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Table A1. NVivo Coding Framework.Figure A1. Scopus search analysis from 2004 to 2025.‎

	Parent Category
	Child Code
	Operational Definition
	Keywords Used

	Digital Technologies for Climate Resilience
	GIS
	Spatial analysis tools for mapping and planning
	"GIS", "Geographic Information System", "geospatial

	
	BIM	
	Building information modelling for infrastructure
	"BIM", "Building Information Model"

	
	DT
	Real-time simulation of infrastructure
	"Digital Twin", "Digital Simulation", "Virtual Model"

	
	IoT
	Sensor networks for real-time monitoring
	"IoT", "Internet of Things", "sensor network"

	
	AI/ML
	Predictive analytics and machine learning
	"Artificial Intelligence", "machine learning", "deep learning"

	
	BD
	Large-scale data analytics
	"Big Data", "data analytics", "data-driven"

	
	RS
	Satellite and aerial monitoring
	"Remote Sensing", "satellite imagery", "LiDAR"

	Climate Resilience Strategies
	Flood Resilience
	Flood risk and drainage management
	"flood resilience", "stormwater adaptation"

	
	Heat Resilience
	Urban heat island mitigation
	"heat stress", "heat mitigation", "urban heat"

	
	Stormwater Management
	Drainage and water management
	"stormwater", "drainage", "runoff"

	
	Sustainable Pavement
	Green infrastructure and pavement
	"green infrastructure", "sustainable pavement"

	
	Early Warning Systems
	Hazard detection and alert systems
	"early warning", "alert system", "hazard detection"

	
	Disaster Risk Reduction
	Emergency response planning
	 Planning, "disaster risk", "emergency response"

	Environmental Monitoring
	Air Quality
	Atmospheric monitoring
	"Air quality", "pollution monitoring"

	
	Traffic/Emissions
	Vehicle emission tracking
	"Traffic monitoring", "emission", "carbon"

	
	Weather Management
	Climate condition monitoring
	"temperature", "rainfall", "wind monitoring"

	
	Climate Impact Assessment
	Long-term climate evaluation
	"Climate impact", "vulnerability assessment"





	

Table A2. Systematic review corpus: Multi-dimensional characterisation of 78 papers (2020-2025). Note: All papers listed are included in References. T1=Empirical, T2=Simulation, T3=Review, T4=Conceptual; H1=Flooding, H2=Storm/Wind, H3=Heat, H4=Wildfire, H5=Landslide, H6=Sea Level Rise, H7=Multiple Hazards,H8=General; R1=Risk Assessment, R2=Early Warning, R3=Emergency Response, R4=Infrastructure Hardening R4: Infrastructure ‎Hardening, R5: Nature-Based ‎Solutions, R6: Adaptive Planning ‎,R7‎: Infrastructure ‎Optimisation‎;‎ ST1=Academic, ST2=Municipal, ST3=Engineers, ST4=Planners, ST5: Emergency,ST6: Community,ST7: Private ‎; P1=Quantitative, P2=Simulation, P3=Qualitative, P4=Mixed, P5=None.
	 
	Ref

	
Year

	
Country

	Study Type

	GIS

	BIM
	IoT

	RS

	DT

	AI

	BD

	Climate Hazard

	Resilience Strategy

	Key Stakeholders

	Performance Evidence


	1
	(Ramadan et al., 2025)
	2025
	UAE

	T2
	✓
	‎‎
	
	✓
	
	✓
	
	H1
	R1
	ST
1,2,4
	P2

	2
	(Suwannachai et al., 2025)	2025
	Thailand
	T2
	✓
	
	
	
	
	
	
	H1
	R1
	ST
1,2
	P2

	3
	(Arango et al., 2024)	2024
	Not specified
	T1
	✓
	
	
	
	
	
	
	H4
	R3
	ST
1,2,3,5
	P3

	4
	(Daud et al., 2024)	2024
	Not specified
	T3
	✓
	
	
	
	✓
	✓
	
	 H7
	R1
	ST1
	P5

	5
	(Ahmad et al., 2024)	2024
	Pakistan
	T2
	✓
	
	
	
	
	
	
	H1
	R1
	ST
1,2,3
	P2

	6
	(Badenko et al., 2024)
	2024
	Not specified
	T4
	
	✓
	
	
	✓
	
	
	H8
	R4
	ST
1,3,7
	P5

	7
	(Zeydalinejad et al., 2024)	2024
	UK
	T4
	✓
	
	
	
	
	✓
	
	H1
	R1
	ST
1,2,3
	P2

	8
	(Kaya et al., 2024)
	2024
	USA
	T1
	✓
	
	
	
	
	
	
	H2
	R1
	ST
1,2,5
	P1

	9
	(Dobai et al., 2024)
	2024
	Not specified
	T2
	✓
	
	
	✓
	
	
	
	H1
	R1
	ST
1,2,3
	P2

	10
	(Wu and Shan, 2024)
	2024
	China
	T2
	✓
	
	
	✓
	
	✓
	
	H3
	R5
	ST
1,2,4
	P2

	11
	(Lemenkova, 2024)
	2024
	Bangladesh
	T2
	✓
	
	
	✓
	
	✓
	
	H1
	R2
	ST
1,2,5
	P2

	12
	(Bharadwaj and Singh, 2024)
	2024
	India
	T1
	
	✓
	
	
	
	✓
	
	H8
	R7
	ST1,2,4
	P3

	13
	(Czyża and Kowalczyk, 2024)	2024
	Other Europe
	T2
	✓
	
	
	✓
	
	✓
	✓
	H7
	R5
	ST1,2,4
	P2

	14
	(Wangchuk et al., 2024)
	2024
	Not specified
	T3
	✓
	✓
	
	✓
	✓
	
	
	H8
	R6
	ST1,3,7
	P5

	15
	(Koroma et al., 2024)
	2024
	Sierra Leone
	T1
	✓
	
	
	✓
	
	
	
	H1
	R1
	ST1,2,4
	P3

	16
	(Wang et al., 2024)
	2024
	Pakistan
	T1
	✓
	
	
	✓
	
	✓
	✓
	H1
	R2
	ST1,2,5
	P1

	17
	(Djedaiet et al., 2024)
	2024
	Algeria
	T2
	✓
	
	
	
	
	✓
	
	H1
	R1
	ST1,2,3
	P2

	18
	(Ricciardi et al., 2024)
	2024
	Italy
	T1
	✓
	
	
	
	
	
	
	H6
	R1
	ST1,2,3
	P3

	19
	(Lang et al., 2024)
	2024
	China
	T1
	✓
	
	
	✓
	
	
	
	H1
	R1
	ST1,2,3,4
	P3

	20
	(Mizuochi et al., 2024)	2024
	Japan
	T1
	✓
	
	
	✓
	
	
	
	H7
	R2
	ST1,2,5
	P1

	21
	(Isaac et al., 2024)	2024
	Not specified
	T4
	✓
	
	
	
	
	✓
	
	H7
	R6
	ST1,2,4
	P5

	22
	(Amer, 2024)
	2024
	USA
	T1
	✓
	
	
	✓
	
	✓
	
	H6
	R6
	ST1,2,3,7
	P1

	23
	(Zubair et al., 2024)
	2024
	Pakistan
	T1
	✓
	✓
	
	
	
	
	
	H8
	R4
	ST1,3,7
	P2

	24
	(Zhao et al., 2024)
	2024
	China
	T1
	
	
	
	✓
	
	✓
	
	H7
	R1
	ST1,2,3,5
	P3

	25
	(Beil and Kolbe, 2024)	2024
	Not specified
	T3
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	H7
	R3
	ST1,2,4,5
	P3

	26
	(Arango et al., 2023)	2023
	Portugal
	T2
	✓
	
	
	
	
	
	
	H7
	R3
	ST1,2,3,5
	P2

	27
	(Kim et al., 2023)	2023
	Not specified
	T1
	✓
	
	
	
	
	✓
	
	H7
	R3
	ST1,2,5
	P2

	28
	(Zhang et al., 2023)
	2023
	China
	T1
	✓
	
	
	✓
	
	✓
	
	H1
	R1
	ST1,2
	P3

	29
	(Solheim et al., 2023)	2023
	Norway
	T1
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2,3
	P1

	30
	(Chaulagain et al., 2023)
	2023
	Not specified
	T1
	✓
	
	
	
	
	✓
	
	H1
	R1
	ST1,2
	P2

	31
	(Iradukunda et al., 2023)
	2023
	Not specified
	T3
	✓
	
	
	
	
	✓
	✓
	H1
	R1
	ST2
	P5

	32
	(Rezvani et al., 2023)
	2023
	Not specified
	T3
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2
	P5

	33
	(Tache et al., 2023)
	2023
	Romania
	T1
	✓
	
	
	✓
	
	✓
	
	H7
	R2
	ST1,2
	P3

	34
	(Abdelkareem and Mansour, 2023)	2023
	Italy
	T1
	✓
	
	✓
	✓
	
	
	
	H1
	R1
	ST1,2,5
	P3

	35
	(Saddiqi et al., 2023)
	2023
	Not specified
	T2
	✓
	
	
	✓
	✓
	✓
	
	H1
	R3
	ST1,2,3
	P2

	36
	(Puche et al., 2023)
	2023
	Italy
	T1
	✓
	
	
	✓
	
	
	
	H8
	R1
	ST1,2
	P1

	37
	(Cepa, Pavón, Alberti and Caramés, 2023)	2023
	Spain
	T2
	✓
	✓
	
	
	✓
	✓
	
	H8
	R4
	ST1,2,3
	P2

	38
	(Cepa, Pavón, Alberti, Ciccone, et al., 2023)	2023
	Not specified
	T3
	✓
	✓
	✓
	
	
	✓
	✓
	H8
	R4
	ST2
	P5

	39
	(Lane-Visser and Vanderschuren, 2023)
	2023
	South Africa
	T1
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2,3
	P1

	40
	(Sampurno et al., 2023)
	2023
	Indonesia
	T1
	✓
	
	
	
	
	✓
	
	H1
	R1
	ST1,2
	P2

	41
	(Masterson et al., 2023)
	2023
	USA
	T1
	✓
	
	
	
	
	
	
	H7
	R4
	ST1,2
	P3

	42
	(Jrade et al., 2023)
	2023
	Not specified
	T3
	
	✓
	
	
	
	✓
	
	H8
	R4
	ST2,3
	P5

	43
	(Li et al., 2023)
	2023
	China
	T1
	✓
	
	
	✓
	
	
	
	H8
	R1
	ST1,2
	P3

	44
	(Khan et al., 2023)	2023
	Not specified
	T3
	✓
	
	✓
	✓
	
	✓
	✓
	H7
	R3
	ST2,5
	P5

	45
	(Czyża and Kowalczyk, 2023)
	2023
	Not specified
	T2
	✓
	
	
	✓
	
	✓
	
	H7
	R4
	ST1,2
	P2

	46
	(Kaewunruen et al., 2023)
	2023
	Australia
	T2
	
	✓
	
	✓
	✓
	
	
	H7
	R4
	ST1,2,3
	P2

	47
	(Jezzini et al., 2023)
	2023
	Not specified
	T3
	✓
	
	
	
	
	
	
	H7
	R4
	ST2
	P5

	48
	(Puttinaovarat et al., 2023)	2023
	India
	T1
	✓
	
	
	
	
	✓
	
	H7
	R1
	ST1,2,5
	P3

	49
	(Szeligova et al., 2023)
	2023
	Not specified
	T2
	
	✓
	
	
	
	✓
	
	H1
	R4
	ST1,2,3
	P2

	50
	(Chamorro et al., 2023)
	2023
	Not specified
	T1
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,3,3,5
	P3

	51
	(Hendricks et al., 2023)	2023
	Not specified
	T2
	✓
	
	
	
	
	✓
	
	H2
	R1
	ST1,2
	P2

	52
	(Hailemariam and Alfredsen, 2023)
	2023
	Norway
	T2
	✓
	
	
	
	
	
	
	H1
	R1
	ST1,2
	P1

	53
	(Wuit Yee Kyaw et al., 2023)
	2023
	Germany
	T1
	✓
	
	
	✓
	
	
	
	H
	R
	ST
	P3

	54
	(Suwanno et al., 2023)	2023
	Japan
	T1
	✓
	
	
	
	
	
	
	H1
	R3
	ST1,2,5
	P2

	55
	(Gerges et al., 2022)
	2022
	Not specified
	T4
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2,5
	P5

	56
	(Macchiarulo et al., 2022)	2022
	USA, Italy
	T4
	✓
	
	
	✓
	
	
	
	H7
	R2
	ST1,3
	P5

	57
	(Haces-Garcia et al., 2022)	2022
	USA
	T4
	✓
	
	
	
	
	✓
	✓
	H8
	R1
	ST1,2,3
	P3

	58
	(Argyroudis et al., 2022)	2022
	Not specified
	T4
	
	✓
	✓
	
	✓
	✓
	
	H7
	R4
	ST1,2,3
	P5

	59
	(Pandey and Mishra, 2022)	2022
	Nepal
	T1
	
	✓
	
	
	
	
	
	H1
	R1
	ST1,2
	P1

	60
	(Nofal et al., 2022)	2022
	UK
	T2
	✓
	✓
	
	
	
	✓
	
	H
	R
	ST1,2,3
	P2

	61
	(Loli et al., 2022)	2022
	France
	T1
	✓
	
	
	
	
	✓
	
	H1
	R1
	ST1,2,3
	P3

	62
	(Antzoulatos et al., 2022)	2022
	Italy
	T4
	✓
	
	
	✓
	
	✓
	
	H1
	R1
	ST
1,2
	P2

	63
	(Negev et al., 2022)	2022
	Israel
	T1
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2
	P3

	64
	(Mourato et al., 2021)	2021
	Portugal
	T2
	✓
	
	
	✓
	
	
	
	H1
	R2
	ST1,2,5
	P2

	65
	(Khan et al., 2021)	2021
	Pakistan
	T1
	✓
	
	
	✓
	
	
	
	H7
	R1
	ST2
	P1

	66
	(Senes et al., 2021)	2021
	Italy
	T4
	✓
	
	
	
	
	✓
	
	H1
	R4
	ST1,2
	P5

	67
	(Yang et al., 2021)	2021
	Not specified
	T2
	✓
	✓
	
	
	
	✓
	
	H1
	R1
	ST1,2.3
	P2

	68
	(Fallast et al., 2021)	2021
	Austria
	T1
	✓
	
	✓
	
	
	
	
	H7
	R3
	ST1,2
	P3

	69
	(Dunn and Gonzalez-Otalora, 2021)	2021
	USA
	T1
	✓
	
	
	
	
	
	
	H1
	R3
	ST1,2,5
	P2

	70
	(Johnsson and Balstrøm, 2021)	2021
	Sweden
	T1
	✓
	
	
	
	
	✓
	
	H7
	R1
	ST1,2,3
	P3

	71
	(Scalici et al., 2021)	2021
	Italy
	T1
	✓
	
	
	✓
	
	✓
	
	H6
	R1
	ST2
	P3

	72
	(Tsatsaris et al., 2021)	2021
	Not specified
	P3

	73
	(Gilbert et al., 2021)	2021
	Not specified
	T3
	✓
	✓
	
	
	
	
	
	H8
	R3
	ST1,2,3
	P2

	74
	(Kaewunruen et al., 2020)
	2020
	China
	T1
	
	✓
	✓
	
	✓
	
	
	H8
	R1
	ST1,2,3
	P1

	75
	(Hawchar et al., 2020)
	2020
	Ireland
	T2
	✓
	
	
	
	
	
	
	H7
	R1
	ST1,2
	P2

	76
	(Hetemi et al., 2020)
	2020
	Spain
	T1
	
	✓
	
	
	
	✓
	
	H8
	R3
	ST2
	P3

	77
	(Beil et al., 2020)	2020
	Multiple (New York, Melbourne, Munich)
	T3
	✓
	✓
	
	✓
	✓
	
	
	H7
	R3
	ST1,2
	P2

	78
	(Taylor et al., 2020)	2020
	Kenya, South Africa
	T1
	
	
	
	
	
	
	
	H1
	R1
	ST1,8
	P3
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Table A3.Cross-tabulation of Technology Applications by Hazard Type and Validation Approach (n=78)
Source: Author's own tabulation of Table A2 data. 
	Technology
	Flooding (n=27)
	Multiple Hazards (n=29)
	General/Not Specified (n=13)
	Quantitative (n=11)
	Simulation (n=29)
	Qualitative (n=24)
	None Reported (n=14)

	GIS
		89% 
	90% 
	62% 
	82%
	93%
	83%
	79%

	AI/ML
		56% 
		45% 
		46% 
	18%
	59%
	50%
	57%

	RS
	41% 
	38% 
	23% 
	45%
	38%
	42%
	21%

	BIM
		11% 
	14% 
	77% 
	18%
	28%
	12%
	36%

	DT
		4% 
	17% 
	31% 
	9%
	14%
	4%
	29%

	IoT
		4% 
	14% 
	15% 
	9%
	0%
	12%
	21%

	BD
		7% 
	10% 
	15% 
	9%
	3%
	8%
	21%
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