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

oudsatllae oy ded ol | yo subosliuw! g Lol (o Jlw sluss g bl yo Slasuino - Jgio
Table 1- Weather station locations and period of meteorological observations.

Elevation = Mean Precipitation

Code Station Longitude Latitude
(m) (mm)
S1 Torbat-e Jam 60° 35’ 35° 16 950.4 131.18
S2  Torbat-e Heydarieh 59013 350 20 1451 252.76
S3 Sabzevar 57039 360 12 962 189.86
S4 Sarakhs 61° 10 360 32 235 212.56
S5 Quchan 58° 30 37° 04 1287 317.39
S6 Kashmar 58° 28 35° 16 1110 183.84
S7 Golmakan 5917 360 29 1176 209.22
S8 Gonabad 58° 41 340 21 1056 128.82
S9 Mashhad 59° 38 360 14 999.2 242.81
S10 Neyshabour 58° 48 36° 16/ 1213 206.13
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Table 2- Classification of drought and wetness based on SPI values.

Climate Value of SPI
Extremely wet +2.0 and more
Very wet 1.51t01.99
Moderately wet 1.0to0 1.49
Near normal -0.99t0 0.99
Moderately dry -1.0to -1.49
Severely dry -1.8t0 -1.99
Extremely dry -2 and less
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Table 3- The statistical indices of SPI estimates by the satellite products (SPPs) against rain-gauge

data.
Statistic indices Equations? Optimal value
Correlation coefficient 1 — 1
NZQ:l(fn - F)(rn - I‘)
(Co) CcC= - S
2 —
\/NZ§=1(fn - D \/NZII\11=1(rn - r)Z
Relative bias N (-1 0
Rbias = 2zt =)
(RBIAS) n=1Tn
Root-mean-square error 0
(RMSE) RMSE =
Nash-Sutcliffe efficiency (NSE) YN (= £)? 1
NSE=1— N . o2
n:l(r]"l - r)
Probability of Estimation (POE) H 1
POD =
H+M
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Variables: n, number of data; fn, representing satellite SP1 estimate; rn, representing gauged SPI estimate; H means the

number of SPI index correctly estimated by respective satellite products; M means the number of the SPI index
estimated by rain gauges, but not correctly estimated by respective satellite products.
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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-  Nash-Sutcliffe  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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Figure 3- Comparison of the accuracy of SPI index calculated with satellite data and ground station
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Extended Abstract

Introduction and Goal

Drought is a complex natural hazard that can have significant impacts on socio-economic and
environmental. Traditional methods of drought assessment often rely on ground-based
precipitation measurements, which can be sparse and unevenly distributed, especially in
underdeveloped regions. The Standardized Precipitation Index (SPI) is widely used for its
assessing and monitoring drought, especially in arid regions. However, the reliability of SPI
calculations heavily depends on the availability and accuracy of precipitation data. Satellite
precipitation products (SPPs) offer an alternative by providing comprehensive coverage and
consistent data over large areas, which is particularly useful in regions with limited ground-based
observations.

Materials and Methods

Using four monthly SPPs-TRMM 3B43 (TRMM), GPM-IMERG v6 (GPM), PERSIANN-CDR
(PERSIANN), and ERA5- available on the Google Earth search engine, the 12-month drought
index was calculated. Then, this index was compared with the index calculated using long-term
precipitation data from ground-based stations, both individually for each station and collectively
at the provincial level in Khorasan Razavi, located in northeastern Iran.

The selected stations include Quchan, Gonabad, Kashmar, Mashhad, Neyshabour, Sarakhs,
Sabzevar, Golmakan, Torbat-e Jam and Torbat-e Heydarieh. The study period spans from 2000
to 2020, covering various climatic variations and drought events. To assess the performance of
the satellite data, several statistical metrics were computed, including the correlation coefficient
(CC), root mean square error (RMSE), relative bias (RBIAS), Nash-Sutcliffe efficiency (NSE),
and estimation probability (POD). Using these criteria, the accuracy and reliability of satellite
products in estimating drought indices can be evaluated within a robust framework.

Results and Discussion

The performance evaluation of the satellite products revealed varied results across different
stations.

Avrticle Type: Research Article

*Corresponding Author’s E-mail: shirmohammadi@tjamcaas.ac.ir

Citation: Shirmohammadi-Aliakbarkhani, Z. 2025. Comparison of Satellite and Ground-Based
Precipitation Data for Drought Index Analysis in the Khorasan Razavi Province. Watershed
Management Research. 38(2): 1-19.

DOI: 10.22092/wmrj.2024.366564.1591

Received: 31 July 2024, Received in revised form: 03 September 2024, Accepted: 19 September 2024
Published online: 22 June 2025

Watershed Management Research, VOL. 38, No. 2, Ser. No: 147, Summer, pp. 1-19.

Publisher: Fars Agricultural and Natural Resources and Education Center ©Author(s)

e

O


https://orcid.org/0000-0001-6332-8976

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

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.

Keywords: arid and semiarid regions, drought assessment, google earth engine, satellite-based
precipitation products
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Figure 1- Location of the studied area.

1- Environmental Impact Assessment
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Figure 2- Villages under the watershed
management plan.
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Table 1- Descriptive analysis.

Average Maximum Minimum Variable
47 70 28 age
15 70 1 Residence period
90 600 400 .
. - - amount of income
million tomans  million tomans million tomans
55 120 40 .
- - - 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.
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Table 2- Prioritization of items in the villages of the Imamzadeh Jafar plain based on the watershed
management plan.

Standard Coefficient of

Object Mean deviati - 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
S 2-Imprpvmg income generation in the region after the 2 74 115 0 42 9
] implementation of the watershed project
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
Economic
45
445
Social Environmental

(210550 T yb bl 1 yhazr 3ljplol calsd (slaliuwgy 30 Sl oy —F S
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.

Residence

Environmen

Education Income Cultivated area 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

5 bbiwgy cnl sl Ho 4o 8l ply 0925 lobixe
s 50 obT,0b g jax> ooljplel (yloo gles Lol cais
9 ol slp Hias 3 cpl ol g Jloline soy0 SO
@S olol p a3, Ho a2y 5 0b aid pdy b
e s oBas 5l (Tamhane) s yge;]
g jolime sblol 5 2l sl Gloe glis
e S35 5 abT ol 5 iz oaliplel oo glis Lo
B9 ylobixe +/A% maw o yan> ooljplel 5 > lese
(Tamhane) _.is ;sejl ol wlwl p (pizen
liasgy ole sl «elaiz! gl ol oays |
Ole Dol Ll og loline oblol o oyl
i3l g 0oy Sy gebans 0 oLyl 5 yanr oolale
Soline wo s o 50 2 les 9 Hiaa odliplel (e
=i 90 @S 4 g b uzes oy
Obes Solas solazdl sla Jule s50so 5l (Tamhane)
5 Ozlee Ol gl 5 0bl ol 5 oy lee sl
oalyplel s glay Jg g jlolixe jaxs> ooljelal

D1 ,loliae o yo S mlaw o oblyol § yax>

i (903l gl
(Dependent) s o031 dowmoions ; olSays
ol ooty /80 0blol g onyrles sliwsy Ol
Bas 5 g, ol ohe ol gyl
sl Ho &0 8 il pl o9 Jbline asmecons
g oz ooljplal Lo glas Lol .o o) Liwg,y 90 (]
gl 50 99 2 orles 5 shexr odliplel 5 ol ol
5o ol sl Hi 8o )8 5,005l g jlobins oo S
2 eowred b 0y Ho ans)d 5 ol andpdy Ly,
JBaus ;I (Dependent) _bes yge;l mls wlul
5 Cozlee liwg) Gl Syl eloizl sl Jale
59 onl sl Ho do )8 ol 050 laline oLl ol
SbT 1ol g yaex eoljplel oo cgles Lol .o o L,
g e odlielel Gl Sglds 5 woyds SO gl o
L cmizmed 09 jloline o3 S mwhans 55 (2l
JBaus 5l (Dependent) uiss fyge)l guls 4 ax>g5
5 ozl by, Ol gl golaidl gla Jole

Gl 5 ez osliplel plee gl g oblel



J/'Z‘%TU*J‘,‘;}

(831053l b (bl sz oofjplel Culs (glabiuwgy ((aniind) 15T (39031 -8 Jgur
Table 5- ANOVA test (follow-up) of villages in the Imamzadeh-Jafar plain based on the watershed

management plan.

Dependent Name of the Name of the Average Standard  Significan Confidence Interval(95%)

variable village (1) village (J) frequency deviation ce level
(1-J) Lower bound Upper bound

Environmen Naserabad Mabhajrin -4.36667 1.94736 0.090 -9.2374 0.5041

tal dunnett Imamzade Jafar  -18.20000* 3.82486 0.001 -27.6699 -8.7301

T3 Mahajrin Naserabad 4.36667 1.94736 0.090 -0.5041 9.2374

Imamzade Jafar  -13.83333* 3.40507 0.001 -22.4074 -5.2393

Imamzade Naserabad 18.20000* 3.82486 0.001 8.7301 27.6699

Jafar Mahajrin 13.83333* 3.40507 0.001 5.2393 22.4074

Naserabad Mabhajrin -4.36667 1.94736 0.091 -9.2471 0.5138

Environmen Imamzade Jafar  -18.20000%* 3.82486 0.001 -27.6839 -8.7161

tal tamhane Mahajrin Naserabad 4.36667 1.94736 0.091 -0.5138 9.2471

Imamzade Jafar  -13.83333* 3.40507 0.001 -22.4274 -5.2393

Imamzade Naserabad 18.20000* 3.82486 0.001 8.7116 27.6839

Jafar Mahajrin 13.83333* 3.40507 0.001 5.2393 22.4274

Naserabad Mahajrin 3.53333 2.68894 0.477 -3.2207 10.2874

Soca N emind  eam  a6ued 04 o aa0r

. aseraba -3. . . -10. .

dunnett T3 Mahajrin | omzade Jafar  -12.20000%  1.80096 0.001 -16.6943 -7.7057

Imamzade Naserabad 8.66667* 3.10796 0.022 0.9967 16.3366

Jafar Mabhajrin 12.20000* 1.80096 0.001 7.7057 16.6943

Naserabad Mahajrin 3.53333 2.68894 0.484 -3.2356 10.3022

Imamzade Jafar  -8.66667* 3.10796 0.022 -16.3468 -0.9865

Social Mahajrin Naserabad -3.53333 2.68894 0.484 -10.3022 3.2356

tamhane Imamzade Jafar  -12.20000* 1.80096 0/001 -16.7027 -7.6973

Imamzade Naserabad 8.66667* 3.10796 0.022 0.9865 16.3468

Jafar Mabhajrin 12.20000* 1.80096 0/001 7.6973 16.7027

Naserabad Mabhajrin 6.63333 3.26433 0.141 -1.5589 14.8255

Imamzade Jafar -4.33333 3.97445 0.623 -14.1132 5.4466

Economic Mahajrin Naserabad -6.63333 3.26433 0.141 -14.8255 1.5589

dunnett T3 Imamzade Jafar  -10.96667* 2.55392 0.001 -17.3510 -4.5823

Imamzade Mahajrin 4.33333 3.97445 0.623 -5.4466 14.1132

Jafar Naserabad 10.96667* 2.55392 0.001 45823 17.3510

Naserabad Mahajrin 6.63333 3.26433 0.143 -1.5766 14.8432

Imamzade Jafar -4.33333 3.97445 0.627 -14.1250 5.4583

Economic Mahajrin Naserabad -6.63333 3.26433 0.143 -14.8432 1.5766

tamhane Imamzade Jafar  -10.96667* 2.55392 0.001 -17.3635 -4.5698

Imamzade Mabhajrin 4.33333 3.97445 0.627 -5.4583 14.1250

Jafar Naserabad 10.96667* 2.55392 0.001 4.5698 17.3635
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Figure 5- Clustering of Villages in Dasht Imamzadeh Jafar Based on the Watershed Management
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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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The Cronbach's alpha for social factors was 0.86, for economic factors was 0.87, and for
environmental factors was 0.80. The components of the questionnaire consisted of personal
characteristics, as well as economic, social, and environmental indicators. Additionally, the
questionnaire was structured using a five-point Likert scale (1 = very low, 2 = low, 3 = moderate,
4 = high, and 5 = very high). To analyze the data, both descriptive and inferential methods were
employed. In the descriptive method, after calculating the mean and standard deviation, the
coefficient of variation was obtained, and the indicators for each factor were prioritized based on
the coefficient of variation. Then, the correlation coefficient was used to determine relationships,
a post-hoc test was employed to interpret the significance of mean differences among groups, and
cluster analysis was utilized for grouping.

Results and Discussion

According to the results of the follow-up test, there is no significant environmental difference
between the villages of Mohajerin and Naserabad; But between Imamzadeh-Jaafar and
Naserabad, as well as Imamzadeh-Jaafar and Mohajerin, a significant difference is observed at
the level of one percent. In the analysis of social factors, there is no significant difference between
the immigrants and Naserabad, but between Imamzadeh-Jaafar and both villages, a significant
difference can be seen at the level of 0.99%. From the economic point of view, there is no
significant difference between the villages of Mohajerin and Nasirabad, and between Imamzadeh-
Jaafar and Mohajerin, but there is a significant difference between Imamzadeh-Jaafar and
Naserabad at the level of one%. Finally, the correlation coefficient between cultivated area and
economic factors is 0.39, which shows a significant but relatively weak relationship.
Conclusion and Suggestions

Given the results from the follow-up tests (Dependent) and (Tamhane), Imamzadeh Jafar village
is in a better environmental, social, and economic condition compared to the other two villages.
Additionally, the status of Naserabad village was also better in all perspectives compared to
Mohajerin village. Cluster analysis results indicate that overall, Imamzadeh Jafar village is better
across all dimensions compared to the other two villages. Also, from an environmental
perspective, Imamzadeh Jafar and Mohajerin have the best conditions. One of the most important
aspects that any watershed management project should consider is its environmental impacts. As
shown by the results of this study, the Imamzadeh Jafar watershed management project has been
successful in addressing environmental issues. It is recommended that during various stages of
planning and implementing watershed projects, the logical opinions and requests of watershed
residents should be considered, and local community inputs should be used. Also, considering the
increase in tourism following the project’s implementation, necessary funds for expanding or
improving the region’s connectivity and amenities infrastructure should be increased.
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Table 1- Descriptions of the lithology formations in the study area.

GEO-UNIT Description Age

EOas-ja Undivided Asmari and Jahrum Formation, regardless to the disconformity Paleocene-
separates them Oligocene

Mmn Low weathering gray marls alternating with bands of more resistant shelly Miocene

limestone (MISHANFM)
MuPlaj Brown to grey, calcareous, feature-forming sandstone and low weathering, Miocene
gypsum- veined, red marl and siltstone (AGHAJARIFM)

OMr Red, grey, and green silty marls interbedded with subordinate silty Oligocene-

limestone and minor sandstone ribs (RAZAKFM) Miocene

Plbk Alternating hard of consolidated, massive, feature forming conglomerate Pliocene

and low -weathering cross bedded sandstone (BAKHTYARIFM)
Qft2 Low level Piedmont fan and Valley terrace deposits Quaternary
pC-Ch Rock salt, gypsum & blocks of contorted masses of sedimentary material PreCambrian-

such as black laminated fetid limestone, brown cherty dolomite, red Cambrian

sandstone & variegated shale in association with igneous rocks such as
diabase, basalt, rhyolite and trachyte
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Table 2- Numerical values of verbal judgments for pairwise comparisons.

Preferences (Verbal Judgments)

Numerical Value

Absolutely more preferred/important/desirable 9

Very strongly preferred/important/desirable

Strongly preferred/important/desirable

7
5
Slightly more preferred/important/desirable 3
1

Equally preferred/important/desirable

Intermediate preferences

2,4,6,and 8
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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 6- Map of the average spatial priority of groundwater wells.
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Figure 7- Thiessen network map indicating impacted areas by observational wells

Table 3- The mean of the location score in the Thiessen network

i Al 50 (U 0 jlastel (puSilen - ¥ Jgur

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
20 20 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
307 Isotropic Variogram
g 298
g
g
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0l g
0.00 6501.40 13002.60 1950420  26005.60

Separation Distance

Gaussian model (Co=47.0000; Co+ C =504.9000; Ao=21610.00; r2=0.871;
RSS=15138)
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Figure 13- The best variogram (Gaussian model).
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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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Table 7- Theresults of clustering analysis for the groundwater observational wells in the Gahkom
Saadatabad Plain.

Well Cluster Well Cluster Well Cluster Well Cluster

number number number number
1:wi 1 11:w11 1 21:wW21 1 31:w3l 4
2:W2 2 12:W12 1 22:W22 5 32:W32 4
3:W3 3 13:W13 2 23:W23 1 33:wW33 3
4:W4 4 14:W14 1 24:W24 1 34:W34 3
5:W5 1 15:W15 5 25:W25 3 35:W35 2
6:W6 1 16:W16 5 26:W26 4 36:W36 2
T-WN7 5 17:W17 5 27:W27 2 37:W37 5
8:W8 5 18:W18 5 28:W28 1 38:W38 1
9:W9 5 19:W19 5 29:W29 2 39:W39 1
10:W10 5 20:W20 5 30:W30 2 40:W40 2

Dendrogram using Ward Linkage
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Figure 14- The results of the clustering analysis for the groundwater observational wells in the
Gahkom Saadatabad Plain.
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Extended Abstract

Introduction and Goal

Groundwater plays a key role in supplying the requirements of the communities in various
sectors such as drinking, industry and agriculture, etc. The important of this vital resource is
even greater in arid and semi-arid regions that face decrease in precipitation. Because aquifers
are considered as the main sources of water supply for communities in these areas. Also, due to
their location, these resources in the coastal areas are impacting by climatic changes in the
interaction of land and sea, and also, at the same time they are influencing by human activities.
Therefore, understanding of the quantitative and qualitative characteristics of groundwater
tables and their monitoring is necessary. Continuous monitoring of the groundwater network
requires spending money, time, labor, and manpower, and optimizing the monitoring network
can be a useful solution to reduce the aforementioned problems. Therefore, the research was
conducted with the aim of optimization the groundwater monitoring network in the Gahkom
Saadatabad plain, Hormozgan province, using statistical methods.

Materials and Methods

In this research, first, by reviewing sources, Ministry of Energy guidelines, and using the
perspective of groundwater experts, 9 criteria (consisting of the mean ground water level, mean
annual drop of ground water, hydraulic conductivity, density of exploitation wells, distance
from the river, Geological formation, land-use, distance from the fault and distance from the
spring) were selected. Then, using the Analytical Hierarchy (AHP) method, each of the criteria
was weighted, and a map was prepared for each of them to carry out the location process.
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In this research, TOPSIS and WASPAS multi criteria decision making models were employed
to implement the process of locating observed wells. Then, to evaluate the current monitoring
network with location results, the Thyssen network for each aquifer was drawn. Also, the mean
score of the location maps in each Thyssen polygon was obtained. For each well and each
polygon, wells with the meam score of less than 0.3 were considered as unsuitable wells. Next,
in order to ensure the accuracy of the selection of unsuitable wells, Pettitt’s homogeneity test
and standard normality test were performed. In the next step, the principal component analysis
(PCA) method was used to determine the relative importance of 40 wells in the region, and
wells with low relative importance were eliminated. Then, the Kriging interpolation method was
used to find out the standard error value due to the removal of the wells. Finally, clustering
analysis was used to group wells with the similar characteristics.

Results and Discussion

The results of the AHP showed that among the 9 criteria used in the research, the density of
exploitation wells with a weight = 0.217 and the distance from the fault with a weight = 0.031
were ranked as first and last ranks, respectively. Comparison of multi-criteria decision-making
models for the location process also indicated the same accuracy of both TOPSIS and WASPAS
models. Therefore, the mean map of the two models was prepared and used to carry out the next
steps of the research. Based on the results of the evaluation of the current monitoring network
with the results of location (optimal network), 3 wells were identified as unsuitable wells. Also,
based on the P value of the Petit test and the standard normal test, it was determined that all
three wells were correctly selected as Heterogeneous wells. Based on the findings obtained from
the PCA method 6 wells (numbers 8, 9, 15, 10, 32, and 37), were included in the group of wells
with negative relative importance, and this wells were removed. The size of the standard error
increased by 14% after removing the unimportant wells, and there was no significant difference.
Therefore, based on the results of this study, less important wells can be removed from the
monitoring network. Also, 40 wells located in the Gahkom Saadatabad plain was classified into
5 clusters.

Conclusion and Suggestions

The main objective of this research was to optimize the groundwater monitoring network from a
guantitative and qualitative perspective using statistical and MCDM models. The results
revealed the high efficiency and accuracy of MCDM methods. Based on the results of the
location map of observed wells generated by the mentioned models, the study area was
classified into 5 groups from very low priority to very high priority. Therefore, watershed
managers can use the findings of this study to develop a monitoring network and issue new
permits to drill new wells in suitable and unsuitable locations. Also, considering the importance
of water monitoring in coastal areas, it is recommended to use the mentioned methods for other
plains of Hormozgan province. In order to compare different statistical, hydrological and data
mining methods such as machine learning models, it is suggested to use them simultaneously in
future studies. On the other hand, in future studies for construction of ground water monitoring
network, it is also recommended to use other effective criteria such as economic analysis criteria
and the cost of constructing the monitoring network, criteria of distance and proximity to the
sea, and criteria of distance and proximity to communication routes.

Keywords: Data mining, Gahkom Saadat Abad, groundwater, monitoring, multi criteria decision
making models
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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.

SS9 (L eslas sble F USs bl
ailaie ;0 ey U gl (pedes Glsieay
Odgy Cov Colue S mie a00g 00l oy
s byl idg aw,e g LULC 685065 slaasl
sl ealoplis Vv Jgaz 0 Yo F YL
3 siylas bl aigy o) Jgax wlel p ol
Gide S 0 oy otals YAVE B Yool L
G Yoo sladlo ole 2L sble sy, ik

sl Lo

5 &l rals wals ddhie jo 09 oiuli8l YT
ssalive JigSme 3blio 5 £L 55 ,5liS & ol s
o)93 Jsb 33 Rl ey 5 b Bble wd) ab
S5 sl g Azgi LB

W90 (63,9liS g &l jo e Ol pss baaslas

EL nb mej )0 (Sl g cute Ol s &S J o
(V- ) g 5Lo .ol conlivne (g i bl g
oolaiwl b1, Jed ey (6,05 Ol s Lg)'L.‘:)lSAi‘J—I
5,5 gy LCM) s s leJos
Oy o als Sl oyl oy s 1 (S
Jlo & bgrpe Gragh (ol mls b aS g (55,9laS

Syl cllas YeNF LY.

3 Land Change Modeler (LCM)

sl LULC gloaisi Lolul  Jlil ol Jow
a5 adg ol e sloazin o Y-V F o Voo
sobaieds b ool (bigel YoVY Jlu Bl s i
Jl eaisgslwans doa ANN Jue oo liel
YoVF Jlo LULC subsandid ais b Y-Y¥
Fials) 5 wgllae anlic (nl bl ol anlie
AR R RS TP L Joe om0y
&lp ANN i5g0] al)d o ools jojgel /0 )
Y Ve b Sy ¥ Sleen S5l 5 LS50 -
Cewddy Sl o3 Bgel Joe s -0 Ll ey
VY el cod pmien sloais O yg!

RERPSIPWES 28 L

bl cln )0 o) inigr 3 552y Ol paii
VoVF G Yooo Jlo

slp LULC sasgonaid slacs ool
& 4 ondasllas aibie YYF B Yoo o (sla L
(% 9 &itaS €l pb (o) l) il
aad g0 Jgb ;0 LULC wliss ol gomailb
USE) 0 oy Y YF LYV G YNF LY
(f



VeoF olowsli VPV by 6, oY 5,Les YA 5,90

SAE SEPSOE SS5°E » SEE S4SOE SSE = S°E
B z 3% 1 2 z
|\ 2% \ 7= z
\ 2k 4 &
w ] B W ] lis >
roe 3 z ’ 2% £
i z g3 g
P H e &
o Ry
Mu 7§ %u—, B = & z
SN e | 5 g
H & &
LULC2000 LULC2014 LULC2024
Pastures z Pastures v Pastures =
®8€ Barren lands [ € Barren lands [§ ®8€ Barren lands [
#% Garden o8& Garden o6 Garden
Agriculture ekl o - Agriculture z i Agriculture |,
Ti & = T - & > OO E—— S
®8 Urban areas 1 ———— ®€ Urbanareas 2 2] ¢ 28 ®8 Urban areas [
SPWE SIPSUE SS°E SSIE SP'E SSWE SPWE SSOE SSE SI0E SPNE SWE SPWE S¢SVE SS°E

YeVF g YIF Yoor sld Jlw cod s LULC - ¥ JsCi
Figure 4- LULC 2000, 2014 and 2024 years respectively.
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Table 1- Total area coverage according to different LULC classes and coverage percentage for 2000

to 2014.
Area (km?) Area (%)
LULC 2000 2014 A 2000 2014 A
Pastures 1002.35 955.24 -47.11 | 40.75 38.83 -1.91

Barren lands 793 862.38 69.37 | 32.24  35.06 2.82
Garden 22.96 88.76 65.8 0.93 3.6 2.67

Agriculture 602.9 490.75 -112.15 | 2451 19.95 -4.56
Urban areas 38.47 62.56

24.09 | 1.56 2.54 0.97
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Table 2- Total area coverage according to different LULC classes and percent coverage for 2014 to

2024.
Area (km?) Area (%)
LULC 2024 A 2014 2024 A
Pastures 946.52 -8.73. | 38.84 38.48 -0.36
Barren lands 696.02 -166.35 | 35.06 28.30 -6.76
Garden 100.37 11.61 3.61 4.08 0.47
Agriculture 632.62 141.87 | 19.95 25.72 5.77
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

29.76 | 24.49 25.69 1.21
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
Barren lands | 876.48 634.93
Garden 101.71 84.59
Agriculture | 455.65 708.81
Urban areas | 84.63 95.98

-5.83 | 38.27  38.03 -0.24
-241.56 | 35.63  25.81 -9.82
-17.12 | 414 3.44 -0.70
253.16 | 18,52  28.82 10.29
11.35 | 344 3.90 0.46
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Figure 5 - Predicted LULC maps for the years 2034 and 2044, respectively.
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Extended Abstract

Introduction and Goal

The analysis of land use and land cover patterns plays a significant role in resource management and
conservation planning, while providing a foundation for systematic approaches to environmental structures.
Urban development has notably impacted land use and land cover. As a result, over half of the Earth's
surface has undergone changes in recent years, with more than one-third of the land area dedicated to
agricultural use. Given these substantial transformations, land use managers and experts have examined the
hydrological impacts of land use changes. In this context, machine learning methods such as Artificial
Neural Networks (ANN), Support Vector Machines (SVM), Random Forest (RF), Decision Trees (DT),
and other models have received considerable attention for land use/land cover (LULC) classification.
Planners and managers can utilize predicted LULC changes to promote sustainable land management and
reduce adverse consequences. Consequently, detecting and predicting land use changes (LULC) driven by
rapid urbanization can lead to disruptions in environmental sustainability. Population growth, economic
development, and agricultural expansion are factors contributing to various changes in land covers,
including vegetation and water. These persistent land use changes may result in environmental degradation.
On the other hand, the intensity of these changes, in response to global population growth and increasing
food demands, further emphasizes the need for precise research in this area. Therefore, this study aimed to
observe land use changes in 2000, 2014, and 2024 in the Darab region. Additionally, the driving forces
behind LULC changes were identified, and the Cellular Automata-Atrtificial Neural Network (CA-ANN)
model was used to analyze predicted land use patterns and trends from 2034 to 2044.
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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<
4-8
8-16
16-32
>32

No restriction
Low restriction
Medium restriction
Severe restriction

Very Severe restriction
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Table 2- Slope classification based on Soil and Water Institute method.

Slope condition Slope Percent  Sign
Flat 0-2 A
Gentle slope 2-5 B
Sloping ground 5-8 C
Very steep 8-12 D
Relatively steep slope 12-25 E
Steep slope 25-40 F
Very steep slope 40-70 G
Extremely steep slope 70< H
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Figure 1- Different classes of slope and the amount of gullies occurred in the classes.
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Table 3- Comparison of old and new land uses in gully areas.

Percent Current Land use Past Land use
55 Dry farming Rangeland
4 Bare land Rangeland
4 Rangeland and Dry farming Forest
3 Water farming Rangeland
2 Rangeland and garden Agriculture
2 Bare land Water farming
1 Road Rangeland
18 Rangeland Rangeland
3 Dry farming Dry farming
8 Mining, water farming Other (Rangeland, bare land, etc.)
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Table 4- The amount of damage caused by gully erosion.
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The value of damage Gully Area .
(million rials) Type of damage (ha) Province
17400 Road, rangeland 256.52 Esfahan
18000 agriculture 29400 Bushehr
97560 Forest, rangeland, rain fed 32520 Chahar Mahal and Bakhtiari
2300000 Rangeland, mgg} dbe”n"d'”g' village, 188125 Sistan and Baluchistan
339000 Village, Dry_ fa_rmmg, Rangeland, 47925 Fars
Building, Road
85000 Agriculture, Rangeland, Industry 6427.6 Qom
11580 Agriculture, building, road 16962.3 Kurdistan
20000 Road, water chan_nel, electricity 33925 Kerman
tower, agriculture
1500000 Building, Rangeland, Dry farming 60560 Golestan
3000 Rangeland, Dry farming 47347.6 Khorasan
3500 Building, Rangeland 1038 Guilan
20000 Road, Bridge, Agriculture 14663 East Azerbaijan
113 Dry farming, Rangeland, 16000 Semnan
Road
77760 Dry farming, Rangeland 259200 Kohkllox%/?naer‘ljd Boyer
1376607 Dry farming, Rangeland, Road 432947 Kermanshah
140480 Dry farming, Rangeland, Road 24060 Ardabil
4093.5 Rangeland 5506.5 Qazvin
187000 Building, Rangeland, Dry farming, 153570 lam
Road, Garden
10897 Rangeland, Dry farming, Village 3630 Zanjan
2596.5 Rangeland, Rural houses 3328 Mazandaran
Rangeland, Foundation of oil pipes,
601925.6 Electricity and telecommunications 49978 Khuzestan
tower, rural road
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Extended Abstract
Introduction and Goal

One of the types of water erosion that causes erosion and sediment in watersheds and causes a
lot of damage to agricultural lands, range lands and infrastructure is gully erosion. By
identifying the causes of gully erosion, land managers can prevent the expansion of gullies by
considering and observing effective management factors. This research was conducted with the
aim of examining gully erosion in the provinces of the country, identifying the factors
influencing the expansion of gully erosion, determining the area affected by gully erosion, and
estimating the damages resulting from it. In addition, the extent of the expansion of gullies in
the classes of different factors and the damage caused by gullies in Iran were investigated
Materials and Methods

The materials used in this research are research projects that directly and indirectly focus on the
expansion of gully erosion. Initially, several of the most important factors influencing gully
erosion in the watersheds of the country were examined. Then, all classified factors and their
relationships with areas affected by gully erosion were analyzed. In this research, the climates of
gully-affected areas were classified using the extensive Dummartin method, and the relationship
between different climates and the frequency of gullies was examined and calculated.
Comparison of old and new land uses in gully areas, soil texture and range of soil particle
changes, EC changes, organic matter changes, SAR changes in gully areas, slope, road
construction, and plowing in the slope direction as some of the most important. The effective
factors were investigated in the expansion of gully erosion. Finally, the area of gully erosion
occurred along with the type of damage and the estimated amount of damage has been estimated
based on daily prices for the provinces.
Results and Discussion

The results of the analysis of the relationship between different climates and the frequency of
gullies indicated that 32% of gullies are in semi-arid climates, 17% in dry climates, 14% in dry
and hot desert climates, 14% in dry and temperate desert climates, and 9% in Mediterranean
climates, 5% occurred in semi-humid climates, 4% in humid and dry cold desert climates
respectively, and 1% in very humid climates. The comparison of old and new land uses in gully
areas showed that 55 %of the gullies were created as a result of changing the land use of
rangeland to dry farming agriculture.
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Silt Loam, Loam, and Sandy Loam are the dominant soil textures in gullies with 26, 23, and
20%, respectively. 14 %of the studied areas have very severe restrictions in terms of salinity.
The amount of organic matter in the studied areas varies from 0.02 to 2.9%. The organic matter
of 94% of the gully areas was less than 2%, and the organic matter of about 6% of the areas
varied from 2 to 2.9%. The results of the sodium absorption ratio study showed that the sodium
absorption ratio of 24% of the gully areas was greater than 15. The slope of 70% of the gully
areas was less than 12%, 16% of the gully areas were in the slope class of 12 to 25%, and 14%
of the gully areas were in the slope class of more than 25%. In 38% of the gully areas, road
construction and in 27% of them, plowing in the direction of the slope were identified as factors
affecting gully erosion.

Conclusion and Suggestions

Based on the results of this research, the highest frequencies of gullies were observed in semi-
arid climates rain fed agriculture and the soils with silty loam texture. Additionally, gullies have
expanded in areas with very severe salinity limitations, very low organic matter, and high
sodium absorption ratios. In some areas, road construction and plowing in the direction of the
slope are also known as effective factors in gully erosion. Based on the results of this research,
the damage caused by the expansion of Iranian gully was calculated to be about 700 billion
Tomans. Also, due to the onset of a long-term drought period, it is suggested that conservation
plans (biological) and in some cases combined (biological and structural) be used to reduce the
expansion of Iranian gullies. Also, in areas where improper agricultural practices have led to the
expansion of gullies, farmers should be educated, particularly in the area of proper plowing
techniques. Additionally, in the studied areas, land use change was identified as the most
significant human factor affecting the occurrence of gully erosion. Therefore, it is recommended
to avoid land use changes.

Keywords: Climate, damage, gully erosion, land use change, organic matter, plowing in the
direction of the slope
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Figure 1- Location of the studied area.
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Geological Legend

1 Qg: Polygenous loose alluvium including gravel with silt, clay and sand
.7 Qc: Polygenous alluvium including of detrital rocks fragments, gravel, clay and sand - diamictite
~ | Qu: Alluvial deposits and conglomerate in old terraces including gravel and rounded pebbles
E;: Dolomitic limestone, white to gray dolomite and crystallized silicate limestone - Jahrom Formation
E.I Micritic dolomitic limestone, weathered brown with abundant fossils
'e1thered greenish yellow marls, marl, limestone and shale - Gurpi Formation
with dium layering - Sarvak Formation
slrlle “lth cl and limestone - Kajzdumi Formation
y - Darian Formation
* JKge: C helh and brecated limestone with chert-radiolarite layers
7_" JKuen: A thick sequence of green to gray and red radiolarite chert, pelagic limestone and red lutetite
555 m: marble
sz Ky Cale Sparite with dynamic transformation
= M,: Marble with fine skarn
" .| dhz: Dolomite and foliated harzburgite with chromite

s CenxBgo 9 SLT Ml (Lo ) 39 5 o CeawrdVU sl b o 3 Al — ¥ S

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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Islamabad dam N

Left abutment
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Figure 5- The red flower diagram of the left
abutment discontinuity.
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i Islamabad dam

Right abatment 5
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Figure 4- The red flower diagram of the right
abutment discontinuity.
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Table 1- Engineering characteristics of discontinuity in the Islamabad underground dam in the

Islamabad.

Abutment  Joint Aperture Spacing Roughness Infill
set (cm) (cm) material

J1 0.00-0.2 15-24 Rough Clean
Left J2 0.00-0.1 20-30 Rough Fine soil
Bed. = —m s e e

J1 0.1-0.5 20-30 Rough Clean

J2 0.1-0.3 10-15 Mod. rough Clean
Right J3 0.00-0.3 15-40 Sligh. rough Fine soil
Bed. = ---eeeem e e e

.objﬁwl o0y 323 I sBolFasT jo Sl olaw (i g dluinl) o lad Cuzdgn -Y Jouo
Table 2- Spatial location (azimuth and slope) of discontinuity in the Islamabad underground dam
in the Islamabad.

Abutment Joint azimuth slope Slop
set direction

J1 NO044 46 N134

Left J2 N106 37 NO016

Bed. NO017 35 N287

J1 NO072 58 N162

J2 N115 37 NO016

Right J3 N158 42 NO068

Bed. NO017 35 N287
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Table 3- specifications of exploratory boreholes at the construction site of the underground dam in the

Islamabad.
Thikness of weathered rock  Depth of bedrock  Hight ~ (UTM) Cordinate  Depth Borehol

(m) (m) (m) X y ( m) orenole

- -- 1945 78984 3315072 7 BH1

- -- 1943 748935 3315059 10 BH2

1.5 9.5 1941 748633 3314949 15 BH3

1 8 1934 748442 3314955 12.5 BH4

2.5 7 1935 748416 3314924 12.5 BH5

- -- 1936 748402 3315002 7 BH6
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Table 4- Classification of underground dam construction rocks based on system (RMR).

Parameter Right abutment Left abutment
Score quantity Score quantity
Uniaxial compressive strength 10 100 - 250 10 100 - 250
(Mpay
Rock quality index (RQD) (%) 15 75-90 15 75-90
state of discontinuity 10 Smooth surface, little 25 Rough surface, Small
filling, aperture,
Opening aperture(1-5 mm) A little weathered
Spacing discontunity (Cm) 10 20-60 10 15-55
Wet 15 Dry 15 Dry
Score adjustment -7 Moderately good -15 Unfavorable
(Joint set orientation)
Sum Score 53 60
Rock group 11l 1]

Description of therockmass

Suitable rockmass

Suitable rockmass
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Figure 6- A view of the dam construction and bed alluvium granulation.
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Table 5- Results of granulation test at the underground dam in the Islamabad.

. Liquid  Plasticity Plasticity
Borehole D(?ﬁ;h Grading name (Gurgcélg)gz D(iﬁ;h limit limit index
(%)LL (%)PL (%)PI
0-2 Manual soil -
BH1 2-7 Clay sand and Gravel SC3 ° 27 6 21
0-2 Manual soil -
BH2 25 Gravel with bad maturity and GP-GCS 6 32 14 18
sand and clay
5-8 Clay Gravel and sand GC
0-1 Manual soil SC
BH3  1-3 Clay sand and Gravel GC 6.5 41 19 22
3-7.5 Clay Gravel and sand GC
0-1 Manual soil -
1-3 Clay sand and Gravel SC
BH4 3-5 Clay Gravel and sand GC 53 30 13 17
5-6.5 Clay sand SC
0-1 Manual soil -
BH5 14 Silty Gravel and sand GS® 5 22 7 15
4-6 Clay Gravel and sand GC
BH6 0-2 - 5 30 13 13
2-7 Clay Gravel and sand GC

Unified Soil Classification System
Clay Sand

Poorly Graded Gravel

Clay Gravel

Silty Gravel
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Table 6- Results of grading and soil categories at the underground dam in the Islamabad.

Borehole D(enr])')th Classification of layers (Alluvium / Bedrock) r;k;iti\ée;fgﬁ] prﬁggre]n(t;gg)
SC-SM’ SC
BH1 7 0% 20% | 29.4
I i —
BH3 15 SC GC We?;r;ired Limestone 231
14.3% 32.2% 12.8% _40.7%
BH5 125 266';2 ngo L"gisozone 16.6
BH6 5 l(c);()c‘i/o 18

7- Silty Sand
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Table 7- results of direct cutting test performed on some samples of the dam site.

Internalfriction

Depth sample Cohesion C
Borehol m) Sampl mple t F low
orehole (m) (cm) Sample Sample type ast/Slo angle (degree)¢ (kg/cm?)
BH1 2.5-3.0 10x10 remolded slow 33 0.20
6.5-70 10x10 remolded fast 31 0.25
BH2 2.0-3.0 30x30 remolded slow 37 0.04
BH3 1.0-2.0 10x10 remolded slow 32 0.20
6.0-7.0 30x30 remolded fast 36 0.06
1.0-2.0 10x10 remolded slow 30 0.28
BH4 3.0-4.0 30x30 remolded slow 28 0.03
5.0-6.0 10x10 remolded fast 30 0.30
BH5 1.0-2.0 30x30 remolded slow 39 0.03
4.0-5.0 30x30 remolded fast 36 0.06
BH6 5.0-6.0 30x30 remolded fast 37 0.05
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Table 8- Results of permeability test at the dam site.

Borehole Depth (m) Constant IoadK (lesgurden load
2.0-3.0 2.0x10°* 3.6x10°°
BH3 4.0-5.0 8.7x10°° 3.8x10°
9.0-15.0 1.8x10°° 2.4x10°©
2.0-3.0 4.3x10* 4.1x10°°
BH4 4.0-5.0 2.5x104 5.1x10°
7.0-12.5 1.9x10°° 3.8x10°6
3.0-4.0 2.4x10°4 2.0x10°5
BHS 6.0-10.0 3.5x104 5.4 x10°°
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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?* TDS TH pH EC
360 195 181.5 64.1 924 643 540.6 7.7 150.7
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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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In this research, the hydrological groups of the soil in the watershed were evaluated with the
aim of estimating the subsurface water and investigating the geological characteristics of rock
mass engineering and bed alluvium at the dam site in order to estimate the volume and storage
of water by the underground dam. Therefore, Initially, baseline information related to the
region, especially its engineering geology, was collected and based on that, a proposal for the
construction of the underground dam was considered. Using the results obtained from
boreholes, field sampling, in situ tests, laboratory investigations and geology of the area, the
geotechnical status and characteristics of the Islamabad underground dam construction site were
investigated and evaluated.

Results and Discussion

In the study area, groundwater resources are limited to subsurface water in the alluvium of the
streambed or hard rock formation water (fractured rock mass). At the site of the Islamabad
underground dam, the most important geological factors affecting water storage was the
condition and density of discontinuity surfaces (such as: faults and existing joint sets in the rock
mass, as well as the grain size and density of the underlying alluvium). The result of the
engineering fracturing investigations indicates the presence of several categories of fractures in
the rock mass of the study area, particularly in the right abutment, with water flow potential.
Field surveys and drilling results estimate the thickness of weathered rock at the site to be
between 1 to 2 m. The alluvium at the dam site exhibits layering and has a thickness ranging
from 6 to 10 m. The initial alluvium foundation, with a thickness of 1 to 1.5 m was coarse-
grained, while the remaining thickness of the alluvium consisted of sand and gravel with a
percentage of fine particles. The permeability of the alluvium foundation was due to moderate
to relatively low compaction (approximately 10-4 cm/s). The cohesion of the alluvium varies
between 0.3 and 0.3 (kg/cm?), and the internal friction angle ranges from 28 to 39 degrees. The
results of soil mechanical tests on alluvial samples indicate that the alluvium is coarse-grained,
and its shear strength parameters suggest adequate soil stability concerning excavation and
settlement.

Conclusion and Suggestions

The results of the fracturing analysis and statistical of the engineering characteristics of
fracturing not only reveal the potential for water escape in the right abutment but also indicate
that the behavior of the rock masses on the sides of the dam foundation is somewhat different in
response to the tectonic stresses of the region. This phenomenon was due to the thickness of the
layering, the degree of compaction, and the percentage of clay in the body of the limestone rock
masses, as well as the alternation of hard layers with pliable and relatively soft marl or shale
interlayers. The results of the engineering classification of the rock mass using the RMR method
show that the rock masses at the dam site fall into the category of suitable rocks for construction
purposes. The Atterberg limits and the cohesion of the soil at the dam site indicate that the clays
present in the alluvial foundation primarily exhibit the characteristics of kaolinite and illite, with
limited swelling and cohesion potential. The results of the chemical analysis of the water shows
that sodium was dominant cation in the chemical composition of the groundwater in the region.
Therefore, this finding indicates the potential for divergence in the fine-grained alluvium
foundation. The thickness, density, and grain size of the alluvial foundation, along with the
results from the Luferan test, indicated that the alluvial material foundation has moderate
quality in terms of storage coefficient, storage volume, and water yield for the construction of
an underground dam. Therefore, based on these findings, the most suitable method for utilizing
the water catchment is the sub-drainage method by creating drains along the catchment, and the
well pumping method would not be appropriate.

Keywords: Alluvium, Lefranc test, rock mass engineering classification, water leakage
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1- Fallout Radionuclides (FRNSs)
2- Net Erosion

3- Profile Curvature

4- Plan Curvature

5- General Curvature
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13- Universal Soil Loss Equation (USLE)
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11- Sediment Delivery Ratio (SDR)
12- Morgan and Morgan-Finney Models
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14- Digital Elevation Model (DEM)
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Figure 1- Location of the study sub-watershed in Khamsan representative watershed, Kurdistan.
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18- Diffusion and Migration Model
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17- Mass Balance Model Il
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Figure 3- Hillslopes selected in the study sub-watershed to investigate the relationship between
topographic metrics and sediment budget components.
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19- Shapiro-Wilk
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Table 1- The results of the average topographic metrics in the 14 selected hillslopes.

Slope Area  Aspect angle Slope length LS Flow Plan Profile SPl TWI

Number  (ha) (degree) (degree) (L factor)  Factor Accumulation Curvature Curvature
1 2.2694 275.394 20.912 0.926 2.494 103.127 0.0015  -0.0010 0.098 3.979
2 6.0306 231.974 33.802 1.149 4.515 185.046 -0.0007  0.0001 0.347 4.011
3 4.8586 277.123 21.082 0.955 2.473 232.998 0.0012  -0.0004 0.111 3.845
4 2.8124 255.017 24.245 1.187 3.177 145.172 0.0002  0.0006 0.212 4.354
5 4.8102 296.564 38.959 1.087 5.460 219.164 -0.0003  -0.0001 0.342 3.580
6 4.9299 207.993 44.908 1.026 6.079 213.077 -0.0002  0.0015 0.405 3.373
7 2.1546 241.021 38.238 1.189 5.477 100.327 0.0025 -0.0021 0.413 3.963
8 4.1505 291.924 25.407 1.062 3.307 233.683 0.0013  -0.0011 0.194 3.863
9 3.9251 304.137 35.983 1.053 4.783 258.395 0.0013  0.0004 0.310 3.588
10 8.4369 198.452 33.582 1.035 4.484 302.189 -0.0005 0.0001 0.271 3.601
11 14.7385 114.458 34.490 1.155 4.684 327.724 0.0002  -0.0002 0.341 3.902
12 7.9542 67.641 32.658 1121 4.329 326.320 0.0000  0.0000 0.302 3.826
13 48195 75.612 21.208 0.948 2.444 237.236 0.0007  -0.0007 0.110 3.752
14 2.3254 66.999 21.468 0.902 2.453 122.602 0.0018  -0.0002 0.123 3.777

Aspect: i co
Slope Angle (degree): s 4>,
Slope Length (L factor): cos Jsb
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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 1354 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 -5.777 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 4.271 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 1416 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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Table 3- The Pearson correlation coefficient between topographic metrics and sediment budget
components at the hillslope scale.

Budget components Total Elroslion Total Delposlition Net Erlosilon SDR
Topographic metrics (tha®y™) (tha®y™) (tha®y™)
Aspect .021 .072 .017 -.055
Slope angle -.945** 132 -.952** - 765**
Slope length (L factor) -.521 .296 -.538* -.321
LS factor -.940%* .156 -.949%* -.762%*
Flow accumulation -.254 .347 -.274 -.318
Plan curvature .355 -.500 .383 485
Profile curvature -.146 .393 -.168 -.470
Stream power index (SPI) -.943** 116 -.949** -.664**
Topographic wetness index (TWI) 469 .046 465 514

729 520 slazel mhaw )5 o pae (Ko oaimsylid s jay ¥ o *

* and ** indicate significant correlation at 95% and 99% confidence levels, respectively.
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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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3- Mitigation

4- United Nations Office for Disaster Risk Reduction
5- Preparedness

6- Response

7- Recovery
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Figure 1- Crisis Management Framework
(LeCouzant 2020; KaramiDehkordi 2019).
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Figure 2- Geographical location of the Alborz Province.
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Table 1- The number and composition of expert experts from different departments and
organizations in the research expert team

Organization Number

(Person)
Research Institute of Soil Protection and Watershed Management 11
General Directorate of Natural Resources and Watershed Management 6
Crisis Management Department of Alborz Province 5
Department of Rural Affairs and Councils of the Alborz Province 3
Regional water of the Alborz province 12
Alborz Province Agricultural Jihad Organization 4
Faculties of the Faculty of Agriculture all over the country 3
Agricultural research, education and extension organization 2
Department of Natural Resources and Watershed Management of the Alborz Province 3
Total 49
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8- Mixed Methods
9- Theoretical Saturation
10- Thematic Analysis
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Table 2- Reliability of different phase of the research questionnaire.

Phase Number of Items Cronbach's Alpha

Mitigation 40 97%

Preparedness 12 96%

Response 4 86%

Recovery 9 92%
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Figure 3- Conceptual model of research stages.
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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’é'r‘y 21 to 30 years 15 306 3;533 9.4 26 Years
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 ' Watershed
Study Geology 4 8.2 ) i Management
Soil science 5 10.2
Agricultural
Development and 6 12.2
Extension
Total 49 100
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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.
Ms 31.57
Mjio 31.11
M3 29.46
Mag 27.43
Mag 27.18
M, 25.93
May 25.68
Mag 24.54
Ms 24.5
M1 24.14
Mag 24.00
M1 23.86
M1z 23.86
Mas 23.82
Mas 23.75
Mis 23.68
Mg 23.18
M 22.11
Mg 22.07
M2o 21.93
M7 20.96 49 578.297 39 0.000
M4 20.07
Mao 19.89
M2y 19.36
Ms 18.93
My 18.79
Mag 18.36
My 17.89
My, 17.57
Mao 17.43
M2s 17.36
M3z 15.57
Mas 15.29
Mas 14.71
Mag 14.36
Mg 11.54
Ma7 10.96
Mas 10.79
Mg 9.36
M4 7.04
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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
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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
Res4 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

Recg 3.79
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Extended Abstract

Introduction and Goal

The phenomenon of Flooding has always been a major threat to most people in the world. Today,
the occurrence of this phenomenon has increased significantly worldwide. On the other hand,
climate change has led to an increase in the number, intensity, and magnitude of such events. The
damages caused by flooding are often irreparable and unpredictable. Asian countries, such as
those in the Middle East, are high-risk areas that are exposed to relatively high levels of flooding
and earthquakes and the damage they cause. In the past decade, Iran has faced unfortunate flood.
Alborz Province is one of the provinces of Iran that has suffered significant damage from
flooding. As a result of the floods in the past decade in this province, at least 12 people have died,
hundreds have been injured, and 4,076,333 million rials of financial damage has been caused due
to floods. The increase in flood statistics and the damages caused by them necessitate the
identification of effective flood management solutions. Therefore, the purpose of the present
study was to apply the flood crisis management framework in Alborz province with an emphasis
on identifying, classifying, and prioritizing solutions.

Article Type: Research Article

*Corresponding Author’s E-mail: e.karamidehkordi@modares.ac.ir

Citation: Mesbah, A., Karamidehkordi, E., Tohidloo, A., Salehpour jam, A., Saadi. T. 2025.
Application of the Flood Crisis Management Framework in the Alborz Province with Emphasis on
Identification, Classification, and Prioritization of Solutions. Watershed Management Research. 38(2):
139-160.

DOI: 10.22092/WMRJ.2025.367812.1605

Received: 25 November 2024, Received in revised form: 25 December 2024, Accepted: 18 March
2025

Published online: 22 June 2025

Watershed Management Research, Vol. 38, No. 2, Ser. No:147, Summer 2025, pp. 139-160.
Publisher: Fars Agricultural and Natural Resources and Education Center ©Author(s)

i e

<&


https://doi.org/10.22092/wmrj.2025.367812.1605
0000-0003-0239-2266
0000-0003-4768-7084
0000-0001-9431-2336
0000-0002-4599-1480
0009-0008-4894-674X

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

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
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Component Number of items Calculated Cronbach's alpha
Driving force (D) 5 0.845

Pressure (P) 6 0.720

Response (R) 7 0.913
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