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Burned areas can be easily monitored using multispectral satellite images. Indices 

were provided to show the difference between healthy vegetation areas and burned 

areas. To avoid errors and optimize the results, based on the reflective condition of 

the Sentinel 2 satellite bands, the normalized burn ratio index +NBR was presented. 

The efficiency of this index was confirmed by comparing it with four other indices in 

an area of 47.4 square kilometers in the downstream part of the Hiran region on the 

border between Iran and the Republic of Azerbaijan, around the village of 

Baharestan. To achieve this goal, two single- and two-time approaches were adopted. 

To separate the pixels of burned and non-burned areas, the differentiation method 

was used between the periods before and after the fire on January 8, 2021, and 

January 25, 2021.  The NBR+ index achieved favorable results due to the removal of 

cloud masses and water areas that were wrongly classified in the other indices. 

Pearson's correlation coefficient values also showed that the NBR and NDSWIR 

index with values of 0.95 had the highest correlation with the NBR + index, and the 

MIRBI index with values of 0.16 had the lowest correlation. Meanwhile, the NBR+ 

index with the highest Kappa coefficient of 0.92 can detect areas affected by fire. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
One of the important research topics in the use of satellite imagery is the monitoring of fires, their 
impact on air quality, and the effects they leave on the environment (Saidi et al., 2021). Therefore, to 
preserve natural and man-made landscapes, it is essential to identify appropriate methods for 
monitoring burned areas and preparing intensity estimation maps using satellite data (Amos et al., 
2019). In recent decades, several sensors, such as the Advanced High-Resolution Radiometer 
(AVHRR) and the Advanced Spatial Thermal Radiation and Reflection Radiometer (ASTER), have 
been installed on satellites to monitor fires (Seydi et al., 2021). Another widely used sensor is the 
Moderate Resolution Imaging Spectroradiometer (MODIS), which has attracted attention due to its 
high temporal resolution and allows for the rapid detection of active fires, identification of burned 
areas, or assessment of forest fire risk (Seydi et al., 2021). This research aims to improve the 
performance of the existing forest fire index, and for this purpose, Sentinel 2 images were used. 

In this study, the NBR+ index is proposed based on Sentinel 2 multispectral images to identify burned 
areas and the methodological approach adopted to determine the performance level of this index is 
shown. First, previously presented indices in this field are introduced and a comparison between them 
and the NBR+ index is made. In the meantime, the reasons that determined the formulation of the 
proposed index are explained and finally, the method of verifying the accuracy of the results is 
described based on the conventional approach applied in remote sensing, including the confusion 
matrix (Hasmadi et al., 2009). All experiments were performed using Arc GIS software. The raster 
calculator tool allows the implementation of index equations using software operators. Near-infrared 
(NIR) and shortwave infrared (SWIR) bands are used to detect burned areas. The NIR band highlights 
changes in canopy cover and reflectance of burned leaves. While the SWIR band identifies changes in 
dryness (Silva et al., 2003). After a fire, NIR reflectance decreases sharply as vegetation cover is lost, 
while SWIR reflectance increases due to the removal of water-retaining vegetation (Schepers et al., 
2014). Several algorithms have been developed to detect burned areas by combining NIR and SWIR 
bands. Although some spectral indices have been developed based on SWIR, red, and NIR bands only. 
Among the wide range of available spectral indices, four indices, normalized burn ratio (NBR), 
normalized burn ratio in SWIR band (NBRSWIR), normalized difference shortwave infrared index 
(NDSWIR), and mean infrared bispectral index (MIRBI), were compared. 

According to the NBRSWIR index, the maximum reflectance on January 8, 2 days before the fire, was 
0.08. While this value reached 0.32 on January 25, showing a significant increase. The area of this 
area on this day was 4.05 km2, which did not show a significant change compared to the threshold of 
0.08 on January 8, which was 14.4 km2. However, the spectral reflectance of -0.07 on January 8 
increased from 7.85 km2 to 9.93 km2, increasing from 16.5% to 20.9%, which was an increase of 
4.4%. Accordingly, the highest values affected by the fire were in the northern part of the region, 
which is located within the territory of the Republic of Azerbaijan. In the NDSWIR index, the 
maximum threshold on January 8 was 0.16. If positive values are considered as areas with high 
reflectances, then at a threshold of 0.04 and above, an area of 26.86 km2 has high reflectances. 
Positive values started at 0.12 on January 25 and covered an area of 23.99 km2, but no significant 
changes were observed. The extent of this area indicated the area affected by the fire. 

 

CONCLUSION  

The results of this study confirm the ability to accurately map burned areas using remote sensing. 
Multispectral images provided by Sentinel 2 satellite sensors have a high ability to detect fire zones, 
but they require the appropriate selection and combination of bands. The presence of several indicators 
allows for the achievement of desired results. However, environmental characteristics can reduce the 
level of accuracy of the final map. Water bodies and clouds cause errors for some indicators, and false 
reflections with an unjustified increase in pixels are considered burned areas. Even if the disturbance 
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of water bodies and clouds can be removed using special methods, the indicators must have the ability 
to reduce the effect of these phenomena. The new indicator presented in this study for Sentinel 2 
images makes it possible to detect the reflections of burned areas even in the presence of water bodies 
and cloud masses. This index has achieved high Kappa coefficient values of 0.92 compared to the 
MIRBI, NDSWIR, NBRSWIR, and NBR indices. 
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Drought is among the most significant climatic challenges affecting arid and semi-

arid regions such as Iran, typically triggered by specific atmospheric circulation 

patterns. This study aims to identify the atmospheric circulation patterns associated 

with widespread monthly droughts in Iran, using long-term data from 1979 to 2021 

and the ZSI index. The dataset, sourced from the ERA5 reanalysis, includes 

geopotential height, specific humidity, meridional and zonal wind components, air 

temperature and monthly precipitation with a spatial resolution of 0.25 degrees. The 

analysis indicates that widespread droughts do not occur during September, June, 

July and August. Overall, nine atmospheric circulation clusters were identified with 

four dominant patterns accounting for over 77% of drought events, emerging as the 

primary synoptic systems responsible for these occurrences. These patterns include: 

(1) lower-level subtropical high combined with a mid-level subtropical ridge, (2) 

lower-level subtropical high integrated with the Siberian high-pressure system with a 

mid-level ridge, (3) subtropical ridge present at both lower and mid-levels, and (4) 

lower-level high-pressure system and anticyclone over land. The findings emphasise 

the significant role of anticyclonic centres, high-pressure systems, and subtropical 

ridges, mainly active between the Arabian Sea and the Arabian Peninsula, in driving 

widespread monthly droughts in Iran. The northward shift of these systems relative 

to the climatological mean results in a marked decrease in precipitation across Iran. 

Additionally, the spatial configuration of these systems interacts with broader 

regional and planetary circulation patterns, highlighting the necessity for further 

research to better understand both monthly and seasonal precipitation variability and 

the occurrence of extreme drought events. 

 
Heidari, S. , Karimi, M. , Azizi, G. and Shamsipour, A. A. (2026). Synoptic Patterns of Atmospheric Circulation Affecting 
Widespread Monthly Droughts in the Cold Period of Iran. Journal of Natural Environmental Hazards, 15 (48), 19-44.  

 

© The Author/Authors  

DOI: 10.22111/jneh.2025.50956.2105 
Publisher: University of Sistan and Baluchestan 

  



20  Journal of Natural Environmental Hazards, Vol 15, Iss 48,  June 2026 

EXTENDED  ABSTRACT 

INTRODUCTION 
Drought is one of the most significant climatic hazards, especially in arid and semi-arid regions such 
as Iran. Its intensity and extent have been increasing due to climate change and atmospheric 
circulation patterns. This natural phenomenon is directly linked to anomalies in mid- and upper-
tropospheric atmospheric conditions. Synoptic phenomena such as cyclones, anticyclones, troughs, 
and ridges play a crucial role in the occurrence and severity of droughts. Studies by Pary et al. (2010) 
and Lutka et al. (2020) have demonstrated that high-pressure ridges and low-pressure troughs in the 
mid-troposphere can intensify drought conditions across extensive areas in Europe and its central 
regions. Both global and regional research have confirmed that synoptic systems influence pressure 
and wind anomalies, ultimately affect ing precipitation patterns and contributing to the development 
and persistence of prolonged and severe droughts in various regions Furthermore, identifying 
atmospheric patterns associated with drought occurrence at global and regional scale enables more 
effective forecasting and management of this hazard. 

Domestic studies have emphasised that changes in atmospheric structures, particularly in mid- and 
upper-tropospheric pressure systems over West Asia and the Mediterranean, have a significant impact 
on Iran’s droughts and widespread extreme events (Khoshakhlagh et al., 2012 & 2020; Mohammadi et 
al., 2012; Azizi & Alizadeh, 2014; Saghaei et al., 2023; Mashaikh et al., 2023; Vaziri et al., 2023). 
Although numerous studies have examined this hazard from various perspectives, especially from a 
synoptic standpoint, comprehensive research investigating both the spatial-temporal distribution and 
synoptic circulation patterns has been limited. The objective of this study is not only to identify the 
monthly synoptic circulation patterns associated with widespread droughts in Iran but also to analyse 
the atmospheric structure of these patterns. The findings of this study will provide a deeper 
understanding of the relationship between monthly circulation patterns and the occurrence of extensive 
droughts across Iran. 

 

DATA AND METHODS 
Widespread monthly droughts in Iran are primarily influenced by four major synoptic circulation 
patterns, represented by clusters 7, 8, 1, and 5. These clusters collectively account for over 77% of 
widespread drought occurrences, with clusters 7 and 8 alone contributing to more than 50% of these 
events (Table 1). 

In autumn, clusters 7 and 5 play a dominant role in the occurrence of widespread droughts, while 
clusters 4, 5, and 6 are particularly active in October. During winter, cluster 8 is the most influential 
pattern in December, January, and February, with cluster 7 also contributing significantly in February. 
In spring, cluster 7 is prominent in March, cluster 1 in April, and both clusters 7 and 5 are influential 
in May. 

These findings highlight the critical impact of specific synoptic patterns on Iran’s drought conditions. 
A better Understanding of these patterns can improve drought prediction and management, leading to 
more effective strategies to mitigate the impact of this climatic hazard. 
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Table 1: Temporal Distribution of Synoptic Circulation Clusters Related to Widespread Monthly 
Droughts (with an affected area greater than 80%)  

Cluster OCT NOV DEC JAN FEB MAR APR MAY 
Total 

contribution 

Percentage 
of total 

Frequency 
1   2 1  1 8 2 14 14.4% 
2  1 1 2 1 1 1  7 7.2% 
3 2    1 3   6 6.2% 
4 4       1 5 5.2% 
5 6 2    1  3 12 12.4% 
6 4        4 4.1% 
7  8 2 1 5 6 3 4 29 29.9% 
8  4 5 5 5 1   20 20.6% 

Total 
Widespread 

Monthly 
Drought 

16 15 10 9 12 13 12 10 97 100% 

 

To identify the atmospheric patterns influencing widespread monthly droughts in Iran, ERA5 
reanalysis data from the European Centre for Medium-Range Weather Forecasts (ECMWF) were 
utilized. These data include geopotential height, specific humidity, zonal and meridional wind 
components, and air temperature at five pressure levels (850, 700, 500, 300, and 200 hPa), as well as 
monthly precipitation from 1979 to 2021. These data, with a spatial resolution of 0.25 degrees and a 
monthly temporal resolution, cover atmospheric conditions over Iran and its surrounding regions. The 
accuracy of ERA5 precipitation data has been confirmed in various studies, and its use is 
recommended (Rahmatova et al., 2021; Taghizadeh et al., 2021; Heidari et al., 2024; Bahrami & 
Darand, 2024). 

The ZSI index was employed to assess drought severity, categorizing drought occurrence into two 
distinct states: 0 (no drought) and 1 (drought). To distinguish between regional and widespread 
droughts, a drought event was considered widespread if more than 80% of Iran's land area was 
affected. The results indicated that widespread droughts occurred only in eight months of the year 
(October to May), with no widespread events recorded during the warm-season months. 
Climatologists use cluster analysis as a common method to identify homogeneous climatic regions 
(Masoudian & Ataei, 2005; Masoudian, 2012; Mohammadiarian et al., 2019; Gerami et al., 2023). In 
this study, hierarchical clustering with Ward’s method and correlation distance was employed for 
synoptic pattern classification. Geopotential height data at the 500-hPa level were transformed into a 
similarity matrix, and clustering was performed on a monthly scale. The analysis identified eight 
circulation clusters associated with widespread droughts in Iran, each cluster representing distinct 
atmospheric patterns that contribute to or exacerbate drought conditions during specific periods. 

The selection of key clusters for final analysis was based on the temporal distribution and frequency of 
drought events. This approach allows for a more precise identification of the atmospheric patterns 
driving droughts. 

 

RESULTS AND DISCUSSION 
Widespread droughts in Iran are primarily influenced by three key factors: the position of anticyclones 
at lower atmospheric levels, the presence of mid-level troughs and ridges, and the subtropical jet 
stream at upper levels. During drought periods, the southwest Asian (Arabian) anticyclone shifts 
westward and settles over the Arabian Peninsula. This displacement reduces moisture advection from 
southern seas, increases geopotential height, and enhances negative vorticity, ultimately intensifying 
drought conditions. Conversely, during wet years, the eastward shift and expansion of the 
anticyclone’s eastern flank strengthen moisture transport and enhance precipitation. 
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In December, the combination of the subtropical high and the Siberian high-pressure system plays a 
crucial role in widespread droughts in Iran. The westward extension of the Siberian high-pressure 
system influences the country across the west. Variations in the Mediterranean trough and westerly 
winds are significant factors in determining whether droughts occur or precipitation increases. 
Analyses have shown that the formation of blocking patterns at mid-latitudes and changes in ridge 
axes, particularly their elongation, can impact drought severity. 

Furthermore, the subtropical jet stream is another key factor in the development of widespread 
droughts. Changes in the location and speed of its core control mid-level atmospheric flow dictate the 
pathways of cyclones entering Iran. These findings indicate that for predicting and managing Iran’s 
droughts, understanding the dynamics of atmospheric systems and their interactions with geographical 
features is essential. 

 

CONCLUSION 
Widespread monthly droughts in Iran are primarily influenced by specific atmospheric circulation 
structures, including subtropical anticyclones, mid-level troughs and ridges associated with westerly 
winds, and subtropical jet streams. During the cold season, the northwestward shift of the southwest 
Asian anticyclone prevents precipitation systems from entering and blocks moisture transport from 
southern seas, leading to drought. Conversely, its eastward movement creates favorable conditions for 
precipitation. 

At mid-tropospheric levels (500 and 700 hPa), the establishment of an anticyclone over the Arabian 
Peninsula suppresses atmospheric instability and limits the deepening of Mediterranean troughs. 
Additionally, the presence of a lower-level (850-hPa) anticyclone can transport moisture from the 
Arabian Sea to Iran. The extension of ridges and the stabilization of the subtropical jet stream over 
southwestern Iran are other critical factors contributing to widespread droughts, as they hinder the 
penetration of precipitation systems into the country. 
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The expansion of deserts is a major environmental issue that poses a serious threat to 

the health of ecosystems. This phenomenon not only directly affects biodiversity but 

also has negative impacts on agriculture and the livelihoods of local communities by 

increasing soil erosion and reducing water resources. To address this challenge, it is 

essential to carefully examine the status and trends of desertification and to develop 

appropriate management strategies. In this context, the use of analytical models can 

significantly assist in identifying effective factors and prioritizing preventive and 

corrective actions. The DPSIR model, which examines drivers, pressures, states, 

impacts, and responses, is an effective approach. This study utilized this approach 

and distributed questionnaires in the study areas around Garmsar County (the 

villages of Chahdab, Hosseinabad, Kark, Cheshme Nadi, and Ahmadabad). First, the 

sample size for surveying the residents was calculated using Cochran’s formula. The 

reliability and validity of the questionnaire were assessed using Cronbach's alpha. In 

this study, 32 responses, including 7 reactive and 25 preventive measures, were 

identified and prioritized for controlling desertification and reducing related effects. 

The results obtained from the questionnaires were analyzed using the SPSS software 

and the Friedman test. According to the results, from the perspective of local 

communities, "job creation and alternative livelihoods" and "dredging operations of 

the dam" were ranked the highest and lowest in terms of importance, with mean 

ranks of 25.42 and 8.83, respectively, among the identified responses for 

desertification control and mitigating its effects. Implementing reactive and 

preventive responses based on priorities plays a crucial role in enhancing ecosystem 

health and preventing further desertification. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The relationship between humans and nature has never been as worrying and threatening as it is today. 
At the end of the twentieth century, rapid population growth in many places led to limited access to 
land, water, and other natural resources (Akbari, 2020). With the development of technology for 
various sectors, the ground was prepared for the excessive and unprincipled exploitation of natural 
resource reserves, which are the natural bedrock of life and economic and social activities (Mosfaei et 
al., 2021b. and Soleimanpour et al., 2019). Desert expansion is an important environmental issue and a 
serious threat to ecosystem health (Salehpour Jam et al., 2019; Qabakhlou et al., 2023). This 
phenomenon not only directly affects biodiversity, but also has negative effects on agriculture and the 
livelihoods of local communities by increasing soil erosion and reducing water resources (Karimi-
Sangchini et al., 2021; Akbari et al., 2024). To address this challenge, it is essential to carefully 
examine the status and trends of desertification and to provide appropriate solutions for its 
management. In this regard, the use of analytical models can help in identifying effective factors and 
prioritizing preventive and corrective measures. The DPSIR model, which examines driving forces, 
pressures, status, impacts, and responses, is an effective approach in this field (Taliban-Fard et al., 
2021; Sarbazi et al., 2021). 

 

DATA AND METHODOLOGY  

In this study, this issue was also addressed using this approach and with the help of preparing and 
distributing questionnaires in the study areas of the outskirts of Garmsar city (Chandab, Hossein Abad, 
Korak, Cheshme Nadi and Ahmad Abad villages). First, the sample size for the resident survey was 
calculated using Cochran’s formula. To describe the different components of DPSIR, a multi-stage 
approach was adopted, which included reviewing environmental issues and on-site visits and 
interviews with experts in various fields, such as natural resources, environment, regional water and 
agricultural Jihad, university faculty members, local community representatives, and other 
stakeholders knowledgeable about the area. Participatory rural assessment (PRA) was conducted to 
refine and complete the DPSIR components, focusing on key issues in the area. Then, the residents’ 
views were presented to the expert working group for a final summarization. The reliability and 
validity of the questionnaire were examined using Cronbach’s alpha. Based on the questionnaire using 
a five-point Likert scale completed by the local community, a coefficient of 0.86 was obtained as 
Cronbach's. These results indicate that the questionnaire has good reliability. In other words, this 
coefficient indicates the good reliability of the measurement tool or questionnaire in this study. To 
determine the sample size for distributing the questionnaire using the Cochran formula, 180 
questionnaires were distributed among residents. In this study, 32 responses, including 7 reactive and 
25 preventive items, were identified and prioritized to control desertification and reduce the related 
effects. Subsequently, the results obtained from the questionnaires were analyzed using SPSS software 
and the Friedman test. The significance level is 0.00 (Sig = 0) in the Friedman test, which, considering 
that it is less than 0.01 (1 percent), indicates a significant difference in the importance of the indicators 
under study. 

 

RESULTS AND DISCUSSION 

According to the results, from the perspective of local communities, "employment and alternative 
livelihood" and "dredging operations of the dam" have the highest and lowest importance among the 
types of responses identified for controlling desertification and reducing the related impacts, with an 
average rank of 25.42 and 8.83, respectively (Table 1). Sheikh et al. (2018) also considered land 
planning and management strategies in the Hableh-Rud watershed, including the preparation and 
development of a comprehensive watershed and water resources management plan, the preparation 
and development of a land use plan at different scales, and the identification and training of new and 
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alternative jobs as the most important watershed restoration strategies, which is very consistent with 
the results of this study. The presence of various technical and management responses based on the 
DPSIR cause-and-effect approach, which is related to various stakeholders in this region, indicates the 
necessity for integrated management of this ecosystem based on joint strategic planning among 
stakeholders. The integrated resource management approach in the watershed area has been 
emphasized in other studies (Saleh Pourjam et al., 2021a and b; Mosafaei et al., 2020, 2021). Also, in 
Figure 1, the cause and effect relationships between the components of a driving force, pressure, 
situation, and effect in the DPSIR framework are presented. 

 
Table 1: Ranking of effective responses to desertification control obtained from the DPSIR framework from the 

perspective of local communities 

Priority Index 
Average 

Rank 
Sample 

size 
Chi-

square 
df 

Significance 
level 

1 Job creation and alternative livelihoods 25.42 

180 884.522 31 0.000 

2 
Improving the living standards of residents, both 
economically and socially 

25.25 

3 
Implementing rangeland management projects in the 
region 

22.80 

4 Education and extension in agriculture 22.42 

5 
Implementing watershed and aquifer management 
operations 

22.41 

6 
Forming a non-governmental cooperative based on 
comprehensive watershed management plans, programs, 
and objectives 

21.89 

7 Reconsidering grazing permits 21.86 
8 Water and soil conservation operations 21.66 
9 Development of rainwater harvesting system 21.17 
10 Development of volumetric counters in the region 21.13 

11 
Establishment of a comprehensive watershed 
management coordination working group (watershed 
council) 

21.06 

12 Increasing productivity in product production 21.06 

13 Strengthening the natural resources protection unit 20.66 

14 
Evaluating ecological potential and establishing a basis 
for land planning 

18.34 

15 
Increasing the unit for monitoring the principled 
extraction of groundwater 

17.81 

16 

Prioritizing and eliminating factors affecting the lack of 
public participation in the implementation of rangeland 
management, desertification and watershed management 
plans and programs 

17.56 

17 Insurance services in the field of damages 17.39 
18 Culturalization to reduce risks 17.02 

19 
Review of self-sufficiency policies in agricultural and 
horticultural products 

13.88 

20 
Review of self-sufficiency policies in livestock 
production 

13.16 

21 
Identification and planting of species resistant to 
temperature changes and compatible with the region 

12.86 

22 Amendment of land affairs laws 12.50 
23 Review of industrial development policies in the region 12.48 
24 Support packages for compensation of damages 10.58 

25 
Adaptation to water shortages (revising irrigation 
patterns, modifying cultivation patterns, modifying 
water consumption patterns, etc.) 

    10.14 

26 
Monitoring the proper implementation of mining 
activities in the region 

9.98 
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27 Designing a drought monitoring and warning system 9.64 
28 Reviewing and allocating environmental water rights 9.58 

29 
Reviewing population growth policies in land use 
planning 

9.44 

30 
Implementing all natural resource plans in the form of 
programs resulting from the comprehensive watershed 
management model 

9.03 

31 Designing a fire warning and extinguishing system 9.00 

32 Performing dam dredging operations 8.83 

 

 
Figure 1: The cause and effect relationships between the components of driving force, pressure, situation, and 

effect in the DPSIR 

 

The results of this study are in line with the findings of Abadi (2022) and Barjas et al. (2022), who 
emphasized the importance of education and increased public awareness to increase participation. 
Population growth leads to pressures such as livestock overpopulation and subsequent adverse 
conditions (Saleh Pourjam et al., 2020). The findings of Ningal et al. (2008) in Guinea and Saleh 
Pourjam et al. (2021a) also confirm that population growth has led to severe land-use change, 
agricultural land development, and loss of the natural environment, which is in line with the present 
study. The responses proposed in this study can be used to control driving forces, pressures or their 
effects in the study area. These responses can also help to improve the state of the system. In other 
words, the responses provided are corrective solutions to the situation and related effects and solutions 
to control or modify the driving forces and pressures, which are provided for all components of the 
DPSIR approach. 

 

CONCLUSION  

Therefore, following the identification of management responses obtained by this framework, it is 
suggested that action plans be developed that are carried out with the participation and cooperation of 
all stakeholders in the watershed. In addition, this framework, based on the identification of 
management responses, identifies a wide range of stakeholders to improve the situation of the region. 
Accordingly, to control desertification in the study area, the results obtained by this framework can be 
used in the management processes of the region. Operationalizing various reactive and preventive 
responses in the region based on priorities plays an important role in promoting ecosystem health and 
preventing the spread of desertification in the region. 
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Landslides, recognized as complex natural hazards, pose significant threats to 

infrastructure, human communities, and fragile ecosystems. This study aims to 

investigate the influence of geomorphic characteristics on landslide occurrence 

patterns in the Shahid Abbaspour Dam watershed (Deh-Sheikh) using the advanced 

machine learning Random Forest algorithm. The dataset comprised 15 key layers 

influencing landslides, sourced from various datasets including 1:50,000 topographic 

maps, 1:100,000 geological maps, Landsat satellite imagery, and field observations. 

Initial data processing was conducted in ArcGIS, SAGA-GIS, and ENVI software 

environments, followed by modeling using machine learning packages in RStudio. 

The results indicate that geological formations (23.7%), slope (19.5%), and distance 

from rivers (15.2%) are the primary factors controlling landslide patterns in the 

region. The model output reveals that approximately 30.4% of the watershed area 

(75.37 km²) falls within the high-hazard class, predominantly concentrated in the 

southern and southeastern sectors. Model performance evaluation using statistical 

metrics demonstrated the algorithm’s robust performance, with an overall accuracy 

of 0.986, a Kappa coefficient of 0.972, and a root mean square error (RMSE) of 

0.0101. This study represents the first comprehensive landslide hazard assessment in 

this watershed using machine learning techniques, providing a scientifically rigorous 

framework for risk management, environmental planning, and mitigation of 

landslide impacts in similar mountainous regions. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Landslides, as one of the most complex and destructive natural hazards, pose significant threats to 
infrastructure, human communities, and fragile ecosystems, particularly in mountainous regions. 
These phenomena, characterized by the sudden or gradual displacement of soil, rock, and geological 
materials on slopes, can cause substantial economic and human losses (Li et al., 2024; Guzzetti et al., 
2016). The increasing frequency and intensity of landslides, driven by human activities such as road 
construction, deforestation, and land-use changes, coupled with climate change, have made them a 
critical challenge for natural hazard risk management (Rohan et al., 2023). The Shahid Abbaspour 
Dam watershed, located in the Folded Zagros zone, is highly susceptible to landslides due to its 
diverse geological formations (e.g., Gachsaran and Quaternary deposits), rugged topography, and high 
tectonic activity (Mumipour & Moavi, 2022). These conditions underscore the need for a 
comprehensive study of geomorphic factors influencing landslides and the development of accurate 
risk zonation. Recent advancements in machine learning, particularly the Random Forest algorithm, 
have revolutionized the analysis of complex, multi-source geospatial data (Liu et al., 2023). Random 
Forest, with its ability to model non-linear relationships and mitigate overfitting, has been widely 
applied in landslide susceptibility mapping (Pourghasemi et al., 2020). However, few studies have 
utilized this approach in complex watersheds like the Shahid Abbaspour Dam, highlighting a research 
gap that necessitates a detailed investigation using multi-source data and advanced methods. This 
study aims to identify and prioritize geomorphic factors influencing landslides, produce a high-
resolution hazard zonation map, and provide a scientific framework for risk management in the study 
area. 

 
DATA AND METHODOLOGY  

This study employed the Random Forest algorithm to investigate the influence of 15 geomorphic and 
environmental factors on landslide patterns in the Shahid Abbaspour Dam watershed. The selected 
factors included elevation, slope, aspect, distance from faults, distance from roads, distance from 
rivers, geological formations, land use, normalized difference vegetation index (NDVI), soil texture, 
seismicity, slope curvature, topographic wetness index (TWI), stream power index (SPI), and 
precipitation. Data were sourced from multiple platforms, including 1:50,000 topographic and 
1:100,000 geological maps (Iran Mapping and Geological Organizations), a 30-meter resolution 
digital elevation model (DEM) from the ASTER sensor, Landsat LC09_L2SP satellite imagery 
(USGS, dated 4/2/2025), and field data (145 landslide points). Data processing was conducted using 
ArcGIS 10.8, SAGA-GIS 9.0.1, and ENVI 5.6. Slope, aspect, SPI, TWI, and curvature maps were 
derived from the DEM. Distance maps for faults, roads, and rivers were generated using the Euclidean 
distance method, and precipitation maps were created via inverse distance weighting (IDW) 
interpolation. NDVI was calculated from Landsat imagery. Modeling was performed in RStudio using 
the Random Forest algorithm, following these steps:  Data Preparation: All data layers were converted 
to a 30-meter resolution raster format and split into training (70%) and testing (30%) datasets.  
Model Optimization: The number of decision trees (K=500) and random predictors per node (m=4) 
were optimized using 10-fold cross-validation. 
Variable Importance Analysis: The Mean Decrease Accuracy index was used to assess the 
contribution of each factor to landslide occurrence. 
Hazard Zonation: The model output was classified into five hazard classes (very low, low, moderate, 
high, very high). 
Model performance was evaluated using accuracy, Kappa coefficient, root mean square error (RMSE), 
mean absolute error (MAE), coefficient of determination (R²), and area under the ROC curve (AUC). 
Sensitivity analysis and principal component analysis (PCA) were conducted to check for 
multicollinearity (VIF < 5), and bootstrapping (1000 iterations) was used to ensure model stability 
(Rahaman et al., 2024). 



Investigating the Impact of Geomorphic Characteristics on Landslide Patterns …. 3 

RESULTS AND DISCUSSION 

The variable importance analysis revealed that geological formations (23.7%), slope (19.5%), and 
distance from rivers (15.2%) were the most influential factors controlling landslides. The Gachsaran 
and Quaternary formations, characterized by evaporitic structures and high erodibility, significantly 
contribute to slope instability. Steep slopes (>35 degrees) and proximity to rivers further exacerbate 
instability, while precipitation, SPI, and NDVI had minimal impact, likely due to uniform precipitation 
distribution and dense vegetation in the northern parts of the watershed (He et al., 2024). 
The hazard zonation map indicated that 30.4% of the watershed area (75.37 km²) falls within the high-
hazard class, primarily concentrated in the southern and southeastern regions. These areas correlate 
with erodible formations, steep slopes, and high drainage density. The very high-hazard class (18.4%) 
was observed in zones with active tectonics and fault density. Conversely, the northern and 
northwestern regions, with gentler slopes and dense vegetation, were classified as low or very low 
hazard. Model validation demonstrated the superior performance of Random Forest, with an overall 
accuracy of 0.9863, a Kappa coefficient of 0.9717, RMSE of 0.0101, MAE of 0.0058, R² of 0.9908, 
and AUC of 0.97. The high-hazard class exhibited the highest sensitivity (0.96) and negative 
predictive value (0.98), while the very low-hazard class had the lowest sensitivity (0.24). 
Bootstrapping confirmed the robustness of the results (Agboola et al., 2024). The findings highlight 
the dominant role of geological formations and slope in driving landslide occurrence. The Gachsaran 
and Quaternary formations, due to their loose structure and high sensitivity to moisture, significantly 
contribute to slope instability, consistent with Pourghasemi et al. (2020). Steep slopes and river 
erosion further amplify instability, while precipitation had a lesser role due to its uniform distribution 
(Gu et al., 2023). The southern and southeastern parts of the watershed, characterized by high fault 
density and human activities like road construction, are particularly vulnerable, aligning with Zuo & 
Carranza (2017). 
 
CONCLUSION  

This study identified geological formations, slope, and distance from rivers as the primary drivers of 
landslides in the Shahid Abbaspour Dam watershed. The hazard zonation revealed that 30.4% of the 
area is at high risk, concentrated in the southern and southeastern regions, necessitating urgent risk 
management. The Random Forest algorithm demonstrated exceptional performance, providing a 
reliable framework for landslide prediction. Recommendations include slope stabilization, land-use 
regulation, and real-time monitoring systems. This study fills a critical research gap and serves as a 
model for similar mountainous regions. Compared to global studies, the Random Forest model in this 
study (AUC=0.97) outperformed traditional statistical models, as reported by Li et al. (2024) 
(AUC=0.95). The minimal impact of precipitation contrasts with Mondini et al. (2023), likely due to 
regional climatic conditions. Practical recommendations include afforestation in high-slope areas, 
developing drainage systems, restricting human activities in high-risk zones, and implementing early 
warning systems using remote sensing data (Rodrigues Neto & Bhandary, 2024). Limitations include 
the lack of long-term time-series data and challenges in modeling seismically triggered landslides. 
Future research could leverage InSAR data and deep learning models for enhanced predictions (He et 
al., 2024). 
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Flash floods are important hazards in water resource 

and  environmental  management. This study aimed  to identify flash  flood-prone areas 

in the Khiaochay  watershed and investigate  the relationship between  spectral indices 

and flood risk. In  this  regard, the MFFPI model was used as the main tool 

to  determine flood-prone  areas. The parameters used included  slope, flow density, 

slope curvature, rock type,  soil texture, and  land  use, which were extracted from 

sources such as  digital  elevation models (DEM), geological maps, and 

remote  sensing  data. After  classification and weighting based on the 

modified  version of the MFFPI model,  these  parameters were processed  in a GIS 

environment, and a final flood hazard  map was  produced. To evaluate the  model's 

performance, two floods  recorded in   2020 were examined, and ROC analysis 

was  performed to measure  the accuracy of  the model. In addition,  the relationship 

between the spectral indices MNDWI,  NDMI,  AWEI, and LSM   and the MFFPI 

values was examined using  Spearman's  correlation test. The results showed that 

the  northern  areas, parts of the center, and  some southern areas of  the basin have the 

highest risk of flooding. The  evaluation  of the  parameters showed that factors such 

as low slope, high  flow  density, low-permeability clay soils, concave  slopes, urban 

land  use, and hard  igneous rocks are effective in increasing runoff  and flooding. The 

analysis of  the  spectral indices also showed  that the LSM index has a positive and 

significant  relationship  with the MFFPI  model and can be effectively used to 

identify  flood-prone areas. The AUC values for the two floods  studied  were 0.73 and 

0.72,  respectively, which indicates the  acceptable performance of the model in 

predicting  flood  risk. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Flooding is a phenomenon that occurs owing to a sudden increase in river water volume or rapid water 
flow owing to heavy rainfall, causing extensive damage to the environment and infrastructure. Iran is 
particularly exposed to devastating floods in its northern regions, and factors such as heavy rainfall, 
improper watershed management, and inadequate flood-control infrastructure increase the severity of 
the damage. Various methods have been proposed for flood risk assessment, including numerical and 
data-driven models based on GIS and remote sensing (RS). This study used the modified MFFPI index 
and remote sensing spectral data analysis to identify vulnerable areas in the Khiaochay watershed. 

 

DATA AND METHODOLOGY  

In this study, the MFFPI model was used to simulate flash flood-prone areas in the Khiawchay 
watershed. Figure 1 shows the location of the Khiawchay watershed in Bhutan. 

 

 
Figure 1: Location of the Khiawchay watershed in Ardabil province and Iran. Source: Authors 

 

The key parameters of the MFFPI model, including slope, flow density, slope curvature, rock type, 
and land use, were extracted from various sources, such as DEM, geological maps, and remote sensing 
data, processed in a GIS environment, and weighted according to Table 1. 
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Table 1: How to score the parameters of the MFFPI model (Tincu et al., 2018). 
Parameter Parameter Weight Class Class Weight Final Score 

Slope (degrees) 3 

10–60 

8–10 

6–8 

3–6 

0–3 

1 

2 

3 

4 

5 

3 

6 

9 

12 

15 

Flow Density 2.5 

0–1 

1–2 

2–3 

3–4 

4–5 

1 

2 

3 

4 

5 

2.5 

5 

7.5 

10 

12.5 

Slope Curvature 2 

(-49)–(-18) 

(-9)–(-0.5) 

(-0.5)–(0.5) 

0.5–1.5 

1.5–23 

1 

2 

3 

4 

5 

2 

4 

6 

8 

10 

Soil Texture 1 

Sand–Clay 

Sandy–Loamy–Clayey 

Various Textures 

Clay 

Clayey–Silty–Clayey Materials 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Rock Permeability 1 

Alluvial Deposits 

Sandstone, Conglomerate Formations 

Marly Formations 

Limestone Formations 

Igneous Rocks 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Land Cover/Use 0.5 

Forest 

Dense and Semi-Dense Pastures 

Agricultural Land 

Low-Density Pastures 

Water Surfaces 

1 

2 

3 

4 

5 

0.5 

1 

1.5 

2 

2.5 

 

The accuracy of the MFFPI model was evaluated using real flood data and an ROC curve. In addition, 
the relationships between the spectral indices MNDWI, NDMI, AWEI, LSM, and NDVI and the 
MFFPI model were investigated using the Spearman correlation test. 
 

RESULTS AND DISCUSSION 

This study investigated the factors affecting the occurrence of floods in the Khiaochay watershed 
using the MFFPI model. The findings show that the slope of the land plays a key role in the formation 
of runoff, such that low-slope areas are prone to runoff accumulation owing to their high water 
retention capacity, whereas in steep areas, the water flow becomes more intense. In addition, the 
density of flow in waterways significantly increased the volume of runoff, particularly in the northern 
parts of the basin, where the main waterways were concentrated. The results of the soil type study 
showed that clay soils with low permeability had the highest potential for flood production. In 
addition, the curvature of the slopes affects the runoff pattern, such that concave slopes are prone to 
water accumulation and increase the risk of flooding. Land cover and human activities also play an 
important role; urban areas and wastelands have the highest flood risk scores in the model owing to 
reduced infiltration. Finally, flood risk zoning showed that the northern areas and parts of the central 
and southern basins had the highest flood potential. Examining the accuracy of the model using the 
ROC curve showed that the model has a good ability to identify flood-prone areas. 
 

CONCLUSION  

The results of this study showed that flood risk in the Khiaochai watershed varies under the influence 
of factors such as land slope, flow density, soil type, land use, and geology. Low-slope areas with clay 
soils in the center and north of the basin had the highest runoff potential, whereas higher areas had a 
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lower risk owing to the high flow velocity. The spectral indices also confirmed the direct effects of 
soil moisture and vegetation on flood occurrence. The evaluation of the MFFPI model using the ROC 
curve showed that this model performed well in predicting flood-prone areas. 
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���V� I� � ) � ���#��/ @��"�# � J)�)�� �� ����� �� 0�M&� *��&# I��# I� P�R �C)�  �*��� �/ � ���) ��.

2020c�� .( )I�� ���# �>��?� ��/c�� .J�� ��. @
��� (�� �W= (��&T � �#�  �-"�� ��WV ��/1HEC-HMS  �

HEC-RAS2 @��. ���# 0;�� �I�� ���� @# �/ @-)C/ � $�V� ��/ @A�B @# � �"��� I��" h�# ��/  ���&� qD�, ��/

c�� �(#�%� �� .�-�M/ ���� � q)������R ��/ ���� I� ���>��� �# ��&� ����/�� ��/  � ��GIS  L)��. � y�C# b��%� ��

) �)��
���� H��;�� G�M�� I� *�%%&� I� ����M# �O)� �# ��;� .�"�dj� ���� ����,GIS (�M"��R <=�. �# �-��� (

J�Y�w= b��� �# �"�F��" (����/ X��-, (���� � O��I0;�� @���T ��--,  @��� �#�)I�� ���# �"�F��" ��/

0;�� @# J���MB  �� �"�F��" ��/���, ���>��� {�= sW� q)  �*��� �/ � ��	�T) �"�2024 .( O)� �# @�	�W�

��F# a;Y� <=�. I� ����  ��.3MFFPI� Z��1 $��-� �)���-. @#  ��D���= C�?#1 @A�B �� (�� �#��# �� �)xR

�� J)���&� @# @��T �# .�I���R c�� ��/  ��)�C� � ���� ��/GIS ���� � P+-� ��/I����>��� ���� <=�. I�  ��/

                                                      
1 - Hydrologic Engineering Center - Hydrologic Modeling System 
2 - HEC-RAS: Hydrologic Engineering Center - River Analysis System 
3 - Modified Flash Flood Potential Index 
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�� ���,�T (��&T JV� �"��T a;Y� @?M" I� ���>��� �� P/�QR O)� ���1�" .�/� P)�C
� �� �/  ��.MFFPI  �����# 

<=�. �# *1 S��T�� P+-� �>�� ��/@�
�� ���V @��T ���� ���, @-��I O)� �� *�-,�T @, J�� ���I�  Z�,�T .�"�

��M� �B��" �)���-. JV� ��� )�� �� O)� 0;�� �W= J)�)�� ���# ��1��, �#�D��D � ���!?# ���F# �� 0;�� �

�� @
��� .�/�  

 @��� I� @�
�� ��+"� *��)� � ��"� �� @-��I O)� �� �T��	�W��T� - ) *��� �/ �2018 <=�. @���T �# (MFFPI  ��

"���� c�T��T @"�=��� @A�B�  �@# ���,��� �&T�( �����*� �, (��� @� �@"���-D��� ���-. �� �dj��)  @, �"��,

6/91 �Y�� )���\"� A�T �� X���s �� �����" .)g *1 � @, ��� *�!" �/)O h�# $#�WT <=�.�) � �W= @!%" �#�0; 

C#� � ������� R �� �dj��P #�-� � $��-��( =�C .J�� ) *��� �/ � @,����,2019,�T �# (�Z 1AHP ��'	� �)G� �/� 
2KNN  �K-Star ��F# � ���� ���� I� �/� P+-� � ���I�10  <=�. ��dj� (���3FFPI ��" .�"��, @���&� ��)g 

,�B� �T�# I�� ,�T X����� KNN–AHP X�� @# J�M" �/� " *1 JV� @, ��# (%�M��C -&-� �#� 4ROC  �5AUC 

vT�)� .�. ) *��� �/ � �R�R2020 <=�. I� ���>��� �# (FFPI X�� � I��� %� �� �dj� (������b 30 ����� 

�1�Z xR)�� ��0; I�� ����	�� @A�B �� ��)#�� *1 .�"��, dvT �/�� ('-� ��I�) " ���C ���#�  @, �"��� *�!" � ���,

FFPI � $#��� �#�0; � � J�� *��?�/� �"��T � U�
� �V�
 $��-� �����=��� ��C#�� FT �� (� ��@ @!%" �/�  �W=

) *��� �/ � @>V��. .�.�#2020��F# �# ( ����  <=�. I�FFPI  �GIS"��&# $��-� �� ��0; "�F��"�  @A�B �� ��

*��� - ���-. �V�I�) *1 .�"��, �C
� @, �"��� *�!" �/)P . *I��Z �#��, �� �I�O # P%"@�C��) �!T ��)�  �W=

��0; (#�V P?# � ���� F��T� M# �T L���� a�W� �� @%W-� I���� h�# .���� ���V �W= �u" I� ��,���)|  *��� �/ �

)2021 <=�. I� ���>��� �# (FFPI �&T ��( �, (��� ��FD���� � �W=�0; ��-T� ���� �# �/�  � 0�"�� @A�B

���# �� qR� ��" .�"��,)g  @, ��� *�!"5/33 �Y�� I� $��-� M# �W= z��� ����� � h�# 68 �Y�� �� sW� �W= 

L���� ���V ��"��� @, *�!" ��-/� ��1Z xR)�� (#�V @��T I)J=��� �/ �J�. D�,�\ ) *��� �/ �2022 �# (

@# ���,���  <=�.FFPI  �15 &� �� �dj� (����L GIS�1 @!%" ��Z xR)�� ��0; 	�� @A�B ����
�� FT ���@ 

��" .�"��,)g  ��� *�!"43 �Y�� I� @%W-� �� sW� ��1Z xR)�� M# �T h�#��� R c�� � ���� ���V h�#���F-!�� 

"��?�/� h�#�) ���� �# �/� ��T)?� ��@�. ��# �� ��)�)J �)qM Y�T�@ ) *��� �/ � X���" .J�� ��.2023 �# (

 <=�. I� ���>���FFPI �, (��� ��FD ���� .)��Z �#��,� �I��O  � ]�= U�"6NDVIM"��R �(�( ��0; "�F��"� 

C	�� G	�� ��. �� ��� I��)#�� *1 .�"��, �� �/)�-�
�  @%W-� @,��!�# ��-� � ���� ���V L���� �W= sW� ��)��  ���

 X���B� �#71 �Y�� U�V� ��0; �.)�� ��F# �� ���� �� @# J�M")� ��-�)�/� .J.�� ) *��� �/ � ��	�T2024 �# (

��F# ���� ���-
 I�� P+-� <=�. � ���I�MFFPI �� �W=�0; ��T @A�B �� ��� I�� �-/)#�� *1 .�"��,  �/

@%�� �W= sW� g-R �� �� @%W-� �-#� ��" � ���,)g  c�� �# ��AHP +-�������� '�M��/ @, �"���"� h�#�)  �#

�V���J �/� ��"��� .��� *�!" ��R)O )1398 X�� I� ���>��� �# (MFFPI �/������R �� 
�C)
������ � �W=�0; 

�F��""� �;�� @A�B �� �� @-FR 0�} ��#1 �-#� ��" .��,)g  ��� *�!"45 �Y�� I� @%W-� �� @-FR �W= )I��  � ���� ���V

                                                      
1 - Analytic Hierarchy Process 
2 - K-Nearest Neighbors 
3 - Flash Flood Potential Index 
4 - Receiver Operating Characteristic 
5 - Area Under the Curve 
6 - Normalized Difference Vegetation Index 
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�B� �/������R NxB �#� G, �;�� J.� ��d�  �W= z��� �� *�-e�/ 0�} ��#1���� ���V h�#. /��#���� )1399 �# (

��'	� I� ���>���)G� 
��wT ('-�� ���# �� 9 . �c��# (��. <=�.��Z �#��, � U�>T��� A����� !%"~ ��)�)J 

� H����?��0; A�B �� ��~ ?#1�C FT H�"����	�@ ��" .��,)g GF� c��# ��� *�!" �T)O � U�V� (����0;  � J��

#�P " I���� @# @%W-� I� �)�Q P?# �� �/� 	��.� #�} �� @-FR �� �/� ��R .�"��� ���V ]�"�W=)O )1399 �# (

 X�� I� ���>���MFFPI � �W= ��W= @��� @���&� c�� ��0; �/� "�F��"� . �wV @A�B��)O I�� ��)#��  .��,

��")g  @, ��� *�!"93 �Y�� I� JB�M� @A�B $�� c�� @��� �W= �� z��� �W= )I�� 	�B�� �J��� X�� @,

MFFPI  ���B60 �Y�� @%W-� �� �� @-FR ��/  ��� ���V �W=�R ��# 
 (���� �# C,��T�C)
������ �Th�# JV��  ��

���-.�) ����� .J.�� b�MB $��-���� �/�� �� )1401��F# �# ( ���� I�
 c�� I�� ���� � �/� . �U�>T����Z 

	 �c��# �@"�=��� I� @�Y�
���	��� �#��, �� A����� � �W=�0; �R ���)O J�� @-FR �� � " @A�B �-#�  @!%" .�"��,

�F"�) <=�. �# �/� ROC �R�, �� +-������� O/�,�  @, ��� *�!" � �.7/15 �Y�� I� JB�M� �@%W-� (��. 30 

�Y�� I� $��-� ��F. ����� ��)� @-FR �� �/� I �W=)�� M# ���� I)�� ��� @-'"I � *���FV .���� ���V� )1401 �# (

��wT I� ���>���)� ������ Sentinel-1 @"���1 c�� � ��x�� Otsu� ���M� $��-� ��0;  *����	 *� !, @"�=��� ��

���-. ���) ��" .�"��,)g  c��# ��� *�!"47/46 ���� ��� � U�V� ���#�0;  ��6/51 �Y�� I� @%W-� �. � 

�R*�e ��� @#  *��-�) � "��&# $��-� I�� 
���� ���)�� .)O !?#�d� �@�	�W�� ��wT)� ������ ���-. �� ���) 

��0; �/� @u&	 �� vT�)� �A� .��,�) ��%� ) *��� �/ �1402 X�� I� ���>��� �# (MFFPI� �W= ��0; "�F��"�  ��

�#1 @A�B ��)C *���� �D� I��)#�� *1 .�"��, . �/��Z �� G,��T)�*� �#��, � ]�= J
�#� A���� ��# ��� *I� /�� 

h)@ �/ @# �� � �"��# ��,)�-�
� . @,��Z �#��,� �I�O # ]�= J
�# ��!��)O dvT�� ��" .�"��� ��)g  �# $��-� ��� *�!"

I �W=)�� ��!�# J.� � @"�=��� ��M# �� �/� #���� M# �W= �# $��-� ���M� � �"C,������� �C
� G,)P )@�
� 

) *��� �/ � a;
 .J��1402 X�� I� ���>��� �# (EBF1� ���M� $��-� ��( � J.����=; ���-. �� *����	�) 

� .�"��,)O @# �# @�	�W� ���,��� ���� �/� ��( �/� . �U�>T�� �-"�� �dj� (���� � @�.x���Z  � @"�=��� I� @�Y�


! /I G,��T�� � ������� @!%"�( FT ���@ ��" .���")g  JV� �#76 �Y�� �X�� ��/�J  � @"�=��� I� @�Y�
 �U�>T��

! /I G,��T� @# �� �, (���� *��-���� R ���P #�-� ��( =�C� vT�)� �#�� .��,)-� ) *��� �/ �1403 ���>��� �# (

 X�� I�MFFPI �&T ��( 6 �Y� ������R�� @-FR �-#� � �W=�0; � ����>. @A�B�*; FT b;, g-R �� ���@  .�"��,

��")g P?# ��� *�!" �/� #�-�� 0�-� � #�}� I �W= z��� �� @A�B)�� = ���� I)�� �� ��"��� ���V	�B� @,

 $��-�C,��� ����� W=� .�-�M/ G, �T L���� 

R H��	�W� �����!�O � *�!"� �/�  <=�. @,MFFPI M# ������ @A�B I� �/� ?#1�C @# ��C#� *��-��  JF� ��1��,

���-.�)  ���M� $��-�0;�� @# � �dj� P%" ���� �# .J�� ��. @�
�� ��,)O �%T�� �� <=�.� X�� JV� I��� �/ 

���0; ���,� �/�) �/*�e ���# *��%
� <=�. K��� �/� ��> �P/�QR Z�}� ��  .J�� ��F!� �/ O)� �# P/�QR

� *��, �R N�/)O >�T @# ��=�$  <=�.MFFPI <=�. �# �/� ��>� �� � @�=���R)�� � �")O ��#�  JV� ���F#

���-.�) � $��-��( =�C � @
���� �/�.  

  

  

                                                      
1 - Evidence-Based Framework 
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���� �
 D�� � �
    

 ��;�S� ��3� ���,�� 

 @A�B ���B �� ��B�M� �# ��D���= C�?#113000  *����F. 0�-� � *;�� ��, �#�} @�.�B �� ��� /

O�'!� �� 0�M&� (�#��� *���� I� �!?# @%W-� O)� ����!, H���M%T �u" I� .J�� ��. KV�� �F.  I� � ��.

@A�B�)I ���I �� ��)��
���� ����)� .���� ���V �C= y�C# C�?#1 ��/ �� @A�B�)I O)�  �)��
���� z�� ����&�38 

 � @���11  �T @%�V�38  � @���28 @%�V�  �)��
���� X�� � �	��.47  � @���37  �T @%�V�47  � @���48  @%�V�

 �@%W-� O)� U�>T�� O)��!�# .J�� ��. ����M� �V�.4560  �#�-� H���>T�� �� ��M, @�V �� �)�� sW� I� ���

 *1 U�>T�� O)���, � @A�B1375 ���  ���� ���V �"�W�� (R ��������/ ��'�M)� ����&� �� �@A�B ����= ��

 �*��� �/ � �d��})1396 ( . .(1 *�!" *��)� � *���� sW� �� �� ��D���= C�?#1 @A�B �)��
���� J��V�� �

�� .�/�  

 
 :)�1:  A��T3�M��KN �O3P U��7� � :�K��� U�E*� �� '�>���L. P/�QR *���"��'" :K�-�  

D�� B
��
 �*�6� 

@��. ��u-� @# �P/�QR O)� ��  X�� I� ���D���= C�?#1 @A�B �� �"�F��" 0;�� �B��" �I��MFFPI  .�. ���>���

@-��� ��-&"� �*�)�� G,��T �Z�. (��. X�� ��Y� ��/������R ���#� ���u-� O)� ���#  ���>T�� ���V� X�� I�1DEM 

30 ��� [-� \-� �@!%" I� O��I ��/ ���-.1:100000 .�. ���>���   @!%" ��� (��� ��M# �� C�" ]�= J
�#

 ���� ��')�R I� O�+"�USDA  J,����R I� O�-e�/ �GLC-FCS30D @# @�	�W� ���� @A�B �A��� ��#��, J��A�-

a;Y� @?M" $�� �/������R O)� .��1 J��  X�� ��.MFFPI  X�� �� *��� �/ � � -�T L��T @,2018  �
���

��.@%�� ���?� b;, g-R @# �  I� ���>��� �# �\f� .�. @�
�� �u" �� �Y�= *I� ���,�/ ���# � �"�. ��-#

 ��/��C#�Raster Calculator �� ��"  ��C
�GIS @���&� �T��;�� @)h �/ �)�F" I����� � Z�,�T �/������R O)� �)��%� �

?#1 @A�B �� 0;�� �W= (�M"��R @!%" �J)�F" �� .�)��� X�� I� ���>��� �# ��D���= C�MFFPI  ��/������R �

                                                      
1 - Digital Elevation Model 
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*I� �/� 0;�� I� ���� �� �X�� JV� �#�)I�� ���# .�. ��	�T ��. �� ��/ �)��T �� ����  ��/14/07/2020  �

06/06/2020  �-&-� I� ���>��� �# X�� �� ��� � J
�� ���V ����# ����ROC <=�. �O�-e�/ .�. �#�)I��  ��/

 �-"�� �>��1MNDWI �2NDMI �3AWEI� 4LSM  �NDVI *�!" @, ]�= J#��� � �#1 K#�-� ��-/� *�/��� � 

����/�� �)��wT I� ��-�M/  J��-	 ��8 <=�. O)� I� .�"�. (��&T � `��?��� O�+"� ��� (��� ��M# ��  �� �/

) *��� �/ � �'-�� H��	�W�2024) *��� �/ � �-�T��	1 �(2022) *��� �/ � �"��,�, � (1403 �)���-. ���# (

���� *���" X���" I� *�-���� I� \R .J�� ��. ���>��� �#;�� �B��" ������, *��I1 I� ���>��� �# �/N  - 

<=�. I� q) �/ O�# S��T�� �N�"�����  X�� � �>�� ��/MFFPI  ���� O���f�� �'�M��/ *��I1 I� ���>��� �#

.J
�� ���V ����#  

2,� MFFPI   

 X��MFFPIa;Y� @?M" �  X�� ��.FFPI ) *��� �/ � � -�T L��T @, J��2018 X�� O)� .J�� @�
�) @���T (

 �Z�. ����, ������R P. (��.G,��T  ��#��,/O��I P.�R � [-� ��)xRi�>" �]�= J
�# �@-��� ��-&"� �*�)��

�A��� �� @# @, �.�#@# �"�F��" 0;�� (�M"��R �#�)I�� ���# �w=�. *��-��� ��, a;Y� �)�F" @?M" �� .���  ���.

@%�� b;, g-R �� � ���# ��= {�w?� *I� ����� ������R �/ �� ��-# *I� .��.  ��/1  �5 *�!" Z�T�T @#  ��-/�

 �*��� �/ � � -�T) �-�M/ �"�F��" 0;�� U�V� (�M"��R @+��" �� � 01 J.��"� �# ��dvT O)��!�# � O)���,2018 .(

 X��� ��1" �������R �/�I����� ��&  X�� ��/MFFPI .J�� ��. @
���  

 2�,V1:  2,� '�
�E����
 �
�J��E�� �3�(MFFPI  �U���)�
 � 3)6�$)2018.(  
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1 - Modified Normalized Difference Water Index 
2 - Normalized Difference Moisture Index 
3 - Automated Wetland Ecosystem Index 
4 - Land Surface Model 
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 ^L��MNDWI  

a;Y� <=�.  ��A�>T 01 ��.X���" ) ��.MNDWI@# �"��� C��V *���� �"�# �-)C')�� �# (  C��V *���� �"�# ���

 <=�. �� q)�C"NDWI @-FR �)���-. �� <=�. O)� .�. �
��� ��Q)� � �#1 ��/  �#��W� �� ��� ]�= ��/

(M �R ���# <=�. O)� ���%� .����  I� ���, �"� M� $��-� � �/��� P.�R �O��I �-"�� �#1��} ��/ �>Y

)MNDWI<0�	�B�� �J�� ( (M �R @, ) �>Y I� ��!�# ���%� ����� ��/MNDWI>0@# (  �)���-. �#1 $��-� *��-�

�� ��+"� H�B;Y� .�"�. @"���1 ����)�R P)�C
� ���# <=�. O)� �� ��.  �# @M)�%� �� �/NDWI  JV� � ��.

�� @
��� 01 J�>�, H�����T <�?!T �� �� ��Th�# �/�   �����) �*��� �/ �1400.(   b��� �# <=�. O)� X���


 @W#��1@# ��� J�� .�)1  

)1 (  MNDWI =
��		
��
�

��		
��
�
  

 �@W#�� O)� ��Green *�!"  � C�� �"�# 0�TI�# ��-/�MIR .J�� ��T�, `�� X�� �# C��V *���� �"�# 0�TI�# �'"��# 

  

^L�� AWEI  

Feyisa ) *��� �/ �2014 ��,��= `��?��� <=�. () 01AWEI NxB � �#1 a�W� �)���-. ���F# ���# �� (

(M �R (M �R ��k,��B q� >T �<=�. O)� ��Y� N�/ .�"��, �
��� ���T ��/  I� ���>��� �# 01��} I� 01 ��/

 ���%� @, �%��-� �� �<=�. O)� b��� �# .J�� �>�� ��/�"�# (A�>TAWEI<0 @# (M �R ��.�#  �� 01��} *��-�

�� @�
�� �u" .�	�B�� ���  @, �%��-� �� @,AWEI>0 *�!" ��.�# @-FR ���B ��-/�  J�� �#1 ��/ � �����)

 �*��� �/1400.( @# <=�. O)�  @W#�� H��Y2�� @���&� � .��.  

)2 (  AWEI = 4 ∗ �Green − MIR� − ��0.25 ∗ NIR� + �2.75 ∗ SWIR��  

 *1 �� @,Green C�� �"�# 0�TI�#� MIR ���� `�� X�� �# C��V *���� �"�# 0�TI�#L� NIR  C��V *���� �"�# 0�TI�#

 � q)�C"SWIR @-FR �)���-. ���# .J�� ��T�, `�� X�� �# C��V *���� �"�# 0�TI�#  z���� �)�� q� >T � �#1 ��/

<=�. I� ���>��� �01 I� P+-� ��/.J�� Z��-� @"���1 �B O���T �-�I��" ���I� 

 ^L��NDMI  

 <=�.N;�=� X���" ��#��� ) ��.NDMI �# (���� I� ���>��� ) q)�C" C��V *���� �"�# ��/NIR C��V *���� � (

) �"���MIR�� @���&� ( @# � ��.  @W#�� H��Y3 �� �)��T .����  
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)3 (  NDMI =
#
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�

#
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 J��-	 ��-+-� ��8 �"�# Z�T�T @# �"��� C��V *���� � q)�C" C��V *���� `�� X�� @# S�#�� ��/�"�# �5  �"�# �6 

 �-�M/�-�MB)  �*��� �/ � �-�D1398.(  

  

 ^L��LSM  

@# �W�&� ��C�� X�&T L�&� P)�R H��	�W� �� ����M� ���  O)� I� � ) .J�� @�
�� ���V ���>��� ���� ��M)I

@>	j� <=�. �*1 `��?��� ���# @, J�� J#��� �/  �-"�� ������ ��/NDMI  �(�/��� P.�R J#��� �����)

NMDI  � (]�= J#��� �����)LSM ��. ��+)� (O��I sW� J#���) .�"�  J#��� `��?��� ���# �P/�QR O)� ��

 O��I sW�)LSM(  @W#�� I�4  .J�� ��. ���>���  

)4 (    

LSM = 0.1511 ρBLUE + 0.1973 ρGreen + 0.3283 ρRed + 0.3407 ρNIR − 0.7117 ρSWIR1

−  0.4559 − ρSWIR2 

 *1 �� @,Blue  ��#1 �"�#Green  �C�� �"�#Red  �C��V �"�#NIR  �q)�C" C��V *���� �"�#SWIR1  �SWIR2  ��/�"�#

 �0����, � ��+"�) �-�M/ �"��� C��V *����1399.(  
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<=�. @# �/��� P.�R ��/ @# ����M� ��� @)C+T ���# �)�/����� *��-�  ���V ���>��� ���� �/��� P.�R (��&T�
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��. �
��� �/��� P.�R .�"� X���" (A�>T <=�. ) �/��� P.�R ��.NDVI(� <=�. O)�T��#��,�R I� � )  �/

J�M" I� @, J�� �/��� P.�R H�����T P)�R ���# ) C��V �"�# ����Red) q)�C" C��V *���� �"�# � (NIR@# ( J��

��  @W#�� b��� �# <=�. O)� .�)15�� @���&� � .��.  
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#
���	/

#
���	/
  

 *1 �� @,NIR  � q)�C" C��V *���� �"�#Red  O�# <=�. O)� ���� �I�# .J�� C��V �"�# -1 + �T1  J�� �����

 �0����, � ��+"�)1399.(  

  

�E(7` a�K � 

Z�.� �� 0�M&� 0;�� *�)�� �� ����, (���� I� � )  ���!�# J��� �# 01 �Z�.�R � K>T�� $��-� �� .��.

�� J,�B �	�B�� ��-,G, �B��" �� @, �� P)�C
� 01 K�+T X���B� �]�= U�" @# @�M# �Z�.  �(�	� O��/ @# .�#�)

-�T �u" b��� �# ) *��� �/ � �2018G, $��-� �(  X�� �� Z�. MFFPI  .�"��� ���!�# *I� ) ( . ��2- �(�	�

K>T�� �B��" ��)�wT O)� �� .J�� ��. ���� *�!" ��D���= C�?#1 @A�B ���# @��� ZMB�# O��I Z�. J��A�  �T

0�-� � 0�} �� @,  I� P�# ���. ��"��� ���V @%W-� t�.51 �	�B�� ��"��� @��� P?# @,  �	��. � �C,�� ��/

��. �T����/ @A�B .�"� !%"*I� @ ) ( . �� ������R O)� �/�2- �@!%" O)� �� .J�� ��. @
��� b;, g-R �� (0
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 �� *�)�� G,��T@/��#1 �/ *1 I� @�Y�
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#�} $��-� �� ��-,��R� V�. �� � @A�B)�� �� �"�.� �# .)O � �b���� *��T 	��. P?# @, ��, S��-����  @A�B

?#1�C =��D���� @#	��( �)�Q� �/� 	�T ���M� �Z	�} ]�=�� � U�V� � 0�"����0; � .J��)O ��")g  �#)@�
� �/� 

�A��) ��%� ) *��� �/ �1402G/ ( J������. �)*�! "�C ]�= �/� @��� �� ���� @��� �� ��	� ���� J
�# �/�  U�-��
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 MFFPI   {�w�=� (�>-� �)��%�) 0�&� ��-&"� @# I����� O)���, � (J�k� �)��%�) ��%� ��-&"� @# I����� O)��!�#

�� ���� .��.  ( .)5�� P)��" �� ��D���= C�?#1 @A�B �� @-��� ��-&"� J��A� (�	� �  $#�W� �O�-e�/ .�/�

*I� @!%" O)� �/� @-��� �(0) ( . �� ������R ��FV ["� �# @, ��%� ��/ ��. <?!� ���T �� @# ��"�  �B��" *��-�

�� @�=�-. 01 K�+T ���M� �"�.� @# P?# �� �Q)� @�
�� ���V ��Y� @/��#1 H���+� �� @, �)�/  ��'-/ �� .�"�

c��# @-��� O)� �0�"��� �)�. *�)�� � O�'-� ��/ �� �/  K�+T (&� �-"��T(#�V G+B .�"�. 01 I� �F��T  O�-D ��

 � ��, �/��= �>)� 01 J.��F'" �� �>���� P%" ��.�# @�.�� �-�)�R ��)xRi�>" C�" $��-� O)� ]�= ��� ��W)��.

�� P)�C
� �� 0;�� U�V� X���B� .�/� �)O )@�
� ��" �#)g ��R P/�QR)O )1399G/ ( � .J������� #�*�  J�� ���,

B��" �� @,� �0�&� �C
� 0�"��� J���)P �� )�#� � �)O � �+-� 01 J.��"� P/�, @# ���� ��..  �� �(#�%� ��

B��"� � P/�, 0�"��� J��� ���%�� )�#� �" �� ���@+ � U�V� X���B� � 01 J.��"��( �C
�)P �� )�#�. 
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J�	��
 � O��I P.�R U�" �� �>)� 0;�� X��-, � U�V� �� ��F� P%" �"�M"� ��/  �A��� ��#��, J��A� .�--,

 C�?#1 @A�B��D���= ��, JV� �# �82  ( . �� ��Y��)6 g-R �@!%" O)� b��� �# .J�� ��. ���� P)��" (�	� �

G, KT��� �����I O��I �G,���� KT��� �('-� (��. ��#��, b;, ��. q� >T ��F. $��-� � G,��T  JB�M� @, �"�

@# q) �/   �# �#��# Z�T�T )38/1 �16/48 �87/77 �64/22 �33/1 ( ������, O��I �*��� O)� �� .J�� K#��  ����I ��/

�	�B�� �@�.�� �� JB�M� O)��!�# �� JB�M� O)���, @,.J�� ��F. $��-� @# S�#  ��#��, �/�I����� I� \R

@# �@A�B X��. �� ��F. $��-� @, �. <?!� �(0 ( .) �A��� �O�# � J	�>�1 �-"�� ��)xR�"i�>" a�W� (�	�

G, $��-� �*1 I� \R .�"��� 0;�� U�V� �# �� ��dvT O)��!�# @# �G,��T @# �@A�B 0�-� � C,�� �� �Q)� *��%
 (�	�

�� P.�R X�� �� �)h�# I����� � �"��� 0;�� �)�!T ���# ����M� L)��. �O��I �)�# J�/�� � �/�MFFPI 

���, J
�)�� .�"�  P%" �0�"��� P/�, � 01 0x� �# ��"��� G,���� �/��� � ��'-� P.�R @, �%��-� �(#�%� ��

�� �>)� 0;�� X��-, �� ��dj� ��� O)���, $��-� O)� �(�	� O��/ @# .�--, X�� �� �� I��MFFPI ���, ZM, .�"� 

��")g @# J��  �# ���1)@�
� �/� ��R)O )1398G/ ( # @, J�������*� B��" J�� ���,� �'-�� ���,)O ����I�  ��"��� ��

	�B���B��" @,� �F.�� *��-=� �/� '-�� �I ��O �/� �#)� #���!)O ����I� ���� {�w�=� ��= @# �� .�"�  

�	� 0 



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    83  

    
 :)�6:  (b;�M��KN �O3P �O��� '�K��G �	<(  (c �'�>���LM��KN �O3P �O��� '�K��G �(J� �	<( '�>���L.    :K�-�)@�
� �/� P/�QR  

 ( .) $#�W� .���� 01 *�)�� � P)���
 �#��# �� J���%� ���)xRi�>" �# ���%�M� ��dvT [-� U�"7 �� �(�	� �

0�� J)I�"� �J	�I�# J)I�"� (��. [-� U�" @� ��D���= C�?#1 @A�B  N�T q�������)� q���	�)� � q�"� 	�

[-� O)� .J�� ��. �)���-.  �/��!�# M/ ����� �T J?� O)�i1 U�" I�O��I �"I�� Z	�} P?# � �-�  ���-.

�� (� !T �� @%W-� .�-/�  X�� ��MFFPI[-� U�" O)� �  J
�)�� [-� U��"� �')� �# @M)�%� �� �� *I� O)�Th�# �/

���, @# .�"�*1 O�)�R ��)xRi�>" ���=�� (�	� @# 01 ��/ �� i�>" �/�"I�� O)� �� ��?�  P)�C
� Z��� ��� O)� @, �-,

�&W� 0�"��� �� 0;�� U�V� ���# ��D���= C�?#1 @A�B @%W-� (, *�. ���M� @+��" �� � .��. �)O )@�
� �/  �#

��")g ��V "�=� *��� �/ � )1401�( G/ ����� .J�� *1 " �/�C #�*� ���, [-� @, �"�  �/)� �/�"I��� xRi�>" �#)�� 

�R�)�O @# �)�Q �i1 U��"�)�O &W� 0�"���� �C
� ��)P �� �-/� �" �� ���@+ M"��R�( � U�V��0; @A�B �� �� �/� 

?#1�C �!T)� �� �--,.  

    
 :)�7:  (b;�M��KN �O3P [6* d6V �	<(  (c �'�>���LM��KN �O3P [6* d6V �(J� �	<( '�>���L.    :K�-�)@�
� �/� P/�QR 

@-FR  X�� I� ���>��� �# ��D���= C�?#1 @A�B �� �"�F��" 0;�� �W= �)�F" ��-#MFFPI  ( . ��8 ���� P)��" �

 O)� .J�� ��.@-FR ��-# .J�� ��)I ���M# �T G, ���M# �W= (�M"��R I� @%�� g-R (��.  $��-� �@!%" O)� b��� �#

P?# � �	��. @# �@A�B 0�-� � C,�� I� �)�/ -,��R H��Y .�"��� ���V ��)I ���M# H�. �# 0;�� �W= z��� �� ���

 X��� $��2 b;, O)� �33/17 ������,  X���� �K#��61/12  P.�R �� @%W-� (, I� �Y���� �/� ��B��" O)� �� .

@-��� � �)����� � ��F. �"� M� �A��� �G, Z�. �-"�� ������  X�� �� @, ��%� ��/MFFPI  �� I����� O)�Th�#

.��@� ��. 0;�� U�V� X���B� P)�C
� ���# ��"� .�"�  G, � L���� ���)I �W= H�%�� �� @, �%��-� �O)� �# ��;�

�	� 0 
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 JB�M� ����� Z�T�T @# ��"��� ���V60/33 �93/33  �18/34 ������,  �#;�� �W= �# �B��" �(#�%� �� .�-�M/ K#��

 G, ���M#��!�# 0�-� ��V�. ��#�} ��/���" �� # � �V�.P?# �=� @# @A�B �	��. @��" ��/  ��)� ��-,��R H��Y

��  ���B @, $��-� O)� .�"�.36/17 ������, ) K#��63/12 �� (��. �� (@%W-� I� �Y��  Z�. ����� rh���� ��"�.

@��� ]�= � G,���� ��'-� P.�R ���)I @# � ���# ��� 0;�� U�V� ���# ����, (�M"��R ��Th�# ��)xRi�>" (�	�

��.�"� 

  
 :)�8:  �(�-e�( c=�* �7�-( �	<(M��KN �O3P '�>���L.    :K�-�)@�
� �/� P/�QR  

 
 2�,V2: �6-
 ,%�� � AP�5� ���L M��KN �O3P �� �K=�* '�
 '�>.    :K�-�)@�
� �/� P/�QR  

c=�* �6-
  (fK�� �E�3��G) AP�5�  ,%��  

XG ���L  36/17 63/12  

XG  16/34  86/24  

�*3E�  93/33  69/24  

��7J  60/34  18/25  

��7J ���L  33/17 61/12  

  

 ��u-� @#�#�)I��  X�� JV�MFFPI 0;�� I� ���� �� ��#;�� �B��" �)���-. �� �� ��/  ���# @, @%W-� �� ����

 I� P�# @# *�)�� �#� P)�C
�4  �-&-� I� ���u-� O)� ���# .�-�
�� ���V ����# ���� ��"��# ��. @�"�d �# Z� ����

ROC .�. ���>��� X�� �� ��� P+-� JF� ) ( .9@, �� O��I sW� I� ���"� 0�TI�# (�	� �  ����/�� L��T

 (-��-�1  ��/I�� ��14  �T19  �h��2020 �� P)��" �J�� ��. J�d  @, q!= $��-� ����� O)� �� .�/�

 @-�!�# ��"��# J�k� 0�TI�# �)��%� �����20 ��� X��. �� �� (# 0�-� � 0�}  �(#�%� �� .�"��� *�!" @A�B 0�}

@�
�� ���V 0;�� z��� �� ��!�# @, @A�B �V�. @��"  ���%� �# �� ���"� 0�TI�# O)���, ���#63/29 - ���  (#

.��, J�d  �I�# �� @, (0 �( .) ��� 0;�� ��6  �T10  O
��2020  *�)�� �#� � ���� �����#��  I�4  �# Z� ����

0�-� $��-� ����� O)� �� .��, ����T 0;�� ��dvT ��'	� ���# @�
� �T��
 @�"�d � I� �� ��dvT O)��!�# �#�} 0;�
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 @# �B��" O)� ���# ������ 0�TI�# ���%� � �-�
�)xR93/32 - ��� *�!" @, J
�) P/�, (#  O)� �� �#1 P.�R ��-/�

*1 �� ���"� 0�TI�# ���%� � ��. 0�M&� q!= �B��" �C� ��# O)� �C,�� $��-� �\ ��# .��# @%W-�  @# �/36/17 

��� .J
�) P)�C
� (#  �� ��� �(�) � (`) X� .� �� X��MFFPI  �-&-� I� ���>��� �#ROC  .J�� ��. ����#

@# ����� q!= �B��" I� �#;�� $��-� q� >T �� �#�= r���M" �)�"��T X�� @, ��� *�!" (��&T O)� g)��" ���� @,

 ���%�AUC  X�� ���� ���#738/0  ��� ���� ���# �725/0 @#*�!" �)��%� O)� .��1 J�� (#�V JV� ��-/�X�� X��V 

P�R �� .J�� 0;�� ���M� �B��" �-�#  

  

    

    
 :)�9:  �L�g� c=�* A��O� (b;� �	<(14/07/2020 �L�g� c=�* (c �06/06/2020 �6�6� (h �ROC  2,� �57�<� '��KMFFPI  �K

 �L�g� c=�*14/07/2020 �6�6� (� �ROC  2,� �57�<� '��KMFFPI  �L�g� c=�* �K06/06/2020 .   :K�-�)@�
� �/� P/�QR  

  

 ( . ��10<=�. J��A� � @"�=��� �-"�� �#1 a�W� �)���-. ���# @, ���?� �>�� ��/ @D�)�� ��/  $��-� � �/

<=�. O)� I� � ) .J�� ��. ���� P)��" ��"��� ��#��, ��#���  ��/MNDWI@# �  �)���-. �� �d�� �w=�. *��-�

01  @�=�-. �&W� ��/�� .��. ) ( . �� <=�. O)� J��A�10 ���� ���# (�	� �2023 -2013  ��. ���� *�!"

 ���%� �g)��" b��� �# .J��MNDWI 0�-� $��-� �� 0�-� �t�.  q)�C" �B��" �� O�-e�/ �@A�B 0�-� � 0�}

 �-�) ��= ���%� �k,��B @# ���Y� @/��#1 @#846/0 *�!" @, J�� ����� � �#1 K#�-� ���B ��-/�P?# O)� �  �/

�� *�!" �� ����, ���%� <=�. �@A�B �V�. � �#�} @��" �� �(#�%� �� .J��  �� �#1 K#�-� *��%
 �'"��# @, �/�

L�&� �� 01 �)���-. ���# @, �')� �>�� <=�. .J�� $��-� O)� @# ���e�R ��/  P.�R �# �%��-� �� �Q)�

��Q)� � �/��� �� ���>��� H��>�� ��/  ���.AWEI � �� ��D���= C�?#1 @A�B ���# <=�. O)� J��A� .J�

 ���� ���# (0) ( .��.��)  <=�. .J�� ��. ���� *�!"AWEI  �# @#�!�MNDWIK�� �#1 a�W� �# $��-� � -

�	� 0 

` � 
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@# �� ��. sA�� ��� �� *�!" ��T  �# @A�B �#�-� @��" �� � ��Y� @/��#1 � )�C" �� *1 @-�!�# ����� O)� �� � �/�

 ���%�596/1 �� ��/�!� *�!" @, ��.  �V�. � �#�} @��" �� �(#�%� �� .J�� �B��" O)� �� 01 ���B ��-/�

 �-�) ��= ���%� O)���, @# <=�. O)� ���%� �@A�B145/2- *�!" @, J�� �����  �� �#1 K#�-� ���� ��� ��-/�

�I��"� ���# .J�� $��-� O)�  <=�. I� O��I sW� J#��� ����LSM �� ��. ���>��� ( . �� *1 J��A� @, J

(#�V (`) .J�� ��/�!�  ���%� �# <=�. O)� @-�!�#505/0 *�!" @A�B 0�-� ��  O)� �� ]�= �h�# J#��� ��-/�

c��# @, �T��Y �� .J�� @%W-� K)�� $��-� O)� ��/� �� �)�. ��/  ��+)� 0�"��� *1 K�T @# � ��. U��.� �T

�� �� @A�B I� P?# O)� �O)��#�-# .��.  @/��#1 @# q)�C" �B��" �� O�-e�/ J��A� O)� .�.�# 0;�� ���M� �"��T

�� ��/�!� C�" ��D���= C�?#1 @A�B ��Y�  @# �(#�%� �� .���� ���� �B��" O)� �� ����, ���%� @# @, �-D�/ ���.

q!= $��-� ]�= �@A�B �V�. � �#�} @��" J�� ) �>-� �)��%� @# <=�. ���%� � ��. �T204/0 -, ( P/�

�� *�!" @, �#�) c��# U�V� H��Y �� ��B��" O)� �� .J�� $��-� O)� �� ]�= � != ��-/�  ]�= ��)�. ��/

�� ��	�T ����, 0�"��� � ��. U��.� �T�)� �I��"� ���# .��.  I� �/��� P.�R �� 01 ����&� � ]�= J#��� ����

 <=�.NDMI !� (#�V (�) ( . �� *1 J��A� @, J�� ��. ���>��� ��	��. �B��" �� <=�. O)� .J�� ��/�

 *�!" �� *�/��� � ]�= �h�# J#��� �@A�B 0�-� � C,�� �� O�-e�/ � J�h�# �/��� P.�R G,��T @, �)��

�� �/� (#�V (�M"��R �c��# ��'-/ �� 0�"��� ��	�T ���# �F��T  �#�} � �V�. @��" �� �(#�%� �� .�"��� �)�. ��/

�R � ]�= J#��� �@A�B@# �/��� P. @# <=�. ���%� � @�
�) P/�, ���'�!D ���207/0-  @, J�� �����

 @A�B �/��� P.�R G,��T �#�)I�� ���# �(�) ( . �� .J�� ���� *�!" a�A� @# �� �B��" O)� �� J#��� P/�, O)�

 <=�. I� @�	�W� ����NDVI *��/ .J�� ��. ���>���B �	��. P?# �� �J�� <?!� ( . I� @,��� @, @A�

O��I (��. @# �/��� P.�R G,��T �J�� ��Y� @/��#1 @# � )�C" � ����I ��/(#�V ��� �� .J�� @�
�) P)�C
� �F��T

 <=�. �$��-� O)�NDVI  @-�!�# ���%� �# �� *�/��� �'-)C��668/0 �� P)��" *�!" @, �/�  P.�R ��-/�

�#�} � �V�. @��" �� �(#�%� �� .J�� G	�� � �-} �/��� @# �@A�Bq)�C" H���>T�� @# @, @A�B 0�-� �� �Q)�  �T

@# � J�� <=�. �@�
�) P/�, �/��� P.�R ��
����R�T � ����V� L)��. (�	�NDVI  ���%� @# �� ��= @-��,

222/0- �� *�!" *�!" �)��%� O)� .�/� q!= L)��. � �/��� P.�R *��%
 ��-/� .J�� �B��" O)� �� �T  
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MNDWI (c �AWEI (h �LSM (� �NDMI (� �NDVI ���L M��KN �O3P '�>.    :K�-�)@�
� �/� 

P/�QR  

  

G/ (��&T  �'�M#MFFPI <=�. �#  X��� �� �>�� ��/3�� *�!" �  �# <=�. O)� @, �/�MNDWI  �AWEI  @#

 �# Z�T�T���%� 089/0 -  �036/0 - G/  sW� �� ����-�� � �>-� �'�M#99  *�!" ��� O)� .���� *�-���� �Y��

�� *�!" @, <=�. �� O)� ���%� P)�C
� �# @, �/� @"�=��� �-"�� ���)�R �&W� �#1 a�W� ��-/� @D�)�� � �/  �/

 ���%� ��-�M/MFFPI �� P/�, �� $��-� @, J�� *1 �>-� @W#�� O)� (�	� .�#�)@# ����)�R �&W� �#1 K#�-� ���-

���=i *� �� (�	� .�"��� ���V �"�F��" 0;�� �W= z��� �� ���, �01 0x� � �I��  �(#�%� ��MFFPI  �#

<=�.  ��/LSM �NDMI  �NDVI  �)��%� �# Z�T�T @#075/0 �094/0  �156/0 G/  �� ����-�� � J�k� �'�M#

 sW�99 �k� @W#�� O)� .���� *�-���� �Y���� *�!" J ) ]�= J#��� P)�C
� @, �/�LSM P.�R J#��� � (

) �/���NDMI0;�� � 0�"��� (�M"��R P)�C
� ���# ( �� �"�F��" ��/ ��.�  ���V �')� ]�= �U��.� L)��. �� ��)I

�� �)�!T �&W� 0�"��� � ����" �
�A� 01 0x� @#  �# J�k� @W#�� �O�-e�/ .��.NDVI �� *�!"  �� @, �/�

 �=�#�� G,���� �/��� P.�R �$��-�  �"�F��" 0;�� �W= P)�C
� @+��" �� � ]�= ��!�# U��.� @# �+-� �"��T

.��.  
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 2�,V3: X
 ^L�� �7��<� �iE5K '�>���L M��KN �O3P �� �(�-e�( c=�* U�M�� �K ��;�S� ��3� �Q�� '�
 .   :K�-�)@�
� �/� P/�QR  

  

MFFPI 

MNDWI AWEI LSM NDMI NDVI 

**089/0 - **036/0 - **075/0 **094/0 **156/0 

 jS* �� U�6���� *95  jS* �� U�6���� **    ,%��99 ,%��  

  

���E(  '��e  

�� *�!" P/�QR O)� g)��"  U�" �*�)�� G,��T �O��I Z�. *�D ������ ��dvT J&T ��D���= C�?#1 @A�B @, �/�

�� @#�+T �� 0;�� �W= I� �T��>�� a�W� �[-� U�" � �A��� ��#��, �@-��� ��-&"� �]�= ���,�
 (��&T .�-,  ��/

 X��MFFPI �� *�!" G, $��-� @, �/� �B X��. � C,�� �� Z�.@# @A �01 J.��F'" �h�# J�
�� (�	�

�� ��"��� 0�"��� ��+)� ���# ���!�# (�M"��R�	�BK>T�� �B��" @, @# @A�B 0�} � t�. �� �T �h�# J��� (�	�

 @A�B �	��. P?# �� ��Y� @/��#1 @, ��� *�!" *�)�� G,��T ��dvT ����# .�-�M/ 01 K�+T ���M� ���, *�)��

 �� �� ��dvT O)��!�#]�= .���� 0;�� U�V� J
�# � ��� ��/ @# @A�B �	��. @��" �� ���?� ��/ ��)xRi�>" (�	�

�� P)�C
� �� 0;�� �W= � ���# 0�"��� ��+)� ���M� �O�)�R ]�= �(#�%� �� .�-/� @��� ��/  �� ���t�. � 0�} 

.�"��� 0�"��� �)�!T ���# ����, (�M"��R �01 0x� �� ��!�# �)�"��T �# @A�B @-��� �@-��� ��-&"� (��&T ��  ��/
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The lack of sufficient data in this field poses a major challenge in assessing the true 
effects of erosion on natural ecosystem services and the restoration of degraded 
environments. In this study, the relationship between microbial diversity and water 
erosion-induced changes in soil physical and chemical properties was investigated in the 
Gavor rangeland-forest land in Kerman province. Soil sampling (0-30 cm depth) was 
conducted based on a factorial experiment in a completely randomized design using two 
transects in four conditions including no erosion, low erosion, moderate erosion and 
severe erosion in three plots. The experimental factors included working unit (2 units), 
slope direction (2 directions) and erosion degree (4 degrees). Three replicate plots with 
specific dimensions were established for each condition. Soil physical and chemical 
factors were measured to evaluate the overall soil performance including bulk density, 
soil moisture content, acidity, dissolved organic carbon and nitrogen, total nitrogen and 
phosphorus, ammonium (NH4+), nitrate (NO3-), available phosphorus and potassium, 
net mineralized carbon, and net mineralized nitrogen. Soil biological indicators were 
measured including soil enzymatic activity, microbial biomass carbon and nitrogen, 
microbial population, soil microbial quotient, and basal microbial respiration. The results 
of the analysis of variance indicated significant differences in most of the physical, 
chemical, and biological properties of the soil. With increasing soil erosion intensity, no 
significant differences were observed in soil acidity, inorganic-organic carbon, nitrate, 
and ammonium (p>0.01). Soil erosion caused significant changes in the edaphic 
properties of the working unit and reduced the soil's multifunctional properties. The 
maximum soil moisture content, organic nitrogen, organic carbon, total phosphorus, 
available potassium, and ammonium were related to plots without erosion. With 
increasing erosion degree, the values of these parameters showed a significant decrease 
(p<0.01). Soil erosion has a significant effect on soil net mineralized nitrogen (p>0.01), 
so the highest amount of net mineralized nitrogen was measured in plots without erosion, 
and the lowest amount was related to plots with severe erosion. The results showed that 
the values of all biological parameters measured in soils with severe erosion degrees were 
significantly lower than those in soils without erosion and with low erosion. The highest 
correlation of biological indicators was with the values of carbon and inorganic nitrogen, 
phosphorus, and total potassium. Overall, changes in soil microbiota characteristics were 
strongly correlated with erosion-induced changes in some of the soil's physical and 
chemical properties. These results indicate that soil erosion has a significant negative 
impact on soil microbial and functional properties. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
An important indicator for evaluating the health and sustainability of natural ecosystems is the 
condition of soil nutrients. Understanding changes in soil physical, chemical, and biological properties 
caused by various processes is crucial for assessing their roles in nutrient cycling and mitigating the 
adverse effects of ecosystem mismanagement (Ai et al., 2018). One of the most evident consequences 
of erosion in rangeland ecosystems is soil degradation, which significantly reduces the land’s 
productivity (Zeng et al., 2017), disrupts ecosystems and their services and hinders economic 
development (Calvo de Anta et al., 2020). As a result, many United Nations Sustainable Development 
Goals (SDGs) are directly linked to soil functionality (Yan et al., 2015). 

This underscores the need to understand soil quality and its underlying processes for sustainable 
development and in addressing challenges such as climate change mitigation, water management, 
vegetation loss, and biodiversity conservation (Ferreira et al., 2018; Grilli et al., 2021). 

In this study, the relationship between microbial diversity and water erosion–induced changes in soil 
physical and chemical properties was investigated in the Gavor rangeland–forestland as a working unit 
to test the following hypotheses: 

* Water erosion significantly affects the biological characteristics and biodiversity of soil in the 
Dehbakari Watershed by altering its physical and chemical properties. 

* Dissolved organic carbon shows the highest correlation with biological characteristics at erosion-
affected sites in the study area. 

 

DATA AND METHODS 
Soil samples (0–30 cm depth) were collected using a completely randomized design along the main 
slope, with two transects covering four erosion conditions: no erosion, low erosion, moderate erosion, 
and severe erosion. Three replicate plots with specific dimensions were established for each condition. 
Furrow erosion was identified as the dominant form of erosion in the basin. 

To assess soil performance, physical and chemical properties were measured, including bulk density, 
soil moisture content, pH, organic carbon, total nitrogen and phosphorus, ammonium (NH₄⁺), nitrate 
(NO₃⁻), available phosphorus and potassium, net mineralized carbon, and net mineralized nitrogen. 
Biological indicators included soil enzymatic activity, microbial biomass carbon and nitrogen, 
microbial population, microbial quotient, and basal microbial respiration. 

All data were analyzed using one-way ANOVA in SPSS software, with three replicates per treatment. 

 

RESULTS AND DISCUSSION 
Soil samples (0–30 cm depth) were collected using a completely randomized design along the main 
slope, with two transects covering four erosion conditions: no erosion, low erosion, moderate erosion, 
and severe erosion. Three replicate plots with specific dimensions were established for each condition. 
Furrow erosion was identified as the dominant form of erosion in the basin. 

To assess soil performance, physical and chemical properties were measured, including bulk density, 
soil moisture content, pH, organic carbon, total nitrogen and phosphorus, ammonium (NH₄⁺), nitrate 
(NO₃⁻), available phosphorus and potassium, net mineralized carbon, and net mineralized nitrogen. 
Biological indicators included soil enzymatic activity, microbial biomass carbon and nitrogen, 
microbial population, microbial quotient, and basal microbial respiration. 

All data were analyzed using one-way ANOVA in SPSS software, with three replicates per treatment. 
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RESULTS AND DISCUSSION 

The analysis of variance indicated significant differences in most soil physical, chemical, and 
biological properties. As erosion intensity increased, no significant differences were observed in soil 
pH, inorganic carbon, nitrate, and ammonium (P > 0.01). However, erosion significantly altered 
edaphic properties and reduced overall soil multifunctionality. Maximum values of soil moisture, 
organic nitrogen, organic carbon, total phosphorus, available potassium, and ammonium were found in 
non-eroded plots. These values declined significantly as erosion intensity increased (P < 0.01). 
Although soil erosion did not have a statistically significant effect on net mineralized nitrogen (P > 
0.01), its highest values were measured in plots without erosion and the lowest in plots with severe 
erosion. Biological parameters, including microbial biomass, enzymatic activity, and population, were 
significantly reduced in severely eroded soils compared to non-eroded and slightly eroded sites. These 
biological parameters were most strongly correlated with the levels of organic carbon, inorganic 
nitrogen, phosphorus, and total potassium. The results confirm that erosion significantly affects the 
structure and function of soil microbial communities. Increased erosion intensity negatively impacts 
all categories of soil quality, leading to a decline in soil biodiversity and function. Previous studies 
have shown that erosion contributes to structural degradation, nutrient depletion, reduced water 
retention, and decreased yield (Li et al., 2015). 

Despite this, the impact of erosion on microbial communities has received less attention (Qiu et al., 
2021). The loss of organic matter, nutrients, and moisture observed in the study area appears to 
directly contribute to the decline in microbial diversity and function. Limited access to these resources 
restricts bacterial metabolism and alters community composition (Banerjee et al., 2020), disrupting 
essential soil microbial functions (Chen et al., 2020). These findings are consistent with those of Qiu 
et al. (2021) and Li et al. (2015). 

 

CONCLUSION  

Overall, the findings of this study demonstrate that soil biological parameters are strongly influenced 
by land use and slope. These factors affect microbial community structure and, in turn, influence soil 
properties and development. Improper ecosystem management and erosion lead to a decline in 
available nutrients, which plays a key role in reducing microbial biomass, enzyme activity, and 
microbial populations. To prevent further degradation in erosion-prone areas, the implementation of 
effective conservation and soil management strategies is highly recommended. 
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4 Normalized Difference Vegetation Index 



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    103  

�/��  �M$ =��z 13�"
 `� A� �
� 9	���� 9 ���T��� )q��
1  ����	�42 
2012  :� (��M  .�$��
 ] 0
� 
��2	\ �	�  �� #5A�  �� �B � �G���	T��� �  GK��� M��% 	� ��	YG"� �� �	2��O� �	� 1"� ��� 
� A� 	���	%��� 

	2��#3�"� 	� �NE  ;	Y��� 
  15 &G�	" �G� ������ ���� �$ )t3�2  
i��	2  �1986   (.  �
� �� ��	YG"� 	� �	� 1� ?�
��
& A� 4� ���% t�� 	�	2�  �	� 	�� �� ��	�� 105 G�	" AD��& ����  	�A� 4� ���"� A� 	2������ 1�	B ��
 ���� 

) �$  ����	�42 
  �%2020  .(  

�	� A% M�� A� AD � 	� � $ ; � �� �G��� AgN#� �	2-  ���� � 	�3E"����AG ) �� :�	� ��	05 �� �	�1:5 	� ( pH  
������ �G� ���� �$ �%�	�"�)3  ����	�42 
1996.(  M��%�% ) TC (    � 
��^
�G  �%  ) TN A� (   ����W  �
� 	�

H%��"����  �� �9�
 =	�
�%&4 �>� 
 )1934( _��3!% �
� 
5 )1883(   :���M  $���) �% �YH7 . TP  bT �	� (
"� 	� Fk2 ���� � Y9 "�t "� 
�� �3%�T�t 9	�� 	��� q��   !#"& ������   ���� ) �$  ����	�42 
  �%2020  .(  

� ���Z  ) NH4
+  � 
 (�=��G ) NO3

-  �(    �� ��	YG"� 	��t 9	����� �D��	 T�AG"   �	�G"� 	� AutoAnalyzer   �� bT
 	� ���
G"�2  �� _ � 9��G  KCL  ������   ���� ) �$  ����	�42 
  �%2020  ��	E �YH7 .() `�G"� AP  �
� 	� �	� (

:� MH9
���M "	GT .�$�F ��	E) `�G"� AK  	� ( � �� =	G"��Z  d#�& ? L" � 
 �$ ���
G"��|  !#"& 4�� �{D& 
������  ���� ) �$   �%
��6  ����	�42 
1985.(    ���� :���M 9� M��%&  _ 3K�7 )DOC(� A� 4� 	2�  _�	:�) � ?�� �	�

15 t�� �	� Z�� 	� (�
� �� ��$60 ��3& �9�GK2SO4     _ 3K� A� �	� 1@H�) �v � F��  1:4 =�� A� (t� 
��	05 15	"  �� ���% ^ �Y��G�	" �� bT .�$ ����4000  =�� A� Ag�E� �� �
�25 ��	� �Ag�E�   R��? �� &�
�  t�
 &�	�~ �G3�745/0 &3�� ������ �% &9� M��% ���g� ����v	�� �	�G"� �� 
 �$ �G3�7 ��G��) �$ ��� �	��8  ����	�42 


2015  .(  _ 3K� &��:� M��% ���g� �� 4� �H% ��9 )DIC�% _ 3K� M��% �� (10 )TDC _ 3K� &9� M��% ���g� (
)DOCA� (_ 3K� &9� �^
�G�� M��:� ���� .��� 1"�11 )DON ��G�� �(20 M�42 �>�	% 
 � ?�� �	� �� Z�� ��$

 	h�100  1@H�) �Ng� �� &h" &h"1:5 =�� A� �/	I � �H�	�" " 
 f 3
� (4 ���$ �� 15	"  15�" 	�200 
 .�h$ ���� �	�� Ag�E� �� �
�^ �Y��G�	" �� �:�  ���% �
� 	h�8000 �� �
� Ah� Ahg�E�  =��10  &�
� ��	� �Ag�E�

 �/	I&7	/ {~	% �� ��	05 
 � @5������ ���� 	2 �% _ 3K� �^
�G��12 )TDN( ���$ ��	YG"� �� D)13  ����	�42 


2006���g� .( TDN  	h�����h�� _��h3!% �	�Gh"� �� ��	YGh"� ��h�������	%) �$14  
&� �� �1993(���h�� .  �^
�G��
_ 3K� &��:�15 )DIN ( 	������� _��3!% �	�G"� �� ��	YG"� 	� ��Ng� �
�) ���$ ����&#�%16  �� H3� 
1982(.  	�

���	g� �� 4� �H% DIN �� TDN  ���	hg� DON A����	�42 
 �� D) ��� 1"� �2004( .  

                                                      
1 Wang 
2 Blake & Hartge 
3 Sparks 
4 Walkley & Black 
5 Kjeldahl 
6 Brookes 
7 Dissolved Organic Carbon 
8 Tian 
9 Dissolved Inorganic Carbon 
10 Total Dissolved Carbon 
11 Dissolved Organic Nitrogen 
12 Total Dissolved Nitrogen 
13 Jones 
14 Cabrera & Beare 
15 Dissolved Inorganic Nitrogen 
16 Keeney & Nelson 



104   � B-8$ CL�
�&��@� N$ �&����� '-,O��� E�P1@� � ������1...  

D�'-,O(�
 X�O �I71Z 

1�/ 0��	2  M�� �� A:9	N� �� � &GH��82
iT  &�
���� �� G�� M��% �(�v	�	% F����) �	� &4���� 1�9	:7 ��	$
 ) MBC  �( &�
���� �� G�� �^
�G��  ) MBN FH��	���
���� 1�:4D �(  A�	T &�
���� bY#� 
 �	� &�
���� FX" �	2

 .��� � � x#� A� A:9	N�  ��B	� &4���� �	21�9	:7 �� �	� 8�	"�7 ��	� �v	�	% F���� �	�A� 4� 	� �	22  &���
 �	�� 	� ���% A7	P5 &3�� �G�9 ��H%��T �^
���23/0  
 �/��40 ��3& 9��G  �� a9	� � 7 ���t �?
�
� M9	& 
100 ��3& 9��G�  �� bT .���$ V>/�20 E��Ag "	� �����  	�� ��� 37 G�	" AD��&����� t� ��3& 9��G  _ 3K�

"	GT Z 9��F ;	@$�7 b�" 
 A7	P� M9	� A� ��$��G3 
� _ 3K� .�$&�  � 7
�G��"� A3�"
A� � � _ ? �� �G�240 
�!� �G� �	��A3K�
�� 9	:7 
 �$�1 A� �� =� /��3& _ � KMnO4 9 �� Z����G � t�� �	���	 �$ M�� �� .

 8�	h���2 �
	hI �7	h� �� �hG�9 &h3��  ��H%��� �^
���2A� &4���� ��	05 �hE	7A� �2	$ A� 4� �� #5 �Y/ � x#�
&$ �	� W��P �� ��	YGh"� 	h� F���� 1�9	:7 ����� .�$ ��	YG"� �G� G7
�G��"� �	�G"� ���% 4/39 �v � &3��  ��

&G�	" �G��^
���2 s�0� 15�" `	"� �� ����� A@"	K� Ag�E� �� ��H%��T )�v	�	% F���� 1�9	:7  	� 1"� �����
 �� F�Hg� �{D s>G��5/39  ��P �� ��5100 (  

&�
���� �� G�� M��%1 )MBC ( Z�7
�3% 	� &2��	� �
� A�  ������ ���
G"�  �$ ����  )�%
��2  ����	�42 
1985  .( 
4�A�  	2�  � ?�� �	�)10  �� t�� �	� Z���
�A� ( =��24 	�� �� 15	"� 25 G�	" AD��&���� ��$ ���L 
�	���&  _ �	�� �
�� Z�7
�3% 	�M���� A� 4� 
 ���$ 	2�  ����� ��
 	� _�G#% M���� A� 4� 
� �2 .�����M���� ��$
 
M��������  	�40 ��3& 9��G �_ 3K 5/0 �v � K2SO4  _ 3K� A� �	� 1@H�)1:4 =�� A� 
 ���
G"� (30 E��Ag 

 15�" 	�300 E� �� �
��Ag ���$ ���� �	��. �? �� ��	05�R 	�~� 45/0 ��3&7 �G���G3 v	�� �� b�" 
 �$��� 
9� M��%& ������ �%���� .�$  _ ��7 �� &GH�� 1�/ 0� M�� A@"	K� ����)1 () ����� ��	YG"�  ����	�42 
  �%
2020  :(  

 )1(    MBC=Ec/K_Ec   

 _ ��7 M�� �� Ec  M���� &9� M��% =
	Y� ��A� 4� &9� M��% A� ��$ M���� �	2&� A@"	K� ����� $ . KEc   W��P
 ���@� Ec   A� MBC    A% 1"�45/0  �x���AG7�� ) �$  ����	�42 
  �%2020   �^
�G�� A@"	K� ���� _ ��7 M�� .(

� &�
���� �� G�� =
	Y� M�� 	� 1"� ��	/ �� M���� &9� �^
�G�� A%A� 4� &9� �^
�G�� 
 ��$ M���� �	2 �� ����
 ���@� W��P 
 � � �x��� _ ��7 M��54/0 ) 1"�  ����	�42 
  �%2020   .(������ 1XD &�
���� �� G�� ����

M���� �
� A� ��	� �^
�G��  - A� 4� ����
G"� _ 3K� 	� �Z�7
�3% 	� M���� �� bT �	� �	2K2SO4 ��	05 ����
��	05 
������ �E � 	� 	2�	�� �� ���� 	@��g� 4 &G�	" AD�� �� G�� �^
�G�� ���g� 1�	X��� .���$ ����X�� ����

&3�� WHI �� �#7
�#�� �
� A� &�
���������� Z�� 3�% �� Z���$ ����.  

FH��	���
���� 1�:4D � 	2&9	4GI� ���:� M��G��� �
� 	3 ) MPN ��� .�$ A@"	K� (� �G%	� ��	4$� 	2  ��	YG"� 	�
� �
� �����#� 9	4GI� ���:�& )MPN �("H�	�" ��  �	�  	� 1E� ��"102�& �� 	h� X��A  �$
 ���g� 

100��9
����G ��GT A� �� �� �� ��8�	2 �� � �
	I�1h# �	��  
���	GH�M  A7	hP������  � �	h� ��� �
�� 
 ��

                                                      
1 Microbial Biomass Carbon 
2 Brookes 
3 Most Probable Number 
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 �	h��30 AhD�� "&G�	���� �h$ ���� ���hE�:� .  ��24 #3% ���h:� 15	h"&�	h2 ��G%	�	2 ���$ ���4$.  ����
:4D ��	4$�1 ��	E 	h2100 ��9
����G 1E� ��X� �	2�A��GT A� �� ��$�	2 �	hg� �
	I�� h0
��&  �� hG�T ��

�_	h�#��� ��
�GhH%� 	� GT�G"��H�M �	�� 
  .�$ A7	P�A� 4� 	2 �	�� �� � �	� ��� ��25 AD�� "&G�	���� Ah� =�h�
 ����hX�� �
� c#hT ���$��	4h$ �
� 
 gGH��F ���$ ���4$ .� 1�%��
��&  
� A�� �$� 1�% KN"&  ��

��GT��8 � ��	4$ �����
��FH��	����	2 ��� h2 
 1�% ���KN"&  �� �� A%� �	h� _ 3K���h hK��L 

���� ���hE 1h�% �& $ ��� ��	4$ �����
��FH��	��� �	2�&��� h2 ��	@D� G�� 
���	  Z	!��) �$&35 ����O/� �
1385( . ; � A� f ��� c�	G�FH��	���
����	2 .1"� ���� ���
� A9	g� M�� ��  

 A� &�
���� �� G�� &9� M��% F�Hg� 	� M�#y42 �	� &9� M��%� ) �$ M��:� �	� &�
���� FX" �#���	�1 �1995  .(  
 bY#� &�
����A�	T � �
� 	 � �"��G�������� � x#� M��� .�$ ����10 A��$ s�\ �
�� � ?�� �	� Z�� ��
� ���� A7	P .�$10 &3�� F��"��H%
���2 _ 3K� �G�90/5  M9	� �� _	���50 &3�� AG
�� ��G�9 .�$"� �
�� b

A��$ s�\ ������ ���E �$  =�� A� 
48  �	�� �� 15	"25 " AD��&G�	���� ���� =���I  Z	4�� �� bT .�$
� �"	� ���� AG
�� ��	� M9�� �
�� F��"��H%
���2 _ 3K� 
 AG$���� M9	�  �� 	� A@��� 
� M9	� =	� GK� 
 �$

 ����  �GH$ �Ng� �$ 
A� b�" � M9�� A7	P.�$ A���� �� 2 &3��% _ 3K� �G�9 F��	����35/0 ��v A7	P�  .�$4 
�#7 ��	"	#$ ��NE � _ 3K� A� M��9	G7A7	P  t�����3% ��"� 	� 
5/0� ��2	$ A�X� ���� .�$ �G�� _	��M�� 
�� 

� �	� �
��Z	!� �$) A�	T bY#� ���g� .mg CO2.g
-1.h-1) _ ��7 �� (2�$ A@"	K� (  "����)2 �1982 .(  

N× 22 × 100/(SW × %dm) (B-S) =&�
���� bY#�  

=S �	� �� &7�0� t�����3% ��"� F!I&3��)(�G�9 

=B �2	$ �� &7�0� t�����3% ��"� F!I&3��)(�G�9 

=SW �	� A� 4� A�9
� ��
 (Z��)  

dm =�	� ���@� � G%	7 �t��  

N = ���"� AG�9	���22  ��
&�v�
 &%� �� M��%��H%� &3��)(Z��  

 

�1P�$���� ;���$� �
 

B	� M��:� ���������� �	2��OG� �� 8�	"�7 =�$ 
 �	�� �� �������� ���$ t� b�	���
 ��9	�� �� � 	2 A7�?
) ANOVA  	� (A"  ����� Z�� L" � ���7�   SPSS A
H�20  ��� � �� � _	��� ���	�� =	@"	K� �� �@E .�#G7�� ���E

���� b�	���
 &#�42 
 	2  .�$ &"��� 	2 M���	��  � ��� t4% 	� 	2A#����#6  _	4GI� uN" �� &% � ��95  �/��
.�$ AH�	g�       �A:9	N� �� � 8�	"�7 =	D�� A� AD �	A� �FX� M��:� � x#� �� �B�� ��� 5 M���8�	"�7 =�$  


 M�� f	@��� &"���&����7 �	2� G%	7-  �	� &GH�� 
 &�	�4�$� D �  �� �
���!�A AY9���	2 &3/�3 )PCA 	� (
Z�� t4%���7�PCORD  A
H�4  .�$ ��	YG"�  

  

                                                      
1 Martens 
2 Anderso 
3 Principal component analysis 
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 \1�I.]�& � 

D�'-,O �& F1�L�E ��^�$(�
 X�O �@1P�E  

���� b�	���
 A��!� c�	G� _
�D) 	22&#:� =
	Y� �� &%	I (  ��� �� 8�	"�7 =	D�� &3/� �B�1�/ 0��	2  &����7
� � �	� p<0.01 . 8�	"�7 =�$ 
 ��	% �I�
 ��	gG� =��B� 
 ��	% �I�
 &3/� =��B�&#:� =
	Y� ��	�� �	K9 A�-

) 1$��� ���p>0.05 .(M���	�� AH�	g�  =�$ &3/� �B�8�	"�7 �	2  _ ? �� 8�	"�7 =�$ 8���7� 	� ��� �	��
W�$�  �� �	� ��2	\ ] 0
� ��
 ���g� M��G��� 
 1$�� ��d%��I 82	% �	� ��2	\ ] 0
� ��
 ���g�
=>T������ F% 8�	"�7 
 8�	"�7 �
�� �	2$ ����=>T .� =��z �/�� �E��I F% 8�	"�7 
 8�	"�7 �
�� �	2

=>T 	� AH�	g� �� �� M$=>T �� `� �/�� .�#G$�� �	�� 8�	"�7 =�$ 	� �	2  M��G4% �	�� 8�	"�7 =�$ 	� �	2
 _
�D) ��� �	�� �� ���g�3.( A:9	N� 	����1 ) &% 
1994���� ����� 
 AG$�{� AK/ AG�� M�� �� ��� (  8���7� A% ���

A���%	� �����	T 8���7� 	� ��	� �� `� �����  �� .1"� ���42 	2 M��A:9	N��  
 M$ 8���7� e5	� 8�	"�7 =�$
 82	% �`� ��$ ����� ��� �	ggK� L" � 8�	"�7 �B� �� �	� 1$�� 8
� 8���7� .�$ �
3
� ����� 
 13�"
) 1"��#�_2  �_�
�� 
2012 .(���� 8�	"�7 =�$ 	� &4�gGH� AN��� `� 
 13�" 82	% A% ����% ����� 

)&%�>23 ����	�42 
2016.( &� �	� 17	� �� ���O�  (��) ��#�	"�7 ��	5 L" � =��z &�	
G�� s{I �� &$	� ��� �
1$�� =��z ��#���7 M�� �� .�$	� A� M$ ��� ���v	� 1�
	g� ��G��� ��
 ��9� &E	� �	� uN" �� 
 ���� �	�� � � �

&� A� �	� 17	� �� ���O� M�� .�#�	� .1"� ��{���B	� ��� �� �
3
� �� F�gGH� � ?���� � " ���  ] 0
� ��

�	� �� ��2	\ �	� �� �G��� L" G� 
 F% 8�	"�7 	� �	2  =
	Y� M�� .�$ ���$ 8�	"�7 
 8�	"�7 �E	7 �	2

&� ��	gG� =��B� A� ��� �  	"�	G� ��	� ����� �� � &9� 
 �	2�#���7 &����7 &$	� �� 8�	"�7  L@��� �$	� .  

 5�/Q2: D�'-,O _.�1��� �1P�$(�
  �� X�O �@1P�E�/�F1�L�E ���*I� (�
  

=	:��� M���	��  
=����O� ��	#�  ����� AD��  `� �/�� M$ �/�� 13�" �/�� ��2	\ ] 0
� ��
  

��	%�I�
  1  n.s08/0  n.s77/0  n.s73/1  n.s81/0  

8�	"�7 AD��  3  **03/0  **01/0  **17/5  **35/1  

��	%�I�
×8�	"�7 AD��  3  ns01/0  n.s01/0  n.s58/0  n.s21/0  

8�	��� �	N�  16 01/0  00/0  02/0  01/0  

(�/��) =����O� W��P    07/6  52/0  66/6  28/5  

n.s  
** A�&#:� =
	Y� Z�5 :W����&#:� =
	Y� ���� t� uN" �� ����/��  

 
 5�/Q3:  `�a.��� �71�>� ��'� ���^�D�'-,O(�
  �� X�O �@1P�E�/�F1�L�E ���*I� (�
  

8�	"�7 AD�� `� �/�� M$ �/�� 13�" �/�� ) ��2	\ ] 0
� ��
g cm-3 (  

8�	"�7 �
�� a03/0±36  d03/0±35  b03/0±29  a01/0±70/2  

F% b02/0±26  c02/0±41  a02/0±33  b02/0±15/2  

L" G� b02/0±26  a02/0±54  c02/0±20  b02/0±15/2  

���$ c03/0±24  b02/0±48  b02/0±28  c03/0±84/1  

�	�� � G" �2 �� =
	YG� s
�I ��#2��&#:� =
	Y ��� 8�	"�7 =	D�� �	��&�) �$	�p<0.01���� .(	2± �	�:� �� �	@G$�  
 

                                                      
1 Rasiah & Kay 
2 Mandal & Dadhwal 
3 Hladký 
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D�'-,O �& F1�L�E ��^�$(�
 X�O �1�����  

b�	���
 A��!� c�	G� 1�/ 0��	� &�	�4�$ �	2  _
�D)4 ( �� 8�	"�7 =	D�� &3/� �B� A% ��� �	��
1�/ 0��	2 &#:� �x� �� � &�	�4�$ ���� � )p<0.01( .&9	I�� �I�
 ��	gG� =��B� 
 ��	% �I�
 &3/� =��B� A%

1�/ 0� �� 8�	"�7 =�$ 
 ��	%&#:� =
	Y� ��	�� �	K9 A� �	� &����7 �	2) 1$��� ���p>0.05 .( 1�	" ��
��	E F�"	GT 
 �% �YH7 ��% �^
�G�� �&9� M��% �&9� �^
�G�� �d%��I A:9	N� �� �=>T A� f ��� `�G"�  �	2

&9� �^
�G�� 8�	"�7 AD�� 8���7� 	� 
 � � 8�	"�7 �
�� )p=0.00(&9� M��% � )p=0.00(�% �^
�G�� � )p=0.00( �
 �% �YH7)p=0.00 (��	E F�"	GT 
 `�G"�)p=0.00 (&#:� 82	%) ��� �	�� ���p<0.01 �	� 1� ?� .()p=0.04 (

 
��	E �YH7`�G"� )p=0.03 (=>T �	��&#:� =
	Y� �F% 8�	"�7 
 8�	"�7 �
�� �	21$�� ���� )p<0.05( .
&#:� 82	% �	�� �8�	"�7 AD�� 8���7� 	� 	2�G���	T M�� ���  �	� ���
3/	I �� �	� 8�	"�7 &Y#� ��BC� ��#2�

1"�.  
 �	� 1� ?� �/����	E �YH7`�G"� =>T �� 8���7� 	� 
 ��� �	�� �� ����� M��G��� 8�	"�7 �
�� �	2
#:� =
	Y� .��� �	�� 82	% �	� 1� ?� ���g� 8�	"�7 =�$& ���  �	� 1� ?�)p=0.02 (��	E �YH7 
 `�G"�

)p=0.04 (���	 =>T 	2� 	"�7 �
���8 	"�7 
�8 �	�� �F% BC� ��#2��� � &Y#	"�7�8 � �� �	��M  	2�G���	T
.1"� &#:� �B� �	� 8�	"�7AG���"� ���g� �� ���� )p=0.718( &9� �^
�G�� �_ 3K� )p=0.267( �Z �� �� 

)p=0.772(  =��G�� 
)p=0.821( 1$��� �	� )p>0.05.( &#:� ��B	� Z�51�/ 0� M�� �� 8�	"�7 ���&� 	2 ��� �
 .�$	� 8�	��� �	N� 	� AG�	#$	� ��� 5 ��	" ��B	� �� &$	�� D
 M�� 	��  M�� ���g� M��G���1�/ 0�	2 =>T �� -

������ 8�	"�7 �
�� �	2=>T A� f ��� ���g� M��G4% 
 �$ ���� _
�D) � � ���$ 8�	"�7 	� �	24 
 5 .(  

  

 5�/Q4: D�'-,O _.�1��� �1P�$(�
 �� X�O �1����� �/�F1�L�E ���*I� (�
 

=	:��� M���	��  
=����O� ��	#�   AD��

�����  
AG���"�  �/��

1� ?� 

 M��%
 &9�
_ 3K�  

 �^
�G��
 &9�
_ 3K� 

 M��%
�%  

 �^
�G��
�%  

 �YH7
�%  

 �YH7
 ��	E

`�G"�  

 F�"	GT
 ��	E

`�G"�  

NH4
+ 

  
NO3

- 

 

��	%�I�
  1  ns00/0  ns00/0  ns00/0  ns00/0  n.s08/0  n.s77/0  n.s73/1  n.s81/0  n.s35/0  n.s07/0  n.s29/0  
8�	"�7 AD��  3  ns02/0  **32/12  n.s00/34  **05/0  **10/0  **22  **25/16  **43/5  **86/5  n.s21/42  **00/18  

��	%�I�
× AD��
8�	"�7  

3  n.s01/0  n.s01/0  ns01/0  n.s01/0  ns00/0  ns01/0  ns00/0  ns00/0  ns 02/0  n.s01/0  ns00/0  

8�	��� �	N�  16 04/0  03/0  05/0  02/0  04/0  03/0  04/0  00/0  00/0  01/0  00/0  

 =����O� W��P
(�/��)  

  40/3  99/4  55/5  13/5  91/4  40/6  57/1  06/4  57/1  01/2  58/1  

n.s  
** A�&#:� =
	Y� Z�5 :W����&#:� =
	Y� �����/�� t� uN" �� ���  

 
 5�/Q5: D�'-,O `�a.��� �71�>�(�
  X�O �1����� ���/�(�
 �L�E ���*I�1F  

8�	"�7 AD��  AG���"� 1� ?� �/��  &9� M��%_ 3K� 
)mg kg-1(  

 &9� �^
�G�� _ 3K� )mg 

kg-1( 
 M��% �%)g kg-1(  �% �^
�G�� )g 

kg-1(  
8�	"�7 �
��  a03/0±50/8  a03/0±30/17  a01/0±40/3  a01/0±30/8  a05/0±30/15  a01/0±97/0  

F%  a02/0±16/8  ab02/0±84/16  a02/0±16/3  a01/0±10/7  a05/0±16/14  b01/0±76/0  

L" G�  a02/0±22/8  b02/0±24/15  a02/0±24/3  b01/0±22/6  b05/0±24/10  c01/0±64/0  
���$ a03/0±21/8  b03/0±21/15  a03/0±11/3  c03/0±11/4  c05/0±21/8  d01/0±51/0  

�	�� � G" �2 �� =
	YG� s
�I ��#2��&#:� =
	Y ��� 8�	"�7 =	D�� �	��&�) �$	�p<0.01���� .(	2± �	�:� �� �	@G$� 
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 5�/Q �����5: D�'-,O `�a.��� �71�>�(�
 �/� �� X�O �1�����	(�
 �L�E ���*I�1F  

8�	"�7 AD��  �% �YH7 )g kg-1(  ��	E �YH7`�G"�  )g kg-

1(  
��	E F�"	GT`�G"�  )g kg-1(  NH4

+ 

)mg kg-1(  
NO3

- 

)mg kg-1(  

8�	"�7 �
�� a01/0±90/1  a01/0±30/0  a43/0±40/194  a05/0±30/7  a03/0±44/2  

F% a01/0±60/1  a01/0±28/0  b12/9±36/180  a05/0±11/7  a02/0±11/2  

L" G� b01/0±04/1  b01/0±24/0  c62/8±84/145  a05/0±20/6  a02/0±92/1  

���$ c01/0±90/0  b01/0±21/0  d43/7±31/90  a05/0±21/5  a03/0±71/1  

 � G" �2 �� =
	YG� s
�I�	�� ��#2��&#:� =
	Y ��� 8�	"�7 =	D�� �	��&�) �$	�p<0.01���� .(	2± �	�:� �� �	@G$�  

  

&9� M��% 
 �^
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Floods, as one of the most destructive natural hazards, cause extensive damage 

worldwide, particularly in mountainous regions of Iran such as the Keshkanrud 

Basin. This study aimed to map flood hazard zones in the Keshkanrud Basin using a 

combination of Fuzzy Analytical Hierarchy Process (Fuzzy AHP), Technique for 

Order of Preference by Similarity to Ideal Solution (TOPSIS), and Weighted Overlay 

methods within a Geographic Information System (GIS) framework. Multiple 

criteria, including elevation, slope, rainfall, distance from rivers, Topographic 

Wetness Index (TWI), land use/land cover (LULC), soil type, Normalized 

Difference Vegetation Index (NDVI), and erosion rate, were evaluated. The results 

revealed that areas such as Pol-e Dokhtar, Khorramabad, Shiravand, and parts of 

Kuhdasht are at the highest risk of flooding due to their topographic, hydrologic, and 

land cover characteristics, while northern regions like Alashtar were identified as 

low-risk zones. These findings align with historical flood data from 2019, which 

reported a peak discharge of 7,000 m³/s and economic losses of 26 million USD in 

Pol-e Dokhtar. The Fuzzy AHP method, with a correlation coefficient of 0.92, 

proved to be the most accurate model, classifying 8.2% of the basin as very high-risk 

and 28.1% as high-risk. The TOPSIS and Weighted Overlay methods also yielded 

comparable results, with correlation coefficients of 0.89 and 0.87, respectively. This 

study provides a scientific basis for flood risk management in the Keshkanrud Basin 

by presenting flood hazard maps and recommending measures such as designing 

drainage systems, restoring vegetation cover, and implementing urban development 

management strategies. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Floods, as one of the most common natural hazards, annually cause significant financial and human 
losses worldwide. In Iran, mountainous regions like the Kashkanrud Basin are prone to destructive 
floods due to topographic characteristics, intense rainfall, and land use changes. Located in Lorestan 
Province, the Kashkanrud Basin, due to its position along high-flow rivers and a history of devastating 
floods (such as the 2019 flood with a discharge of 7,000 m³/s and damages of 26 million USD), 
requires a thorough flood risk assessment. Previous studies have shown that combining multi-criteria 
decision-making methods, such as Analytical Hierarchy Process, Fuzzy logic, and TOPSIS, with 
Geographic Information Systems provides a powerful tool for flood hazard zoning. This research aims 
to provide a comprehensive approach to identify flood-prone areas in the Kashkanrud Basin and 
propose management strategies.  

 

RESULTS AND DISCUSSION 

In this study, flood risk in the Kashkanrud Basin was assessed using topographic, hydrological, and 
environmental data through raster layers of elevation, slope, rainfall, distance from rivers, topographic 
wetness index, land use, soil type, normalized difference vegetation index, and soil erosion rate in a 
Geographic Information System environment. The results indicated that areas with elevations below 
500 meters, equivalent to 42.3% of the basin’s total area, particularly Pol-e Dokhtar and Khorramabad, 
are high-risk due to runoff accumulation in low-lying zones, while areas above 1,500 meters (15.7% of 
the area; Alashtar) were identified as low-risk. Additionally, slopes less than 5 degrees, covering 
38.5% of the area, showed a strong correlation of 0.87 with historical floods, providing a robust 
indicator of high flood risk; these zones were primarily located near rivers and flat plains. Annual 
rainfall exceeding 800 mm, covering 45.2% of the area in the southern and central parts, showed a 
significant correlation of 0.85 with flood occurrences. Moreover, areas within 500 meters of riverbeds 
(33.6% of the area), mainly in Pol-e Dokhtar, were identified as high-risk with a correlation of 0.83. A 
high topographic wetness index (above 12), covering 29.4% of the area, indicated a risk of runoff 
accumulation due to water pooling in topographic depressions, with a correlation of 0.81. The analysis 
of land use revealed that urban areas and bare plains (15.8% of the area) exhibited the highest 
vulnerability with a correlation of 0.79, while forests and pastures (42.3%) played a mitigating role in 
flood flow. Regarding soil type, badlands with low permeability (28.4% of the area) were considered 
high-risk, while entisols (19.6%) were deemed low-risk. Additionally, areas with a normalized 
difference vegetation index below 0.11 (35.7% of the area) were high-risk with a correlation of 0.80, 
while areas with vegetation cover above 0.4 (18.9%) were low-risk. Finally, high erosion rates, 
calculated based on the Universal Soil Loss Equation in Kuhdasht and Pol-e Dokhtar, increased runoff 
and exacerbated flood risk.  

The three multi-criteria decision-making methods—Fuzzy Analytical Hierarchy Process, TOPSIS, and 
Weighted Overlay—consistently identified Pol-e Dokhtar, Khorramabad, and Kuhdasht as high-risk 
zones and Alashtar as low-risk. The most accurate results were obtained with the Fuzzy AHP method, 
which reported 8.2% of the area as very high-risk and 28.1% as high-risk, with a correlation 
coefficient of 0.92 with the spring 2019 flood (discharge of 7,000 m³/s, damages of 26 million USD). 
The TOPSIS method, with a correlation of 0.89, and the Weighted Overlay method, with a correlation 
of 0.87, also showed high agreement with historical data.  

 

CONCLUSION 
This study demonstrated that the Kashkanrud Basin, particularly Pol-e Dokhtar, Khorramabad, and 
Kuhdasht, is at high flood risk due to its topographic, hydrological, and land cover characteristics. The 
Fuzzy Analytical Hierarchy Process, with a high accuracy (correlation coefficient of 0.92), performed 
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best in identifying high-risk zones (8.2% very high-risk, 28.1% high-risk). TOPSIS and Weighted 
Overlay, with acceptable accuracies (0.89 and 0.87, respectively), provided similar results. 
Incorporating erosion rate as an independent criterion improved the model’s accuracy, particularly in 
erosion-prone areas like Kuhdasht. This study provides a scientific basis for flood risk management in 
the Kashkanrud Basin and suggests measures such as drainage system design, vegetation restoration, 
and urban development management to mitigate flood damage. 

 

ETHICAL CONSIDERATIONS  

Conflict of Interest Statement: The authors declare no conflict of interest. 

Ethical Statement: This article does not contain any studies with human participants or animals 
performed by any of the authors. 

 

REFERENCES  
Hartemink, A. E., & Bockheim, J. G. (2017). Anthrosols and Technosols. In The Soils of the USA (pp. 173–187). Springer 
International Publishing. https://doi.org/10.1007/978-3-319-41870-4_11   

Jia, J., Wang, X., Hersi, N. A., Zhao, W., & Liu, Y. (2019). Flood-risk zoning based on analytic hierarchy process and fuzzy 
variable set theory. Natural Hazards Review, 20(3), 04019006. https://doi.org/10.1061/(ASCE)NH.1527-6996.0000324  

Kanani-Sadat, Y., Arabsheibani, R., Karimipour, F., & Nasseri, M. (2019). A new approach to flood susceptibility 
assessment in data-scarce and ungauged regions based on a GIS-based hybrid multi-criteria decision-making method. Journal 
of Hydrology, 572, 17–31. https://doi.org/10.1016/j.jhydrol.2019.02.034  

Li, K., Wu, S., Dai, E., & Xu, Z. (2012). Flood loss analysis and quantitative risk assessment in China. Natural Hazards, 63, 
737–760. https://doi.org/10.1007/s11069-012-0180-y  

Msabi, M. M., & Makonyo, M. (2021). Flood susceptibility mapping using GIS and multi-criteria decision analysis: A case 
of Dodoma region, central Tanzania. Remote Sensing Applications: Society and Environment, 21, 100445. 
https://doi.org/10.1016/j.rsase.2020.100445  

Mikhailov, L. (2003). Deriving priorities from fuzzy pairwise comparison judgements. Fuzzy Sets and Systems, 134(3), 365–
385. https://doi.org/10.1016/S0165-0114(02)00383-4  

Kulimushi, L. C., Choudhari, P., Maniragaba, A., Elbeltagi, A., Mugabowindekwe, M., Rwanyiziri, G., & Singh, S. K. 
(2021). Erosion risk assessment through prioritization of sub-watersheds in Nyabarongo river catchment, Rwanda. 
Environmental Challenges, 5, 100260. https://doi.org/10.1016/j.envc.2021.100260  

Nedkov, S., & Burkhard, B. (2012). Flood regulating ecosystem services—Mapping supply and demand, in the Etropole 
municipality, Bulgaria. Ecological Indicators, 21, 67–79. https://doi.org/10.1016/j.ecolind.2011.06.022  

Ouma, Y. O., & Tateishi, R. (2014). Urban flood vulnerability and risk mapping using integrated multi-parametric AHP and 
GIS: Methodological overview and case study assessment. Water, 6(6), 1515–1545. https://doi.org/10.3390/w6061515  

Pathan, S., Pradhan, B., & Alamri, A. (2022). Flood susceptibility mapping using geospatial-based TOPSIS and frequency 
ratio models: A case study of the Thamirabarani River basin, India. Geocarto International, 37(10), 2694–2721. 
https://doi.org/10.1080/10106049.2020.1844300  

Pourali, S. H., Arrowsmith, C., Chrisman, N., et al. (2016). Topography Wetness Index application in flood-risk-based land 
use planning. Applied Spatial Analysis, 9, 39–54. https://doi.org/10.1007/s12061-014-9130-2. 



 

��� ����� 	
��
� �� ��������� ������  ����15 ����� �48� 
 ������
��02�  $�� 1405  

  

����  ���� 	 
��
� 
�� ���� ���� �����  ��� �� �����	  !  "�# 
�
$%& '($
� 

�')'	  &%$ 
# !�*�+ )��$
,  �!� -�� �  .�& /�0�12.&  

�%
�&' ()�1* �('� +,%,-.2 

1. ������� 	
 ��
���  ����� � 	��� ��
� ������� �
���� ������ � �
�������
 (1%23� �(43-%')  

 :7��-�Ahad.Nazarpour@iau.ac.ir   /5278-1616-0002-https://orcid.org/0000ORCID:    

2. ������� ������ � !��� ��
� ����  ���
� � ��"#$ %�
&' (�)�*������ 	��� ��
� ������� �
���� ������ � �
�������
  

  

�9�:� ���;��  �(�<=  

 :�9�:� >%'  

�	
��
 �9�:�  

  

��$-? ��-@A�: 15/02/1404 

 :B-��-� ?-��$25/05/1404  

��$-? C
-D�  :11/06/1404  

��$-? ��	E'�  :16/03/1405  

  

�F�� :G(��H G�
   

3�45 ��6� � 
78��9� :;<�= 

3:$:� ><�
	� 
�%�� $5�<��? 

��@�   ��� .  

��9� 36  ����)�@� 9
B	 
� 
<�� >* (�
*�B	�C�� (��$8 3�D��  ��� ��
#$� �� 36 ��4' �� ���E 
��#$��  F*��	 ��� ����
 
6� 3G�� ����	�H ��@�  36 ���  ��6 �	 ����� .�� 3�45 I�� �6 !��E5 ��6� 

� 
78�= 
6� 3G�� ���H ��@�  J�	 
� ���K#�� �6 ���� ���  
<�>� :;<�= :$:�3 -><�
	� 
�%�  � 
$5�<�?  ;	 ���M ��"#$ %�
&' (�)�*����� C	 .N�� ��� O���������� ��C#	� � �P�K<�� =	����Q 

�����6�� %�
��5�< N6�*� R8�� �3��8��� 
� 3:S�%�� 
6�� � G����� � !��5 R8�� �T�8 P������ 
J�	
� ���   ��
% U
� ��! 
�� ���	�6�� �#� .N%
� ��
V�W �� ����� =5 F*��	 3  O
8 �
#8� � ���6������
 

!B6 � ���� 36 N����  
�  �X�= �
��M %�
��5�<�� ��Y�X����@� 	
 !��5 ���� 6 Z
C	 ���
#��� 
� 
78�= X���� ������ ��
V�  3  ����� X�[�� "  
#�X� ����	 ��#$� 
78� .�� �3#%� �� ���� �6 ��� 

��<�B� ��= 1398  6�)� 7000  
6 QC@	
#	��`�3 (��$8 �  ��� 26 	�:��� �D��"� ( ���8�  .����
�
� b�� ��� ����c[�� 
G �6�Q �#$>[�� 92/0V� ��F 
<��  � ��6 J�	2/8 �� 3G�� N��$	 
� %

$6 
78 ����;	 �����  � D�61/283e>* D�6 
78 ����;	 �� �� % ��6� b�� .�
  ��� $5�<�?  �
:;<�= 3:$:�  �><�
	 
�%�   ��H < 36<
�Q �
G �6�Q �#$>[�� 89/0  �87/0�#� ��W 46��	�  .����� 3f���

��� 3�e� 3f��� �6 3CX�7	 ��� � 
78�= 5 ����4�� <�	��V�� g��
 ��
*� ��"#$ ��� �@�
�� ����� 
� !��5���� �	 ��
�N 
4� 3C��<�� ��>	�� [:)� �
6� (��$8 !��   ��� ��= 
6� 3G�� ���H 

��@�  	 "��
% ���� �� .  

  ��4E,� :��� � ��� ,��5
g��j) . ���� ,1405��6 3�45 .(� � 
78�= 
6� 3G�� ���H  
< J�	 
� ���K#�� �6 ��
��@� �>� :;<�=  3:$:�

><�
	� 
�%�� $5�<�? �
� b�� �  ��� ����c[�� .;	 (�
*�B	�M >*�C� �15 )48 �(142 -117.  

  
© �����$��� /���$���  

DOI:  10.22111/jneh.2025.51912.2112  
 :���'                     ��#$k�:6 � ��#$�� �������  



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    121  

��(:�  

$6 (�CX�7	���� 	
 ���3� � (�
78�= :S� I�� � N�� ��� O����� 3�:  ��� 3KXl	 !��  �(�CX�7	 ��� 
`m<���n�
  
78 
6 P�V����9 N�� ���6  .(Hooijer et al., 2004) K:#B	 =	��)�  ����	�
6��  (�
��&< G����� 


B<�Q � !��5����� 
� 36 
���< �T�8 P�>�� 3'��o�" 3��8��� � ���o���6 (�o���o� �o�Q � n5p�K��
� G��o 3
[4	 !e��o %� ��o�Ho�! #��oV� J�[o� P�o��9  ����� .(Yamani & Enayati, 2006) �� �
� !����M 

 =�� �8H�� �	 �#$��6 3�:  ����# �% � =	��)� 
4�� ��
6 ���	 ��� CG� 36 I
S 3'�< � ��� ��
V�N ��= 8�H� 
�� 36 3'�< ���6�
 ��
#	���5 � =	��)� 
4��� 6 ����B� ����� ��   )	�q�  �����@[� �1398 .(��� �5��� �@�  
�

���W 
<�� 9
B	 � 
<�� �6��� >*�C� 	 9�$;	� ��� (��$8 3 ��� X�	� ��' �� =6�V4'�<�  36 ��4' 
��
� ��
���
[ ����    .(Kourgialas & Karatzas, 2011)  

 b�� �� � K:#B	� �
6� ��
6� $��#5 3>��;	 ��= � 
�
6�=  
� 3  N�� ��� 3f����j � r��� 
6��E� �� ���� � -

�� � <�)�*�� 	 
g� ���	 3e7�	� ���6   �����@[� � ����	)1400.(   
<�Q b�� ��� [s<�" ��
� C	��k����1  �
��"#$ %�
&' (�)�*�����2 	� ����< 36��H6� ����)� �
6 ��[<��V� :;<�= �6 J
#�  ���� >*�C�  ��
V ���K#�� ���	

 �
�� .(Fernández & Lutz, 2010) 36"� ��* ���	
����<�
5�� 
�%� �
6� ���;	 ��
  t�;X�N ��� [s<�" ��
� 

�< ���u �� 9� u6��	 ���	 3G�� ��� 3��8��� �� ��� ���� 3C��< ��� .(Chen & Chang, 2010)   

���K#��  
< 
��Q b�� ��� [s<�" ��
� C	��k�o��� � ����%�
&' (�)�*� "#$�� 3�45 36 ��6�  �C#$	 F*��	
��9� 	 j[ � �� (Sepehri et al., 2019; Rahmati et al., 2015)  .�
% 
���� :;<�= 3:$:� ><�
	�  3)�[�	 �

&#	���
� 
�%� �
6� C<��� 6 Z
C	 �� F*��	�
#��� � 
78�= N�� ��� ���K#��  )Jia, J et al., 2019 .(
�v[���� =�� (�CX�7	 �H�8O���� �< �� ������: ���� ���� e*��	 3  ����� 3  � �H��j !@�
 �� � 
78 Z
C	 ��

6�
#��  ��
V�����   .(Yodying et al., 2019)b�� ��� :;<�= 3:$:� ><�
	�3
�% F7�	 ��4�
�� ���� #$�X�j5 �
[s< N8���"6 ������
� ��	��7 >s) 3@>� �� )��s	� 8  
� 3:['b�� ���� D�6 NV� 3  ��#$��� 5 ���! 6��� 

��= �����  )Kanani-Sadat et al., 2019; Malik et al., 2020 .(�v[���� 
�% F7�	 b��� 36 ����)�@�  
�
"4	 
<�� 5 ��3#%
� 
<�� b�� ��� ��	�� �
6� C<��� ��$��N ��=  ��� w
7	N��  (Wang et al., 2020). 

6 ��� �
�
	�� ���3 C['��N 7$<�x 	
�� 
� J�&�� ��" 3��8��� $	 � ���= �� :V� =	��) ���  ���[� % ��H�%�
��� 
��
4� ��� � b
#$� Q>� y�H6�9� ��� 
4�� N�� ���   �����@[� � ����	)1395(. [s<�" ��
� 

C	��k���� 
�� �6�6�� H��3� ��� C	 r��� 
6 z:#B	������ #	���C 	� ����< ��� !��  Q'�	�
� � �
[s<�" ��
� ��� 5�v��� ���  .( Kulimushi, L. et al., 2021)  

�� ��H��<��� 4<�3 ��$� 3�e��N ��= :;< b�� 
� ���K#�� �6�= 3:$:� ><�
	�  3  N�� ���� ����27/40  
� �S��
<�CX�7	 ����;	� � 
78 ����;	 ���= $6��� 
���  �73/59 
 
78 ����;	 �� �S����� ���� ��
V (Makony & 

                                                      
1 Multiple Criteria Decision Analysis (MCDA) 
2 Geographical Information system (GIS) 
3 AHP 
4 Fuzzy Logic 
5 Logistic Regression 
6 Decision Trees 
7 Machine Learning 
8 Artificial Neural Network 



122   (4I �4J
G , �KL�7 �IM �N%) ��-O H�$ 1(� P� ���QE,� �I ���'�<	H���...  

Msabi, 2021) .�� �����
 ��
6� 3�45 ��6� � 
78�=  3e7�	 ���j ��  
� ���K#�� �6 ��
4< 
4�  (�)�*� "#$��
����%�
&'  
< J�	 ��>� :;<�= 3:$:� ><�
	�  ������� 3�45 3  ��� $6 
78��� 
��� 
 ���� 
#��6  {�e� 
6 F>7�	

'�
8� 3G�� 
4� F*��	 � ��� ��#$�  K��)�  �����@[� �1399�v[� .(��� � 
4� ����O� 3�45 6���  ���K#�� �6
�� 
���
@ K:<�e� :;<�= 3:$:� ><�
	� 
�% F7�	 �� ��� ���� 6
q J�[� � J�[� F*��	 3 � ��� ���� 
4�� 

� 
78 J�[#���= 
<D�6� ��#$�  
)����  �����@[� �1400(.  

:S� I��� ��� !��E5�  3f����j ����
@ V� � u	�'�F �
6� 
���6�� $��#5�= ��= 8�H� ��@�  3e7�	 ��  .N�� ���
�H%� 36 3'�< �6�! ����
%� � (�� ��9� �� � ���� ����� �3e7�	�� 3�45 ��� � �C#$	�= ��� 3f��� ����� �  �	��� 

�
6� ��� (�
78 !�� � ��
G �� 
�� � �� .N���� �����# ��� b�� 
� 3CX�7	 ��� [s<�" ��
� C	��k���� :;<�= 
3:$:� ><�
	�$5�< ��?  =�:;< ��
�  ��� ����c[��  	 �
46� �
6 
�� NV� �<�6�� ��� ��@	� �H%� ���!  � ����

�s<�
� I�K� X�[#�� (�
78 
� 
<� �#� .��� 3f����W ��� 	 !��E5� ����< ��>	�� [:)� �
6� ��N�� ����n�  �
3	��
6 ����H 
4�� ;	 ��M 
�#$� 5 (�	��V� �< ���� "��
%����3��
 �	 ��
�N 46�3� � 
6�
6 �� u6��	�9� ��� <�� 

.��� p�B<�  

  

���� D�� � �
  �
 

��9�K� ��%� �:K4� 

��@�  "4	 
� �@� ��� 3��8��� ��
< 38�� 
� � ���� ���
' ��#�
X ��#�� �� 3  N�� ��
�� 9
q ���  �:S� ���
�	 9�$;	 38
  3��8��� ��� =@�) 1( 36 ?c� � �
[�� 3��8��� 36 �z:#B	 F*��	 
� ��>) 
� ?5 3��8��� ��� .

�	 38
  N�� 3G��
�
 ����k =	�� ��@�  H�
6� 3G�� .�H�� 3  =5 O
8 �N����  �
#8� � ���6�������
  � 
#�X�
���:&k� "4	 
� ��
<�� �	 �� ����6=5 . 36 �
#8�X��= ���
V�
� 
6� 3G�� ���H � � ��@� ���
[ �@�  
�


<�C#$	�� � F*��	�= 8�H 	 9�$;	 ��#��� ���
 Z
) .��� � �3��8����Q �5 �� " ��� N�� b��6 � ��� 
��4���� :S� =	��) 
�� � P�V��9� ��� � �� 9
B	�� � .N�� 3e7�	�=  ��46 J��1398 (��$8��� 
���� � 36�� 

�
  ���� 
4�. 

b��H� r��� 
6 ��� 3f���< M��< ����" ��� � =:	 ��	
���;#	  � ������
 b��6 ��� ���� 5 ��5��� �� 
6� 

6� 3G���H =5 
#8�  J�� ��	 �����
% ��1398� |)�6 ��= ��
���
� 38�� � ��@�  3��8��� ���#	� �� ��� )
%� 

6� �6 ��� 6�!  
�7000 ��` 
6 QC@	 
#	�3 �� )Parsian et al., 2021(. 	������ 6� (�	��:6� � ��@�  3��8��30 
��` 
6 QC@	 
#	�3  ��46 �� .N��1398� ��= =5 �� (��$8 
#8���� ��s#V�� ������ 36(��$8 b
�� .���� ��6 -

��� �m< 36 ��������(�$ X�<���� ��[#8�� ���� � ���� ��� 
���� �  ����26 	�:��� 
	� �D���@  ��� ����
6
N�� )Parsian et al., 2021(.  ����57 =5 � =5  � �
6�250  �
#	�: ���' 
� ��� :S�� � ���� �� ��#���Q ���� 

(��$8 
6 ���) .N����� X�	� 6 ���#�
X ��#�� ���!  
�46000 `m< N;< �����8�
 K�	� 3#%
� ��
V $6 � ������� 
��� ��>�	 O�
	 
� ���� � J��	� ����� ��� ���  ��� �� ��8 )Parsian et al., 2021(. 



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    123  

 7<�1: �
��IM � ��9�K� ��%� �:K4� @��S%�T�<	H O-�IM �N%) G�
���  

�����
  

� ���� 4< I�� �6 �!��E5�3 � 
78 3�e���=  
< 
��>� ���� 
� ��� � .N�� ��� ���K#�� z:#B	�� ����  =	�� ��
<�)�*�� %�
��5�< ���	 ��� 3e7�	  � �P�K<�� ����	)�Q	
 !��5 �(��  
6�� )� G����� � !��5 �T�8 P������ �(

��� � 9�  �����6)� 
� 3:S�% � (3��8��� N��.  ���v[��
6� � O������ b�� 
� �!��E5 ��� K:#B	�  3CX�7	 ����	
b��H� � ����� ��� ��s< 
� ���K#�� ���'�	�
 ������	 �� �
�6 ������ 	�����  (�)�*� .N�� ��� 3#%
� �
46

u[' ����QX�V �� ��� D�3 ��� <�)�*�� K:#B	� ����	
���  
� ���K#�� �6 ?c� � ����% ��� 
�%� �6 ��@�
� 
 
<�Q ���  .����% ��� 
�%� 	 �
�'� ��ee;	 36� ��� ���� �< ���  �K� [  ��  
< "� �6 ���Q �#� 36 � ��
 �W 
V��F 
<�  N�����6�.  
��j � 
��� C	����� 36 (��S�j D�3 <�)�*�� �[� �H�	�! �K#�� �6 ?c� � ��� ������  
�


�% u6��<��  36��@�
�  
<�Q ��� �4� �� .�����N  
< �6�Q � O�[<�� D�3 ��� �4� 3�e��� � 
78�= 4<�3 N�� ��� 

 =@�)2(.  
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 7<�2: ��3�, 1(� �$���� ��$�7 , �KL�7 T�<	H �N%) ����� 

���$ D��7 ��3�, �$���� :(AHP)  

 .J� r�	�<b�� �#)�� 3:$:� =�:;<�><�
	  3�� 
8��� �� ��1970  !B6 �� ��#6� �� J�	 ��� .�
  ����� ����	
N%
� ��
V ���K#�� ���	 �6����
�6  )Saaty, 1987N�� ���v�5 =f�$	 =� ��
6 �	���  b�� j� �b�� ��� .(  

)Sowissi et al., 2022.( 3�e� ����� �� 3�D 
� 
�`m< 36 3'�< �6 	 �N�� (��K#	 3�D 
� �
� �9��� �C#$.  b��
:;<�= 3:$:� ><�
	� ?�
<�	 
� 3$��e	 ��� �'�
 �1   ���v[� � �)�G�	 3�D j� �� r�  
� �
� 3$��e	 ��
6

3�D ��6 �	 ���K#�� z:#B	 �)�G�	 ��� �#)�� r��e	 
� ���K#�� �6 =	�) 
� �>$� �
� ����
6��6 .��   )Saaty, 

1980��6 3  ( 1  �<9 N�� 
�&#	� �� 3>��;	   J��')136 b�� ��� .( ����)�% !��� �	 3#8��� ��;	  � ���
 ��� ���
G � ����� 3:�
	�% N��  (Mitra et al., 2022).  

 1�(U1: �E��, �U�P ��3-�:� V��:�  

��(:�  W-��$  X�N%$  

1  ��$@� N�[��  ����� ���$@� N�[�� ���C	 ��  

3  M��#	 N�[��   j�"4	 �[  ���C	N�� 
��� ���C	 
� 
<  

5  ���
 N�[��  36 ���C	 j�=6�V ��*"4	 �4'�<N�� 
��� ���C	 
� 
<  

7  ���
 ���$6 N�[��  "4	 �:�8 ���C	 j�N�� 
��� ���C	 
� 
<  

9  }�% N�[�����
 ���CX�  36 ���C	 j�"4	 F:7	 ��*N�� 
��� ���C	 
� 
<  

2�4�6�8  ����	 
���e	  �	 ���K#�� ���	
.���6 �:S� ���e	 �� ��6 �;7� 36 
��� 3  ���  

                                                      
1 Pairwise Comparison Matrices 
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(��~V ����
�� ���
6 =	�) 
� �'�
 (�$��e	 �� ��������  (�[�[s< b
�n5 � ����[*� N�:6�V ���m< ��
6 �� 
N�� "4	 ���$6 ��*
�  )Mitra et al., 2022 .(����
�� N>$� 
� ���K#�� �6 ����
�� ���1 (CR)�6��
�� �	���   3 

�%��s< R8�� 362 (RI)  J��') N�� 3#$6��2R8�� ��� .(36 ��3$��e	 NV� �6��
�� ��
6 N6�` ����C	 ����) ��
�	 ���K#�� ����(Saaty, 1980) .  

 1�(U2 �A��Y$ G��ZP�, [L�� :(Saaty, 1988).  

 

 ����
�� N>$�(CR) ) 3X��C	 
� ���K#�� �61:N�� ��� 3>��;	 (  

)1 (  �� � ����  

������ ��  CR  �����
�� N>$�  CI  � ����
�� R8��  RI  �%��s< R8�� N6�` N�� ���   J��')2(���e	 .  CI   �6
K#�� 
� �� 3X��C	)6�	 3>��;	 ( ���:  

)2(  �� � �	
��

��     

) J��' �� 3CX�7	 ��� ��
6 ����
�� (�6�$;	 W��#�3 36 3'�< �6 .N�� ��� 3f��� (3@��� CR=0.05  
� 
#[ 1/0 
 N�� J�>V ���	 ����
�� 
g� 
� J�	 �N��(Mitra et al., 2021) .  

 1�(U3 �A��Y$ G��ZP�, [L�� : (Saaty, 1988).  

  
b�� �� :;< b���= 3:$:� ><�
	��C6
	 ?�
<�	 j� � A= (aij) �� �� 3  �� ����� n  �C#$	 ���
#	���5 ��
6 ���C	

 3X��C	 .��#��� 3$��e	 36 
��� 9��� )33>��;	 ��
6 ( aij �� J�[)� ?�
<�	 
S��) 
�:  

)3 (  ��� � ����  

?�
<�	 ���	 ���'�
 3$��e	 ���  (PCM) �aij  ���$< 
���� � �����	 ��
�5 � .��  (�$��e	 ?�
<�	 =�@�< 
� ?5

 r��e	 ��'�
�>$�3   �	 3>��;	 ?�
<�	 ��� 
� �
� �< ��� 3><� �� �� 3��H� �� �����C	 36 ��  .���� ���� ��s#8� ��
N�� 
�
 =��
	 =	�� ����
% ���  (Mikhailov, 2003) :  

3:�
	 1 : ��#� 
S��) O�[< � 
� ?�
<�	  A  3X��C	 
� ���K#�� �6 ��  )4 u[' (�	.����  

)4 (  ���� � ⋯ � ���� � ⋯ � ���� � ∑ ��������  

 3:�
	2 :J�	
� 
���e	 3X��C	 
� ���K#�� �6 ���  )5���� 3>��;	 (  J��')4.(  

)5 (  
����∑ ��������

� ���� � ��∑ ������ � ��∑ ������  

                                                      
1 Consistency Ratio 
2 Random Index 
3 Relative Ratio Scale 
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 3:�
	3� :���C	 
� 3><� �� �
� �3:�
	 ��� �  � �	 
� 3*�6
	 
7� 
S��) ������	 3>��;	 �6J�	
� ?�
< ���  
�	 ���C< ���  J��')5(  3X��C	)6.(  

)6 (   � � ! ��∑ ������ � ⋯ � ��∑ ������ " � �
  

 N��4� ���4� �
��� C	����� 	 r��� 
6������ ) J��' �� ��
7�5 (�
� 3f������ .N��  

1�(U41���' ��3-�:� ]-�$�� :�(�  

 
DEM Rainfall 

Distance 
from 
River 

LULC TWI Slope Soil Type NDVI erosion rate 

DEM 0.32732 0.3999 0.28571 0.29847 0.38997 0.23622 0.24138 0.20253 0.2 

Rainfall 0.16366 0.19995 0.28571 0.29847 0.11142 0.23622 0.17241 0.17722 0.17778 

Distance 
from River 0.16366 0.09998 0.14286 0.19898 0.11142 0.09449 0.2069 0.1519 0.13333 

LULC 0.10911 0.06665 0.07143 0.09949 0.27855 0.18898 0.10345 0.17722+ 0.17778 

TWI 0.04676 0.09998 0.07143 0.0199 0.05571 0.14173 0.13793 0.12658 0.13333 

Slope 0.06546 0.03999 0.07143 0.02487 0.01857 0.04724 0.06897 0.07595 0.06667 

Soil Type 0.04676 0.03999 0.02381 0.03316 0.01393 0.02362 0.03448 0.05063 0.04444 

NDVI 0.04091 0.02856 0.02381 0.01421 0.01114 0.01575 0.01724 0.02532 0.04444 

erosion rate 0.03637 0.02499 0.02381 0.01244 0.00929 0.01575 0.01724 0.01266 0.02222 

  

 1�(U5 :���� �E����
 �
 TP� ��(:�G M�A P� ���QE,� �I �H-(4 ��$�7 ��3�,�$����  �$��+ .@,� �(� 

DEM Rainfall Distance from 
River 

LULC TWI Slope Soil Type NDVI erosion rate 

�
����� TP� 0.287  0.203 0.145 0.141 0.093 0.053 0.035 0.025 0.019 

 

 3)�[�	 �	�[<���� ����� ��� ��[� .���� =��>< �
�% 
���e	 36 �78 �
�% N��~) u6�< j� 
� ���K#�� �6  3 ��*
 =@� ��)3( 3X��C	 r��� 
6 �� ���� 3)�[�	 
� ����� 
���e	 ��78 �
�% N��~) u6�< j� �N�� ��� ���� ����  

)7 �
�6 36 (0  �<1 �	 =��>< �� (Parsian et al., 2021) >< ��� �� .���� Q�<
< 36 j� � 
KS ���e	 �=��  �����
=$@�5 ����� 
#	���5 �� ��
6 �r��� ��� 
6 .��#$� 9��� 
78 ��
6 ���
 ���$6 � "  ���$6 =�$��#5 �6 ����  ��C�

�%�
��5�< N6�*� R8�� � b��6   ���K#�� N>�	 Q�� �6 �78 u6�< j� 
�N�� ���. �X������
#	���5 
��� ��
6 3  

�	 ��C��	�V� P�K<�� J � !��5 R8�� �T�8 P�� ���	
 !��5 � �G��� �
6��  ��:S� 3��8��� 
� 3:S�% �Q��
J�	
� ����� ��� �� 3#%
� 
g� �� �K�	 Q�� �6 �78 u6�< j� �!���
% U
� �N�� �(Parsian et al., 2021)  . 

)7 (  #$%& � ' 1 or 0  x > Max0 or 1  x < Min3�456473�456 Min < x < Max    
������ �� Max  �  Min ���� Q�<
< 36  � 
� ��� 
���e	 ������ ���#$� 
#	���5 
� =V��� x  {�6
	 =$@�5 ���e	

N�� 
#	���5 
� 36.  
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 7<�3: @�_� `�� �I �KL GP�A @-%a� bI�%$  �Q4� `�� � (�IM)  GP�A ��)�� �� �H (��P) �(� ���QE,� GP�, ('� 

 

+A ��$� (4IG ��� 1(� �I @
��� V�,� �I � 7)-�( 1M ]�3
�$ 

?�$5�< b��1  ��6 ��X�� 3 ����� M��<2 ���� �3 ) J�� ��1981 (3><� �
@��� j� ��� w
7	  r��� 
6 ���6
��� O�4K	 ���� =� N>�	 J�4 �K�	 �  53��H� �>$� �@��H� �6��
�� ��
6 ����:V� 3:S�% 
� 3  N��  {�e� ��� 36 ��
 ���K#�� N�� ��
 1981) (Hwang., Yoon &. 3��H� �b�� ��� �� j��H� 3  N�� 3��46 �� 36 �� 3:S�% ��
< ���  =�

���� 
� �� 3:S�% ��
#��6 � N>�	 J� ��� ���� =�  J��K�	 b�� I�8
6 .���6 3#��� �
� �78 Q� 
< ���6 3   
���e	
R8�� F:7	 �	 3>��;	 �� �� R8�� ��� (�
��&< ?�$5�< ���  N��X�� �� H�� �� �� �	 t�;X ���6  ��
6 � �� 

���� =�:;< ����%�
&' (�)�*� "#$�� �� j$�� �6��
�� � �
#�� ��� N�� Q���	(Rao, 2007)  .  

�
6� $5�< J�	 
� ���K#���?�6 ��� 
 =��
	�
 *� :����  

 ��)��1 :�$�� @L�,-] �Y$�c 1���' 'P� �(��    

J�	
� "�[s< ?�
<�	 ��
� ���D ) 3X��C	 
�836 
�
 (�	 N�� .���  

)8 (  8 � $9��&:�
  � $;��<��&:�
, > � 1, … @; � � 1, … , B 

�� �� 3 <��   3��H� ���������#�� ��E�� 
���e	- > N�� O� ���C	 �� O�J�	
� �
� � ���C	 ���  j - 
� ���6 3  N�� O�
b�� 
��� ��� �
� ��� "�[s< M��< �� ��� ��
B#�� ��
� ���C< �����
��. � 
#46 T�� N4'�� �[� �3:�
	�! 

%�
��@� �e	�3$ � 
�% ��) ��� �:�	�  =@� ��)4( N�� ��� 3f��� (Rao, 2007)  .  

 ��)��2 :��� @L�, �(-� 7) @�_� 1M  ��Q4�  

��� =� ��� ���� J� K�	 � N>�	� 36 
 (��S�
 	 3>��;	� ����:  

)9(   D�E � FG1H, … , GBHI, G>H � FmaxKG��L , � ∈ �; minKG��L , � ∈ NOI  

)10(   P�E � FG1�, … , GB�I, G>� � FmaxKG��L , � ∈ �; minKG��L , � ∈ NOI  

�� �� 3  J � JO 3)�[�	
�
 ������C	 
� ��  ���� (N>�	)   3��H���#$� (�K�	).  

                                                      
1 TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) 
2 Hwang 
3 Yoon  
4 PIS (Positive Ideal Solution) 
5 NIS (Negative Ideal Solution) 
6 Weighted Linear Combination (WLC) 
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 ��)��3 :OZ �
 ��d�A ��,���-�4 ��� �(-� 7) @�_� 1M   �:@,� �Q4�  

3��H� 3:S�% ��� 
� �� ���� =� 36 ����:V� 3:S�% F�
* 
� �K�	 � N>�	 J� �	 3>��;	 
�
 (��S ����: 

)11(   R>H � S∑  
�T� $G�� U G�H&V , > � 1, … , @    

)12(   R>� � S∑  
�T� $G�� U G��&V , > � 1, … , @ 

 ��)��4 :�4-OZ ��3' �<-�O' ��,���- W  ��� �I e� �(-� 7) 1M  XW  

H���@� >$�� H� 
��3� �� ��� 36 � =���� J� 
 376�� �6 �N>�	�
 C<��� 	� ���:  

)13(   �� � Y�Z
Y�[HY�Z  , 0 \ �� \  1, > � 1, … , @  

  

3��H� �N��4� �� ���e	 r��� 
6 ���� 3><� �	 ���6 
�� .������ � 1 �6 3��H� ����6 ��� ���� =� N>�	 J�  .N�� 
6�
6
 3k
� ����
6��6��  y�H6 ����6 
< 36 3��H� �� ��� ���� =� N>�	 J� j��H� 36 � ���6 
<  
g� �� 
#46 3��H� ����)

�	 3#%
� ��� .<�[� ����[��j :S�� $5�< b���? �6 3� � �� ��=@� �� �C)5( 3f��� N�� ��� ���� (Sun et al., 

2024).  

 
        7<�4: �3-�:� �<�A��Z B-��' 7<�           �_�_� GP�A �(� �� G5: 'D�� ��d� .�$��� ���%� 3
�$�] (�I �, � �� ��  

 

TP� D��  
�� '��%f�
�   

�
� b��  ��� ����c[��  3�45 ��
6 ���� b�� j� M�;	 �� 
78 ���6 ��"#$ %�
&' (�)�*�����  3  N��
3�D �
� �6 �� z:#B	 ��� �	 Q� 
< RB�	 ��� ��   J��')4( �Q�� �P�K<�� ����	 �������C	 �!��E5 ��� �� .

36 !���
% U
� � ������6 3�D (��S ] �
�6 �� � ���	� �
#�� ���0�1J�	
� [ ���� �
��  )0 "   � 
781 (
78
5. 
 �
� j� ���C	 
� (Wi) ����	 N%����� 3  �� �
� ��� .N�� =�� 
78 �� �� N�[�� ����� 
6 3CX�7	 ��� �� ��

���� ���C< �������  (�
g� r���   
� ���K#�� �6 3�):;< b���= 3:$:� ><�
	 
6�
6 �4�� P�[�	 � (�1  N��
 .��
s�V)1394.(  

3�D ?c� 
�
 J�	
% �6 ��Q� 
< �	9��� 
78 3�e� �< ����< �H�8:��� ��X�  

)14(   E � ∑ ��
�T� � ;�     

 �� �� 3 S  �=$@�5 
� 
78 
��#	�Wi  ���C	 �
�i �RiJ�	
� ���e	 � ���C	 ���i  36 �'�
8 .N��5 
78 r�  

 �	 "�$e< ���
 ���$6 �< "  ���$6 .���  
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B
��
 h-�E'  

�
6� 
���6�� V��F $��#5�= � 
78�= 
6� 3G�� ���H ��@�  C	 ���������� ��C#	� � �P�K<�� =	����Q �����6�� 
%�
��5�< N6�*� R8�� �3��8��� 
� 3:S�%�� 
6�� � G����� � !��5 R8�� �T�8 P������ J�	
�  U
� � ���

��
%�! ��
6 ���	� 36 .��#%
� ��
V � {�><�� !��� ��g�	�� C	�� P�V� �6 ������= �
G�Q �#$>[�� 5����
 6�� 
��e	�
 
�%� ��� C	 
���� ���� � ��� ��<�B� ��9�  J��1398 � .�� 3>��;	�� �
G�Q  376�� 
� ���K#�� �6

�#$>[�� 5����
 	 3 ���H 78 {�><��� 6�� ��e	�
 
�%� ��� C	����� (��$8 (�� ���� ��= 6� r��� 
6)� 
7000 
#	 ��` 
6 QC@	�	 �� (3� ����� 36 �v[� .���	� N����� :;<�= ���  
<�>� 8
6� C	�����  =	�C< ����	)

��Q  T�8 P�� �6�� �����6 �6 3��8��� 
� 3:S�%�`m< �< �� O���� (�(�
 �� =6�e#	 � 
78 
6 ���=  .��� RB�	
 J��')6�( �
G�Q �#$>[�� 5����
 �
6 ��� C	 
����  
< ��Q ��� 	 3f��� QB#�	� ��� ���� 3   {�><�� �����

�V� ��� $��#5 �6 =	��)�= � P�V��= N�� 
� �3	��� �� .�j � 
��� C	����� 36 	 ���� w
� 3�����' (��S� ����  �<
�� !e� 3�45 �� �� ��6� � 
78�= 36 V� ��*�F 
< ��
6� .���  

 1�(U6��N :-` iE3��
� 
�T%,� ����
��G �4J
 (4IG , �KL�7 ���� �I �
G ��$-�� ,�j; 1398 �IM �N%) ��-O T�<	H ���  

  
  

�%S� 1(�� >�Q$��   

"4	 
� �@� P�K<�� N�� =�� j$�� (�CX�7	 �� ��
#	���5 ��
<�  � �@�Y�X����� �����X� 
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1 Normalized Difference Vegetation Index (NDVI) 
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1 Revised Universal Soil Loss Equation (RUSLE) 



138   (4I �4J
G , �KL�7 �IM �N%) ��-O H�$ 1(� P� ���QE,� �I ���'�<	H���...  

 7<�14 : �	:'�:��GP�A � (W9�) B-�,�A l�' � k�L >%' G(4IT�<	H O-�IM �N%) �� (j) �(���� 

m�I  

��� b�� 
� ���K#�� �6 !��E5 ��� C	��k���� �
�  ��� ����c[�� � :;<�= 3:$:� ><�
	� 
�%� $5�< ���?  
78
��= ��@�  3G�� �� �� ��
6 ���� � .N�� ��
 �� b�� K:< �6 ���F C	������ %�
��5�<�� ��Y�X����@�  �

�N$ ;	�7� ��  ����%�
&' (�)�*� "#$���#� ��W V��e� D�6 F6�7< � ���� 3f����� ���� �6 ��� ��= 1398  .�����

� ���� :;< !��E5�= >7<�e� b�� ��
6 O�� 
� zCG � (�V {�e� � ��� N�� ���. �
� b��  ��� ����c[��   
�
�
� R�sB< F�
* ��� � �����C	 36 �>$� ��� "� �
� ���n� 3�D ��� M�;	 �� �� ��"#$ %�
&' (�)�*�����  =[)

�	 
� 
�q ���� r��� 
6 �� 
#	���5 
� �
� ������C	 ���	 M6��� ���6 �78 Z
% �6 b�� ��� .��  :;< b���= 
3:$:� ><�
	� ��X�< �� 
78 ���4� 3�e� � ��
  ���C< �	 �
� b�� �3CX�7	 ��� �� .��   ��� ����c[��   Q�
G �6

 ��#$>[�87/0=6�V ������< � ��� ���� =�� 
78 �:  �����X� ������� �� �X�>V   =@�)15 zX� 
� =S�� 3�e� .(
3G�� �H 
	 � �6��' F*��	 �b�� ���  =5) O
8 �
#8� 36 �� (����
�� � ��6� 
78
5 ����� ����)  )8/75 �� % 3�4

 � 
78
5 ���$65/27�X�[� F*��	 � (
78
5 3�45 �� % 36 �� (
#�X�) "  ����� ����)  �6 ��X� ��� .�
  ������� 
78
����  =�� �B���< ���1398 =5 3  36 �� 
#8� 36 F*��	 
� �@� ����) Q��� (��  �6� �6 ����7000  
6 QC@	
#	

(��$8 � 3���`��� 26 ��
  b��H� ��D� ���:�	 "� �N�� ����6 .���� ����8�
� b�� �J��  ��� ����c[��  36-

�
� 36 ��#$6�� =�X� J�	 �� ������< O�) � N6�` ��� N�C7V O�) �
�� ���� �<�p ���  ��7�;	 ���
N����;	 �	 ���� �� ���� �[� b�� ��� .��� ����v�5 ����< �����C	 ���	 (�	�C< �78
�q ���   
�`m< ����	)

 =6�e#	36 �� (T�8 P�� � Q��T�8 ����� 3  N����  ����	 �e*��	 �� N����;	 ��� .��� !��5 =	�  ��*  ���
3g%�;	 ��[B< 36 N�� �@[	 �N�� !���
% �C#$	 � 
��6 3����  ���6 ��� 
��	 
78 
<  )Fernández & Lutz, 

2010 .(  

b�� ��� "���K	 
6 ��#>	 3  ?�$5�< ���� =� N>�	 J�  �K�	 � N��  )Hwang & Yoon, 1981(3><� 
g�	 
� �  ���6
3��H� �>$� 3�45 36 �� 
� =$@�5 
� ����:V� 3:S�% 3>��;	 �6 b�� ��� .N�� 3#8��
5 =�� 
78 ���6 ���  =�

���� N>�	 J�  �>$� �@��H� ��K�	 �  ] �
�6 �� ��0�1�	 ���C< [ 3��H� � ��   ���C	 ��� r��� 
6 �� 3��46 ���
3><� ��6�	 � ?�$5�< �!��E5 ��� �� .��   ��#$>[� Q�
G �689/0 
78
5 F*��	 ������� �� ��D�6 �����  �

 � ��� ����8��� ��
V 
78
5 ���$6 3�45 �� �� N��$	 
� %  ) =@�15 -93�e� .( 
���e	 3  ?�$5�< Cl  
� ��19/0  



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    139  

" )  �< (
7869/0  �	 ���� (
78
5 ���$6) =5 F*��	 ���� 8 �
#8�O
 36 �� N����  � ��6�  � 
78
5 ����� ����)
36 �� 
#�X� "  ����) �:S� N�H	 .�
  ������� 
78 ?�$5�< �
� b�� �6 3$��e	 ��  ��� ����c[�� �� �� ������< �
3><� 3f���  j[  �7�;	 M��
� �� �>$� (�
��&< r�@C�� 36 3  N�� �����C	 ��� 
���e	 36 3#$6�� � ���5 ���6

�	 ��  .(Pathan et al., 2022)  36�6 �e*��	 �� �J��	 ����) �%�
��5�< N6�*� R8��  � D�6  ����� !��5 R8��
J�	
� ��� 36 �� =�� =�$��#5 ������C	 ���	 J��C< �6 N�� 3#$���< b�� ��� �����5����6 .��  �6��
�� �
`l	 ��*-

��#$6�� �J�� ?�$5�< N>�	 ������C	 x�;S 9�B#�� 36 	 ��K�  ���� ���[��� 36 �� N���$� �  N�� �@[	 ���
�6 3$��e	 �� P�G�	 ��� .��� 
��	 W��#� �� �fH' (������ 36 ����	 �8
6 �� :;<�= 3:$:� ><�
	�  O�) 3 

N�C7V 36 �� ��J�	 x�
S ��* �	 �
�� 36 ���  N�� w
7	 �>$� N����;	 j� ����)  )Solaimani et al., 2023.( 

b��  =�:;<3:$:� �><�
	 �
46 �6 3)�[�	 3�
g� 
� �
�� �
�% ���  )Zadeh, 1965(3#%
��5 ��
@��� �  ��
6 
<
N�C7V O�) N�
��	 �	 3f��� �� ���� =��>< �6 b�� ��� .��� ] �
�6 �� �
�% 
���e	 36 ����� ���0�1 
� ���K#�� � [
�78 N��~) u6��< � ������6 ����	 ����
#	���5 ��
6 ����H%� %�
��5�< N6�*� R8���  � P�K<�� ��
6 ����  � 

J�	
� ����� !��5 R8�� J�	 ��@	� ���� I�7C�� � ��#���5 �
��  "��
% �����C	 =�:;< �� �
#��6 �
�n5
�	 3:$:� =�:;< �3CX�7	 ��� �� .��  �><�
	  ��#$>[� Q�
G �692/0F�V� �  � ��� 3f��� �� W��#� ��
<2/8 
� %

 �� 3G�� N��$	 � 
78
5 ���$6 3�45 ��1/283e>* 
78
5 3�45 �� �� % �
  ���6   =@�)15 � 36 D�6 NV� ��� .(
N�C7V O�) � �78
�q (�
`� F�K:< �� b�� ������<  N6�*� R8�� � !���
% U
� ����	 ����
#	���5 �6 M><
	 ���

�%�
��5�<  �	 ���� N>$� 36 .���3G�� �6��' F*��	 �� �J��	 ����)  5)= O
8 � 
#8� T�8 �6 3  (��6� 
��6 ��� 

 :;< ���#$� 3'��	 "  Q�� � ���� ������6 �(����X�6)�= 3:$:� ><�
	� �
�% �6  ��� �D�6 N���$� ������C	 �
��
36 �� =�� 36 �����F�V� ��* �
� b�� 36 N>$� �
<
6 ��� .N�� ��
  ?@C�	 �
<  ��� ����c[�� 36 � =�X�

@��� 
� ���K#���
���� !��  �� �
�% �
 �
� 
� ���� ��� N�CV�� �6 }�>7�� !��H%� � N6�` ��� N�� �7�;	 ��� 

 )Sepehri et al., 2020(. ����6 N�� �@[	 �N��~) u6��< F�V� "�g�< 36 
��� � b�� ��� �<�>��;	 ����v�5 �J��
��  ���;	 �<�>��;	 u6��	 �� ���� ��>[  M��
� �� �� �� �
6�� . 

;<�	 ���� b�� 3� W��#� �e�>7< =�: 3G�� �H 
	 � �6��' F*��	 ��
@��� 3� 
� 3  ���  =5) O
8 �
#8�  � ��6�
36 �� (����
�� �X�[� F*��	 � 
78
5 ����� ����)  36 �� (
#�X�) "  ����� ����) ��
  ������� 
78  �6 3  ���

����  =�� �B���< ���1398 "� ����6 .N��#�����K< �J��( 3�45 N��$	 �S�� �� z�
� ��� 
78
5 ��� 2/8%  ��
:;<�= 3:$:� ><�
	� �8% �� ?�$5�<  �8/7�
� b�� �� %  ��� ����c[��  )
78 ���@	 u�
�<(���� �  
�`m< �����

�'�
8 
6 b�� 
� �G��� ��#8�� 3>�' 
� �@� .N��� 36 !���
% U
� ������� �3CX�7	 ��� 3������� ���  ����)
����C	 ����	 J���#	 ���
#	���5 ���  �� =e#$	 J�	
� ����� !��5 R8�� ��� � �%�
��5�< N6�*� R8��   .N��

 N�%
� !��  � 9����� !��H%� 
6 =	�) ��� 
�`m< �!���
% 3>��;	 ��
6 T�8 !���
% ���4' 3X��C	 
� ���K#��
3��8��� 
#$6 J�	 NV� � ���� ���� �6�8 36 �� �� *��	 �� �� �
��!���
% �C#$	 F   ��>46 (N����  ����	)

36 �3#%
� ��
V 3'�< ���	 36��	 (�CX�7	 �� 
#[  3  �
@��� ��� .N�� ����B6  !��E5 ��� �#6�V� N�H	 j� ����)
�	 3#$'
6 3G�� 
��� 36 �� "�[C< N�:6�V � ��� �	 N��e< �� 36��	 M��
� �6 ���#$��  ��� ��   )Parsian et al., 

2021.(  



140   (4I �4J
G , �KL�7 �IM �N%) ��-O H�$ 1(� P� ���QE,� �I ���'�<	H���...  

 
 7<�15: 7�, �KLT�<	H �:K4� GO�L �I ���TP� D��  
�� '��%f�
��3�, 7���$ � (j) ]�3
�$ �(W9�) �(n) GP�A ��$���  

  

���E'G��Z  

��� 3�45 I�� �6 !��E5 ��6� � 
78�= ��@�  3G�� �� [s< b�� 3� 
� �����" ��
� C	��k����  =	��
b�� ��� �
�  ��� ����c[�� � $5�<�? :;< ��= 3:$:� ><�
	� 
�%� �#� .N�� ��
  ���K#���W  F*��	 3  ��� ����

=5 O
8 �
#8� 36 N����  � ��6�� �"  P�K<�� N:)�Q �	��" �� b��6��� �H��@�  363��8��� �� T�8 � ��� 
n5��p�K��
 	
)�� ��� �6�

<D�6 �(�� � 
78�= X���� ������ ��� 3  ����� X�[�� 36 
#�X� ����	X��= �
��M 
%�
��5�<� � !��5 ������ "  �e	 .��#$� 
78�3$ �#��W ���� �6 ��� ��= ��<�B� 1398 
G �6�Q �#$>[�� 9/0 
D�6 NV��  
< J�	�>� m< ����� 
 �. �� 6�� b�� :;< ����= 3:$:� ><�
	� 
�%� 
G �6�Q �#$>[�� 92/0 
#46�� 

 � N��� �� �
@:[)2/8$6 �� 3e7�	 %���  � 
78
528/1����� 
78
5 �� %�� $5�< b�� .�
 �? ��H 
G �6�Q 
�#$>[�� 89/0 6�:7	 �
@:[)� X���� �N���� 3  �
� b��  ��� ����c[� � 
G)�Q �#$>[�� 87/036 (X��=  O�)

 O�) t�;XC7V�N ��� ;	�7�� 
#[  NV�� e%�	 .�
  3f����N :;<�= 3:$:� ><�
	� 
�%� ���� ����< 
���  �� ��
�	�
�N ���� ��� 5�v��� ��6 ��[��� �.  

  



�� ��������� ������  ����15 ����� �48
 ����� ��
��02$  ��� 1405    141  

bI�4�  

	�q ���[;	� �[���� �4	.� )1398(. ��H 3�45��6� � 
78�9�  
� ���K#�� �6 �
�	D 
4� ��AHP �GIS 
�% F7�	 ���  (�
*�B	
;	�M >*�C�� 8 )20(� 101-114. https://doi.org/10.22111/jneh.2018.22505.1334   

���	�� ���� 3	�sC	� ��>4��� C���� ���8�� O�e	� ����� $��� ���
� ��� ) .�$;	1395(. 
���6�� 3�45 � ��6� � 
78�= 8�H�  �6

�% F7�	 
� ���K#��� TOPSIS ;	 ���M GIS ���	 3CX�7	)�3G�� : � B6��H (j:[q�6 
4�� ;	 (�
*�B	�M >*�C�� 5 )10(� 79-

98 .https://doi.org/10.22111/jneh.2017.2960 

	����	
�� ���$���� C[���:�� $���) .1400(. 3�45 ��6� ����� ��= 8�H �� �6%�
&' (�)�*� 3��	�� 
� ���K#���� (GIS)   �
!���
� ���(RS)���	 3CX�7	 ��;	 (�
*�B	 .9���� ��#�
4� :�M >*�C�� 10)27(� 21-46.  

https://doi.org/10.22111/jneh.2020.32986 
)�[���=� K�� ��
 �[� �
 ���6�� ~<
	�) .1399(. 
���6�� 3�45 � ��6� � 
78�9�  
< J�	 
� ���K#�� �6�>� AHP-FUZZY  m< �6�� 

�	� 
6�N 
4�� ���	 3CX�7	)� 3e7�	 :�j ��  (��
4< 
4�� %�
&'�� ;	 (�
*�B	 ��7�� 9)2(� 43-60. 

https://doi.org/10.22067/geo.v9i2.86110 

����� 3X� N	�
 � �'���� ���r�>)� ��8 9������ ) .J���1400(. 3�45 ��6� %
��N ��= 8�H� :;< 
� ���K#�� �6�= 3$:� ><�
	�  �


�% F7�	� ;	 ���M GIS ���	 3��[��� 
4� :�O��	 .�
�N  ��
;610)1(� 21 -30. 
https://dor.isc.ac/dor/20.1001.1.23453915.1400.10.1.2.2  

V�
s�� ���3�� �$;	 ���E����� ) .�$� �����1394��@	 .(�6�� ���~%� 
4�� � ���g�	��k��[ 36 �6 ��
;6 
�
6 uV��	 ����� �
� 
����c[� R8�� b��� �
�� ���	 3��[�)��V N%�6 :�" (��� � ���	� .(�����	
  
4� � 7)1( �35 -5. https://sid.ir/paper/190769/fa  

Beven, K. J., & Kirkby, M. J. (1979). A physically based, variable contributing area model of basin hydrology. Hydrological 
Sciences Bulletin, 24(1), 43–69. https://doi.org/10.1080/02626667909491834 
Chen, H. W., & Chang, N. B. (2010). Using fuzzy operators to address the complexity in decision-making of water resources 
redistribution in two neighbouring river basins. Advances in water resources, 33(6), 652-
666.https://doi.org/10.1016/j.advwatres.2010.03.007 
Duchemin, M., & Hogue, R. (2009). Reduction in agricultural non-point source pollution in the first year following 
establishment of an integrated grass/tree filter strip system in southern Quebec (Canada). Agriculture, Ecosystems & 
Environment, 131(1-2), 85-97. https://doi.org/10.1016/j.agee.2008.10.005 
Fernández, D. S., & Lutz, M. A. (2010). Urban flood hazard zoning in Tucumán Province, Argentina, using GIS and 
multicriteria decision analysis. Engineering Geology, 111(1–4), 90–98. https://doi.org/10.1016/j.enggeo.2009.12.006 
Ghorbanian, A., Mohammadzadeh, A., Jamali, S., & Duan, Z. (2022). Performance evaluation of six gridded precipitation 
products throughout Iran using ground observations over the last two decades (2000–2020). Remote Sensing, 14(15), 
3783.https://doi.org/10.3390/rs14153783 
Glenn, E. P., Nagler, P. L., & Huete, A. R. (2012). Vegetation index methods for estimating evapotranspiration by remote 
sensing. Surveys in Geophysics, 33(3–4), 531–555. https://doi.org/10.1007/s10712-011-9165-2 
Hartemink, A. E., & Bockheim, J. G. (2017). Anthrosols and Technosols. In The Soils of the USA (pp. 173–187). Springer 
International Publishing. https://doi.org/10.1007/978-3-319-41870-4_11 
Hooijer, A., Klijn, F., Pedroli, G. B. M., & van Os, A. G. (2004). Towards sustainable flood risk management in the Rhine 
and Meuse river basins: synopsis of the findings of IRMA-SPONGE. River Research and Applications, 20(3), 343-357. 
https://doi.org/10.1002/rra.781 
Hwang, C. L., & Yoon, K. (1981). Multiple attribute decision making: Methods and applications. Springer-Verlag. 
https://doi.org/10.1007/978-3-642-48318-9 
Jia, J., Wang, X., Hersi, N. A., Zhao, W., & Liu, Y. (2019). Flood-risk zoning based on analytic hierarchy process and fuzzy 
variable set theory. Natural Hazards Review, 20(3), 04019006 https://doi.org/10.1061/(ASCE)NH.1527-6996.00003 
Kanani-Sadat, Y., Arabsheibani, R., Karimipour, F., & Nasseri, M. (2019). A new approach to flood susceptibility 
assessment in data-scarce and ungauged regions based on a GIS-based hybrid multi-criteria decision-making method. Journal 
of Hydrology, 572, 17-31. https://doi.org/10.1016/j.jhydrol.2019.02.034 
Kazakis, N., Kougias, I., & Patsialis, T. (2015). Assessment of flood hazard areas at a regional scale using an index-based 
approach and Analytical Hierarchy Process: Application in Rhodope–Evros region, Greece. Science of the Total 
Environment, 538, 555–563. https://doi.org/10.1016/j.scitotenv.2015.08.055 
Kay, A. L., Jones, R. G., & Reynard, N. S. (2006). RCM rainfall for UK flood frequency estimation. I. Method and 
validation. Journal of Hydrology, 318(1–4), 151–162. https://doi.org/10.1016/j.jhydrol.2005.06.012 
Li, K., Wu, S., Dai, E., & Xu, Z. (2012). Flood loss analysis and quantitative risk assessment in China. Natural hazards, 63, 
737-760. https://doi.org/10.1007/s11069-012-0180-y 
Msabi, M. M., & Makonyo, M. (2021). Flood susceptibility mapping using GIS and multi-criteria decision analysis: A case 
of Dodoma region, central Tanzania. Remote Sensing Applications: Society and Environment, 21, 100445. 
https://doi:10.1016/j.rsase.2020.100445 



142   (4I �4J
G , �KL�7 �IM �N%) ��-O H�$ 1(� P� ���QE,� �I ���'�<	H���...  

Malik, S., Pal, S. C., Chowdhuri, I., Chakrabortty, R., Roy, P., & Das, B. (2020). Prediction of highly flood-prone areas by 
GIS-based heuristic and statistical model in a monsoon-dominated region of the Bengal Basin. Remote Sensing Applications: 
Society and Environment, 19, 100343. https://do:10.1016/j.rsase.2020.100343 
Mikhailov, L. (2003). Deriving priorities from fuzzy pairwise comparison judgements. Fuzzy Sets and Systems, 134(3), 365–
385. https://doi.org/10.1016/S0165-0114(02)00383-4 
Kulimushi, L. C., Choudhari, P., Maniragaba, A., Elbeltagi, A., Mugabowindekwe, M., Rwanyiziri, G., and Singh, S. K. 
(2021). Erosion risk assessment through prioritization of sub-watersheds in Nyabarongo river catchment, Rwanda. 
Environmental Challenges, 5, 100260. https://doi:10.1016/j.envc.2021.100260 
Nedkov, S., & Burkhard, B. (2012). Flood regulating ecosystem services—Mapping supply and demand, in the Etropole 
municipality, Bulgaria. Ecological Indicators, 21, 67-79. https://doi.org/10.1016/j.ecolind.2011.06.022 
Ouma, Y. O., & Tateishi, R. (2014). Urban flood vulnerability and risk mapping using integrated multi-parametric AHP and 
GIS: Methodological overview and case study assessment. Water, 6(6), 1515–1545. https://doi.org/10.3390/w6061515 
Pathan, S., Pradhan, B., & Alamri, A. (2022). Flood susceptibility mapping using geospatial-based TOPSIS and frequency 
ratio models: A case study of the Thamirabarani River basin, India. Geocarto International, 37(10), 2694–2721. 
https://doi.org/10.1080/10106049.2020.1844300 
Parsian, S., Amani, M., Moghimi, A., Ghorbanian, A., & Mahdavi, S. (2021). Flood hazard mapping using fuzzy logic, 
analytical hierarchy process, and multi-source geospatial datasets. Remote Sensing, 13(23), 4761. 
https://doi.org/10.3390/rs13234761  
Pourali, S.H., Arrowsmith, C., Chrisman, N. et al. Topography Wetness Index Application in Flood-Risk-Based Land Use 
Planning. Appl. Spatial Analysis 9, 39–54 (2016). https://doi.org/10.1007/s12061-014-9130-2 
Rahmati, O., Zeinivand, H., & Besharat, M. (2015). Flood hazard zoning in Yasooj region, Iran, using GIS and multi-criteria 
decision analysis. Geomatics, Natural Hazards and Risk, 7(3), 1000–1017. https://doi.org/10.1080/19475705.2015.1045043 
Rao, R. V. (2007). Decision making in the manufacturing environment: using graph theory and fuzzy multiple attribute 
decision making methods (Vol. 2, p. 294). London: Springer. https://doi.org/10.1007/978-1-84628-819-7  
Saaty, T. L. (1980). The analytic hierarchy process (AHP). The Journal of the Operational Research Society, 41(11), 1073-
1076. 
Saaty, T. L. (1987). The analytic hierarchy process—what it is and how it is used. Mathematical Modelling, 9(3-5), 161–176. 
https://doi.org/10.1016/0270-0255(87)90473-8 
Saaty, T. L. (1990). How to make a decision: the analytic hierarchy process. European journal of operational research, 48(1), 
9-26. https://doi.org/10.1016/0377-2217(90)90057-I 
Sepehri M, Malekinezhad H, Hosseini SZ, Ildoromi AR (2019). Assessment of flood hazard mapping in urban areas using the 
entropy weighting method: a case study in Hamadan city, Iran. Acta Geophys 67(5):1435–1449 
https://doi.org/10.1007/s11600-019-00342-x  
Sepehri M, Malekinezhad H, Hosseini SZ, Ildoromi AR (2020). Suburban flood hazard mapping in Hamadan city, Iran. 
Paper presented at the proceedings of the Institution of Civil Municipal Engineers https://doi.org/10.1680/jmuen.17.00029 
Solaimani, K., Bararkhanpour, S. Spatiotemporal changes of climatic parameters, extreme quantiles and their role on 
evaporation in N. Iran (Golestan province). Arab J Geosci 15, 68 (2022). https://doi.org/10.1007/s12517-021-09300-8 
Sowissi, A., Hassoune, M., El Machkouri, M., & El Ghachtoul, Y. (2020). Flood susceptibility mapping using GIS and 
analytical hierarchy process (AHP): A case study in Oued Laou Basin (Northern Morocco). International Journal of River 
Basin Management, 18(4), 529–540. https://doi.org/10.1080/15715124.2019.1598306 
Sun, H., Yu, Q., Wang, X., Zhang, X., & Ruan, X. (2024). Exploring sustainable watershed flood risks management: An 
innovative TFAHP-TOPSIS methodology in the Georges River Basin, Australia. International Journal of Disaster Risk 
Reduction, 110, 104626. https://doi.org/10.1016/j.ijdrr.2024.104626 
Tenzin, J., & Bhaskar, A. S. (2020). Flash flood Hazard zone mapping using GIS: Sarpang. International Journal of New 
Innovations in Engineering and Technology, 13(1), 7-20.  
Vaghefi, S. A., Keykhai, M., Jahanbakhshi, F., Sheikholeslami, J., Ahmadi, A., Yang, H., & Abbaspour, K. C. (2019). The 
future of extreme climate in Iran. Scientific reports, 9(1), 1464. https://doi.org/10.1038/s41598-018-38071-8 
Wang, Y., Fang, Z., Hong, H., Peng, L., & Yang, L. (2019). Flood susceptibility mapping using convolutional neural network 
frameworks. Journal of Hydrology, 575, 1152–1164. https://doi.org/10.1016/j.jhydrol.2019.06.003 
Wang, G., Liu, Y., Hu, Z., Lyu, Y., Zhang, G., Liu, J., & Zheng, H. (2020). Flood risk assessment based on fuzzy synthetic 
evaluation method in the Beijing-Tianjin-Hebei metropolitan area, China. Sustainability, 12(4), 1-30. 
https://doi:10.3390/su12041451 
Yamani, M., & Enayati, M. (2006). The Analyses Of Flood Data In Relation To The Geomorphologic Specification Of 
Fashand And Behjatabad Basins. Geographical Research Quarterly, 37(54), 4-4. Sid. https://sid.ir/paper/538814/en  
Yodying, A., Seejata, K., Chatsudarat, S., Chidburee, P., Mahavik, N., Kongmuang, C., & Tantanee, S. (2019, October). 
Flood hazard assessment using fuzzy analytic hierarchy process: A case study of Bang Rakam model in Thailand. In 
Proceedings of the 40th Asian Conference on Remote Sensing, Daejeon Convention Center (DCC), Daejeon, KR (pp. 14-18).  
Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338–353. https://doi.org/10.1016/S0019-9958(65)90241-X 
Zhao, G., Pang, B., Xu, Z., Yue, J., & Tu, T. (2019). Mapping flood susceptibility in mountainous areas on a national scale in 
China. Science of the Total Environment, 615, 1133–1142. https://doi.org/10.1016/j.scitotenv.2017.09.232. 



 

Journal of Natural Environmental Hazards, Vol 15, Iss 48,  June 2026 

 

Synoptic Examination of Thunderstorm-Inducing Atmospheric 
Patterns and Their Temporal Association with Sunspot Activity 

across Three Recent Climatic Cycles (1986–2018) in Southwestern 
Iran  

 

Hasan Lashkari1* , Mohammad Naji2, Zainab Mohammadi3, Alireza Fadaei Bash4 
1. Corresponding Author, Professor of Climatology, Department of Physical Geography, Faculty of Earth Sciences, 

University of Shahid Beheshti, Tehran, Iran 
Email: h-Lashkari@sbu.ac.ir        ORCID: https://orcid.org/0000-0002-6007-7275  

2. PhD Candidate in Climatology, Department of Physical Geography, Faculty of Earth Sciences, University of Shahid 
Beheshti, Tehran, Iran 

3. Postdoctoral Synoptic Climatology. Department of Physical Geography, Faculty of Earth Sciences, Shahid Beheshti 
University, Tehran, Iran 

4. Master of Science in Climatology, Department of Physical Geography, Faculty of Earth Sciences, University of Shahid 
Beheshti, Tehran, Iran 

 

Article Info  ABSTRACT  
Article type: 

Research Article 

 

Article history:  

Received: 06 May 2025 

Revised: 16 November 2025 

Accepted: 10 December 2025 

Published: 22 June 2026 

 

 

Keywords:  
Factor Analysis, Southwest 

Iran, Sudanese–

Mediterranean System, 

Sunspots, Atmospheric 

Instability. 

Thunderstorms, due to their dynamic and thermodynamic characteristics, can both 
replenish water resources and cause substantial infrastructural and human losses. 
This study aims to identify the synoptic patterns influencing thunderstorms in 
southwestern Iran, where convection is the dominant precipitation mechanism. 
Given that the statistical period under investigation coincides with the three most 
recent solar cycles, special attention was paid to variations in thunderstorm 
occurrence across different phases of each cycle, as well as inter-cycle differences. 
In this regard, the frequency of thunderstorms during the last three solar cycles and 
their relationship with sunspot activity were examined, and 178 events were 
analyzed using factor analysis and qualitative interpretation of synoptic charts. The 
results indicate that thunderstorm frequency undergoes significant fluctuations 
during solar cycles, with the changes being more pronounced in years corresponding 
to peak sunspot activity. For instance, in 1990, despite recording 2,296 sunspots, the 
number of documented thunderstorms in the region dropped to 24 events. During 
these periods, combined Sudan–Mediterranean systems had the greatest influence on 
thunderstorm development, whereas independent Sudanese, Mediterranean, and 
monsoonal systems played a more limited role. In the combined Sudan–
Mediterranean pattern, due to the merging of ridges from the African and migratory 
anticyclones, the Sudan low-pressure system shifts further eastward, in contrast to 
the general pattern in which it travels eastward from the western Arabian Peninsula. 
In this pattern, after passing over the southern Red Sea via the Bab-el-Mandeb Strait, 
it enters the Arabian Peninsula. When the low-pressure core is positioned between 
Riyadh and the southern Persian Gulf, thunderstorms intensify due to substantial 
moisture advection from the southern seas. At mid-tropospheric levels, the 
Mediterranean trough exhibits a marked southward extension, and a cut-off low with 
a strong southward displacement settles over southern Iraq. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Thunderstorms are significant and destructive climatological hazards that occur due to the intense 
release of energy and torrential rainfall within a short time frame, causing substantial damage. 
Southwestern Iran, particularly its eastern regions, exhibits a high susceptibility to this phenomenon 
due to its topographic characteristics, proximity to moisture sources, and influence from large-scale 
climate systems. This region is affected by Sudanese, Mediterranean, combined, and to some extent, 
monsoonal systems, which play a crucial role in the formation of convective precipitation. Given that 
the intensity and frequency of these systems are influenced by climatic fluctuations and variable solar 
cycles, the present research aims to analyze the effect of the three recent solar cycles (numbers 22 to 
24) on the frequency and activity of synoptic systems effective in generating thunderstorms in 
southwestern Iran. To this end, a combination of statistical, synoptic, and thermodynamic analyses has 
been employed to identify the relationship between variations in solar radiation and influential 
atmospheric patterns. The findings of this research can contribute to the improvement of forecasting 
and climate risk management systems in the region. 

 

DATA AND METHODOLOGY 
In this research, to investigate the role of solar cycles in the temporal variations of thunderstorms in 
southwestern Iran, recorded data from 24 meteorological stations during the period of 1986 to 2018, 
concurrent with three complete solar cycles (cycles 22 to 24), were utilized. The thunderstorm 
occurrence data were extracted from 6-hourly synoptic reports of the Iran Meteorological Organization 
and organized in Microsoft Excel. Additionally, data about the sunspot number were collected from 
the Royal Observatory of Belgium database. Only stations with complete and continuous data across 
all three solar cycles were included in the analysis. For synoptic analysis, 178 significant events, in 
which thunderstorms were recorded at more than half of the stations, were identified. These events 
were examined using two complementary methods: visual analysis and factor analysis. In the visual 
analysis, indices such as the maximum number of lightning strikes and daily precipitation were 
considered in sample selection. In the factor analysis method, sea level pressure (SLP) data were 
extracted from the NCEP/NCAR database and analyzed in SPSS software using varimax orthogonal 
rotation. Fifteen principal factors explained more than 91% of the total data variance. The Kaiser-
Meyer-Olkin (KMO = 0.918) and Bartlett's test of sphericity (sig = 0.000) also confirmed the 
adequacy and significance of the factor analysis. Finally, two events on November 29, 1986, and 
December 13, 2010, were identified as selected case studies for synoptic chart analysis. 

 

RESULTS AND DISCUSSION 
The results indicated that thunderstorm occurrences in southwestern Iran exhibit a distinct periodic 
pattern in relation to solar cycles. Statistical and synoptic analyses of data recorded at seven selected 
stations during the three recent solar cycles (cycles 22, 23, and 24) reveal that the frequency of 
thunderstorms in most cases increased with decreasing solar activity (reduction in the number of 
sunspots), particularly in the final years of each cycle. This inverse relationship between solar activity 
and the frequency of thunderstorm phenomena is more clearly evident in cycles 22 and 23, and a 
similar pattern, despite minor fluctuations, was repeated in cycle 24. Specifically, the highest 
frequency of thunderstorms during the entire 33-year period was recorded in 2007 (minimum solar 
activity in cycle 23) with over 320 events. From the perspective of synoptic systems, Sudanese 
systems and combined Sudanese-Mediterranean systems played the most effective role in the 
formation of thunderstorms in the region. These systems, benefiting from tropical moisture and 
convective instabilities, possess the greatest potential for the development of thunderclouds and severe 
weather events in the region. The results showed that in years with reduced solar activity, the 
frequency and intensity of Sudanese and combined systems also increased, leading to the 
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intensification of thunderstorm occurrences. Conversely, coinciding with peak solar activity, a relative 
decrease in the penetration and influence of these systems was observed; this may indicate the 
reflective effects of solar radiation on changes in the general atmospheric circulation patterns and the 
weakening of the influence of tropical systems. Analysis of surface pressure and mid-tropospheric 
charts during thunderstorm events in southwestern Iran showed that these phenomena mainly occurred 
under the influence of the intrusion of Sudanese and Mediterranean systems, or a combination thereof. 
At the surface, the expansion of the Sudanese low-pressure system and the advection of tropical 
moisture from the Red Sea and the Persian Gulf intensified instability. At the mid-level (500 hPa), the 
establishment of the Mediterranean trough and upper-level divergence associated with the subtropical 
jet stream facilitated air ascent and the development of thunderclouds. This triple coincidence – 
moisture, trough, and jet – played a key role in the formation and intensity of thunderstorms. 

 

CONCLUSION 
The findings of this research demonstrate a significant correlation between the occurrence of 
thunderstorms in southwestern Iran and the fluctuations in solar activity, particularly the variations in 
the number of sunspots during solar cycles 22 to 24. Specifically, the maximum frequency of these 
phenomena is often observed in the declining and minimum years of each solar cycle. Synoptic 
analyses also indicate that Sudanese systems and their combination with Mediterranean systems play a 
more prominent role in the occurrence of these phenomena compared to other systems. In selected 
case studies, the interaction of high-pressure and low-pressure systems at different atmospheric levels, 
particularly the confluence of the Siberian High, the Sudanese Low, and Mediterranean troughs, has 
led to effective moisture transport, increased instability, and the intensification of convective uplift. 
These results emphasize the mesoscale role of solar fluctuations in modulating synoptic patterns and 
thermodynamic conditions effective in the formation of thunderstorms, and highlight the importance 
of considering solar indices in climatological analyses and forecasts. 
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