Table S1. Detailed information of evaluation criteria
	 
	 
	Sub-Criteria
	Brief Description
	Data Source
	Literature Source

	Hazard
	Rainfall and Runoff
	C1.1. Drainage Density
	Drainage density is obtained by dividing the total length of the basin channels by the total area of the basin. (km/km2)
	earthexplorer.usgs.gov
	Arya & Kumar, 2023; Aslan, 2023; Mudashiru et al., 2022
	
	
	C1.2. Flow Accumulation
	Flow accumulation means the direction in which water flows in the basin. Flood proneness is higher in areas where the flow direction is concentrated. (hm3)
	earthexplorer.usgs.gov
	Das, 2018; Dash & Sar, 2020; Sapkale et al., 2022
	
	
	C1.3. Daily Maximum Rainfall
	Changes in rainfall regime are directly related to flood risk. Long-lasting and heavy rainfall causes more runoff to occur and the rainfall to spread over the plains.(mm)
	MGM
	Elkhrachy, 2015; Ramkar & Yadav, 2021; Sapkale et al., 2022; Yilmaz, 2022
	
	Geographical
	C2.1. Slope
	Geographical features are very important in floods as they affect the velocity of runoff and drainage. Low slope values are prone to waterlogging and cause in high infiltration. (°)
	earthexplorer.usgs.gov
	Belazreg et al., 2024; Ramkar & Yadav, 2021; Roy & Dhar, 2024
	
	
	C2.2. Elevation
	An essential factor in assessing flood vulnerability, particularly in flat terrains, is the elevation's significant impact. Low-lying areas experience considerably more water logging during floods compared to higher elevated lands. (m)
	earthexplorer.usgs.gov
	Das, 2018; Mudashiru et al., 2022; Parsian et al., 2021; Roy & Dhar, 2024
	
	
	C2.3. Proximity to River
	During floods, the distance to the river determines the extent of damage and danger. The flood risk of the river also affects the environment in proportion to its drainage capacity. (m)
	earthexplorer.usgs.gov
	Ekmekcioğlu et al., 2022; Gupta & Dixit, 2022; Lyu & Yin, 2023
	
	
	C2.4. Land Use / Land Cover (LULC)
	LLUC expresses how the area is used by society and natural events. It directly affects hydrological processes such as precipitation, interflow, evaporation, base flow, evaporation and infiltration.
	earthexplorer.usgs.gov
	Burayu et al., 2023; M. Jibhakate et al., 2023; H. Singh & Kathuria, 2021
	
	
	C2.5. Topographic Wetness Index (TWI)
	TWI shows the effect of topographic features on the hydrological parameters of the basin. It is a hydrological parameter that defines the extent of runoff accumulation or areas inundated.
	earthexplorer.usgs.gov
	Gupta & Dixit, 2022; Mudashiru et al., 2022; Roy & Dhar, 2024
	
	
	C2.6. Curvature
	Curvatures in the land surface form affect the direction and speed of flow formation. While concave lands pose a danger in terms of flood risk sensitivity, convex lands are the least dangerous areas.
	earthexplorer.usgs.gov
	Ekmekcioğlu et al., 2021, 2022; Lyu & Yin, 2023
	
	
	C2.7. Soil Type
	Soil texture is a very important parameter in determining the flood susceptibility of an area as it affects the drainage system, runoff and moisture status.
	Ministry of Agriculture and Forestry
	Ekmekcioğlu et al., 2022; Gupta & Dixit, 2022; Lyu & Yin, 2023; Ramkar & Yadav, 2021
	
	
	C2.8. Normalized Difference Vegetation Index (NDVI)
	The normalized difference vegetation index (NDVI) is extensively employed for identifying forest cover and water bodies across the Earth's surface. The NDVI parameter indicates healthy, lush green vegetation, less surface area of total vegetation, and negative values indicate water.
	earthexplorer.usgs.gov
	Danso et al., 2024; Mann & Gupta, 2023; Roy & Dhar, 2024
	Vulnerability
	Transportation
	P1.1. Public Transportation (PT) Networks
	Public transportation (PT) stations are areas where people are concentrated. It can seriously affect the vulnerability level.
	Erzurum Metropolitan Municipality
	Aryal et al., 2020

	
	
	P1.2. Road Networks
	The openness of the roads and the distance to the road during flood response and evacuation affect flood vulnerability. The exposure of roads to flood risk increases both flood severity and vulnerability. (m)
	OpenStreetMap
	Borowska-Stefańska et al., 2022; Kalantari et al., 2014; Kittipongvises et al., 2020
	
	
	P1.3. Busy Intersections
	Intersections stand out as important locations in case of floods, flood intervention and flood evacuation. High mobility at intersections makes these areas sensitive areas.
	Erzurum Metropolitan Municipality /
General Directorate of Highways
	Pilot Study

	
	
	P1.4. Bridges and Culverts
	Bridges and critical culverts are among the most sensitive areas during floods. There have been people who lost their lives in previous floods in the study area. These regions are generally located at road-river intersections.
	Erzurum Metropolitan Municipality /
General Directorate of Highways
	Elkhrachy, 2015; Kalantari et al., 2014; Ramkar & Yadav, 2021
	
	Proximity
	P2.1. Emergency Stations
	The locational features of emergency stations are an important parameter in order to carry out flood evacuation conveniently. These areas are critical for health improvements and rapid flood intervention during floods.
	Authors
	Parajuli et al., 2023; Pathan et al., 2022
	
	
	P2.2. Telecommunication Facilities
	Communication channels are very important to increase evacuation and intervention efficiency and reduce vulnerability in emergency situations. During floods, people close to communication channels can communicate more easily because they are in the coverage area. (km)
	Mobile Operator
	Pilot Study

	
	Urban
	P3.1. Population Density
	The level of social damage from floods is directly related to population. Vulnerability depends on the flood’s severity as well as the population density of hazardous area. (person)
	TSI / endeksa.com
	Belazreg et al., 2024; Bhuyan et al., 2023; Ghosh et al., 2023; Mukherjee & Deb, 2023
	
	
	P3.2. Households
	Places where people are concentrated are generally workplaces and residential areas. For this reason, these areas are very important in determining flood vulnerability and sensitive areas.
	endeksa.com
	Kittipongvises et al., 2020; Mukherjee & Deb, 2023; Pathan et al., 2022
	
	
	P3.3. Number of Doctors
	Health facilities must have sufficient capacity to treat people affected by floods. The number of healthcare professionals in the region is an important parameter in treating people injured in floods. (person)
	Authors
	Pilot Study



Table S2. Flood risk analysis ranking with PROMETHEE
	Rank
	Alternative
	
	Rank
	Alternative
	
	Rank
	Alternative
	
	Rank
	Alternative
	

	1
	A25
	0,524
	12
	A20
	0,112
	23
	A33
	0,069
	34
	A2
	0,042

	2
	A31
	0,405
	13
	A9
	0,111
	24
	A22
	0,063
	35
	A26
	0,042

	3
	A30
	0,400
	14
	A21
	0,110
	25
	A7
	0,060
	36
	A15
	0,041

	4
	A35
	0,365
	15
	A14
	0,103
	26
	A5
	0,055
	37
	A39
	0,041

	5
	A27
	0,346
	16
	A41
	0,102
	27
	A3
	0,052
	38
	A40
	0,040

	6
	A24
	0,327
	17
	A8
	0,099
	28
	A1
	0,050
	39
	A10
	0,038

	7
	A19
	0,245
	18
	A18
	0,085
	29
	A37
	0,047
	40
	A42
	0,035

	8
	A38
	0,233
	19
	A36
	0,081
	30
	A43
	0,046
	41
	A28
	0,032

	9
	A16
	0,173
	20
	A23
	0,080
	31
	A13
	0,044
	42
	A29
	0,031

	10
	A34
	0,149
	21
	A32
	0,070
	32
	A11
	0,043
	43
	A44
	0,030

	11
	A17
	0,113
	22
	A12
	0,069
	33
	A6
	0,042
	44
	A4
	0,028



Table S3. Flood risk analysis ranking with TOPSIS
	Rank
	Alternative
	
	Rank
	Alternative
	
	Rank
	Alternative
	
	Rank
	Alternative
	

	1
	A25
	0,638
	12
	A20
	0,172
	23
	A6
	0,134
	34
	A28
	0,101

	2
	A35
	0,530
	13
	A37
	0,170
	24
	A5
	0,131
	35
	A29
	0,100

	3
	A27
	0,516
	14
	A8
	0,163
	25
	A22
	0,129
	36
	A43
	0,099

	4
	A30
	0,507
	15
	A9
	0,160
	26
	A23
	0,127
	37
	A42
	0,097

	5
	A24
	0,482
	16
	A17
	0,156
	27
	A3
	0,123
	38
	A44
	0,095

	6
	A31
	0,479
	17
	A41
	0,155
	28
	A40
	0,119
	39
	A10
	0,091

	7
	A19
	0,344
	18
	A21
	0,149
	29
	A39
	0,117
	40
	A11
	0,086

	8
	A38
	0,320
	19
	A18
	0,148
	30
	A2
	0,114
	41
	A12
	0,083

	9
	A16
	0,226
	20
	A36
	0,147
	31
	A4
	0,110
	42
	A13
	0,077

	10
	A14
	0,226
	21
	A32
	0,144
	32
	A15
	0,106
	43
	A26
	0,075

	11
	A34
	0,191
	22
	A7
	0,141
	33
	A33
	0,106
	44
	A1
	0,048



Table S4.  Comparison of TOPSIS and PROMETHEE methods in flood risk analysis
	Rank
	
	
	Rank
	
	
	Rank
	
	
	Rank
	
	

	1
	A25
	A25
	12
	A20
	A20
	23
	A33
	A6
	34
	A2
	A28

	2
	A31
	A35
	13
	A9
	A37
	24
	A22
	A5
	35
	A26
	A29

	3
	A30
	A27
	14
	A21
	A8
	25
	A7
	A22
	36
	A15
	A43

	4
	A35
	A30
	15
	A14
	A9
	26
	A5
	A23
	37
	A39
	A42

	5
	A27
	A24
	16
	A41
	A17
	27
	A3
	A3
	38
	A40
	A44

	6
	A24
	A31
	17
	A8
	A41
	28
	A1
	A40
	39
	A10
	A10

	7
	A19
	A19
	18
	A18
	A21
	29
	A37
	A39
	40
	A42
	A11

	8
	A38
	A38
	19
	A36
	A18
	30
	A43
	A2
	41
	A28
	A12

	9
	A16
	A16
	20
	A23
	A36
	31
	A13
	A4
	42
	A29
	A13

	10
	A34
	A14
	21
	A32
	A32
	32
	A11
	A15
	43
	A44
	A26

	11
	A17
	A34
	22
	A12
	A7
	33
	A6
	A33
	44
	A4
	A1




Table S5. Kendall's Tau correlation results
	
	PROMETHEE
	TOPSIS

	Scenario
	τ
	p-value
	τ
	p-value

	S1
	0.928
	7.27×10⁻¹⁹
	0.801
	1.77×10⁻¹⁴

	S2
	0.85
	4.23×10⁻¹⁶
	0.729
	2.98×10⁻¹²

	S3
	0.945
	1.54×10⁻¹⁹
	0.839
	9.69×10⁻¹⁶

	S4
	0.975
	1.20×10⁻²⁰
	0.983
	5.14×10⁻²¹

	S5
	0.894
	1.26×10⁻¹⁷
	0.759
	3.81×10⁻¹³

	S6
	0.94
	2.43×10⁻¹⁹
	0.964
	2.86×10⁻²⁰
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