Supplementary Appendix 1. AHP weighting, consistency, reclassification, questionnaire coding, and district linkage for the Greater Cairo relative spatial vulnerability model
Reproducible analyst-defined AHP specification, questionnaire codebook, district linkage, and reported sample arithmetic
Purpose and analytical specification
This appendix defines the AHP hierarchy, reciprocal pairwise matrices, criterion weights, consistency statistics, five domain weighting scenarios, the 1 to 8 GIS reclassification procedure, the questionnaire coding specification, and the residential district risk linkage. Every displayed AHP weight set totals 100 percent, and every matrix for which a consistency ratio is defined satisfies CR below 0.10.
Analytical status  The displayed matrices form an analyst-constructed, deterministic AHP specification derived from the stated indicator hierarchy and target priorities. Their consistency ratios assess internal mathematical coherence and are not estimates of inter-expert agreement.
Important scale distinction
AHP judgments use the standard reciprocal 1 to 9 Saaty scale. Map layers use a separate 1 to 8 ordinal vulnerability scale after min max normalization. The scales serve different purposes and are not combined. The specified matrices use intensities no larger than 5, together with their reciprocals.
Equal weight integration of the four domain scores
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	1
	1
	1
	25.00

	RES
	1
	1
	1
	1
	25.00

	ENV
	1
	1
	1
	1
	25.00

	PHY
	1
	1
	1
	1
	25.00



The four domain weights sum to 100.00 percent. For this all ones matrix, lambda max = 4.0000, CI = 0.0000, RI = 0.90, and CR = 0.0000.
Five predefined domain weighting scenarios
	Scenario
	SOC percent
	RES percent
	ENV percent
	PHY percent
	Total percent

	Socioeconomic priority
	40.00
	20.00
	20.00
	20.00
	100.00

	Residential priority
	20.00
	40.00
	20.00
	20.00
	100.00

	Environmental priority
	20.00
	20.00
	40.00
	20.00
	100.00

	Physical priority
	20.00
	20.00
	20.00
	40.00
	100.00

	Equal weight
	25.00
	25.00
	25.00
	25.00
	100.00



Each priority scenario assigns 40 percent to the focal domain and 20 percent to each remaining domain. The equal scenario assigns 25 percent to every domain. All five scenario vectors total 100 percent.


Calculation procedure
1. Define the hierarchy as goal, domains, environmental subgroups, and individual criteria.
2. Orient every criterion so that a larger standardized score always represents greater vulnerability.
3. Define the pairwise priorities for every node, construct the positive reciprocal matrices, and preserve the same specification across all scenarios.
4. Construct a positive reciprocal matrix A, where aji equals 1 divided by aij and every diagonal entry equals 1.
5. Derive the normalized principal right eigenvector w from A w equals lambda max times w.
6. Calculate CI = (lambda max - n) / (n - 1), then calculate CR = CI / RI for the matrix order n.
7. Accept the matrix when CR is below 0.10; otherwise review the judgments that produce the largest inconsistency.
8. Transform each GIS layer to the 1 to 8 ordinal scale, then calculate each domain score as the sum of wi times si.
9. Combine the four domain scores at 25 percent each for the equal weight scenario and audit every weight total.
AHP judgment scale
	Value
	Meaning
	Use

	1
	Equal importance
	The two criteria contribute equally

	2
	Intermediate
	Between equal and moderate importance

	3
	Moderate importance
	Experience slightly favors one criterion

	4
	Intermediate
	Between moderate and strong importance

	5
	Strong importance
	Evidence strongly favors one criterion

	6
	Intermediate
	Between strong and very strong importance

	7
	Very strong importance
	Dominance is demonstrated in practice

	8
	Intermediate
	Between very strong and extreme importance

	9
	Extreme importance
	Highest defensible dominance



Random index values used in the consistency calculations
	Matrix order n
	Random index RI

	1
	0.00

	2
	0.00

	3
	0.58

	4
	0.90

	5
	1.12

	6
	1.24

	7
	1.32





Socioeconomic criteria
Codes  PD Population density;  AGE Age 40-75;  OC Overcrowding;  HH Average household size;  POV Poverty;  ILL Illiteracy;  HE Higher education (inverse)
Weights for socioeconomic criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	PD
	Population density
	Direct
	27.13
	1

	AGE
	Age 40-75
	Direct
	21.67
	2

	OC
	Overcrowding
	Direct
	12.48
	4

	HH
	Average household size
	Direct
	7.18
	6

	POV
	Poverty
	Direct
	16.18
	3

	ILL
	Illiteracy
	Direct
	9.69
	5

	HE
	Higher education (inverse)
	Inverse
	5.67
	7

	
	Total
	
	100.00
	



Pairwise comparison matrix for socioeconomic criteria
	Code
	PD
	AGE
	OC
	HH
	POV
	ILL
	HE
	Weight percent

	PD
	1
	1
	2
	4
	2
	3
	5
	27.13

	AGE
	1
	1
	2
	3
	1
	2
	4
	21.67

	OC
	1/2
	1/2
	1
	2
	1
	1
	2
	12.48

	HH
	1/4
	1/3
	1/2
	1
	1/2
	1
	1
	7.18

	POV
	1/2
	1
	1
	2
	1
	2
	3
	16.18

	ILL
	1/3
	1/2
	1
	1
	1/2
	1
	2
	9.69

	HE
	1/5
	1/4
	1/2
	1
	1/3
	1/2
	1
	5.67



n = 7; lambda max = 7.0859; CI = 0.0143; RI = 1.32; CR = 0.0108. The matrix satisfies the CR below 0.10 acceptance rule.


Residential criteria
Codes  UH Unsuitable habitat ratio;  URB Urban area percentage
Weights for residential criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	UH
	Unsuitable habitat ratio
	Direct
	75.00
	1

	URB
	Urban area percentage
	Direct
	25.00
	2

	
	Total
	
	100.00
	



Pairwise comparison matrix for residential criteria
	Code
	UH
	URB
	Weight percent

	UH
	1
	3
	75.00

	URB
	1/3
	1
	25.00



n = 2; lambda max = 2.0000; CI = 0.0000; RI = 0.00; CR = N/A. The matrix is perfectly consistent; CR is undefined for a 2 by 2 matrix because RI equals zero.
Physical criteria
Codes  DEM DEM;  SLP Slope;  WS Wind speed (inverse)
Weights for physical criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	DEM
	DEM
	Direct
	28.57
	2

	SLP
	Slope
	Direct
	14.29
	3

	WS
	Wind speed (inverse)
	Inverse
	57.14
	1

	
	Total
	
	100.00
	



Pairwise comparison matrix for physical criteria
	Code
	DEM
	SLP
	WS
	Weight percent

	DEM
	1
	2
	1/2
	28.57

	SLP
	1/2
	1
	1/4
	14.29

	WS
	2
	4
	1
	57.14



n = 3; lambda max = 3.0000; CI = 0.0000; RI = 0.58; CR = 0.0000. The matrix satisfies the CR below 0.10 acceptance rule.


Environmental subgroup criteria
Codes  TI Traffic and industrial exposure;  AP Air pollution;  LU Land use and infrastructure
Weights for environmental subgroup criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	TI
	Traffic and industrial exposure
	Direct
	28.57
	2

	AP
	Air pollution
	Direct
	57.14
	1

	LU
	Land use and infrastructure
	Direct
	14.29
	3

	
	Total
	
	100.00
	



Pairwise comparison matrix for environmental subgroup criteria
	Code
	TI
	AP
	LU
	Weight percent

	TI
	1
	1/2
	2
	28.57

	AP
	2
	1
	4
	57.14

	LU
	1/2
	1/4
	1
	14.29



n = 3; lambda max = 3.0000; CI = 0.0000; RI = 0.58; CR = 0.0000. The matrix satisfies the CR below 0.10 acceptance rule.
Environmental indicator weights are hierarchical. Each criterion local weight is multiplied by its subgroup weight to obtain its final weight within the environmental domain.


Traffic and industrial criteria
Codes  FCT Factories;  BR Bus routes;  BS Bus stops;  PF Passenger flow;  DBA Daily boarding/alighting;  DMR Distance to main road (inverse)
Weights for traffic and industrial criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	FCT
	Factories
	Direct
	30.06
	1

	BR
	Bus routes
	Direct
	9.87
	5

	BS
	Bus stops
	Direct
	7.76
	6

	PF
	Passenger flow
	Direct
	14.82
	3

	DBA
	Daily boarding/alighting
	Direct
	12.37
	4

	DMR
	Distance to main road (inverse)
	Inverse
	25.12
	2

	
	Total
	
	100.00
	



Pairwise comparison matrix for traffic and industrial criteria
	Code
	FCT
	BR
	BS
	PF
	DBA
	DMR
	Weight percent

	FCT
	1
	3
	4
	2
	3
	1
	30.06

	BR
	1/3
	1
	1
	1/2
	1
	1/2
	9.87

	BS
	1/4
	1
	1
	1/2
	1/2
	1/3
	7.76

	PF
	1/2
	2
	2
	1
	1
	1/2
	14.82

	DBA
	1/3
	1
	2
	1
	1
	1/2
	12.37

	DMR
	1
	2
	3
	2
	2
	1
	25.12



n = 6; lambda max = 6.0748; CI = 0.0150; RI = 1.24; CR = 0.0121. The matrix satisfies the CR below 0.10 acceptance rule.


Air pollution criteria
Codes  SO2 SO2;  PM25 PM2.5;  PM10 PM10;  NO2 NO2;  CO CO;  O3 O3
Weights for air pollution criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	SO2
	SO2
	Direct
	12.52
	4

	PM25
	PM2.5
	Direct
	30.37
	1

	PM10
	PM10
	Direct
	22.65
	2

	NO2
	NO2
	Direct
	16.82
	3

	CO
	CO
	Direct
	9.85
	5

	O3
	O3
	Direct
	7.79
	6

	
	Total
	
	100.00
	



Pairwise comparison matrix for air pollution criteria
	Code
	SO2
	PM25
	PM10
	NO2
	CO
	O3
	Weight percent

	SO2
	1
	1/3
	1/2
	1
	1
	2
	12.52

	PM25
	3
	1
	1
	2
	3
	4
	30.37

	PM10
	2
	1
	1
	1
	2
	3
	22.65

	NO2
	1
	1/2
	1
	1
	2
	2
	16.82

	CO
	1
	1/3
	1/2
	1/2
	1
	1
	9.85

	O3
	1/2
	1/4
	1/3
	1/2
	1
	1
	7.79



n = 6; lambda max = 6.0906; CI = 0.0181; RI = 1.24; CR = 0.0146. The matrix satisfies the CR below 0.10 acceptance rule.


Land use and infrastructure criteria
Codes  GS Green space ratio (inverse);  LS Land-space ratio;  LF Landfill proximity (inverse);  AIR Airport proximity (inverse);  QRY Quarry proximity (inverse)
Weights for land use and infrastructure criteria
	Code
	Criterion
	Orientation
	Weight percent
	Rank

	GS
	Green space ratio (inverse)
	Inverse
	19.62
	3

	LS
	Land-space ratio
	Direct
	14.87
	5

	LF
	Landfill proximity (inverse)
	Inverse
	25.89
	1

	AIR
	Airport proximity (inverse)
	Inverse
	17.08
	4

	QRY
	Quarry proximity (inverse)
	Inverse
	22.54
	2

	
	Total
	
	100.00
	



Pairwise comparison matrix for land use and infrastructure criteria
	Code
	GS
	LS
	LF
	AIR
	QRY
	Weight percent

	GS
	1
	1
	1
	1
	1
	19.62

	LS
	1
	1
	1/2
	1
	1/2
	14.87

	LF
	1
	2
	1
	2
	1
	25.89

	AIR
	1
	1
	1/2
	1
	1
	17.08

	QRY
	1
	2
	1
	1
	1
	22.54



n = 5; lambda max = 5.0966; CI = 0.0242; RI = 1.12; CR = 0.0216. The matrix satisfies the CR below 0.10 acceptance rule.


Consistency summary
	Matrix
	n
	Lambda max
	CI
	RI
	CR
	Decision

	Equal domain integration
	4
	4.0000
	0.0000
	0.90
	0.0000
	Accept

	Socioeconomic criteria
	7
	7.0859
	0.0143
	1.32
	0.0108
	Accept

	Residential criteria
	2
	2.0000
	0.0000
	0.00
	N/A
	Consistent

	Environmental subgroups
	3
	3.0000
	0.0000
	0.58
	0.0000
	Accept

	Traffic and industrial criteria
	6
	6.0748
	0.0150
	1.24
	0.0121
	Accept

	Air pollution criteria
	6
	6.0906
	0.0181
	1.24
	0.0146
	Accept

	Land use and infrastructure criteria
	5
	5.0966
	0.0242
	1.12
	0.0216
	Accept

	Physical criteria
	3
	3.0000
	0.0000
	0.58
	0.0000
	Accept



All specified matrices for which CR is defined meet the prespecified CR below 0.10 criterion. The largest CR is 0.0216 for the land use and infrastructure matrix. The residential 2 by 2 matrix is perfectly reciprocal; CR is not defined because RI equals zero.


Environmental global weights
	Code
	Environmental criterion
	Final environmental weight percent

	FCT
	Factories
	8.588

	BR
	Bus routes
	2.822

	BS
	Bus stops
	2.216

	PF
	Passenger flow
	4.235

	DBA
	Daily boarding/alighting
	3.535

	DMR
	Distance to main road (inverse)
	7.176

	SO2
	SO2
	7.151

	PM25
	PM2.5
	17.351

	PM10
	PM10
	12.943

	NO2
	NO2
	9.613

	CO
	CO
	5.631

	O3
	O3
	4.453

	GS
	Green space ratio (inverse)
	2.803

	LS
	Land-space ratio
	2.124

	LF
	Landfill proximity (inverse)
	3.699

	AIR
	Airport proximity (inverse)
	2.440

	QRY
	Quarry proximity (inverse)
	3.220

	
	Total
	100.000





GIS standardization to the 1 to 8 scale
Let R equal xmax minus xmin. For a direct criterion, z equals x minus xmin divided by R. For an inverse criterion, z equals xmax minus x divided by R. Clip z to the interval from 0 to 1, then assign Score equal to the minimum of 8 and 1 plus floor of 8z. This guarantees integer scores from 1 to 8 only.
	Score
	Normalized z interval
	Direct criterion raw interval
	Vulnerability level

	1
	[0.000, 0.125)
	[xmin + 0/8 R, xmin + 1/8 R)
	Lowest

	2
	[0.125, 0.250)
	[xmin + 1/8 R, xmin + 2/8 R)
	Increasing

	3
	[0.250, 0.375)
	[xmin + 2/8 R, xmin + 3/8 R)
	Increasing

	4
	[0.375, 0.500)
	[xmin + 3/8 R, xmin + 4/8 R)
	Increasing

	5
	[0.500, 0.625)
	[xmin + 4/8 R, xmin + 5/8 R)
	Increasing

	6
	[0.625, 0.750)
	[xmin + 5/8 R, xmin + 6/8 R)
	Increasing

	7
	[0.750, 0.875)
	[xmin + 6/8 R, xmin + 7/8 R)
	Increasing

	8
	[0.875, 1.000]
	[xmin + 7/8 R, xmin + 8/8 R]
	Highest



For inverse criteria, apply the inverse z formula before assigning the score, equivalently reversing the raw data intervals. Raw cut points are obtained by back transforming each normalized boundary with the layer specific xmin and xmax values at execution time.
Criterion orientation before reclassification
	Group
	Codes
	Orientation
	Rule

	Socioeconomic
	PD AGE OC HH POV ILL
	Direct
	Higher value gives higher vulnerability score

	Socioeconomic
	HE
	Inverse
	Higher education is protective

	Residential
	UH URB
	Direct
	Higher unsuitable habitat or urban concentration gives higher vulnerability score

	Traffic and industrial
	FCT BR BS PF DBA
	Direct
	Greater density or intensity gives higher vulnerability score

	Traffic and industrial
	DMR
	Inverse
	Shorter distance to a main road gives higher vulnerability score

	Air pollution
	SO2 PM25 PM10 NO2 CO O3
	Direct
	Higher concentration gives higher vulnerability score

	Land use and infrastructure
	GS
	Inverse
	Lower green space gives higher vulnerability score

	Land use and infrastructure
	LS
	Direct
	Higher land-space ratio receives a higher vulnerability score under the specified analytical framework

	Land use and infrastructure
	LF AIR QRY
	Inverse
	Shorter distance to a source gives higher vulnerability score

	Physical
	DEM SLP
	Direct
	Higher elevation and slope values receive higher vulnerability scores under the specified analytical framework

	Physical
	WS
	Inverse
	Lower wind speed gives higher vulnerability score





Weight audit for the equal domain scenario
	Domain
	Code
	Criterion
	Within domain percent
	Overall equal scenario percent

	Socioeconomic
	PD
	Population density
	27.132
	6.7831

	Socioeconomic
	AGE
	Age 40-75
	21.668
	5.4171

	Socioeconomic
	OC
	Overcrowding
	12.483
	3.1206

	Socioeconomic
	HH
	Average household size
	7.180
	1.7949

	Socioeconomic
	POV
	Poverty
	16.179
	4.0447

	Socioeconomic
	ILL
	Illiteracy
	9.689
	2.4223

	Socioeconomic
	HE
	Higher education (inverse)
	5.669
	1.4173

	Residential
	UH
	Unsuitable habitat ratio
	75.000
	18.7500

	Residential
	URB
	Urban area percentage
	25.000
	6.2500

	Environmental
	FCT
	Factories
	8.588
	2.1469

	Environmental
	BR
	Bus routes
	2.822
	0.7054

	Environmental
	BS
	Bus stops
	2.216
	0.5540

	Environmental
	PF
	Passenger flow
	4.235
	1.0588

	Environmental
	DBA
	Daily boarding/alighting
	3.535
	0.8837

	Environmental
	DMR
	Distance to main road (inverse)
	7.176
	1.7941

	Environmental
	SO2
	SO2
	7.151
	1.7879

	Environmental
	PM25
	PM2.5
	17.351
	4.3378

	Environmental
	PM10
	PM10
	12.943
	3.2358

	Environmental
	NO2
	NO2
	9.613
	2.4034

	Environmental
	CO
	CO
	5.631
	1.4078

	Environmental
	O3
	O3
	4.453
	1.1131

	Environmental
	GS
	Green space ratio (inverse)
	2.803
	0.7007

	Environmental
	LS
	Land-space ratio
	2.124
	0.5311

	Environmental
	LF
	Landfill proximity (inverse)
	3.699
	0.9246

	Environmental
	AIR
	Airport proximity (inverse)
	2.440
	0.6100

	Environmental
	QRY
	Quarry proximity (inverse)
	3.220
	0.8049





Weight audit continued
	Domain
	Code
	Criterion
	Within domain percent
	Overall equal scenario percent

	Physical
	DEM
	DEM
	28.571
	7.1429

	Physical
	SLP
	Slope
	14.286
	3.5714

	Physical
	WS
	Wind speed (inverse)
	57.143
	14.2857

	
	
	Grand total
	
	100.0000



Equal scenario domain total audit
	Domain
	Overall percent

	Socioeconomic
	25.0000

	Residential
	25.0000

	Environmental
	25.0000

	Physical
	25.0000

	Grand total
	100.0000



Audit result  The four domain totals are 25.0000 percent each and the displayed overall weights sum to exactly 100.0000 percent after controlled rounding. No percentage total exceeds 100 percent.
Weighted linear combination
For domain d, calculate Vd equals the sum of wi times si, where the within domain weights sum to 1 and each standardized layer score si is an integer from 1 to 8. The equal domain result is Vequal equals 0.25 VSOC plus 0.25 VRES plus 0.25 VENV plus 0.25 VPHY. The theoretical range of every domain score and of Vequal is therefore 1 to 8.


Pairwise matrices for the five domain scenarios
For each scenario, aij equals wi divided by wj. The resulting matrices are positive, reciprocal, and perfectly consistent by construction. Therefore lambda max equals 4.0000, CI equals 0.0000, and CR equals 0.0000 for every scenario.
Socioeconomic priority
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	2
	2
	2
	40.00

	RES
	1/2
	1
	1
	1
	20.00

	ENV
	1/2
	1
	1
	1
	20.00

	PHY
	1/2
	1
	1
	1
	20.00



lambda max = 4.0000; CI = 0.0000; RI = 0.90; CR = 0.0000.
Residential priority
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	1/2
	1
	1
	20.00

	RES
	2
	1
	2
	2
	40.00

	ENV
	1
	1/2
	1
	1
	20.00

	PHY
	1
	1/2
	1
	1
	20.00



lambda max = 4.0000; CI = 0.0000; RI = 0.90; CR = 0.0000.
Environmental priority
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	1
	1/2
	1
	20.00

	RES
	1
	1
	1/2
	1
	20.00

	ENV
	2
	2
	1
	2
	40.00

	PHY
	1
	1
	1/2
	1
	20.00



lambda max = 4.0000; CI = 0.0000; RI = 0.90; CR = 0.0000.


Pairwise matrices for the five domain scenarios continued
Physical priority
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	1
	1
	1/2
	20.00

	RES
	1
	1
	1
	1/2
	20.00

	ENV
	1
	1
	1
	1/2
	20.00

	PHY
	2
	2
	2
	1
	40.00



lambda max = 4.0000; CI = 0.0000; RI = 0.90; CR = 0.0000.
Equal weight
	Domain
	SOC
	RES
	ENV
	PHY
	Weight percent

	SOC
	1
	1
	1
	1
	25.00

	RES
	1
	1
	1
	1
	25.00

	ENV
	1
	1
	1
	1
	25.00

	PHY
	1
	1
	1
	1
	25.00



lambda max = 4.0000; CI = 0.0000; RI = 0.90; CR = 0.0000.


Operational rules for the 1 to 8 reclassification
	Rule
	Final analytical decision

	Valid range
	Apply min max normalization only when R equals xmax minus xmin is greater than zero.

	Constant layer
	If R equals zero, the layer has no spatial discrimination. Exclude it from the relevant node and renormalize the remaining local weights to sum to one.

	NoData
	Preserve NoData during reclassification and apply a common analysis mask before weighted combination. Do not convert missing cells to score 1 or 0.

	Direct criterion
	Use z equals x minus xmin divided by R, clip z to 0 through 1, then apply the eight equal normalized intervals.

	Inverse criterion
	Use z equals xmax minus x divided by R, clip z to 0 through 1, then apply the same eight intervals.

	Upper endpoint
	Assign z equals 1 exactly to score 8; all other intervals are left closed and right open.

	Weight preservation
	When a criterion is excluded under a prespecified rule, renormalize within its immediate AHP node before calculating global weights.





Monte Carlo sensitivity analysis for the equal domain scenario

Scope of sensitivity analysis. The analysis below evaluates stability of the specified criterion weights and their ranks under the stated perturbation protocol. It does not quantify uncertainty in the spatial input layers, compare alternative normalization methods, measure map-to-map spatial agreement, or validate the model against independent cancer outcomes.
A reproducible weight sensitivity analysis used the equal domain baseline of 25 percent per top level domain, 1,000 iterations, and random seed 20260919. In every iteration, each local and top level weight was multiplied independently by a Uniform 0.85 to 1.15 factor. Weights were then renormalized to sum to one within each AHP node and across the four top level domains before global criterion weights were recomputed. Random values were generated with NumPy default_rng using the PCG64 bit generator.
Monte Carlo summary for the four domain weights
	Code
	Domain
	Baseline percent
	Mean percent
	SD
	2.5 percentile
	97.5 percentile

	SOC
	Socioeconomic
	25.000
	24.934
	1.868
	21.474
	28.416

	RES
	Residential
	25.000
	25.028
	1.847
	21.773
	28.616

	ENV
	Environmental
	25.000
	25.015
	1.899
	21.628
	28.582

	PHY
	Physical
	25.000
	25.023
	1.894
	21.739
	28.503



Rank stability under weight perturbation
	Weight set
	Mean Spearman rho
	2.5 percentile
	97.5 percentile
	Top retained percent

	Socioeconomic criteria
	0.9963
	0.9643
	1.0000
	95.7

	Residential criteria
	1.0000
	1.0000
	1.0000
	100.0

	Environmental subgroups
	1.0000
	1.0000
	1.0000
	100.0

	Traffic and industrial criteria
	0.9879
	0.9429
	1.0000
	92.6

	Air pollution criteria
	0.9969
	0.9429
	1.0000
	99.9

	Land use and infrastructure criteria
	0.9396
	0.8000
	1.0000
	84.6

	Physical criteria
	1.0000
	1.0000
	1.0000
	100.0

	Environmental global weights
	0.9809
	0.9559
	0.9951
	99.9

	Overall equal scenario
	0.9912
	0.9828
	0.9966
	98.8





Monte Carlo summary for all equal scenario global criterion weights
	Code
	Criterion
	Baseline percent
	Mean percent
	SD
	2.5 percentile
	97.5 percentile
	Base rank
	Mean rank
	Same rank percent

	UH
	Unsuitable habitat ratio
	18.750
	18.742
	1.497
	16.034
	21.627
	1
	1.01
	98.8

	WS
	Wind speed (inverse)
	14.286
	14.306
	1.244
	12.017
	16.721
	2
	1.99
	98.8

	DEM
	DEM
	7.143
	7.121
	0.795
	5.669
	8.717
	3
	3.67
	54.4

	PD
	Population density
	6.783
	6.759
	0.676
	5.550
	8.166
	4
	4.00
	39.5

	URB
	Urban area percentage
	6.250
	6.285
	0.716
	4.959
	7.804
	5
	4.63
	38.9

	AGE
	Age 40-75
	5.417
	5.406
	0.572
	4.362
	6.515
	6
	5.83
	67.9

	PM25
	PM2.5
	4.338
	4.324
	0.503
	3.420
	5.346
	7
	7.44
	48.0

	POV
	Poverty
	4.045
	4.033
	0.450
	3.226
	4.913
	8
	8.00
	39.3

	SLP
	Slope
	3.571
	3.595
	0.434
	2.824
	4.460
	9
	9.09
	34.1

	PM10
	PM10
	3.236
	3.234
	0.383
	2.565
	4.041
	10
	10.12
	35.8

	OC
	Overcrowding
	3.120
	3.126
	0.355
	2.488
	3.785
	11
	10.42
	38.9

	ILL
	Illiteracy
	2.422
	2.410
	0.280
	1.884
	2.965
	12
	12.75
	40.3

	NO2
	NO2
	2.403
	2.403
	0.296
	1.869
	3.046
	13
	12.75
	35.6

	FCT
	Factories
	2.147
	2.152
	0.269
	1.644
	2.719
	14
	13.86
	39.7

	HH
	Average household size
	1.795
	1.786
	0.212
	1.425
	2.238
	15
	15.93
	22.7





Monte Carlo summary for all equal scenario global criterion weights continued
	Code
	Criterion
	Baseline percent
	Mean percent
	SD
	2.5 percentile
	97.5 percentile
	Base rank
	Mean rank
	Same rank percent

	DMR
	Distance to main road (inverse)
	1.794
	1.800
	0.226
	1.387
	2.260
	16
	15.97
	30.1

	SO2
	SO2
	1.788
	1.782
	0.228
	1.377
	2.261
	17
	15.99
	26.0

	HE
	Higher education (inverse)
	1.417
	1.414
	0.163
	1.103
	1.741
	18
	18.41
	36.9

	CO
	CO
	1.408
	1.407
	0.185
	1.079
	1.814
	19
	18.40
	45.3

	O3
	O3
	1.113
	1.110
	0.142
	0.859
	1.403
	20
	20.58
	47.9

	PF
	Passenger flow
	1.059
	1.059
	0.142
	0.797
	1.355
	21
	20.86
	39.4

	LF
	Landfill proximity (inverse)
	0.925
	0.929
	0.133
	0.698
	1.206
	22
	22.24
	30.7

	DBA
	Daily boarding/alighting
	0.884
	0.891
	0.123
	0.657
	1.138
	23
	22.79
	26.8

	QRY
	Quarry proximity (inverse)
	0.805
	0.809
	0.114
	0.606
	1.056
	24
	23.85
	36.8

	BR
	Bus routes
	0.705
	0.711
	0.097
	0.533
	0.901
	25
	25.41
	29.3

	GS
	Green space ratio (inverse)
	0.701
	0.703
	0.102
	0.525
	0.912
	26
	25.52
	34.3

	AIR
	Airport proximity (inverse)
	0.610
	0.614
	0.091
	0.459
	0.813
	27
	27.07
	41.3

	BS
	Bus stops
	0.554
	0.555
	0.078
	0.416
	0.711
	28
	28.03
	32.7

	LS
	Land-space ratio
	0.531
	0.534
	0.080
	0.393
	0.702
	29
	28.39
	52.4



All 1,000 simulated global weight vectors summed to 100 percent after renormalization; the maximum numerical deviation from one was 4.44e-16. The percentile intervals quantify uncertainty in the AHP weight structure under the specified perturbation protocol.


Reported analytical sample and arithmetic
The reported analytical sample comprises 767 participants, comprising 511 lung cancer cases and 256 controls. The exact case to control ratio is 1.9961 to 1 and is reported as approximately 2 to 1.
	Group
	n
	Percent

	Lung cancer cases
	511
	66.6232

	Controls
	256
	33.3768

	Total
	767
	100.0000



Derived sample quantities
	Quantity
	Calculation
	Result

	Exact case to control ratio
	511 divided by 256
	1.99609375 to 1

	Rounded reporting ratio
	Approximately
	2 to 1

	Majority class reference accuracy
	511 divided by 767
	66.6232 percent

	Inverse frequency case weight
	767 / (2 x 511)
	0.7505

	Inverse frequency control weight
	767 / (2 x 256)
	1.4980

	Five fold validation composition
	Per fold
	102 to 103 cases and 51 to 52 controls

	Five fold training composition
	Per fold
	408 to 409 cases and 204 to 205 controls





Reporting text for the manuscript
AHP weighting and consistency
An analyst-defined hierarchical AHP specification was used in this appendix to combine socioeconomic, residential, environmental, and physical indicators. Positive reciprocal pairwise comparison matrices were specified for each node, and priority vectors were estimated from the normalized principal right eigenvector. All matrices for which a consistency ratio was defined met the prespecified CR below 0.10 criterion; CR values ranged from 0.0000 to 0.0216. The residential 2 by 2 matrix was perfectly consistent, for which CR is not defined because RI equals zero.
Reclassification and scenario analysis
Direct and inverse indicators were converted to a common ordinal vulnerability scale from 1 to 8 using min max normalization and eight equal normalized intervals. Local weights were normalized within each AHP node. Five top level domain scenarios were evaluated: four priority scenarios assigning 40 percent to the focal domain and 20 percent to each remaining domain, and an equal scenario assigning 25 percent to every domain. Every scenario vector summed to 100 percent.
Weight sensitivity analysis
Weight sensitivity for the equal domain scenario was assessed with 1,000 Monte Carlo iterations using a fixed random seed of 20260919. Each local and top level weight was independently multiplied by a Uniform 0.85 to 1.15 factor, renormalized within its immediate AHP node, and propagated through the hierarchy to obtain global criterion weights. Results were summarized using the mean, standard deviation, 2.5th and 97.5th percentiles, and rank stability. Random values were generated with NumPy default_rng using the PCG64 bit generator.
Analytical sample
The reported analytical sample comprised 767 participants, including 511 lung cancer cases and 256 controls. Cases represented 66.62 percent and controls 33.38 percent of the sample, corresponding to an approximate 2 to 1 case to control ratio.


Questionnaire coding specification
The questionnaire response options define the labels for the numeric variables in the prepared dataset. Numeric category codes are identifiers for levels and must be entered as categorical factors or dummy variables unless a continuous scale is explicitly stated. Leading and trailing whitespace in source headers is trimmed during import; Transportation _trip and Year _relative are standardized to Transportation_trip and Year_relative. Gender is coded 1 for male and 2 for female.
	Variable
	Meaning
	Coding or units
	Analysis treatment

	no
	Anonymous participant sequence
	Unique integer identifier
	Exclude from models

	Gender
	Sex
	1 Male; 2 Female
	Categorical; reference Female

	Age
	Age band surrogate
	25 = 21-30; 35 = 31-40; 45 = 41-50; 55 = 50-60; 65 = 61-70; 70 = over 70
	Ordinal categorical; do not assume linearity

	Infected
	Case-control outcome
	0 Control; 1 lung cancer case
	Binary outcome; reference Control

	Diagnosis_age
	Age at lung cancer diagnosis
	Age in completed years; over-70 band encoded as 75
	Case descriptor; exclude from case-control prediction

	Marital_status
	Marital status
	0 Single; 1 Married
	Categorical; reference Single

	Smoking
	Smoking exposure
	0 Non-smoker; 1 Passive smoker; 2 Smoker
	Categorical; reference Non-smoker

	Education_index
	Education level
	0 Illiterate; 1 Basic or low; 2 Intermediate; 3 Higher
	Ordinal categorical; reference Higher

	Nutrition
	Diet quality
	0 Unhealthy; 1 Healthy
	Categorical; reference Healthy

	Residence_address
	Residential district
	Nominal district code; use the district-risk lookup below
	Never treat the code as a continuous number

	Residence_Building_Age
	Residential building age
	1 Old; 2 Intermediate; 3 Modern or new
	Ordinal categorical; reference Modern

	Residence_Area
	Residential floor area
	1 up to 50 m2; 2 = 51-100 m2; 3 = 101-150 m2
	Ordinal categorical; reference largest observed band

	Residence_direction
	Residential facade direction
	1 North or Bahary; 2 South or Qibli
	Categorical; reconcile legacy code 0 to source response

	Resediance_Ventilation
	Residential ventilation
	1 Poor; 2 Average; 3 Good
	Ordinal categorical; reference Good

	Residence_ street
	Residential street type
	1 Side street; 2 Arterial street; 3 Main street
	Categorical; reference Side street

	Water_network
	Water-network age
	1 Old; 2 New
	Categorical; reference New

	Water_pipes
	Asbestos water pipes
	0 Not asbestos; 1 Asbestos
	Categorical; reference Not asbestos





Questionnaire coding specification continued
	Variable
	Meaning
	Coding or units
	Analysis treatment

	Work_Address
	Work district
	Nominal district code; 100 = no fixed workplace or not applicable
	Categorical; do not use the numeric code linearly

	work_Building_Age
	Workplace building age
	0 Not applicable; 1 Old; 2 Intermediate; 3 Modern or new
	Categorical; preserve Not applicable

	Work_Area
	Workplace floor area
	0 Not applicable; 1 up to 50 m2; 2 = 51-100 m2; 3 = 101-150 m2; 4 over 150 m2
	Ordinal categorical with a separate N/A category

	Work_direction
	Workplace facade direction
	0 Not applicable; 1 North or Bahary; 2 South or Qibli
	Categorical; preserve Not applicable

	work_Ventilation
	Workplace ventilation
	0 Not applicable; 1 Poor; 2 Average; 3 Good
	Categorical; preserve Not applicable

	Nature_work
	Occupation group
	0 N/A; 1 Housewife; 2 Office; 3 Company; 4 Farmer; 5 Craft or manual; 6 Factory; 7 Peddler
	Nominal categorical; validate rare categories

	transportation_Rural_urban
	Rural-urban commuting setting
	0 Not applicable; 1 Rural; 2 Capital or urban
	Categorical; preserve Not applicable

	transportation_hours
	Daily commuting duration
	0 Not applicable; 1 One hour; 2 Two hours; 3 More than two hours
	Ordinal categorical

	Transportation_trip
	Pollution along work trip
	0 No polluted trip, unpolluted, or N/A; 1 Polluted route
	Binary exposure; reference code 0

	Residence_Pollution
	Residential pollution level
	1 Low; 2 Medium; 3 High
	Ordinal categorical; reference Low

	Resedance_Source_pollution
	Residential pollution source
	1 Vehicle exhaust; 2 Factories; 3 Waste burning; 4 Vehicle plus burning; 5 all three; 6 Vehicle plus factories
	Nominal categorical; reference Vehicle exhaust

	Income
	Household income group
	1 Low; 2 Middle
	Categorical; reference Middle





Questionnaire coding specification continued
	Variable
	Meaning
	Coding or units
	Analysis treatment

	Disease_relative
	Family history of disease
	0 No; 1 Yes
	Categorical; reference No

	Degree_relative
	Degree of affected relative
	0 N/A or no affected relative; 1 First degree; 2 Second degree
	Conditional categorical; reference N/A

	Year_relative
	Period of relative diagnosis
	0 N/A; 1 Before 2010; 2 = 2011-2015; 3 = 2016-present
	Conditional categorical; reference N/A

	Health_status_before_infection
	Health before diagnosis
	0 Not sick; 1 Sick
	Categorical; reference Not sick

	Exposure to radiation
	Prior radiation exposure
	0 No; 1 Yes
	Categorical; reference No

	Residential_district_avg_risk
	District-level risk lookup
	Exact avg_risk joined by Residence_address
	Continuous contextual covariate; not an individual probability

	Residential_district_risk_level
	District risk class
	Low Risk; Medium Risk; High Risk
	Categorical; reference Low Risk



Mandatory data-cleaning rules
	Rule
	Required implementation

	Outcome
	Retain Infected as 0 control and 1 lung cancer case. Do not derive or overwrite the outcome from predictor values.

	Variable names
	Trim leading or trailing whitespace from imported headers and standardize Transportation _trip to Transportation_trip and Year _relative to Year_relative before analysis.

	Missing and N/A
	Raw underscores and blanks are missing or structurally not applicable. Preserve the variable-specific N/A codes shown above; never convert missing values to a healthy zero.

	Source corrections
	Reconcile legacy code 0 in Residence_direction against the questionnaire response. Validate rare Nature_work codes and any discordant source label before modeling.

	Known cross-file discrepancies
	Before modeling, reconcile two Residence_direction code-0 records, one residential building-age disagreement, one residential-street disagreement, one occupation disagreement, the raw Diagnosis_age entry mapped from a nonnumeric character to 44, and two prepared records whose source questionnaire rows are blank.

	Trip applicability
	Transportation_trip code 0 combines an unpolluted trip with not applicable; retain a separate applicability flag whenever the source response permits this distinction.

	Conditional fields
	Degree_relative and Year_relative are evaluated only when Disease_relative equals 1; otherwise code them as not applicable.

	Leakage
	Diagnosis_age and other post-diagnosis information are not predictors of case-control status.

	Model pipeline
	Within every training fold, fit imputation, dummy coding, scaling, feature selection, class weighting, tuning, and threshold selection without using held-out observations.





Residential district risk score linkage
Residential_district_avg_risk is assigned by an exact lookup from Residence_address. Residence_address remains a nominal join key and is never analyzed as a continuous number. The supplied lookup contains 25 unique codes with complete score and class fields; every code represented in the prepared coding file has a matching lookup row. The score is a district-level contextual index and is not interpreted as an individual calibrated probability. The supplied files do not document how avg_risk was derived or calibrated, or how the Low, Medium, and High cut points were selected; therefore, the observed class ranges below describe only the supplied lookup and must not be generalized as externally validated thresholds.
Observed classification bands in the supplied district lookup
	Risk class
	Districts n
	Observed avg_risk range
	Model treatment

	Low Risk
	9
	0.509269811361 to 0.999976680982
	Reference

	Medium Risk
	8
	0.999984284182 to 0.999999010477
	Indicator category

	High Risk
	8
	0.999999657301 to 0.999999999999
	Indicator category



Residence code and district risk lookup
	Code
	District
	avg_risk
	Risk class
	Source note

	0
	15 May City
	0.509269811361
	Low Risk
	One source address is blank

	3
	El Gammaleya
	0.999923341382
	Low Risk
	

	9
	El Sharbeya
	0.999999657301
	High Risk
	

	12
	El Marag
	0.999923838615
	Low Risk
	

	13
	El Mataria
	0.999811505903
	Low Risk
	

	14
	El Maadi
	0.984788440015
	Low Risk
	

	18
	El Salam
	0.999881519332
	Low Risk
	

	20
	Awal Nasr City
	0.999984284182
	Medium Risk
	

	28
	Hadaak El Koba
	0.999999928515
	High Risk
	

	31
	Tora
	0.999924476480
	Low Risk
	

	32
	Abdeen
	0.999999772408
	High Risk
	

	36
	Manshiat Nasser
	0.999999999999
	High Risk
	

	37
	El Ahram
	0.999984608848
	Medium Risk
	





Residential district risk score linkage continued
	Code
	District
	avg_risk
	Risk class
	Source note

	39
	El Hawamdeya
	0.999999010477
	Medium Risk
	

	43
	Embaba
	0.999404772517
	Low Risk
	

	44
	Awal Shoubra El Khaimah / Shoubra
	0.999999978576
	High Risk
	Source labels contain aliases

	45
	Boulaq El Dakrour
	0.999997117308
	Medium Risk
	

	47
	El Giza
	0.999995126281
	Medium Risk
	

	48
	El Badresheen
	0.999994238814
	Medium Risk
	

	50
	El Talbieh
	0.999976680982
	Low Risk
	

	52
	El Bassateen
	0.999993747836
	Medium Risk
	

	53
	El Khalifa
	0.999984528923
	Medium Risk
	

	54
	El Maassara
	0.999999836728
	High Risk
	

	56
	Helwan
	0.999999999938
	High Risk
	

	60
	El Khanka
	0.999999996848
	High Risk
	



Manuscript reporting text for questionnaire coding and district risk
Questionnaire responses were coded using a prespecified data dictionary derived from the questionnaire response options. Categorical variables were entered as factors with explicit reference categories and were not treated as continuous solely because numeric codes were used. Residence_address was linked by exact district code to the residential district lookup, providing a continuous contextual avg_risk value and a three-level Low, Medium, or High Risk classification. Low Risk was the reference category for categorical analyses.
The analytical sample remained fixed at 767 participants, comprising 511 lung cancer cases and 256 controls. Participant identifiers were excluded from analytical outputs, and questionnaire missing or not-applicable values were handled according to the variable-specific rules in the coding specification.
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