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Extended Abstract

Background: Floods are one of the most important natural hazards that annually inflict
irreparable devastation across the country. Spatial analysis of flood hazard sensitivity and the
preparation of hazard maps are important approaches in flood management. The Aji Chai Basin's
large area and special geographical conditions make it one of the basins with high flooding
hazards. As a result, the current study mainly aims to use a statistical model and multi-criteria
decision-making techniques to create a flood hazard map for this basin. For this reason, flood
hazard maps were created using 18 parameters affecting the occurrence of floods. The
investigated parameters were Elevation, Slope, Aspect, Topographic wetness index, Sediment
transport index, Stream power index, Earth curvature, Drainage texture, Rainfall, Distance to the
river, River density, Lithology, Hydrological soil groups, Geomorphology, Distance to bridge,
Distance to dam, Normalized Difference Vegetation Index, and Land use.

Methods: The study area of this research is the Aji Chai Basin, which is located in East
Azerbaijan Province in terms of political divisions. The Aji Chai Basin is located in an almost
rectangular shape between the Sabalan Mountain and the Ghoshe Dagh mountain range in the
north, the Boz Gosh mountain range in the south, and the Sahand Mountain in the southwest. The
area of this basin is about 10985.9 km?. The elevation changes of the basin are from 1255 m at
the outlet of the basin to 3816 m on the slopes of Sabalan Mountain. In general, the Sabalan and
Sahand mountains, with a height above 3600 m, are considered the most important topographic
features in the region's roughness. The average annual rainfall of the Aji Chai Basin is about 315
mm based on the information from synoptic stations (Four stations, viz. Tabriz, Bostan Abad,
Sarab, and Heris) and rain gauges (24 stations) available in the region.

To achieve the research aim, the Analytical Network Process (ANP) model was employed as a
multi-criteria decision analysis method, and the Statistical Index (SI) model was utilized as a two-
variable statistical method. The Analytical Network Process is one of the multi-criteria decision-
making methods developed by Saaty in 1996. The statistical index (SI) method was introduced
by Van Westen in 1997. The research models were implemented using the location of 274 flood
points that happened in the past. The map of the location of flood points in the area was prepared
through the information of the regional water company of East Azerbaijan Province, field survey,
and the Landsat 8 satellite image of the OLI-TIRS sensor. The accuracy of the results was
evaluated using three statistical indices, namely Sensitivity, Specificity, and Accuracy, along with
the ROC curve and the area under the curve (AUC).

Results: The results of parameter weighting using the ANP model showed that the rainfall,
geomorphology, and slope are the three parameters with the highest weight with coefficients of
0.137, 0.104, and 0.101, respectively, indicating the great influence of these factors on the
occurrence of floods in the region. On the other hand, the sediment transport index and stream
power index were the two parameters of the lowest weight. The evaluation of the importance of
the parameters using the SI model also showed that areas near rivers and bridges and low-altitude
and low-slope areas were susceptible to flood hazards. The final maps were prepared from the
product of the weights of each of the parameters in their information layers and in five classes
from very low to very high potential. Examining the final maps showed that the distribution
pattern of hazard zones was similar in both models, and flat and plain surfaces were identified as
areas with a high flooding hazard. The important cities of the basin, such as Tabriz, Sarab, and
Bostanabad, are also in high and very high hazard classes, which shows the vulnerability of these
cities when destructive floods occur. Since these cities are formed along the rivers, it shows the
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need for authorities to pay serious attention to urban flood management. On the other hand, the
heights and steep slopes have the lowest potential for flooding.

Conclusion: Examining the area of each flood hazard class in the research models showed that
about 34% and 46% of the areas of the region in the ANP and SI models, respectively, were in
high and very high areas in terms of flooding. Examining the maps shows that the metropolis of
Tabriz, which is considered the most important population center in the basin, is located in high
and very high classes in terms of flooding due to its development along the Mehranroud and Aji
Chai rivers. This shows the need for the serious attention of the regional authorities to manage
the flood hazard in the basin as best as possible. The results of evaluating the accuracy of the
models showed that the performance of both models was good in preparing the maps of the flood
hazard potential in the region. Nevertheless, the SI model with a coefficient of 0.945 has the
highest value of the AUC, which indicates the greater accuracy of this model compared to the
ANP model.
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2. Analytic Network Process

1. Statistical Index
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6 . Stream power index
7 . Sediment transport index

3. Inverse Distance Weighted
4. Euclidean Distance
5. Topographic Wetness Index
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Figure 2. The network model for the preparation of a flood hazard potential map
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Table 2. Final weight of parameters and the inconsistency index
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Figure 4. The flood hazard potential map using the SI model
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Table 5. Assessing the accuracy of models based on training and validation data
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Figure 5. The ROC curve based on training data

Mo o)l yigy dapp Copie S ) dilaie (Vglue
oolwly B Jas By LUl e o lis ddes 3 )
aS" e o i (AUC) vy paw 9 ROC ioxie
At Joily Slaadds ans 3 (095 2es Juo 9 o
2l b pols 3850 jl odel Cuwday ol iladly Juw 489
Abedini e al., ) o,Ken 5 unle omed S, SKingh
(Mokhtari et al., 2020) ,\Ken g (5l (2016
Esfandiary Darabad ef al., ) ;)|,Ken 5 3b1)3 (¢ )biaul
Rezaei Moghaddam ) jsees) 5 pie Sy o (2021
03 ol 4 SKiimgy 05y cillas (& Rahimpour, 2024
45 Sz 2al)S o Jae plgiees 1, STy ANP (gla i,
Sty ol o8 28 St o 58 S ity 4
S o a1y yeSe (it gl byl 3o ) ol

13,98 9 S

S 5Solay 0)93 (gt b (glwadly oo Limg
B o (s e ol coles b &S cunl j 5 ol o

oo ) psgony ol S bl (e 5 sd b
Do o S8

References

(85 don
g ANP Juo jl oozl L b ad (o (pols img}s 5o
ass gl 53 Juo gy s Jouslty siiaing 438 SI
P yiahl VAl pglate (med 4335 a5 s 2l
b Jso gl cas 3,5 edlaiwl CMw oybolore £48g )0
dibaie gaw ;3 00 2y s Sl Cuxdge 4l |l
bla Jo )d & cu_:)/tu.o alads YVY¥ E9oxo )‘ A oolaw!
b Bas Ol (aais VAY) Sjgel cladh lgiea
slryiehb as ol flis ANP Jas b ejiel)b 20059
Sk a8 2 1y g Cryia Gud 9 S599)90955 ()L
sl dlaie (g £489 50 Jolse ol 3l Hluwy Caven]
P bl Slib g5y ops Job ol s
Natural jsewd 3l el b g byl SleMbl slaasy
P& B o i guls )3 as adds x40 Breaks
2ol lacids g adg> Canpml gblie (Jio 9> »
e A Ll e g8y 5 1y (VU Jewly
ke &S gy RAOHS &S A (U Al (o)
2ty ey 2980 Cguome adg I3 (ner 55 e
935 sladine ) slrial 5 39)00 e ey, sl
i a9 po il sl cnl 315 )3 Jow 58 s jlob; (s

Abedini, M., & beheshti javid, E. (2016). Flood risk zoning of Liqvan Chai basin using Analytic Network
Process model and geographic information system. Geographic Space, 16(55), 293-312.

Avand, M., Moradi, H., & Ramazanzadeh lasboyee, M. (2021). Spatial modeling of flood probability using
geo-environmental variables and machine learning models, case study: Tajan watershed, Iran. Advances
in Space Research, 67(10), 3169-3186. https://doi.org/10.1016/j.asr.2021.02.011.


https://doi.org/10.1016/j.asr.2021.02.011
http://dx.doi.org/10.61882/jwmr.2024.1265
https://jwmr.sanru.ac.ir/article-1-1265-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/jwmr.2024.1265 |

SR Mg g plie (Jlo) (pusdexe

¥\ VEF /Y oloud /pmd s Jloo a0l 0595 o e 4ol g

Avand, M., Moradi, H., & Ramazanzadeh Lasbuie, M. (2022). Vulnerability Assessment of Tajan
Watershed in Terms of Flood using BWM Method. Journal of Watershed Management Research,
13(26), 10-20.

Aydin, H. E., & Iban, M.C. (2023). Predicting and analyzing flood susceptibility using boosting-based
ensemble machine learning algorithms with SHapley Additive exPlanations. Nat Hazards, 116, 2957—
2991. https://doi.org/10.1007/s11069-022-05793-y.

Bisht, S., Chaudhry, S., Sharma, S., & Soni, S. (2018). Assessment of flash flood vulnerability zonation
through Geospatial technique in high altitude Himalayan watershed, Himachal Pradesh India. Remote
Sensing Applications: Society and Environment, 12, 35-47. https://doi.org/10.1016/j.rsase.2018.09.001.

Cao, C., Xu, P., Wang, Y., Chen, J., Zheng, L., & Niu, C. (2016). Flash Flood Hazard Susceptibility
Mapping Using Frequency Ratio and Statistical Index Methods in Coalmine Subsidence Areas.
Sustainability, 8(9), 948. https://doi.org/10.3390/su8090948.

Chan, F. K. S., Griffiths, J. A., Higgitt, D., Xu, S., Zhu, F., Tang, Y. T., & Thorne, C. R. (2018). Sponge
city in China — a breakthrough of planning and flood risk management in the urban context. Land use
Policy, 76, 772-778.

Chapi, K., Singh, V. P., Shirzadi, A., Shahabi, H., Bui, D. T., Pham, B. T., & Khosravi, K. (2017). A novel
hybrid artificial intelligence approach for flood susceptibility assessment. Environmental Modelling &
Software, 95, 229-245. https://doi.org/10.1016/j.envsoft.2017.06.012.

Costache, R. (2019). Flash-flood Potential Index mapping using weights of evidence, decision Trees models
and their novel hybrid integration. Stochastic Environmental Research and Risk Assessment, 33(7),
1375-1402. https://doi.org/10.1007/s00477- 019-01689-9.

Dahri, N., & Abida, H. (2017). Monte Carlo simulation-aided analytical hierarchy process (AHP) for flood
susceptibility mapping in Gabes Basin (southeastern Tunisia). Environmental Earth Sciences, 76(7),
302. https://doi.org/10.1007/s12665-017-6619-4.

Esfandiary Darabad, F., Layeghi, S., Mostafazadeh, R., & Haji, K. (2021). The zoning of flood risk potential
in the Ghotorchay watershed with ANP and WLC multi-criteria decision making methods. Journal of
Spatial Analysis Environmental Hazards, 8 (2), 135-150. [In Persian]

Garcia, M. M., Javier, F. O., Jeronimo, A. B., Pablo, A. B., & Rocio, P. B. (2008). Farmland appraisal based
on the Analytic Network Process. Journal of Global Optimization, 42, 143-155.

Ghosh, S., Saha, S., & Bera, B. (2022). Flood susceptibility zonation using advanced ensemble machine
learning models within Himalayan foreland basin. Natural Hazard Research, 2(4), 363-374.
https://doi.org/10.1016/j.nhres.2022.06.003.

Holting, B., & Coldewey, W. G. (2019). Hydrogeology (pp. 33-37). Miinster, Germany: Springer.

Hong, H., Tsangaratos, P., Ilia, 1., Liu, J., Zhu, A., & Chen, W. (2018). Application of fuzzy weight of
evidence and data mining techniques in construction of flood susceptibility map of Poyang County,
China. Science of the Total Environment, 625, 575-588.
https://doi.org/10.1016/j.scitotenv.2017.12.256.

Jodi, R., Esmali Ouri, A., Mostafazadeh, R., & Golshan, M. (2023). Flood Susceptibility Mapping using
the Frequency Ratio Method in Khiav Chai Watershed, Ardabil. Journal of Watershed Management
Research, 14(27), 1-14.

Kaur, H., Gupta, S., Parkash, S., Thapa, R., & Mandal, R. (2017). Geospatial modelling of flood
susceptibility pattern in a subtropical area of West Bengal, India. Environmental Earth Sciences, 76, 1-
22. https://doi.org/10.1007/s12665-017-6667-9.

Khosravi, K., Nohani, E., Maroufinia, E., & Pourghasemi, H. R. (2016). A GIS-based flood susceptibility
assessment and its mapping in Iran: a comparison between frequency ratio and weights-of-evidence
bivariate statistical models with multi-criteria decision-making technique. Natural hazards, 83, 947-
987.

Kiss, R. (2004). Determination of drainage network in digital elevation models, utilities and limitations.
Journal of Hungarian Geomathematics, 2, 17-29.

Kraus, C. N., Bonnet, M. P., de Souza Nogueira, 1., Morais Pereira Souza Lobo, M. T., da Motta Marques,
D., Garnier, J., & Cardoso Galli Vieira, L. (2019). Unraveling flooding dynamics and nutrients’ controls
upon phytoplankton functional dynamics in Amazonian floodplain lakes. Water, 11(1), 154.
https://doi.org/10.3390/w11010154.

Kumar, D. P., Gopinath, G., & Seralathan, P. (2007). Application of remote sensing and GIS for the
demarcation of groundwater potential zones of a river basin in Kerala, southwest coast of India.
International Journal of Remote Sensing, 28(24), 5583-5601.

Kumar, R., & Acharya, P. (2016). Flood hazard and risk assessment of 2014 floods in Kashmir Valley: a
space-based multisensor approach. Natural Hazards, 84(1), 437-464.

Manfreda, S., Di Leo, M., & Sole, A. (2011). Detection of flood-prone areas using digital elevation models.
Journal of Hydrologic Engineering, 16(10), 781-790. https://doi.org/10.1061/(ASCE)HE.1943-
5584.0000367.

Mishra, K., & Sinha, R. (2020). Flood risk assessment in the Kosi megafan using multi-criteria decision
analysis: A hydro-geomorphic approach. Geomorphology, 350, 106861.
https://doi.org/10.1016/j.geomorph.2019.106861.


https://doi.org/10.1007/s11069-022-05793-y
https://doi.org/10.1016/j.rsase.2018.09.001
https://doi.org/10.3390/su8090948
https://doi.org/10.1016/j.envsoft.2017.06.012
https://doi.org/10.1007/s12665-017-6619-4
https://doi.org/10.1016/j.nhres.2022.06.003
https://doi.org/10.1016/j.scitotenv.2017.12.256
https://doi.org/10.1007/s12665-017-6667-9
https://doi.org/10.3390/w11010154
https://doi.org/10.1061/\(ASCE\)HE.1943-5584.0000367
https://doi.org/10.1061/\(ASCE\)HE.1943-5584.0000367
https://doi.org/10.1016/j.geomorph.2019.106861
http://dx.doi.org/10.61882/jwmr.2024.1265
https://jwmr.sanru.ac.ir/article-1-1265-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/jwmr.2024.1265 |

9>y 395 g pade (JLo) (pusdese

v 9 S 3l oolizl b slo 2T 3ol 9> 5 Jow 539 Jlad saaigg 9 (b))

Mokhtari, D., Rezaei Moghaddam, M. H., Rahimpour, T., & Moazzez, S. (2020). Preparing the Risk Map
of Flood Occurrence in the Ghomnab Chai Basin Using ANP Model and GIS Technique. Iranian
Journal of Ecohydrology, 7(2), 497-509. doi: 10.22059/ij¢.2020.298759.1298. [In Persian]

Moore, I. D., Grayson, R. B., & Ladson, A. R. (1991). Digital terrain modelling: a review of hydrological,
geomorphological, and biological applications. Hydrological processes, 5(1), 3-30.

Mousavi, S. M., Ataie-Ashtiani, B., & Hosseini, S. M. (2022). Comparison of statistical and MCDM
approaches for flood susceptibility mapping in northern Iran. Journal of Hydrology, 612. 128072.
https://doi.org/10.1016/j.jhydrol.2022.128072.

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(1), 100445. https://doi.org/10.1016/j.rsase.2020.100445.

Nachappa, T. G., Ghorbanzadeh, O., Gholamnia, K., & Blaschke, T. (2020). Multi-hazard exposure
mapping using machine learning for the State of Salzburg, Austria. Remote Sensing, 12(17), 2757.
Oztekin, B., & Topal, T. A. M. E. R. (2005). GIS-based detachment susceptibility analyses of a cut slope

in limestone, Ankara—Turkey. Environmental geology, 49, 124-132.

Pradhan, B. (2010). remote sensing and GIS-based landslide hazard analysis and cross- validation using
multivariate logistic regression model on three test areas in Malaysia. Advances in Space Research,
45(10), 1244—-1256. https://doi.org/10.1016/j.asr.2010.01.006.

Rahimpour, T., Rezaeci Moghaddam, M.H., Hejazi, S.A., & Vlaizadeh Kamran, K. (2023). Flood
Susceptibility Modeling in the Aland Chai Basin using New Ensemble Classification Approach
(FURIA-GA-LogitBoost). Journal of Geography and Environmental Hazards, 12(1), 1-24.
10.22067/geoeh.2022.74170.1141. [In Persian]

Rezaei Moghaddam, M. H., & Rahimpour, T. (2024). Preparation of flood hazard potential map using two
methods: Frequency Ratio and Statistical Index (Case study: Aji Chai Basin). Environmental
Management Hazards, 10(4), 291-308. 10.22059/jhsci.2024.369163.803

Rezaei Moghaddam, M. H., hejazi, A., Valizadeh kamran, K., & Rahimpour, T. (2020a). Flood Analysis
of Subbasins Using WASPAS Model (Case Study: Aland Chai Basin, Northwest of Iran).
Hydrogeomorphology, 7(24), 83-106. 10.22034/hyd.2020.39815.1534. [In Persian]

Rezaei Moghaddam, M. H., Hejazi, A., Valizadeh Kamran, K., & Rahimpour, T. (2020b). Study of
Hydrogeomorphic Indices in Flood Sensitivity (Case study: Aland Chai Basin, Northwest of Iran).
Quantitative Geomorphological Research, 9(2), 195-214. 10.22034/gmp;j.2020.118241. [In Persian]

Saaty, T.L., & Vargas, L.G. (2006). Decision Making with the Analytic Network Process. New York.
Springer Science, 363 pp.

Saced, M. (2020). Flood Hazard Assessment and Zonation Using Artificial Neural Network Model: A
Study OF River Kabul, Peshawar Vale, Pakistan. Ph.D (Thesis), University of Peshawar, Pakistan. 140
pages.

Saikh, N.I., & Mondal, P. (2023). GIS-based machine learning algorithm for flood susceptibility analysis
in the Pagla river basin, Eastern India. Natural Hazards Research, 3(3), 420-436.
https://doi.org/10.1016/j.nhres.2023.05.004.

Van, E.T., Schwarz, A. (2020). Plastic debris in rivers. Wiley Interdisciplinary Reviews: Water, 7(1), 1-24.

WHO (World Health Organization). (2022). Floods. 2017. Available online: https://www.who.int/health-
topics/floods (accessed on 13 January 2022).

Wu, Q., Zhao, Z., Liu, L., Granger, D.E., Wang, H., Cohen, D.J., Wu, X., Ye, M., Bar- Yosef, O., Lu, B,
& Zhang, J. (2017). Response to Comments on “Outburst flood at 1920 BCE supports historicity of
China’s  Great Flood and the Xia  dynasty. Science, 355(6332), 1382.
https://doi.org/10.1126/science.aal1325.

Wu, Y. L., Li, W. P., Wang, Q. Q., Liu, Q. Q., Yang, D. D., Xing, M. L., Pei, Y. B., & Yan, S. S. (2016).
Landslide susceptibility assessment using frequency ratio, statistical index and certainty factor models
for the Gangu County, China. Arabian Journal of Geosciences, 9, 84. https://doi.org/10.1007/s12517-
015-2112-0.

Xie, H., Dong, J., Shen, Z., Chen, L., Lai, X., Qiu, J., Wei, G., Peng, Y., & Chen, X. (2019). Intra-and inter-
event characteristics and controlling factors of agricultural nonpoint source pollution under different
types of rainfall-runoff events. Catena, 182, 104105. https://doi.org/10.1016/j.catena.2019.104105.

Yariyan, P., Janizadeh, S., Van Phong, T., Nguyen, H. D., Costache, R., Van Le, H., Thai Pham, B.,
Pradhan, B., & Tiefenbacher, J. P. (2020). Improvement of best first decision trees using bagging and
dagging ensembles for flood probability mapping. Water Resources Management, 34, 3037-3053.

Youssef, A. M., Pradhan, B., & Hassan, A. M. (2011). Flash flood risk estimation along the St. Katherine
road, southern Sinai, Egypt using GIS based morphometry and satellite imagery. Environmental Earth
Sciences, 62(3), 611-623.

Zhang, G., Feng, G., Li, X., Xie, C., & Pi, X. (2017). Flood effect on groundwater recharge on a typical silt
loam soil. Water, 9(7), 523. https://doi.org/10.3390/w9070523.


https://doi.org/10.1016/j.jhydrol.2022.128072
https://doi.org/10.1016/j.rsase.2020.100445
https://doi.org/10.1016/j.asr.2010.01.006
https://doi.org/10.1016/j.nhres.2023.05.004
https://doi.org/10.1126/science.aal1325
https://doi.org/10.1007/s12517-015-2112-0
https://doi.org/10.1007/s12517-015-2112-0
https://doi.org/10.1016/j.catena.2019.104105
https://doi.org/10.3390/w9070523
http://dx.doi.org/10.61882/jwmr.2024.1265
https://jwmr.sanru.ac.ir/article-1-1265-fa.html
http://www.tcpdf.org

