Table S1: PCA loading matrix and variance structure for social vulnerability indicators
	Check
	Value
	Note

	KMO (overall)
	0.534
	

	KMO — Education
	0.529
	

	KMO — Migration Status
	0.619
	

	KMO — Population Density
	0.579
	

	KMO — Ratio
	0.474
	Below 0.5; retained 

	KMO — Children
	0.554
	

	KMO — Old
	0.472
	Below 0.5; retained 

	Bartlett's test of sphericity
	χ²(15) = 103.27, p < 0.001

	Conclusion
	Assumptions satisfied overall; Ratio and Old below individual MSA threshold but retained for completeness of the social vulnerability indicator set

	Parameter
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6

	Education 
	-0.82
	-0.03
	-0.12
	-0.04
	-0.10
	-0.55

	Migration Status
	0.17
	-0.10
	-0.97
	-0.13
	-0.05
	0.05

	Population Density
	0.66
	-0.19
	0.02
	0.47
	-0.47
	-0.30

	Ratio
	0.20
	0.73
	-0.15
	0.41
	0.45
	-0.18

	Children
	0.63
	0.12
	0.12
	-0.67
	0.12
	-0.33

	Old
	0.12
	-0.79
	0.01
	0.18
	0.56
	-0.13

	eValue
	1.58
	1.22
	0.99
	0.89
	0.76
	0.55

	%
	26.41
	20.29
	16.53
	14.90
	12.72
	9.16

	Cum %
	26.41
	46.69
	63.22
	78.12
	90.84
	100











Table S2: PCA loading matrix and variance structure for economic vulnerability indicators
	Check
	Value
	Note

	KMO (overall)
	0.573
	

	KMO — Livelihood
	0.571
	

	KMO — Adequate Food Supply
	0.546
	

	KMO — Source of Food Supply
	0.195
	Well below 0.5; retained 

	KMO — Poverty Line
	0.647
	

	Bartlett's test of sphericity
	χ²(6) = 357.37, p < 0.001

	Conclusion
	Assumptions satisfied overall; Source of Food Supply well below individual MSA threshold but retained for completeness of the economic vulnerability indicator set

	Parameter
	PC1
	PC2
	PC3
	PC4

	Livelihood
	-0.85
	-0.01
	-0.45
	-0.28

	Adequate Food Supply
	0.93
	0.02
	0.11
	-0.36

	Source of Food Supply
	0.02
	1.00
	-0.05
	0.01

	Poverty Line
	0.72
	-0.07
	-0.68
	0.13

	eValue
	2.09
	1.00
	0.68
	0.22

	%
	52.32
	25.04
	17.09
	5.55

	Cum %
	52.32
	77.35
	94.45
	100












Table S3: PCA loading matrix and variance structure for household/infrastructure vulnerability indicators
	Check
	Value
	Note

	KMO (overall)
	0.608
	

	KMO — Floor
	0.686
	

	KMO — Construction Materials
	0.58
	

	KMO — Preservation Condition
	0.614
	

	KMO — Date of Built
	0.503
	Just above threshold

	KMO — Built from Plan
	0.401
	Below 0.5; retained 

	KMO — Emerged Building Height
	0.533
	

	KMO — Sanitary
	0.699
	

	KMO — Drinking Water Source
	0.534
	

	KMO — Distance of Drinking Water Source
	0.479
	Below 0.5; retained 

	Bartlett's test of sphericity
	χ²(36) = 459.45, p < 0.001

	Conclusion
	Assumptions satisfied overall; Built from Plan and Distance of Drinking Water Source below individual MSA threshold but retained for completeness of the physical vulnerability indicator set


	Parameters
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9

	Floor
	-0.68
	-0.16
	-0.18
	-0.16
	-0.10
	-0.06
	-0.51
	-0.41
	-0.11

	Construction Materials
	-0.92
	-0.07
	-0.04
	-0.03
	-0.03
	0.01
	0.00
	0.15
	0.35

	Preservation Condition
	-0.83
	-0.10
	-0.14
	0.05
	-0.07
	-0.06
	0.20
	0.39
	-0.27

	Date of Built
	0.03
	0.32
	0.16
	-0.88
	-0.30
	-0.04
	0.09
	0.06
	-0.01

	Built from Plan
	0.18
	-0.23
	-0.83
	-0.12
	-0.14
	-0.13
	0.38
	-0.17
	0.04

	Emerged Building Height
	-0.11
	0.34
	-0.31
	-0.24
	0.80
	0.26
	-0.05
	0.04
	-0.02

	Sanitary
	-0.50
	0.52
	0.25
	0.19
	0.03
	-0.05
	0.46
	-0.40
	-0.03

	Drinking Water Source
	0.02
	0.52
	-0.31
	0.21
	-0.44
	0.61
	-0.14
	0.06
	0.00

	Distance of the Source of Drinking Water
	-0.10
	-0.62
	0.25
	-0.17
	0.04
	0.66
	0.24
	-0.14
	-0.03

	eValue
	2.31
	1.23
	1.08
	0.98
	0.96
	0.91
	0.75
	0.56
	0.21

	%
	25.68
	13.68
	12.03
	10.93
	10.71
	10.06
	8.30
	6.26
	2.36

	Cum %
	25.68
	39.36
	51.39
	62.32
	73.03
	83.08
	91.38
	97.64
	100









Table S4: PCA-based assignment of indicator importance weights and final contribution weights across SVI, EVI, and HVI domains.
(Summarizes indicator ranges, PCA-derived importance weights, and rescaled contribution weights used in SEVI computation)
	Domain
	Parameter
	Max.
	Min.
	Importance Weight
	Contribution Weight

	SVI
	Population Density
	6.74
	0.57
	26.41
	21.16

	
	Children
	5
	1
	14.90
	11.94

	
	Old
	5
	1
	20.29
	16.25

	
	Ratio
	4
	0.25
	20.29
	16.25

	
	Education 
	2
	1
	26.41
	21.16

	
	Migration Status
	0
	4
	16.53
	13.24

	EVI
	Livelihood
	2
	1
	52.32
	28.75

	
	Adequate Food Supply
	5
	1
	52.32
	28.75

	
	Source of Food Supply
	5
	1
	25.04
	13.76

	
	Poverty Line
	2
	1
	52.32
	28.75

	HVI
	Floor
	1
	4
	25.68
	17.77

	
	Construction Materials
	1
	5
	25.68
	17.77

	
	Preservation Condition
	1
	5
	25.68
	17.77

	
	Date of Built
	5
	1
	10.93
	7.57

	
	Built from Plan
	2
	1
	12.03
	8.32

	
	Emerged Building Height
	2
	1
	10.71
	7.41

	
	Sanitary
	2
	1
	13.68
	9.47

	
	Drinking Water Source
	2
	1
	10.06
	6.96

	
	Distance of the Source of Drinking Water
	3.43
	1.00
	10.06
	6.96



