Supplementary

Supplementary Table S1 Final hyperparameter settings used for the machine-learning models
	Model
	Final selected hyperparameter settings

	RF
	n_estimators= 380, max_depth= 10, min_samples_split= 5, min_samples_leaf=2, max_features= ‘sqrt’

	KNN
	n_neighbors= 15, weights= ‘distance’, metric= ‘euclidean’

	GBM
	n_estimators= 220, learning_rate= 0.06, max_depth=3, subsample= 0.7

	XGBoost
	n_estimators= 350, learning_rate= 0.05, max_depth= 5, subsample= 0.7, colsample_bytree= 0.8, reg_lambda= 1

	LightGBM
	n_estimators= 380, learning_rate= 0.06, num_leaves= 25, max_depth= 5, subsample= 0.7, colsample_bytree= 0.9

	CatBoost
	iterations= 550, depth= 5, learning_rate= 0.07, l2_leaf_reg= 5, loss_function = 'Logloss'


Note: Final hyperparameter settings were selected using randomized search with stratified five-fold cross-validation on the training subset. The selection criterion was the highest mean validation AUC across the five folds. The independent 30% test subset was used only for final model evaluation.

Supplementary Table S2. Hyperparameter search ranges used for randomized search
	Model
	Hyperparameter search range
	Number of random trials

	RF
	n_estimators: 100–500; max_depth: 5–30; min_samples_split: 2–10; min_samples_leaf: 1–4; max_features: sqrt/log2
	100

	KNN
	n_neighbors: 3–25; weights: uniform/distance; metric: euclidean/manhattan/minkowski
	100

	GBM
	n_estimators: 100–500; learning_rate: 0.01–0.1; max_depth: 2–5; subsample: 0.7–1.0
	100

	XGBoost
	n_estimators: 100–500; learning_rate: 0.01–0.1; max_depth: 2–7; subsample: 0.7–1.0; colsample_bytree: 0.7–1.0; reg_lambda= 1-10
	100

	LightGBM
	n_estimators: 100–500; learning_rate: 0.01–0.1; num_leaves: 15–63; max_depth: -1 or 5–20; subsample: 0.7–1.0; colsample_bytree: 0.7–1.0
	100

	CatBoost
	iterations: 200–800; depth: 3–8; learning_rate: 0.01–0.1; l2_leaf_reg: 1–10; loss_function: Logloss
	100



Supplementary Table S3. Soil hydrological groups used for CN assignment
	Runoff Potential
	Soil Texture Class
	HSG

	Low
	Sand
	A

	Moderately low
	Sandy loam, Loamy sand
	B

	Moderately high
	Clay loam, Silty clay loam, Sandy clay loam, Loam, Silty loam, Silt
	C

	High
	Clay, Silty, Sandy clay
	D

	High
	Sand
	A/D

	High
	Sandy loam, Loamy Sand
	B/D

	High
	Clay loam, Silty clay loam, Sandy clay loam, Loam, Silty loam, Silt
	C/D

	High
	Clay, Silty clay, Sandy clay
	D/D



Supplementary Table S4. Curve Number values used for land-use and hydrologic soil-group combinations
	Class
	Landuse Class
	Soil Hydrological Group

	
	
	A
	B
	C
	D

	112
	Discontinuous Urban Fabric
	77
	85
	90
	92

	116
	Mixed Commercial-Residential Use
	89
	92
	94
	95

	121
	Commercial, Industrial, Service, and Cultural Zones
	81
	88
	91
	93

	122
	Roads, Parking Areas, and Associated Infrastructure
	83
	89
	92
	93

	124
	Military Area
	83
	87
	92
	93

	141
	Green Space
	49
	69
	79
	84

	142
	Sports and Recreational Facilities
	49
	69
	79
	84

	210
	Abandoned Land
	45
	65
	76
	82

	216
	Educational
	57
	72
	81
	86

	222
	Orchard and Agricultural Land
	43
	65
	76
	82

	231
	Pasture Land
	30
	58
	71
	78

	241
	Small-Scale Orchard and Seasonal Harvest Land
	58
	72
	81
	85

	313
	Forested Area
	36
	60
	73
	79

	315
	Healthcare and Medical Facilities
	77
	86
	91
	94

	324
	Shrubland
	39
	61
	74
	80

	331
	Bare Land
	77
	86
	91
	94

	332
	Rocky or Stony Barren Land
	77
	86
	91
	94

	351
	Cemetery
	71
	81
	88
	90

	512
	Watercourse / Waterway
	100
	100
	100
	100



Supplementary Table S5 . Administrative screening of excluded facilities based on municipal deteriorated urban fabric criteria
	ID
	District
	Type
	age
	Public_Access constrain
	tarakom
	Within deteriorated urban fabric
	Reason for exclusion
	Final Decision

	1
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	2
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	3
	4
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	4
	4
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	5
	7
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	6
	7
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	7
	7
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	8
	11
	educational
	40<
	constrained
	no
	yes
	deteriorated urban fabric + access constraint
	Excluded

	9
	11
	educational
	30<
	not_constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting
	Excluded

	10
	3
	educational
	50<
	constrained
	no
	yes
	deteriorated urban fabric + access constrain
	Excluded

	11
	3
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	12
	3
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	13
	3
	educational
	30<
	constrained
	no
	yes
	deteriorated urban fabric + access constraint
	Excluded

	14
	11
	educational
	30<
	constrained
	no
	yes
	deteriorated urban fabric + access constraint
	Excluded

	15
	3
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	16
	7
	educational
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	17
	7
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	18
	11
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	19
	8
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	20
	8
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	21
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	22
	8
	educational
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	23
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	24
	8
	educational
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	25
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	26
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	27
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	28
	8
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	29
	2
	educational
	30<
	constrained
	no
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	30
	2
	educational
	30<
	constrained
	no
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	31
	2
	educational
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	32
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	33
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	34
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	35
	2
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	36
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	37
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	38
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	39
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	40
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	41
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	42
	2
	educational
	40<
	not_constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting
	Excluded

	43
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	44
	2
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	45
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	46
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	47
	2
	educational
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	48
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	49
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	50
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	51
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	52
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	53
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	54
	2
	educational
	30<
	not_constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting
	Excluded

	55
	2
	educational
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	56
	2
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	57
	2
	educational
	30<
	not_constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting
	Excluded

	58
	2
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	59
	2
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	60
	2
	educational
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	61
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	62
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	63
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	64
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	65
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	66
	2
	educational
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	67
	1
	educational
	40<
	constrained
	no
	yes
	deteriorated urban fabric + access constraint
	Excluded

	68
	6
	educational
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	69
	6
	educational
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	70
	8
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	71
	8
	educational
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	72
	2
	educational
	30<
	constrained
	no
	yes
	deteriorated urban fabric + access constraint
	Excluded

	73
	2
	educational
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	74
	8
	sports complex
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	75
	3
	sports complex
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	76
	11
	sports complex
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	77
	11
	sports complex
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	78
	2
	sports complex
	50<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	79
	2
	sports complex
	40<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	80
	4
	sports complex
	40<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	81
	2
	sports complex
	30<
	not_constrained
	no
	yes
	deteriorated urban fabric
	Excluded

	82
	8
	sports complex
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	83
	8
	sports complex
	30<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	84
	8
	sports complex
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded

	85
	8
	sports complex
	50<
	constrained
	yes
	yes
	deteriorated urban fabric + dense urban setting + access constraint
	Excluded



Supplementary Table S6. Shelter suitability criteria and their integration in the proposed workflow
	Stage
	Criterion
	Data source
	Implementation
	Role in decision

	Initial candidate extraction
	Public-use facility type
	Shiraz municipal land-use/building database
	Schools, sports complexes, and educational/recreational public facilities were extracted as initial candidates
	Hard eligibility filter

	Administrative safety screening
	Deteriorated urban fabric
	Official Shiraz Municipality deteriorated-fabric layer
	Facilities intersecting deteriorated urban fabrics were excluded
	Hard exclusion filter

	Hazard screening
	Building-level flood susceptibility
	CatBoost flood-susceptibility raster + zonal statistics
	Mean flood-susceptibility score was calculated for each eligible building
	Quantitative hazard score

	Hazard thresholding
	Below-median flood susceptibility
	Distribution of building-level mean flood-susceptibility scores
	Buildings above the median susceptibility cutoff were excluded; buildings below the cutoff were retained
	Quantitative safety screening

	Functional suitability
	Current use, access, open space, utilities, visible deterioration
	Municipal descriptive records + field visits
	Retained low-susceptibility candidates were cross-checked before clustering
	Functional validation

	Capacity assessment
	Estimated emergency accommodation capacity
	Facility area + international emergency-shelter guidance
	Capacity was estimated from facility area by accounting for usable emergency-accommodation space
	Capacity feasibility check

	Spatial allocation
	Geographic balance
	Candidate-building centroids
	K-Means clustering was applied to retained candidate buildings
	Spatial optimization

	Final representative selection
	Proximity to cluster centroid
	Cluster geometry
	The building nearest to each cluster centroid was selected
	Final shelter selection

	Route-accessibility assessment
	Network access and route exposure
	Road network, district centroids, Class 5 flood-susceptibility polygons
	Nearest routes and route segments crossing Class 5 were mapped
	Post-selection accessibility check


Note. Capacity assessment was used as a feasibility check based on facility area and emergency-shelter space guidance. It was not used as a full population-allocation or capacity-demand optimization model.

Supplementary Table S7 Multicollinearity assessment
	[bookmark: _Hlk185019482]TOL
	VIF
	Variable

	0.995711
	1.004308
	Rainfall

	0.992285
	1.007775
	Elevation

	0.994030
	1.006005
	Slope

	0.985464
	1.014750
	Aspect

	0.997804
	1.002201
	CN

	0.945406
	1.057747
	TWI

	0.998827
	1.001174
	TRI

	0.999952
	1.000048
	NDVI

	0.997255
	1.002753
	DistRivers

	0.998650
	1.001351
	Landuse

	0.998343
	1.001660
	Soil Texture

	0.997735
	1.002270
	Soil Erosion

	0.999999
	1.000001
	SPI

	0.995346
	1.004676
	DistStreets

	0.999900
	1.000100
	DistStreams

	0.999121
	1.000880
	Drainagedensity



Supplementary Table S8 . Field verification of retained low susceptibility candidate buildings prior to clustring
	FID
	Cluster
	District
	Type
	age
	Area
	Mean Flood Susceptibility score
	Below Median status (0.5729)
	Access adequacy
	Open Space and Basic utilities availability
	Final Selection

	0
	7
	7
	educational
	10>
	302.47
	0.5584
	yes
	Adequate
	yes
	yes

	1
	8
	9
	educational
	20>
	3287.67
	0.4780
	yes
	Adequate
	yes
	no

	2
	8
	9
	educational
	10>
	3180.43
	0.4737
	yes
	Adequate
	yes
	yes

	3
	8
	9
	educational
	30>
	1654.26
	0.4855
	yes
	Adequate
	yes
	no

	4
	8
	9
	educational
	10>
	4372.33
	0.4736
	yes
	Adequate
	yes
	no

	5
	26
	4
	educational
	10>
	1998.91
	0.5124
	yes
	Adequate
	yes
	yes

	6
	26
	4
	educational
	20>
	1970.03
	0.5379
	yes
	Adequate
	yes
	no

	7
	14
	4
	sports complex
	10>
	3970.5
	0.4863
	yes
	Adequate
	yes
	no

	8
	5
	9
	educational
	10>
	3842.56
	0.3994
	yes
	Adequate
	yes
	no

	9
	14
	4
	educational
	20>
	257.991
	0.4463
	yes
	Adequate
	yes
	no

	10
	5
	9
	educational
	20>
	736.481
	0.4602
	yes
	Adequate
	yes
	no

	11
	5
	9
	sports complex
	30>
	4757.78
	0.4592
	yes
	Adequate
	yes
	no

	12
	19
	4
	sports complex
	20>
	8770.98
	0.4614
	yes
	Adequate
	yes
	no

	13
	14
	4
	educational
	20>
	3279.36
	0.4860
	yes
	Adequate
	yes
	yes

	14
	19
	9
	sports complex
	10>
	2829.9
	0.4711
	yes
	Adequate
	yes
	no

	15
	5
	9
	educational
	20>
	5904.76
	0.4688
	yes
	Adequate
	yes
	no

	16
	5
	9
	educational
	10>
	5295.9
	0.4687
	yes
	Adequate
	yes
	yes

	17
	14
	4
	educational
	20>
	1424.78
	0.4884
	yes
	Adequate
	yes
	no

	18
	19
	4
	educational
	20>
	711.416
	0.4953
	yes
	Adequate
	yes
	no

	19
	5
	9
	educational
	30>
	3953.99
	0.4865
	yes
	Adequate
	yes
	no

	20
	5
	9
	educational
	20>
	3266.75
	0.4850
	yes
	Adequate
	yes
	no

	21
	5
	9
	educational
	20>
	3338.85
	0.4273
	yes
	Adequate
	yes
	no

	22
	5
	9
	educational
	20>
	2968.08
	0.5049
	yes
	Adequate
	yes
	no

	23
	5
	9
	educational
	20>
	3821.19
	0.4915
	yes
	Adequate
	yes
	no

	24
	18
	2
	educational
	20>
	376.862
	0.5201
	yes
	Adequate
	yes
	no

	25
	18
	4
	educational
	10>
	2189.29
	0.4909
	yes
	Adequate
	yes
	no

	26
	19
	4
	sports complex
	20>
	308.222
	0.5106
	yes
	Adequate
	yes
	no

	27
	13
	9
	sports complex
	30>
	2241.75
	0.3228
	yes
	Adequate
	yes
	no

	28
	19
	4
	educational
	20>
	1577.31
	0.5115
	yes
	Adequate
	yes
	yes

	29
	13
	9
	educational
	20>
	2848.51
	0.4197
	yes
	Adequate
	yes
	no

	30
	18
	4
	educational
	10>
	2980.75
	0.5059
	yes
	Adequate
	yes
	no

	31
	18
	4
	educational
	20>
	594.098
	0.5008
	yes
	Adequate
	yes
	yes

	32
	19
	4
	sports complex
	10>
	296.347
	0.5093
	yes
	Adequate
	yes
	no

	33
	19
	4
	sports complex
	20>
	346.758
	0.4922
	yes
	Adequate
	yes
	no

	34
	4
	4
	educational
	20>
	1730.7
	0.5109
	yes
	Adequate
	yes
	no

	35
	13
	9
	educational
	30>
	2288.4
	0.3118
	yes
	Adequate
	yes
	no

	36
	13
	9
	educational
	20>
	2300.16
	0.2964
	yes
	Adequate
	yes
	no

	37
	13
	9
	sports complex
	20>
	2912.27
	0.2842
	yes
	Adequate
	yes
	yes

	38
	4
	4
	educational
	20>
	2341.33
	0.5432
	yes
	Adequate
	yes
	no

	39
	4
	4
	educational
	10>
	4602.58
	0.5552
	yes
	Adequate
	yes
	yes

	40
	4
	4
	educational
	30>
	1215.5
	0.5490
	yes
	Adequate
	yes
	no

	41
	4
	4
	educational
	10>
	3233.69
	0.5494
	yes
	Adequate
	yes
	no

	42
	13
	9
	educational
	10>
	3579.38
	0.3273
	yes
	Adequate
	yes
	no

	43
	13
	9
	educational
	10>
	3866.47
	0.3672
	yes
	Adequate
	yes
	no

	44
	13
	9
	sports complex
	20>
	6761.27
	0.3523
	yes
	Adequate
	yes
	no

	45
	4
	1
	educational
	20>
	387.633
	0.5600
	yes
	Adequate
	yes
	no

	46
	11
	4
	educational
	10>
	1542.02
	0.5051
	yes
	Adequate
	yes
	no

	47
	11
	4
	educational
	20>
	237.361
	0.5085
	yes
	Adequate
	yes
	no

	48
	11
	4
	educational
	20>
	1987.89
	0.5117
	yes
	Adequate
	yes
	no

	49
	11
	4
	educational
	20>
	960.619
	0.5065
	yes
	Adequate
	yes
	no

	50
	11
	4
	educational
	20>
	2027.8
	0.4570
	yes
	Adequate
	yes
	no

	51
	27
	4
	sports complex
	10>
	7540.04
	0.2554
	yes
	Adequate
	yes
	yes

	52
	11
	4
	educational
	20>
	1590.02
	0.4909
	yes
	Adequate
	yes
	yes

	53
	11
	4
	educational
	20>
	476.024
	0.4412
	yes
	Adequate
	yes
	no

	54
	1
	4
	educational
	20>
	2217.46
	0.3656
	yes
	Adequate
	yes
	no

	55
	1
	4
	educational
	20>
	2304.44
	0.3655
	yes
	Adequate
	yes
	no

	56
	1
	4
	educational
	20>
	467.167
	0.3093
	yes
	Adequate
	yes
	yes

	57
	1
	4
	educational
	20>
	3142.87
	0.3672
	yes
	Adequate
	yes
	no

	58
	1
	4
	educational
	10>
	215.017
	0.3096
	yes
	Adequate
	yes
	no

	59
	20
	1
	educational
	30>
	658.483
	0.5725
	yes
	Adequate
	yes
	no

	60
	1
	4
	educational
	20>
	1198.57
	0.3028
	yes
	Adequate
	yes
	no

	61
	1
	0
	educational
	20>
	4702.23
	0.2993
	yes
	Adequate
	yes
	no

	62
	20
	1
	sports complex
	10>
	3471.75
	0.4563
	yes
	Adequate
	yes
	yes

	63
	1
	0
	sports complex
	20>
	2819.36
	0.2991
	yes
	Adequate
	yes
	no

	64
	20
	1
	educational
	10>
	2459.65
	0.4521
	yes
	Adequate
	yes
	no

	65
	25
	1
	sports complex
	20>
	263.715
	0.3754
	yes
	Adequate
	yes
	no

	66
	20
	1
	educational
	20>
	395.656
	0.4572
	yes
	Adequate
	yes
	no

	67
	25
	1
	educational
	20>
	1743.87
	0.3196
	yes
	Adequate
	yes
	yes

	68
	25
	1
	educational
	30>
	2087.08
	0.3186
	yes
	Adequate
	yes
	no

	69
	25
	1
	educational
	20>
	2351.68
	0.3175
	yes
	Adequate
	yes
	no

	70
	15
	6
	educational
	20>
	1935.17
	0.2934
	yes
	Adequate
	yes
	no

	71
	15
	6
	educational
	10>
	613.208
	0.2949
	yes
	Adequate
	yes
	no

	72
	15
	6
	educational
	20>
	3574.09
	0.2913
	yes
	Adequate
	yes
	no

	73
	10
	1
	sports complex
	20>
	580.252
	0.5564
	yes
	Adequate
	yes
	no

	74
	21
	1
	educational
	20>
	1499.25
	0.5240
	yes
	Adequate
	yes
	yes

	75
	10
	1
	sports complex
	20>
	414.948
	0.5535
	yes
	Adequate
	yes
	no

	76
	21
	1
	educational
	10>
	1922.84
	0.4530
	yes
	Adequate
	yes
	no

	77
	15
	6
	educational
	20>
	2525.26
	0.3039
	yes
	Adequate
	yes
	yes

	78
	15
	6
	educational
	10>
	571.58
	0.2505
	yes
	Adequate
	yes
	no

	79
	10
	1
	sports complex
	20>
	387.359
	0.5493
	yes
	Adequate
	yes
	yes

	80
	10
	1
	sports complex
	10>
	536.976
	0.5499
	yes
	Adequate
	yes
	no

	81
	15
	6
	educational
	20>
	920.664
	0.2829
	yes
	Adequate
	yes
	no

	82
	10
	1
	sports complex
	20>
	378.221
	0.4426
	yes
	Adequate
	yes
	no

	83
	15
	6
	sports complex
	20>
	2029.65
	0.2475
	yes
	Adequate
	yes
	no

	84
	15
	6
	sports complex
	20>
	2054.28
	0.2583
	yes
	Adequate
	yes
	no

	85
	6
	1
	educational
	10>
	491.852
	0.5182
	yes
	Adequate
	yes
	no

	86
	15
	6
	educational
	30>
	1314.5
	0.2608
	yes
	Adequate
	yes
	no

	87
	6
	6
	educational
	10>
	5780.47
	0.5070
	yes
	Adequate
	yes
	no

	88
	6
	6
	educational
	10>
	2374.22
	0.4701
	yes
	Adequate
	yes
	no

	89
	6
	6
	educational
	30>
	2063.02
	0.4682
	yes
	Adequate
	yes
	yes

	90
	6
	6
	educational
	20>
	3861.19
	0.4738
	yes
	Adequate
	yes
	no

	91
	6
	6
	educational
	20>
	943.461
	0.4412
	yes
	Adequate
	yes
	no

	92
	6
	6
	educational
	20>
	1290.42
	0.4779
	yes
	Adequate
	yes
	no

	93
	6
	6
	educational
	30>
	1974.32
	0.4698
	yes
	Adequate
	yes
	no

	94
	6
	6
	educational
	20>
	1178.97
	0.4356
	yes
	Adequate
	yes
	no

	95
	16
	1
	educational
	20>
	1304.01
	0.4517
	yes
	Adequate
	yes
	no

	96
	6
	6
	educational
	20>
	2884.19
	0.4163
	yes
	Adequate
	yes
	no

	97
	16
	1
	educational
	10>
	3708.64
	0.4237
	yes
	Adequate
	yes
	yes

	98
	22
	6
	sports complex
	20>
	1393.21
	0.2869
	yes
	Adequate
	yes
	no

	99
	22
	6
	educational
	20>
	5380.98
	0.3159
	yes
	Adequate
	yes
	yes

	100
	16
	1
	sports complex
	20>
	2050.47
	0.4032
	yes
	Adequate
	yes
	no

	101
	22
	6
	sports complex
	20>
	3616.27
	0.3204
	yes
	Adequate
	yes
	no

	102
	16
	1
	educational
	20>
	704.331
	0.3349
	yes
	Adequate
	yes
	no

	103
	22
	6
	educational
	10>
	1237.19
	0.3380
	yes
	Adequate
	yes
	no

	104
	17
	6
	sports complex
	30>
	413.178
	0.2866
	yes
	Adequate
	yes
	no

	105
	17
	6
	sports complex
	20>
	670.563
	0.2871
	yes
	Adequate
	yes
	no

	106
	17
	6
	sports complex
	10>
	258.895
	0.2878
	yes
	Adequate
	yes
	no

	107
	17
	6
	sports complex
	30>
	788.464
	0.2905
	yes
	Adequate
	yes
	no

	108
	17
	6
	educational
	30>
	2535.94
	0.2921
	yes
	Adequate
	yes
	yes

	109
	17
	6
	educational
	30>
	1217.24
	0.2926
	yes
	Adequate
	yes
	no

	110
	17
	6
	educational
	10>
	1053.58
	0.2973
	yes
	Adequate
	yes
	no

	111
	3
	3
	educational
	20>
	3050.25
	0.4429
	yes
	Adequate
	yes
	no

	112
	3
	3
	educational
	20>
	1914.52
	0.4397
	yes
	Adequate
	yes
	yes

	113
	3
	3
	educational
	10>
	1932.45
	0.4425
	yes
	Adequate
	yes
	no

	114
	0
	6
	educational
	20>
	3710.66
	0.3530
	yes
	Adequate
	yes
	no

	115
	0
	6
	educational
	20>
	7086.49
	0.3576
	yes
	Adequate
	yes
	yes

	116
	24
	6
	sports complex
	20>
	8105.65
	0.3427
	yes
	Adequate
	yes
	no

	117
	0
	6
	sports complex
	10>
	477.715
	0.3960
	yes
	Adequate
	yes
	no

	118
	0
	6
	sports complex
	20>
	3444.24
	0.4016
	yes
	Adequate
	yes
	no

	119
	24
	6
	sports complex
	10>
	1846.4
	0.3098
	yes
	Adequate
	yes
	no

	120
	0
	6
	educational
	10>
	793.184
	0.3981
	yes
	Adequate
	yes
	no

	121
	0
	6
	educational
	20>
	3181.54
	0.3838
	yes
	Adequate
	yes
	no

	122
	24
	6
	sports complex
	20>
	825.753
	0.3193
	yes
	Adequate
	yes
	yes

	123
	24
	6
	sports complex
	10>
	574.666
	0.3322
	yes
	Adequate
	yes
	no

	124
	3
	3
	sports complex
	20>
	1985.55
	0.4223
	yes
	Adequate
	yes
	no

	125
	12
	6
	educational
	10>
	770.676
	0.3237
	yes
	Adequate
	yes
	no

	126
	12
	6
	educational
	20>
	4590.69
	0.3193
	yes
	Adequate
	yes
	yes

	127
	12
	6
	educational
	20>
	3040.86
	0.3179
	yes
	Adequate
	yes
	no

	128
	12
	6
	educational
	20>
	3295.28
	0.3167
	yes
	Adequate
	yes
	no

	129
	23
	10
	educational
	20>
	2463.21
	0.2548
	yes
	Adequate
	yes
	no

	130
	23
	10
	educational
	20>
	3285.19
	0.1986
	yes
	Adequate
	yes
	yes

	131
	23
	10
	sports complex
	20>
	1245.96
	0.1971
	yes
	Adequate
	yes
	no

	132
	2
	10
	educational
	20>
	888.645
	0.1543
	yes
	Adequate
	yes
	yes

	133
	2
	10
	educational
	20>
	4447.56
	0.1550
	yes
	Adequate
	yes
	no

	134
	2
	10
	educational
	10>
	6308.8
	0.1545
	yes
	Adequate
	yes
	no

	135
	2
	10
	educational
	10>
	4071.18
	0.1576
	yes
	Adequate
	yes
	no

	136
	2
	10
	educational
	30>
	4794.36
	0.1573
	yes
	Adequate
	yes
	no

	137
	2
	10
	educational
	10>
	1041.13
	0.1521
	yes
	Adequate
	yes
	no

	138
	2
	10
	educational
	10>
	907.181
	0.1510
	yes
	Adequate
	yes
	no

	139
	2
	10
	educational
	20>
	3366.72
	0.1774
	yes
	Adequate
	yes
	no

	140
	9
	10
	educational
	10>
	901.696
	0.3322
	yes
	Adequate
	yes
	no

	141
	9
	10
	educational
	20>
	1534.09
	0.3755
	yes
	Adequate
	yes
	yes

	142
	9
	10
	educational
	10>
	4307.88
	0.3773
	yes
	Adequate
	yes
	no

	143
	9
	10
	educational
	10>
	4970.06
	0.3732
	yes
	Adequate
	yes
	no

	144
	6
	6
	educational
	20>
	865.80
	0.4969
	yes
	Adequate
	yes
	no

	145
	6
	6
	educational
	20>
	981.23
	0.4822
	yes
	Adequate
	yes
	no



Supplementary Table S9. Route-level exposure of nearest shelter-access routes to very high flood-susceptibility zones, Class 5
	District centroid
	Route ID
	Nearest shelter ID
	Route length (km)
	Length in Class 5 (km)
	Class 5 exposure (%)

	District 1
	Location 10–23
	23
	2.806
	0.000
	0.00

	District 2
	Location 6–0
	0
	2.719
	0.000
	0.00

	District 3
	Location 1–6
	6
	3.620
	1.056
	29.17

	District 4
	Location 9–5
	5
	3.634
	0.000
	0.00

	District 5
	Location 4–26
	26
	1.884
	0.000
	0.00

	District 6
	Location 5–18
	18
	5.928
	3.770
	63.60

	District 7
	Location 8–18
	18
	5.261
	3.242
	61.62

	District 8
	Location 2–7
	7
	4.511
	0.213
	4.73

	District 9
	Location 7–7
	7
	2.964
	0.033
	1.11

	District 10
	Location 3–21
	21
	2.728
	0.271
	9.93

	District 11
	Location 11–7
	7
	5.341
	3.132
	58.65


Note: The nearest shelter-access route was generated for each district centroid using road-segment length as the impedance attribute. Exposure to Class 5 was calculated as the percentage of each route intersecting very high flood-susceptibility zones.

Supplementary Table S10. Route-level exposure of primary and secondary shelter-access routes to very high flood-susceptibility zones, Class 5
	District centroid
	Route option
	Route ID
	Shelter ID
	Route length (km)
	Length in class 5 (km)
	Class 5 exposure (%)

	District 1
	Primary
	Location 1–23
	23
	2.805
	0.000
	0.00

	District 1
	Secondary
	Location 1–2
	2
	3.908
	0.000
	0.00

	District 2
	Primary
	Location 2–0
	0
	2.719
	0.000
	0.00

	District 2
	Secondary
	Location 2–17
	17
	3.396
	0.000
	0.00

	District 3
	Primary
	Location 3–6
	6
	3.619
	1.056
	29.17

	District 3
	Secondary
	Location 3–10
	10
	4.187
	1.266
	30.23

	District 4
	Primary
	Location 4–5
	5
	3.633
	0.000
	0.00

	District 4
	Secondary
	Location 4–8
	8
	3.730
	0.000
	0.00

	District 5
	Primary
	Location 5–26
	26
	1.883
	0.000
	0.00

	District 5
	Secondary
	Location 5–14
	14
	2.066
	0.000
	0.00

	District 6
	Primary
	Location 6–18
	18
	5.927
	3.770
	63.60

	District 6
	Secondary
	Location 6–26
	26
	6.688
	3.165
	47.32

	District 7
	Primary
	Location 7–18
	18
	5.261
	3.242
	61.62

	District 7
	Secondary
	Location 7–4
	4
	6.279
	3.349
	53.33

	District 8
	Primary
	Location 8–7
	7
	4.511
	0.213
	4.73

	District 8
	Secondary
	Location 8–18
	18
	11.004
	7.400
	67.24

	District 9
	Primary
	Location 9–7
	7
	2.963
	0.033
	1.11

	District 9
	Secondary
	Location 9–18
	18
	13.567
	8.806
	64.91

	District 10
	Primary
	Location 10–21
	21
	2.727
	0.271
	9.93

	District 10
	Secondary
	Location 10–10
	10
	4.073
	0.271
	6.65

	District 11
	Primary
	Location 11–7
	7
	5.340
	3.132
	58.65

	District 11
	Secondary
	Location 11–21
	21
	9.406
	4.830
	51.35


Note: Primary and secondary routes represent the first and second nearest proposed shelters from each district centroid based on road-network distance. These routes should be interpreted as preliminary access options rather than deterministic evacuation assignments.


Supplementary Table S11. Cluster-validity metrics and K-Means stability analysis

Supplementary Table S11. Panel A
Panel A. Cluster-validity metrics for alternative k values from 2 to 30
	k
	Gap Statistic
	Gap SE
	Silhouette Score
	Davies–Bouldin Index

	2
	0.7918
	0.0551
	0.5109
	0.7814

	3
	0.9552
	0.0532
	0.4801
	0.7548

	4
	0.9484
	0.0568
	0.5007
	0.7246

	5
	1.0157
	0.0527
	0.4871
	0.7192

	6
	1.0279
	0.0539
	0.4725
	0.7293

	7
	1.0631
	0.0538
	0.5089
	0.6465

	8
	1.1218
	0.0551
	0.5163
	0.5337

	9
	1.1934
	0.0527
	0.5243
	0.5436

	10
	1.2899
	0.0451
	0.5648
	0.4894

	11
	1.4343
	0.0489
	0.5997
	0.4393

	12
	1.5531
	0.0458
	0.6039
	0.4149

	13
	1.6936
	0.0505
	0.6086
	0.4007

	14
	1.8853
	0.0496
	0.6092
	0.4247

	15
	1.9081
	0.0479
	0.6124
	0.4153

	16
	1.9455
	0.0606
	0.5973
	0.4525

	17
	2.0284
	0.0602
	0.5930
	0.4728

	18
	2.1057
	0.0518
	0.5969
	0.4799

	19
	2.1476
	0.0630
	0.5972
	0.4878

	20
	2.1844
	0.0580
	0.6134
	0.4570

	21
	2.2001
	0.0616
	0.6004
	0.4761

	22
	2.2151
	0.0620
	0.5920
	0.4789

	23
	2.2447
	0.0578
	0.5902
	0.4819

	24
	2.2726
	0.0617
	0.5918
	0.4722

	25
	2.2667
	0.0647
	0.5876
	0.4682

	26
	2.3193
	0.0603
	0.5806
	0.4925

	27
	2.3487
	0.0635
	0.5823
	0.4872

	28
	2.3932
	0.0579
	0.5991
	0.4578

	29
	2.4178
	0.0635
	0.5836
	0.4776

	30
	2.4518
	0.0627
	0.5902
	0.4663


Note: Higher Gap Statistic and Silhouette Score values indicate better clustering performance, whereas lower Davies–Bouldin Index values indicate more compact and better-separated clusters.

Supplementary Table S11. Panel B
	Metric
	Value

	Number of repeated K-Means runs
	50

	Selected k
	28

	Mean adjusted Rand index
	0.8938

	Standard deviation of adjusted Rand index
	0.0418

	Minimum adjusted Rand index
	0.7892

	Maximum adjusted Rand index
	1.0000


Note: The adjusted Rand index was calculated across repeated K-Means runs with different random initializations. Higher values indicate greater similarity among clustering solutions.

Supplementary Figure S1. Alternative accessibility scenario showing the two nearest road-network routes from district centroids to the proposed shelters. Route segments intersecting very high flood-susceptibility zones (Class 5) are highlighted
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