A Multidimensional Assessment of Coastal Wetlands for Urban Tsunami Resilience: The case of metropolitan areas in Chile

Appendix A
This appendix shows the 78 variables from the physical and ecological dimensions of the study by Villagra et al. (2024a) initially selected by the expert panel in the first focus group, and the selection of 27 variables (in grey color) during the second focus groups. The composite indicators were used in the study by Villagra et al (2024a). The ‘variables description’ and ‘relationship to resilience’ columns include information found in the references associated with each variable.
	Ecological dimension

	Composite indicator
	Variables
	Variable description and/or method of enumeration
	Relationship to resilience 
	Reference

	Ecol-01 (Green infrastructure)
	1
	Vegetation characteristics
	n/d
	> Value < Vulnerability < Resilience
	Satyanarayana et al. (2017)

	
	
	
	Vegetation Type (height, density, diameter)
	n/d
	Villagra et al. (2016); Sharifi (2016)/ Rezaie et al. (2020)

	
	2
	Dunes
	% of vegetation cover of semi-stabilized and stabilized dunes
	> % > Resilience
	Villagra et al. (2016)

	
	
	
	Predominant height of semi-stabilized and stabilized dunes
	> Value > Resilience
	Cutter et al. (2010); Frazier et al. (2013); Takeuchi et al. (2014); Ewin (2015); Villagra et al. (2017)

	
	
	
	n/d
	n/d
	Satyanarayana et al. (2017)

	
	3
	Headlands
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	4
	Mangroves
	n/d
	n/d
	Guleria et al. (2012); Frazier et al. (2013); Satyanarayana et al. (2017); Lomonaco et al. (2020); Oktari et al. (2020)

	
	
	
	% of mangrove cover compared to block size
	> % > Resilience
	DasGupta & Shaw (2015)

	
	5
	Casuarina
	n/d
	n/d
	Satyanarayana et al. (2017)

	
	6
	Coastal forest
	Forest area per square km in 200 m buffer zone
	n/d
	Pushpalal & Suzuki (2020)

	
	
	
	n/d
	n/d
	Valenzuela et al. (2019)

	
	
	
	Width of coastal forest
	> Width > Resilience
	Takeuchi et al. (2014); Villagra et al. (2016); Villagra et al. (2017): Lomonaco et al. (2020); Pushpalal & Suzuki (2020)

	
	7
	Beach berm
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	8
	Perched beach
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	9
	Soil type
	n/d
	n/d
	Takeuchi et al. (2014); Rezaie et al. (2020)

	
	
	
	Square meters of sandy soil
	> Square meters < Resilience
	Villagra et al. (2016); Villagra et al. (2017)

	
	10
	Pervious surfaces
	n/d
	n/d
	Cutter et al. (2016); Cai et al. (2018); 

	
	
	
	Average percent perviousness
	n/d
	Cutter et al. (2014); Sharifi (2016)

	
	11
	Sand back-pass
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	Ecol-02 (Conservation and restoration of degraded ecosystems)
	12
	Extent of coastal land diversion for settlements/infrastructure
	n/d
	> Extent < Resilience
	DasGupta & Shaw (2015)

	
	13
	Extent of coastal land rehabilitation (Greenbelt etc.)
	n/d
	> Extent > Resilience
	DasGupta & Shaw (2015); Cutter (2016)

	
	14
	Extent of Control in Deep aquifer pumping
	n/d
	> Control > Resilience
	DasGupta & Shaw (2015)

	
	15
	Extent of fish cultivating pond compared to block land use
	n/d
	> Extent < Resilience
	DasGupta & Shaw (2015)

	
	16
	Extent of Integration of natural hazard maps in planning
	n/d
	> Integration > Resilience
	DasGupta & Shaw (2015)

	
	17
	Extent of mining and other drilling activities
	n/d
	> Extent < Resilience
	DasGupta & Shaw (2015)

	
	18
	Extent of monitoring and Maintenance of environmental database
	n/d
	> Extent > Resilience
	DasGupta & Shaw (2015)

	
	19
	Sustainable management and regulation of natural resources
	n/d
	n/d
	Guleria et al. (2012); Rahman & Kausel (2013)

	
	
	
	
	
	; United Nations Development Programme (2014)

	
	20
	Frequency of monitoring of coastal water quality
	n/d
	> Frequency > Resilience
	DasGupta & Shaw (2015)

	
	21
	Frequency of Animal Poaching incidents (tiger, deer etc.)
	n/d
	> Frequency < Resilience
	DasGupta & Shaw (2015)

	
	22
	Frequency of monitoring overfishing in tidal waters
	n/d
	> Frequency > Resilience
	DasGupta & Shaw (2015)

	
	23
	Diversity of instruments for coastal conservation and resource management
	n/d
	Diversity of instruments > Capacity building of coastal communities
	Jayasiri et al. (2018)

	
	24
	Existence of policy/regulation/planning documents to protect coastal areas
	n/d
	> City resilience
	Chang et al. (2013); Jayasiri et al. (2018)

	
	
	
	0-4 With respect to the knowledge of the existence of the plan
	> Value > City resilience
	Oktari et al. (2020)

	
	25
	Incentives for stewardship of distant ecosystems 
	n/d
	n/d
	Takeuchi et al. (2014)

	
	26
	Implementation of environmental protection actions
	n/d
	> Implementation > Resilience
	Takeuchi et al. (2014); DasGupta & Shaw (2015); Ewin (2015); Sharifi (2016)

	
	
	
	0-4 With respect to the knowledge of the existence of the plan
	> Value > City resilience
	Oktari et al. (2020)

	
	27
	Mitigation level of existing chemical contamination
	n/d
	> Level > Resilience
	DasGupta & Shaw (2015)

	
	28
	Involvement of Scientific communities in Environmental R & D
	n/d
	> Involvement > Resilience
	DasGupta & Shaw (2015); Oktari et al. (2020)

	
	29
	% of coastal sensitive land (500 m) reclaimed for agriculture
	%
	> % < Resilience
	DasGupta & Shaw (2015)

	
	30
	% of forest department in mangrove conservation
	n/d
	> % < Resilience
	DasGupta & Shaw (2015)

	
	31
	Frequency of mangrove feeling in recent past
	n/d
	> Frequency < Resilience
	DasGupta & Shaw (2015)

	
	32
	Performance of Forest Department in promotion of Biodiversity
	n/d
	> Performance > Resilience
	DasGupta & Shaw (2015)

	
	33
	Dewatering
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	34
	Erosion protection
	n/d
	n/d
	Sharifi (2016)

	Ecol-03 (Blue infrastructure)
	35
	Coastal Reefs
	n/d
	n/d
	Guleria et al. (2012); Poutasi et al. (2014); Lomaco et al. (2020)

	
	
	
	Hectares
	> % > Resilience
	Oktari et al. (2020)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	36
	 Land cover Cahnge Coastal wetlands
	Land cover change (%)
	n/d
	Villagra et al. (2016); Rezaie et al. (2020)

	
	37
	Costal wetlands characteristicas
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	
	
	% of Land in wetlands
	> % > Resilience
	Cutter et al. (2014); Villagra et al. (2017)

	
	38
	Marshes
	Land cover change (%)
	n/d
	Rezaie et al. (2020)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	Ecol-04 (Condition of natural environments)
	39
	Discharge of industrial waste in coastal waters from the block
	n/d
	> Discharge < Resilience
	DasGupta & Shaw (2015)

	
	40
	Existence of drainage channels
	Yes/No
	Yes < Resilience
	Kamh et al. (2016)

	
	41
	Existence of improper disposal
	Yes/No
	Yes < Resilience
	Kamh et al. (2016)

	
	42
	Extent of chemical pollution in mangrove food chain
	n/d
	> Extent < Resilience
	DasGupta & Shaw (2015)

	
	43
	Extent of loss of soil fertility (agricultural impact) due to sea level rise
	n/d
	> Occurrence < Resilience
	DasGupta & Shaw (2015)

	
	44
	Occurrence Oil spilling incidents from jetties
	n/d
	> % of occurrence < Resilience
	DasGupta & Shaw (2015)

	
	45
	% of total population (non-human) affected by such contaminated water
	n/d
	> Reduction < Resilience
	DasGupta & Shaw (2015)

	
	46
	Reported reduction in species e.g., Fish species, turtle, tiger prawn
	n/d
	n/d
	DasGupta & Shaw (2015)

	
	47
	Erosion rate/subsidence
	n/d
	n/d
	Cai et al. (2018)

	
	48
	Land loss
	n/d
	n/d
	Cai et al. (2018)

	
	49
	Rate of deforestation
	n/d
	n/d
	United Nations Development Programme (2014)

	
	50
	Quality of resources
	n/d
	n/d
	Poutasi et al. (2014); Sharifi (2016)

	
	
	
	Water quality
	> Water quality > Resilience
	Takeuchi et al. (2014); Ewin (2015)

	
	
	
	% quality of air
	n/d
	Kamh et al. (2016)

	
	
	
	% quality of drinking water
	n/d
	Kamh et al. (2016)

	
	
	
	Quality of water around the block
	> Quality > Resilience
	DasGupta & Shaw (2015)

	
	
	
	Extent of contamination of groundwater in coastal aquifers (e.g. Arsenic)
	> Extent < Resilience
	DasGupta & Shaw (2015)

	
	51
	Efficient use of resources
	Inverted water supply stress index
	> Efficiency > Resilience
	Cutter et al. (2014)

	
	
	
	Megawatt hours per energy consumer
	> Megawatt < Resilience
	Cutter et al. (2014)

	
	52
	Extent of mangrove deterioration (loss of species) due to salinity
	n/d
	> Extent < Resilience
	DasGupta & Shaw (2015)

	Ecol-05 (Biodiversity)
	53
	Biodiversity baseline
	n/d
	> Biodiversity > Resilience and functioning of landscapes > Economic and ecological foundations of communities
	Takeuchi et al. (2014); Kusumastuti et al. (2014); Cai et al. (2018); 

	
	54
	Surfzone vorticy
	n/d
	n/d
	Lomonaco et al. (2020)

	Ecol-06 (Ecosystems services for mitigation)
	55
	Land cover change of built up area
	%
	n/d
	Takeuchi et al. (2014); Rezaie et al. (2020)

	
	56
	Habitat buffer
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Frazier et al. (2013); Ewin (2015); Lomonaco et al. (2020)

	Ecol-07 (Provisioning ecosystem services)
	57
	Food
	Stock (kg/ha)
	> Amount/stock > Resilience
	Mabon (2019)

	
	58
	Water storage / reserve capabilities
	Total amount of freshwater (m3/ha)
	> Amount/stock > Resilience
	Mabon (2019)

	
	
	
	n/d
	n/d
	United Nations Development Programme (2014)

	
	59
	Medicinal Resources
	Total amount of useful substances (kg/ha)
	> Amount/stock > Resilience
	Mabon (2019)

	
	60
	Raw material
	Total mass of raw materials/area (kg/ha)
	> Amount/stock > Resilience
	Mabon (2019)

	
	61
	Forest cover
	Extent of natural tree cover
	n/d
	United Nations Development Programme (2014) /Oktari et al. (2020)

	
	
	
	% of people directly dependant of mangrove
	> % < Resilience
	DasGupta & Shaw (2015)

	Ecol-08 (Regulating ecosystem services)
Methods of data collection and analysis
	62
	Carbon sequestration and storage
	Amount of carbon sequestered, area of land cover (e.g. kg/ha/year)
	n/d
	Mabon (2019)

	
	63
	Local climate and air quality
	Amount of chemical 'extracted'
	n/d
	Mabon (2019)

	
	64
	Moderation potential of extreme events
	Area of land providing moderation (m3/ha)
	> Area > Resilience
	Mabon (2019)

	
	65
	Erosion prevention and maintenance of soil fertility
	Area of soil retained and/or regenerated (e.g. kg/ha/year)
	> Area > Resilience
	Mabon (2019)

	
	66
	Waste-water treatment program
	Area of wastewater treated/stored (m3/kg)
	> Area > Resilience
	Mabon (2019)

	
	67
	Biological control
	Number/impact of pest control species
	> Number > Resilience
	Mabon (2019)

	
	68
	Pollination
	Number/impact of pollinating species
	n/d
	Mabon (2019)

	Ecol-09 (Habitat supporting)
	69
	Maintenance of genetic diversity
	Number of endemic species/indicator of natural biodiversity
	> Number > Resilience
	Mabon (2019)

	
	70
	Species habitats program
	Number of species and/or individuals
	> Number > Resilience
	Mabon (2019)

	Physical dimension (selection)

	Ph-05 (Coastal engineering structures)
	71
	Coastal defense structure general attributes
	Existence of any mechanism of rain water draining (Yes/No)
	Yes > Accessibility during floods
	Kamh et al. (2016)

	
	
	
	% of vulnerable shoreline protected
	> % > Resilience
	DasGupta & Shaw (2015)

	
	
	
	Protective measures (bouldering/cementing) to control erosion
	> Number > Resilience
	DasGupta & Shaw (2015)

	
	
	
	Number of coastal defense structures
	n/d
	Siebeneck et al (2015)

	
	
	
	Perimeter of littoral infrastructure
	> Perimeter > Resilience
	Pushpalal & Suzuki (2020)

	
	
	
	Five-level qualitative classification after field observation
	> Number of waves breaking infrastructure > On site capacity > Resilience
	Pushpalal & Suzuki (2020)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value > Resilience
	Ewin (2015)

	
	72
	Hazard Protection Resilience (CCHPR) index
	Ʃ (Direct economic value + direct environmental value + direct socio-cultural value)
	> Value > Resilience
	Ewin (2015)

	
	73
	Dikes/Levee
	n/d
	n/d
	Valenzuela et al. (2019)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	74
	Groin/Jetty
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015); DasGupta & Shaw (2015)

	
	75
	Revetment/embankment along the beach
	Upgrade (paved soil embankment, reinforced earth around the landward toe and replacing rock armour units with interlocking concrete armour units)
	> Upgrade > mitigation to tsunami
	Samarasekara et al. (2017)

	
	
	
	Frequency of maintenance of embankments
	> Frequency > Resilience
	DasGupta & Shaw (2015)

	
	
	
	Average age of embankment
	> Age < Resilience
	DasGupta & Shaw (2015)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	76
	Seawalls
	n/d
	n/d
	Valenzuela et al. (2019)

	
	
	
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	77
	Surge barrier
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	78
	Living shores
	Variable of the community Hazard Protection Resilience (CCHPR) index
	> Value of CCHPR index > Resilience
	Ewin (2015)

	
	
	
	Condition to resilience
	> Condition > Resilience
	Rahman & Kausel (2013)
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