14
Slope Area  Aspect Slope Slope length
angle
Number (ha) (degree) (degree) (L factor)

LS Flow Plan Profile
Factor Accumulation Curvature Curvature SPI Wi

2.2694 275.394 20.912 0.926
6.0306 231.974 33.802 1.149
4.8586 277.123 21.082 0.955
2.8124 255.017 24.245 1.187
4.8102 296.564 38.959 1.087
4.9299 207.993 44.908 1.026
2.1546 241.021 38.238 1.189
4.1505 291.924 25.407 1.062
3.9251 304.137 35.983 1.053
10 8.4369 198.452 33.582 1.035
11 14,7385 114.458 34.490 1.155
12 7.9542 67.641 32.658 1121
13 48195 75612 21.208 0.948
14 2.3254 66.999 21.468 0.902

O©oo~Nool s~ WwWN PR

2.494 103.127 0.0015  -0.0010 0.098 3.979
4.515 185.046 -0.0007  0.0001 0.347 4.011
2.473 232.998 0.0012  -0.0004 0.111 3.845
3.177 145.172 0.0002  0.0006 0.212 4.354
5.460 219.164 -0.0003  -0.0001 0.342 3.580
6.079 213.077 -0.0002  0.0015 0.405 3.373
5.477 100.327 0.0025 -0.0021 0.413 3.963
3.307 233.683 0.0013  -0.0011 0.194 3.863
4.783 258.395 0.0013  0.0004 0.310 3.588
4.484 302.189 -0.0005  0.0001 0.271 3.601
4.684 327.724 0.0002  -0.0002 0.341 3.902
4.329 326.320 0.0000 0.0000 0.302 3.826
2.444 237.236 0.0007  -0.0007 0.110 3.752
2.453 122.602 0.0018  -0.0002 0.123 3.777

Aspect: y(E CA« LS Factor: &opiCef- ol Flow Accumulation: i« Ul
Slope Angle (degree): yCE A«it Plan Curvature: U0& &ip”jr TWI: EopCef- ¢l T -1E
Slope Length (L factor): y(E 6A0 Profile Curvature: piaCj Gib™ji SPI: Quifice 496 T -1E
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Table 2- The results of sediment budget components in the 14 selected hillslopes.

Total . Total e Net Specific Net

Slope Area - Specific Total o Specific Total - - 1
Number  (ha) E(rto;_llc;n Erosion (thay?) Degc;f_llt)lon Deposition (thatly?) E(rto;_llc;n Erosmnl)(t ha™y” SDR
1 2.2694 -17.038 -7.508 0.134 0.059 -16.903 -7.448 0.992
2 6.0306 -10.843 -1.798 0.253 0.042 -10.590 -1.756 0.977
3 4.8586 -35.368 -7.279 1.017 0.209 -34.351 -7.070 0.971
4 2.8124  -21.150 -7.520 1.188 0.422 -19.962 -7.098 0.944
5 48102 -10.075 -2.095 1.354 0.281 -8.721 -1.813 0.866
6 49299  -4.605 -0.934 0.733 0.149 -3.872 -0.785 0.841
7 2.1546  -2.732 -1.268 0.212 0.099 -2.520 -1.170 0.922
8 41505 -24.457 -5.892 0.478 0.115 -23.979 -S5.777 0.980
9 3.9251  -14.255 -3.632 0477 0.122 -13.778 -3.510 0.967
10 8.4369 -28.281 -3.352 4271 0.506 -24.010 -2.846 0.849
11 147385 -43.721 -2.966 4.156 0.282 -39.565 -2.684 0.905
12 7.9542  -24.373 -3.064 1.416 0.178 -22.957 -2.886 0.942
13 48195 -30.531 -6.335 0.145 0.030 -30.386 -6.305 0.995
14  2.3254 -14.400 -6.192 0.309 0.133 -14.091 -6.059 0.979
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Figure 4- Regression models for estimating the sediment budget components using topographic
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Extended Abstract

Introduction and Goal

Given the critical importance of soil and humanity's reliance on it for food production worldwide,
especially in developing countries, one of the most important and fundamental problems today is
soil erosion and degradation. The average soil erosion in the country is estimated to be around
16.5 tons per hectare, and soil erosion in Iran is approximately 2 to 2.5 times higher than the
average in Asia and 5 to 6 times higher than the global average, predominantly occurring in slopes
and hilly areas due to poor vegetation cover. Considering the advancements and development of
erosion and sediment methods, along with the costs and lack of accuracy in traditional methods
such as the use of erosion pins and plots, the use of radionuclides, especially *¥’Cs, for measuring
the amount of erosion and deposition and sediment budget components is of great importance
today. One of the important advantages of these methods, which has attracted the attention of
researchers especially in recent decades, is the possibility of measuring soil redistribution due to
water erosion in slopes and watersheds and even on the scale of laboratory plots. Accurately
estimation of sediment budget components is essential for estimating erosion rates and planning
effective soil conservation measures in any region. Therefore, this research aims to estimate the
sediment budget components at the hillslope scale using topographic metrics.

Materials and Methods

Due to the possibility of using the results of previous researches and the availability of a digital
elevation model with a spatial accuracy of one meter obtained from a drone photogrammetry, the
present study was conducted in the control sub-watershed of the Khamsan representative paired
watershed in Kurdistan province.
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To investigate the effect of the slope angle and curvature on erosion and sedimentation, soil
sampling was done at 31 points in a 200-m grid with a systematic-random method and also at 48
points on six transects. After preparation of the soil samples including air and freeze drying and
passing through a 63-micron sieve, 293 grams of soil were sent to the laboratory in special
containers for the measurement of *¥'Cs. Also, distribution maps of topographic metrics were
extracted using the digital elevation model in ArcGIS 10.8 software. Then, a distribution map of
soil erosion/redistribution was prepared using the **’Cs inventory points and work unit approach.
Additionally, the components of the sediment budget including total erosion, total sedimentation,
net erosion and sediment delivery ratio were calculated for 14 hillslopes in the studied sub-
watershed. Then, in order to check the normality of the data in the 14 studied hillslopes, the
Kolmogorov Smirnov test was used, and according to the normality of the data, the correlation
between the topographic metrics and the sediment budget components at the hillslope scale was
checked using the Pearson correlation test. Finally, regression equations were presented to
estimate the sediment budget components using topographic metrics.

Results and Discussion

According to the results of this study on the 14 studied hillslopes, specific total erosion ranged
from 0.93 to 7.52 t hayr?, while the specific total deposition ranged from 0.03 to 0.51 t hatyr™.
These findings indicated that a significant percentage of erosion had been exported from the
hillslopes. Specific net erosion was also calculated between 0.79 and 7.45 t ha yr?, which
indicates the sediment delivery ratio between 0.84 and 1.00 for the investigated hillslopes. The
results indicate that the correlation between erosion (total and net) and sediment delivery ratio
with slope angle, topographic factor, and stream power index is significant and negative. These
findings indicate the dominant effect of dryland farming on increased erosion in gentler slopes
and downstream areas, in the upstream regions of the slopes, although the slope was steeper,
erosion was minimal due to less soil disturbance and rangeland usage. Consequently, in this study,
the interpretation of relationships and regression equations utilized the results of land use and its
changes along the slope profile.

Conclusion and Suggestions

The inner area of the Khamsan watershed includes a low-slope plain with the predominant land
use of rainfed agriculture, which continues to parts of the surrounding steep slopes, and similar
conditions can be seen in the sub-watersheds, including the control sub-watershed. The conditions
of land use changes from the upstream to the downstream of the hillslopes around the rainfed
lands have relatively similar. Therefore, the regression equations presented in this study are
applicable in the hillslopes of the Khamsan representative paired watershed and other similar
watersheds. Finally, it is suggested to extract topographical metrics using digital height models
with different spatial accuracies and use them in estimations. It is also recommended that a land
management plan be developed for the studied area, taking into account the significant role of
land use in erosion and sediment production, with adjustments and land use changes implemented
based on the potential of each section.

Key words: Net erosion, sediment delivery ratio, slope curvature, soil redistribution, topographic
wetness index
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Table 3- Personal characteristics of the experts in the statistical sample.
Abundance Abundance Mean Staqda}rd Mode
Percentage Deviation
Man 41 83.7
Sex Woman 8 16.3 - - Man
Total 49 100
Under 40 years 9 18.3
41 to 50 years 17 34.7 50.2
Age 51 to 60 years 19 38.8 Yeérs 8.3 56 Years
61 years and above 4 8.2
Total 49 100
. Single 0 0
artta! Married 49 100 - . Married
Total 100 100
Under 10 years 10 204
11 to 20 years 14 28.6
I-\Ili\:; i’;'r‘ 21 to 30 years 15 306 3;533 9.4 26 Years
y Over 30 years old 10 204
Total 49 100
Bachelor 5 10.2
. Master's degree 17 34.7
Education PhD 27 551 - - Ph.D
Total 49 100
Civil Engineering 7 14.3
Watershed 11 225
Management
Water Engineering 9 18.3
Geography and 7 143
Field of Climatology ' ) i Watershed
Study Geology 4 8.2 Management
Soil science 5 10.2
Agricultural
Development and 6 12.2
Extension
Total 49 100
4
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Table 4- Effective strategies for flood management in the Alborz Province based on the crisis
management framework.

Code Mitigation Code Preparedness
M Evaluation and determination of appropriate Py Flood warning edrléc;art[;gqr;al and extension
! agricultural exploitation systems in the basin - _prog
P, Training of crisis management personnel
Educational and extension programs for natural Coordination and coordination of organizations
M, : Ps o~
resource culture and skill development, etc. related to flood crisis management
Scientific-customary optimization of allocation of .
M; rights to different sectors P4 Use of flood warning systems
My Devel_opment of stakeholder participation models Rapid actions at the level of basins, waterways,
Establishment, development and updating of flood Ps . . . :
Ms : residential homes, farms, etc. to minimize the risk
warning systems
Developing watershed and aquifer management Predicting and informing the public in advance of
Mg ping andaq g Ps floods through national media and virtual
facilities
networks
M Formation of schemes based on plans, programs and p Forming and training local groups for flood
! objectives of comprehensive watershed management 7 preparedness
M Establishment of a comprehensive watershed P Preparing crisis management tools and equipment
8 management coordination working group 8 (equipment and preparation)
My Management protection measures P Organizing crisis management personnel to be
Mo Organization and observance of river boundaries present before and during a crisis
My Biomechanical protection measures p Training crisis management initiatives at the level
M1, Modification of flood flows 10 of experts and managers
Non-interference and encroachment on the boundaries Pu Flpanual planning and budgetlng_ .
M3 and beds of waterways p Creating conceptual models of the crisis
12 management process
Mi4 Implementing agricultural productivity plans Code Response
Mis Identification of flood-prone areas Res Rapid deployment of relief and security forces
Mys Employment creation and alternative livelihoods ! during a flood crisis
Implementation of watershed management operations Providing rapid relief services during a crisis in
My7 in the basin (rectification dams, dams, etc.) Res, the field of the mJurgd,_housmg and food for flood
victims, etc.
Management of livestock units (expansion of industrial . . -
S Using tools and machinery for flood crisis
Y units instead of rangeland-dependent small-scale Res; management
livestock farms) g
M Implementation of flood control projects and Res Rapid deployment of units with psychological
19 operations on aquifers 4 services and social work
Implementation of natural resource plans in the form of
Mz . Code Recovery
a comprehensive watershed management model
. Government support (financial, physical, social,
My Construction of storage dams Rec; service, etc.)
Coexistence with floods and exploitation of their Establishment and strengthening of support funds
My .- . Rec, . .
capacities (such as flood agriculture) (facilities, insurance, etc.)
Development of a rainwater harvesting system based Investigation and analysis of the cause and effect
My . Recs
on the right to watershed water of flood zones
. . . Spiritual, social, psychological or work support for
Ma4 Protection and restoration of vegetation Rec, survivors and victims
Mas Conservation and restoratl(_)n of blod_lversny of native Recs Pathology of flood occurrence
plant and animal species
Mas Population planning based on territorial capacities Recg Organization and correction of river courses
My7 Removal of interferences in natural resource areas Rec; Repair of damaged infrastructure
\Y/P1 Implementation of land use reform laws Recs Establishing and strengthening insurance services
Myg Implementation of building retrofitting orders
M3o Locating service centers in the event of a crisis
M3 Development of flood management infrastructure
M Development and encouragement of insurance of
2 buildings and agricultural products
Mas Rangeland flooding and grazing management
M3, Implementating guidelines for respecting the privacy Rec Restoration of vegetation through biological
Preparing and implementing crisis management o watershed management measures
Mas o
guidelines
M3s Management of private constructions in the riverbed
M7 Utilizing agricultural lands by risk maps Flooding
M3g Identification and zoning of upstream watersheds
Mag Improvement of waterways
Mg Ploughing perpendicular to the slope of the watersheds
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Table 5- Results of ranking risk reduction stage strategies using the Friedman Test.
Code Mean Rank Item Chi-square DF Asymp. Sig.
Me 31.57
Mo 31.11
Mz 29.46
Mss 27.43
Mas 27.18
M, 25.93
Mz 25.68
Msg 24.54
Ms 24.5
Mi1 24.14
Msg 24.00
Mz, 23.86
Mz7 23.86
M24 23.82
Mss 23.75
Mis 23.68
Ms 23.18
My 22.11
Mo 22.07
Ma2o 21.93
M7 20.96 49 578.297 39 0.000
My 20.07
Mso 19.89
M2y 19.36
M3 18.93
Mg 18.79
Mag 18.36
M7 17.89
My, 17.57
Mao 17.43
Mas 17.36
Ms, 15.57
Mss 15.29
Mas 14.71
Mzg 14.36
Mg 11.54
M2z 10.96
Mz3 10.79
Mse 9.36
Ma4 7.04
)2023( )
)2024( )2021( 5/18
)2023( . 7168

)2016(

7168
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Table 6- Results of ranking the strategies of the preparation stage using the Friedman Test.
Code Mean Rank Item Chi-square DF Asymp. Sig.
P3 7.68
P4 7.64
P5 7.54
P9 7.18
P8 6.89
P1 6.86
P11 6.61 49 69.716 11 0.000
P6 6.32
P2 5.82
P7 5.32
P12 5.18
P10 4.96
)2021( )
1/64
2/96
2/96
. 7 )2011(
Res; )2022( )2024(
Ress Ress Res; )2019(
. -7
Table 7- Results of ranking reaction stage strategies using the Friedman Test.
Code Mean Rank Item Chi-square DF Asymp. Sig.
Res; 2.96
Res; 2.79
Ress 5 61 49 54.584 3 0.000

Ress 1.64
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Table 8- Results of ranking rehabilitation stage strategies using the Friedman Test.
Code Mean Rank Item Chi-square DF Asymp. Sig.
Recs 6.43
Recs 5.86
Rec, 5.71
Rec; 5.29
Recy 5.00 49 62.511 8 0.000
Recs 4.54
Recy 4.54
Recs 3.86
Recs 3.79
(
).
- ) (
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Materials and Methods

The method used in this research, from a strategic perspective, was a descriptive-exploratory
methodology, and the nature and approach of this research was a combined quantitative-
qualitative approach. In the qualitative approach, data were collected through interviews and the
formation of a panel of experts, and in the quantitative approach, data were collected through a
questionnaire prepared by the researcher. The responses obtained from the interview with open-
ended questions were first analyzed using thematic analysis and using NVIVO;; software. In this
regard, related concepts, categories, and themes were extracted and categorized in the coding
process. Then, using the obtained components, a quantitative researcher-made questionnaire was
designed and completed again by the research sample. To determine the importance of each
component, the Friedman test was performed using SPSS,s software. Also the ranking and
determination of the importance and priority of flood crisis management components in Alborz
Province were performed.

Results and Discussion

Based on the findings, the mean age of the research sample was 50.2 years and all of them were
married. Also, the average work experience of these individuals was 21.7 years and the majority
of them (55.1%) had a Ph.D. degree. In terms of field of study, watershed management was the
most frequent among the specialized fields of the research sample with a frequency of 22.5%.
The findings of this study indicated that in flood crisis management, the most important ranking
in the Friedman test in the risk reduction step was the strategy for developing watershed and
aquifer management structures with an average rank of 31.57; in the preparedness step, the
strategy for integrating and coordinating organizations related to flood crisis management with
an average rank of 7.68; in the response step, the strategy for rapidly deploying relief and security
forces during a flood crisis with an average rank of 2.96; and in the recovery step, the strategy for
organizing and correcting the course of rivers with an average rank of 6.43.

Conclusion and Suggestions

The findings of this research showed that to achieve successful flood crisis management at the
provincial level in Alborz, and to facilitate the establishment of integrated and comprehensive
governance with the involvement of various stakeholders in decision-making, it is necessary to
create or improve the organizational structure along with strong coordination among different
stakeholders within a powerful single organization or among several influential organizations. In
this regard, the role of organizations such as the Ministry of Energy and the National Natural
Resources and Watershed Management Organization at the national level, as well as regional
water companies, the General Directorate of Natural Resources and Watershed Management,
research institutes, and universities at the provincial level, is important. Therefore, coordination
meetings and dialogue among them, along with the participation of other important stakeholders
(local communities), will lead to the strengthening of adaptive and resilient management and
decision-making. Based on the results of this research, it was determined that to improve the crisis
management process, participatory governance, the involvement of all stakeholders in
policymaking, and the establishment of local committees for consultation and decision-making
are essential. These committees should focus on formulating long-term and sustainable solutions
for various temporal and spatial scales, and ultimately, it is necessary to change the attitude
towards implementing management actions (non-structural) alongside structural (technical-
engineering) measures.

Keywords: Crisis management, flood, governance, integrated approach, mixed method,
resilience



Watershed Management Research Vol. 38, No.2, Ser. No: 147, Summer 2025

Article Type: Research Article

Acknowledgment

This research is derived from part of the results of Ardeshir Mesbah's doctoral thesis entitled
"Analysis of Farmers' Vulnerability to Flood Crisis and Its Relationship with Resilient Measures
for Managing This Crisis in the Alborz Province" approved by the University of Zanjan and a
research project with the same title approved by the Alborz Regional Water Joint Stock Company.
We would like to express their appreciation and gratitude to the Alborz Regional Water Joint
Stock Company, the University of Zanjan, and the research sample that assisted them in the
process of conducting this research.

Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication
of this article.

Data Availability Statement

All information and results are presented in the article text.

Author’s Contribution

Ardeshir Mesbah: Design, conceptualization, performing software-statistical analyses, and
writing the first version of the article

Esmail Karamidehkordi: Design, conceptualization, supervision, editing, reviewing the article,
and controlling the results

Shadali Tohidloo: Supervision, editing, and reviewing the text of the article

Amin Salehpour Jam: Conceptualization, consulting, reviewing the text of the article

Tofigh Saadi: Consulting, reviewing the text of the article






CWLAC_1j CraEayA- CasY CEvEy Gz Atel Clandj ClnjaACE

Sloi | eSSl SlodS g Sy 10 (il — o B b aadS Yo iSTos) Ao ylgie
(Times New Roman 14 Bold 8 L ¢ ylge o

(Siyp M b= ) o o g0 00 K5 Folgilspli g o * gl 0uiy 55 Solgilspl g o
)11 - -1

b g 808

B g doddio

600 :
12 - . 900
200 : Times New Roman 11
300

o g g9

)Times New Roman 11 ( Ol Jebomo

- . rolciw!
=) . .

)Times New Roman 11 (:Jtusws dwbl
T B N O oy N B Y5 P RN [ QRSP

© 1yl

(OMOM



file:///F:/Projects/5 مقاله بهار 1404/بهار 1404-تجمیع/000000000
file:///F:/Projects/5 مقاله بهار 1404/بهار 1404-تجمیع/000000000




Sl F ol 10 -

) ( Times New Roman 9
)Style(
(
OB sy g5 @8lio oL Home Styles

Format Painter Copy | Past

L o9y 9 Slgo
( susdnt o ddlaio

Loold 4 g ywd

DR9H (N9

L oleddlian 9 (6 o5 axatd

1-Footnote

%












Berengena J, Gavilan P. 2005. Reference
evapotranspiration estimation in a highly
adjective semiarid environment. Irrigation and
Drainage Engineering, 131(2):147-163.

Naderi N, MohseniSaravi M, Malekian A,
Ghasemian D. 2011. Analytical Hierarchy
Process technique for deciding watersheds.
Journal of Environment and Development, 4(2):
41-50. (In Persian).

Subramanya K.  1994.  Engineering
Hydrology. Tata McGraw-Hill Education.

Castejon M, Romero—Munoz F, Garcia L.
1987. Phenology and control of Orobanche
cornea in sunflower with glyphosate. In: Weber
HC, Forstreuter W, Editors. Parasitic flowering
plants. Marburg, F.R.G., pp. 121-126.

USDA-National ~ Agricultural  Statistics
Service. 2000. Published estimates data base
(PEDB) [Online]. Available at

&l Cow i (4,5 0 p3Y slo Sl

http://www.nass.usda.gov:81/ipedb/  (accessed
15 May 2001; verified 24 Aug. 2001. USDA-
NASS, Washington, DC. USA.

Ghorbani M. 2012. The role of social
networks in operation mechanisms of rangeland
(Case Study: Taleghan area). Ph.D. Dissertation.
Faculty of Natural Resources. Tehran University,
430 p. (In Persian).

Niknahad Gharemakher H, Aghtabye A,
Akbarlou M. 2018. Effects of grazing exclusive
on some soil properties, erodibility and carbon
sequestration ~ (Case  study:  Bozdaghin
rangelands, North Khorasan, Iran). Iranian
Journal of Range and Desert Research.
24(4):708-718.
https://doi.org/10.22092/ijrdr.2017.114058. (In
Persian).

Ph.D. Dissertation. Faculty of Natural
Resources. Tehran University, 430 p. (In
Persian).





file:///F:/Projects/5 مقاله بهار 1404/بهار 1404-تجمیع/0000000000
file:///F:/Projects/5 مقاله بهار 1404/بهار 1404-تجمیع/000000000000
file:///F:/Projects/5 مقاله بهار 1404/بهار 1404-تجمیع/00000000000






http://wmrj@areeo.ir/
mailto:wmrj@areeo.ac.ir




