EXTREME TEMPERATURE RESILIENCE SCORING FRAMEWORK

Tool Summary
Extreme temperature is influenced by atmospheric conditions, land surface characteristics, vegetation structure, and hydrologic processes that regulate heat absorption, retention, and dissipation across the landscape. Factors such as solar exposure, soil moisture availability, vegetation cover, proximity to water, and impervious surfaces collectively shape microclimate conditions and determine the ability of landscapes to buffer extreme heat.

This scoring framework evaluates extreme temperature resilience across user-defined analysis units using spatially explicit environmental metrics that influence surface temperature, evapotranspiration, and thermal regulation. The approach integrates geospatial datasets to identify areas of relative cooling capacity and thermal vulnerability.

The framework evaluates multiple metrics, including topographic conditions (elevation, slope, and aspect), vegetation structure, soil moisture capacity, proximity to water bodies, impervious surface extent, land cover conversion, and watershed-scale hydrologic conditions. Each metric is derived from available geospatial datasets and standardized into a consistent scoring system.

These metrics are combined into a composite extreme temperature resilience score that supports prioritization for conservation, restoration, and land management actions aimed at reducing heat exposure and maintaining ecological function under increasing temperature stress. The final score is calculated as a weighted sum of analysis unit–level metrics, adjusted by a watershed-scale hydrologic regime multiplier. Together, these metrics capture both localized landscape characteristics and broader environmental context, enabling a multi-scale assessment of extreme temperature resilience.

Table 1. Metadata Summary
	Attribute
	Description

	Extreme Condition
	Extreme Temperature

	Target Feature
	Input polygon layer (analysis units)

	Purpose
	To evaluate each analysis unit’s capacity to buffer extreme temperatures using indicators of vegetation structure, surface heat retention, evapotranspiration potential, soil moisture availability, and proximity to features that provide local cooling.

	Output
	ETR_SC – Weighted Extreme Temperature Resilience Score

	Scoring Method
	Weighted metric score × Hydrologic Regime Multiplier

	Data Format
	Feature class with appended metric fields and final score




Table 2. Extreme Temperature Resilience Target Metrics Overview
	Extreme Condition
	Target
	Justification
	Metric

	Extreme Temperature
	Topographic Cooling Potential (Elevation, Slope, Aspect)
	Elevation, slope, and aspect influence microclimate conditions by shaping solar exposure, airflow, and surface moisture. Higher elevations are generally cooler, steeper slopes reduce prolonged heat accumulation, and north-facing aspects receive less solar radiation.
	Elevation (meters), Slope (% rise), Aspect (degrees)

	
	Tree Canopy Cover
	Vegetation canopy reduces surface and air temperatures through shading and evapotranspiration, helping to moderate local heat conditions and stabilize microclimates.
	Mean Tree Canopy Cover (average %/analysis unit)

	
	Soil Moisture Capacity
	Soil water storage supports evapotranspiration and vegetation health, which are critical for dissipating heat and buffering extreme temperature conditions.
	Mean Available Water Storage (average cm/analysis unit)

	
	Water Body Proximity
	Nearby lakes, rivers, and wetlands provide evaporative cooling and thermal buffering, moderating local air and surface temperatures through evaporation and thermal buffering.
	Proximity to Water Bodies (meters)

	
	Impervious Surface
	Impervious surfaces store and re-radiate heat, intensifying the urban heat island effect and reducing the cooling effects of vegetation and soils.
	Mean Impervious Surface (average %/analysis unit)

	
	Land Cover Conversion
	Conversion to impervious or sparsely vegetated cover diminishes natural temperature regulation by reducing shading, infiltration, and evapotranspiration capacity.
	Dominant Land Cover Conversion (majority/analysis unit)

	
	Hydrologic Regime (Watershed Context)
	Consistent streamflow supports cooler and more stable riparian microclimates. Watersheds with high stream permanence moderate local heat stress through sustained vegetation and humidity.
	Hydrologic Regime (e.g., Streamflow Permanence, watershed average)





Table 3. Extreme Temperature Resilience Data Overview
	Data Type
	Description
	Example Sources

	DEM/ Topographic Data (Elevation, Slope, Aspect)
	Elevation, slope, and aspect influence microclimate conditions by shaping solar radiation exposure, airflow, and cold-air drainage. Higher elevations, steeper slopes, and north-facing aspects generally contribute to cooler conditions.
	LiDAR-derived DEMs, USGS 3DEP, Copernicus DEM, SRTM

	Tree Canopy Cover
	Percent tree canopy cover is used to assess shading and evapotranspiration, which reduce surface and air temperatures. Higher canopy cover increases cooling through solar interception and latent heat flux.
	NLCD Tree Canopy Cover, LANDFIRE Existing Vegetation, Copernicus Tree Cover Density

	Soil Moisture Capacity
	Available water storage represents the soil’s capacity to retain moisture for plant use. Higher storage supports sustained evapotranspiration and vegetation function, contributing to localized cooling.
	SSURGO (US), FAO SoilGrids, regional soil surveys

	Surface Water Features
	Lakes, rivers, streams, and wetlands are used to calculate proximity to water bodies. These features provide localized cooling through evaporative processes, humidity, and thermal buffering.
	National Hydrography Dataset (NHD), HydroSHEDS, Global Surface Water (JRC)

	Impervious Surface
	Percent impervious surface represents built areas that absorb and re-radiate heat. These surfaces reduce infiltration and evapotranspiration, increasing heat accumulation and urban heat island effects.
	NLCD Impervious Surface, Copernicus Imperviousness, Global Human Settlement Layer

	Land Cover Change
	Land cover transitions are used to assess changes in vegetation cover and surface permeability. Conversion to developed or sparsely vegetated land reduces shading and evapotranspiration, increasing heat exposure.
	NLCD Change, ESA Land Cover Change, Copernicus Land Monitoring Service

	Hydrologic Regime / Streamflow Conditions
	Streamflow permanence and flow variability represent watershed-scale hydrologic stability. Sustained flow supports cooler microclimates through persistent soil moisture, vegetation, and atmospheric humidity.
	Streamflow permanence datasets, USGS gages, regional hydrologic models



METHODS
1. Data Preparation
a. Acquire Data: Obtain all required spatial datasets in GIS-compatible formats (e.g., shapefiles, file geodatabases, GeoTIFFs). Datasets should represent the most current and appropriate information available for the area of interest and be clipped or subset to the area of interest as needed.

b. Prepare Input Polygon Layer: Import the polygon layer representing analysis units (e.g., parcels, management units, or grid cells). Each unit must contain a unique identifier field (UID). If multiple polygon datasets are used, merge them into a single feature class prior to analysis.

c. Standardize Coordinate System: Ensure that all datasets are projected into a consistent coordinate system appropriate for the study area (e.g., equal-area or projected coordinate system). This is required to maintain spatial alignment and ensure accurate distance and area calculations.

d. Harmonize Spatial Resolution and Format: Ensure compatibility between raster and vector datasets.
i. Raster datasets should be resampled to a consistent resolution where necessary. 
ii. Vector datasets should be checked for topology and alignment.
iii. When integrating raster and polygon data, confirm that zonal statistics and overlay operations are performed using appropriate cell size and extent settings.

e. Validate Attributes and Geometry: Review attribute tables to confirm:
i. Each analysis unit has a unique identifier (UID)
ii. No duplicate or null IDs exist
iii. Geometries are valid (no overlaps, gaps, or invalid features where not intended)

If needed, create or append a secondary identifier field to ensure uniqueness for spatial and tabular operations.

f. Quality Control: Conduct a preliminary review to verify:
i. Spatial alignment across datasets
ii. Logical value ranges (e.g., no negative distances, valid raster values)
iii. Completeness of coverage across the study area

2. Metric #1: Topographic Cooling Potential (Elevation, Slope, Aspect)
a. Load Topographic Data: Import a digital elevation model (DEM) representing the terrain surface of the study area. The DEM should be of sufficient resolution to capture local topographic variation (e.g., LiDAR-derived DEM or equivalent). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary.

b. Derive Topographic Variables: A custom GIS tool was developed to automate the derivation and scoring process. This tool generates slope and aspect rasters from the input DEM using standard terrain analysis functions (e.g., Slope and Aspect tools). The following variables are derived:
i. Elevation: extracted directly from the DEM (meters)
ii. Slope: percent rise, representing terrain steepness
iii. Aspect: direction of slope (degrees), representing solar exposure

These variables are used together to represent terrain-driven variation in solar radiation exposure, airflow, and surface heat accumulation.

c. Calculate Topographic Cooling Potential: The tool combines elevation, slope, and aspect into a composite topographic index representing relative cooling potential across the landscape. In general:
i. Higher elevations are associated with cooler temperatures
ii. Steeper slopes reduce prolonged surface heat accumulation
iii. North-facing aspects receive less direct solar radiation and tend to remain cooler

These variables are normalized and combined to produce a continuous surface representing relative cooling potential.

d. Assign Topographic Cooling Score: The tool applies a standardized scoring system to classify each analysis unit from 1 (lowest cooling potential / highest heat exposure) to 5 (highest cooling potential / lowest heat exposure) based on the composite topographic index.
i. Scores are assigned using quantile-based classification (e.g., quintiles) or user-defined thresholds depending on the distribution of values.
ii. Scoring criteria are provided in Table 4 and represent the relative contribution of terrain conditions to extreme temperature resilience.



Table 4. Topographic Cooling Potential Scoring Criteria
	Score
	Topographic Cooling Potential
	Description

	5
	Very High Cooling Potential
	High elevation, steeper slopes, and/or north-facing aspects that reduce solar exposure and support cooler microclimate conditions.

	4
	High Cooling Potential
	Generally favorable terrain conditions with reduced solar exposure and moderate cooling influence.

	3
	Moderate Cooling Potential
	Mixed terrain characteristics with moderate exposure to solar radiation and heat accumulation.

	2
	Low Cooling Potential
	Terrain conditions that promote increased solar exposure and surface heat retention.

	1
	Very Low Cooling Potential
	Low elevation, flat terrain, and/or south-facing aspects with high solar exposure and elevated heat accumulation.



e. Output Field: The tool appends the following fields to the input analysis units:
i. ETCTF_SC: Topographic Cooling Potential score (1–5)

3. Metric #2: Tree Canopy Cover
a. Load Tree Canopy Cover Data: Import a spatial dataset representing percent tree canopy cover (e.g., remotely sensed canopy cover or vegetation structure data). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary.

b. Summarize Tree Canopy Cover per Analysis Unit: A custom GIS tool was developed to automate the summarization and scoring process. This tool overlays the canopy cover raster with the input polygon layer (e.g., analysis units) and uses a zonal statistics approach (e.g., mean statistic) to calculate the average percent tree canopy cover within each analysis unit.
i. The resulting mean value represents the extent of vegetation structure contributing to shading, evapotranspiration, and localized cooling.

c. Assign Tree Canopy Cover Score: The tool applies a standardized scoring system to classify each analysis unit from 1 (lowest resilience / least canopy cover) to 5 (highest resilience / greatest canopy cover) based on percent canopy cover. 

Scoring thresholds are based on widely recognized ecological and urban heat studies indicating that canopy cover above approximately 30% provides measurable cooling benefits, while canopy cover above approximately 70% provides strong thermal buffering and microclimate regulation.

Scoring criteria are provided in Table 5 and represent the relative contribution of vegetation structure to extreme temperature resilience.

Table 5. Tree Canopy Cover Scoring Criteria
	Score
	Canopy Cover (%)
	Description

	5
	76 – 100% 
	Very dense canopy providing maximum shading and strong evapotranspiration, resulting in substantial cooling and temperature regulation.

	4
	51 – 75%
	Dense canopy providing substantial shading and cooling, effectively reducing surface and air temperatures.

	3
	26 – 50%
	Moderate canopy providing partial shading and seasonal cooling benefits.

	2
	11 – 25%
	Sparse canopy providing limited shading and minimal cooling influence.

	1
	0 – 10%
	Little to no canopy cover, resulting in high solar exposure and minimal temperature buffering.



d. Output Field: The tool appends the following fields to the input analysis units:
i. ETTCC_SC — Tree canopy cover score (1–5)


4. Metric #3: Soil Moisture Capacity (Available Water Storage)
a. Load Soil Data: Import a soil dataset containing attributes related to water holding capacity (e.g., available water storage, soil texture, or depth to restrictive layer). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary. Key variables include:
i. Available Water Storage (AWS) for the upper 150 cm of soil
ii. Depth to restrictive layer
iii. Soil texture or permeability characteristics

b. Derive Soil Moisture Capacity Surface: A custom GIS tool was developed to automate the derivation and scoring process. This tool generates a raster surface representing soil moisture capacity (e.g., available water storage in cm or mm) using soil attributes. 
i. If multiple soil layers are present, values may be depth-weighted or summarized to represent the portion of the soil profile most relevant to vegetation and heat buffering (e.g., upper root zone).

c. Summarize Soil Moisture Capacity per Analysis Unit: The tool overlays the soil moisture raster with the input polygon layer (e.g., analysis units) and uses a zonal statistics approach (e.g., mean statistic) to calculate the average available water storage within each analysis unit.
i. The resulting mean value represents the capacity of soils to retain moisture and support evapotranspiration and vegetation function.

d. Assign Soil Moisture Capacity Score: The tool applies a standardized scoring system to classify each analysis unit from 1 (lowest resilience / lowest moisture capacity) to 5 (highest resilience / highest moisture capacity) based on available water storage. In general, higher soil moisture capacity supports sustained evapotranspiration and vegetation health, while lower capacity results in rapid drying and reduced thermal buffering.

Scoring criteria are provided in Table 6 and represent the relative contribution of soil moisture to extreme temperature resilience.

Table 6. Soil Moisture Capacity (Available Water Storage) Scoring Criteria
	Score
	Available Water Storage
	Description

	5
	Very High
	Soils with high water-holding capacity that support sustained moisture, strong evapotranspiration, and effective temperature regulation.

	4
	High
	Soils that retain moisture well and provide consistent support for vegetation and cooling processes.

	3
	Moderate
	Soils with moderate moisture retention that provide some buffering against heat under typical conditions.

	2
	Low
	Soils with limited water-holding capacity that dry quickly and provide minimal cooling support.

	1
	Very Low
	Shallow, sandy, or coarse soils with minimal moisture retention and little ability to buffer temperature.



e. Output Field: The tool appends the following fields to the input analysis units:
i. ETAWS_SC: Soil moisture capacity score (1–5)


5. Metric #4: Proximity to Water Bodies
a. Load Surface Water Data: Import a spatial dataset representing surface water features (e.g., lakes, rivers, streams, or wetlands). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary.

b. Calculate Proximity to Water Bodies: A custom GIS tool was developed to automate the distance calculation and scoring process. This tool uses a distance-based method (e.g., Distance Accumulation or Euclidean Distance) to determine the shortest straight-line distance (meters) from each analysis unit to the nearest water body.
i. The resulting distance value is stored in a new field (e.g., ETP2WB_DIST) and represents proximity to cooling features.

c. Assign Proximity Score: The tool applies a standardized proximity-based scoring system to classify each analysis unit from 1 (lowest resilience / most distant) to 5 (highest resilience / closest) based on distance to water bodies. In general: 
i. Areas closer to water bodies experience stronger cooling due to evaporative processes, humidity, and thermal buffering
ii. Areas farther from water bodies experience reduced cooling influence and greater heat exposure

Scoring criteria are provided in Table 7 and represent the relative contribution of proximity to water bodies to extreme temperature resilience. Distance thresholds may be adjusted based on landscape scale, climate conditions, and dataset resolution.

Table 7. Proximity to Water Bodies Scoring Criteria
	Score
	Water Body Proximity
	Description

	5
	Within Analysis Unit or Directly Adjacent; ≤100 meters
	Strongest cooling effect due to direct microclimate influence from water. Significant temperature moderation, reduced heat stress, and cooler microclimates.

	4
	Close Proximity; 101–250 meters
	Cooling influence remains substantial, though slightly reduced. Effective temperature regulation, with notable cooling effects on nearby areas.

	3
	Moderate Proximity; 251–500 meters
	Some cooling benefits; influence may depend on topography and vegetation. Partial temperature buffering, supporting moderate microclimate stability.

	2
	Distant Proximity; 501–1000 meters
	Limited cooling effect; indirect benefits via ecological connectivity. Minimal temperature moderation, with higher exposure to heat stress.

	1
	Very Distant Proximity; >1000 meters
	Negligible cooling effect from water bodies. Highest temperature vulnerability due to lack of nearby cooling influences.



d. Output Field: The tool appends the following fields to the input analysis units:
i. ETP2WB_SC:  Proximity to water bodies score (1–5)
ii. ETP2WB_DIST: Distance to nearest water body (meters)


6. Metric #5: Impervious Surface
a. Load Impervious Surface Data: Import a spatial dataset representing percent impervious surface (e.g., remotely sensed impervious surface or land cover-derived datasets). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary.

b. Summarize Impervious Surface per Analysis Unit: A custom GIS tool was developed to automate the summarization and scoring process. This tool overlays the impervious surface raster with the input polygon layer (e.g., analysis units) and uses a zonal statistics approach (e.g., mean statistic) to calculate the average percent impervious surface within each analysis unit.
i. The resulting mean value represents the extent of built and paved surfaces contributing to heat storage, reduced infiltration, and limited evapotranspiration.

c. Assign Impervious Surface Score: The tool applies a standardized scoring system to classify each analysis unit from 1 (lowest resilience / highest imperviousness) to 5 (highest resilience / lowest imperviousness) based on percent impervious surface. 

Scoring thresholds are based on widely recognized urban heat island and resilience studies indicating that areas with less than approximately 20% impervious cover maintain strong natural cooling processes, while areas exceeding approximately 70% impervious cover exhibit significant heat retention and reduced cooling capacity.

Scoring criteria are provided in Table 8 and represent the relative contribution of surface characteristics to extreme temperature resilience.

Table 8. Percent Impervious Surface Scoring Criteria
	Score
	Impervious Surface (%)
	Description

	5
	0 – 5%
	Very low imperviousness; natural cover dominates; maximum cooling and infiltration.

	4
	6 – 20%
	Low imperviousness; landscape retains meaningful shading and evapotranspiration capacity.

	3
	21 – 40%
	Moderate imperviousness; noticeable heat retention and reduced cooling capacity.

	2
	41 – 70%
	High imperviousness; strong heat storage, limited infiltration, minimal evaporative cooling.

	1
	>70%
	Very high imperviousness; severe heat retention, extreme vulnerability to heat stress.



d. Output Field: The tool appends the following fields to the input analysis units:
i. ETIMPV_SC: Impervious surface score (1–5)

7. Metric #6: Dominant Land Cover Conversion
a. Load Land Cover Change Data: Import a land cover change dataset representing recent or historical conversion between land cover classes across the area of interest (e.g., annual land cover change, multi-year change detection, or classified before/after land cover transitions). Confirm that the coordinate system is appropriate and clip to the area of interest if necessary.
i. The input dataset should identify transitions between an original land cover class and a resulting land cover class so that each mapped value represents a specific land cover conversion (e.g., forest to developed, wetland to agriculture, developed to grassland, no change).

b. Calculate Dominant Land Cover Conversion: A custom GIS tool was developed to automate the classification and scoring process. This tool overlays the land cover change dataset with input analysis units and uses a zonal statistics approach (e.g., majority statistic) to determine the dominant land cover conversion within each analysis unit.
i. The dominant value represents the prevailing land cover transition occurring within each analysis unit. 

c. Assign Land Cover Conversion Score: The tool assigns a score from 1 (lowest resilience / highest-impact conversion) to 5 (highest resilience / beneficial or stable conversion) based on the ecological effect of the dominant land cover transition, using the criteria defined in Table 9. These scores reflect the relative influence of land cover conversion on infiltration, vegetation cover, thermal regulation, and ecological resilience. 

Table 9. Land Cover Conversion Scoring Criteria
	Score
	Land Cover Change Conversion
	Description

	5
	Beneficial restoration or revegetation
	Conversion from developed, barren, or degraded land to natural or vegetated cover that increases shading, evapotranspiration, and cooling capacity.

	4
	No change (high-function systems) or low-impact transition
	Stable natural or semi-natural land cover or minor transitions with limited impact on thermal regulation.

	3
	Moderate-impact conversion or stable moderate-function systems
	Conversion that reduces some vegetation cover or cooling capacity, or stable land uses with moderate thermal resilience.

	2
	High-impact conversion or stable low-function systems
	Conversion to more intensive land use or stable developed land with reduced vegetation and increased heat retention.

	1
	Very high-impact conversion
	Conversion from natural or vegetated land to developed or highly disturbed land, resulting in major loss of cooling capacity and increased heat exposure.



d. Classification Notes: To support consistent application across regions and datasets, land cover conversion scores should be assigned using a user-defined crosswalk table that links each observed land cover transition to a resilience score. 

The crosswalk should reflect the relative ecological impact of each transition, considering factors such as: 
i. Change in vegetative cover
ii. Change in impervious surface or development intensity
iii. Change in evapotranspiration potential
iv. Change in surface heat retention
v. Whether the transition represents degradation, stability, or restoration

Because land cover classification systems vary by data source, users should adapt the conversion crosswalk to match the coding structure and class definitions of the selected dataset. 

e. Output Field: The tool appends the following fields to the input analysis units:
i. ETLC_SC: Dominant land cover conversion score (1–5)
ii. ETLC_NOTE: Text field identifying the dominant land cover conversion within each analysis unit


8. Metric #7: Hydrologic Regime (Streamflow Permanence Index)
a. Load Hydrologic Regime Data: Import a watershed-scale dataset representing streamflow permanence, baseflow conditions, or hydrologic regime (e.g., perennial vs intermittent flow, flow duration classes, or modeled streamflow categories). Ensure alignment with the area of interest.

b. Assign Hydrologic Regime to Analysis Units: Overlay the watershed dataset with the input analysis units using a spatial join or intersection so that each analysis unit is assigned the hydrologic regime classification of its corresponding watershed. Because this dataset is defined at a watershed scale, multiple analysis units will often share the same hydrologic regime classification.

c. Assign Hydrologic Regime Multiplier: Hydrologic regime is applied as a multiplier (rather than a scored metric) to adjust analysis unit–level resilience based on watershed-scale moisture conditions and cooling influence. Multiplier values are assigned based on relative flow permanence, as defined in Table 10.

This metric is not intended to differentiate fine-scale variation between analysis units, but rather to provide broader hydrologic context that influences extreme temperature resilience.

Table 10. Hydrologic Regime Multiplier Criteria
	Multiplier
	Hydrologic Condition
	Description

	1.2
	Very High (Perennial / Flood-prone)
	Sustained surface water supports strong cooling, humidity, and temperature buffering.

	1.1
	High
	Reliable streamflow supports stable vegetation and moderate cooling influence.

	1.0
	Moderate
	Typical seasonal variability; baseline cooling conditions.

	0.8
	Low
	Intermittent flow reduces moisture availability and cooling capacity.

	0.6
	Very Low
	Minimal or ephemeral flow; limited cooling influence and higher heat exposure.



d. Multiplier Rationale: The multiplier range (0.6–1.2) is intentionally constrained to ensure that watershed-scale conditions influence, but do not dominate, analysis unit–level metrics. This preserves the importance of local environmental characteristics while incorporating broader hydrologic context.

e. Output Field: The streamflow permanence multiplier is stored in a new field:
i. STRM_MULT: Hydrologic regime multiplier applied in the final extreme temperature resilience calculation


Calculate Extreme Temperature Resilience Score

The final extreme temperature resilience score (ETR_SC) is calculated as a weighted sum of metric scores, adjusted by a watershed-scale hydrologic regime multiplier.

Calculation Formula:
ETR_SC = (Σ (Metric Score × Weight)) × STRM_MULT
Where: 
· Metric scores range from 1-5
· Weights are expressed as proportions (e.g., 0.25 for 25%)
· STRM_MULT is the hydrologic regime multiplier (0.6–1.2)

Table 11. Default Metric Weights and Rationale (User-Adjustable)
	Metric
	Weight
	Rationale

	Topographic Cooling Potential (ETCTF_SC)
	10%
	Elevation, slope, and aspect regulate solar radiation exposure, airflow, and surface heat accumulation. Higher elevations and north-facing aspects generally remain cooler due to reduced solar input, while steeper slopes limit prolonged heat buildup. Although terrain influences microclimate conditions, its overall effect is typically secondary to vegetation, soil moisture, and surface characteristics.

	Tree Canopy Cover (ETTCC_SC)
	35%
	Tree canopy is a primary driver of cooling, reducing heat stress by providing shade, lowering surface temperatures, and mitigating localized heat accumulation. Through evapotranspiration, vegetation dissipates heat and contributes to moisture retention, stabilizing microclimates. Dense canopy cover also supports ecological function and improves thermal comfort, justifying its high weight.

	Soil Moisture Capacity (ETAWS_SC)
	25%
	Soil water availability influences the partitioning of energy between latent and sensible heat. Soils with higher moisture capacity sustain evapotranspiration, which cools the air and supports vegetation function. In contrast, dry soils amplify heat extremes due to reduced evaporative cooling, making soil moisture a critical component of temperature resilience.

	Proximity to Water Bodies (ETP2WB_SC)
	10%
	Surface water features moderate temperature through evaporative cooling and thermal buffering. Water absorbs heat during the day and releases it slowly, stabilizing nearby microclimates. However, these cooling effects are spatially limited and decrease with distance, supporting a moderate weighting.

	Impervious Surface (ETIMPV_SC)
	15%
	Impervious surfaces absorb and re-radiate solar energy, contributing directly to increased surface and air temperatures. They also reduce infiltration and evapotranspiration, limiting natural cooling processes. The strong relationship between impervious cover and heat accumulation makes this a key driver of temperature vulnerability.

	Dominant Land Cover Conversion (ETLC_SC)
	5%
	Land cover transitions influence vegetation cover, surface permeability, and thermal regulation. Conversions that reduce vegetation or increase imperviousness intensify heat exposure. However, because these effects are already captured by canopy and impervious surface metrics, this factor is weighted modestly to avoid redundancy while still capturing landscape change dynamics.

	Hydrologic Regime (STRM_MULT)
	Multiplier
	Streamflow permanence reflects watershed-scale hydrologic stability and associated cooling influences. Sustained flow supports vegetation, soil moisture, and atmospheric humidity, which contribute to cooler and more stable microclimates. This factor is applied as a multiplier to incorporate broader hydrologic context without overpowering analysis unit–level conditions.



Weighting Notes: The default weights provided above are based on general ecological and physical processes that influence extreme temperature dynamics, including solar exposure, evapotranspiration, surface heat storage, and hydrologic conditions. Users may adjust weights to reflect local climate conditions, landscape characteristics, data availability, or management priorities. Any modifications should ensure that the total of all metric weights equals 100%.

Interpretation: Higher ETR_SC values indicate greater relative resilience to extreme temperature conditions, reflecting strong cooling capacity, healthy vegetation structure, sufficient soil moisture, and limited heat-retaining surfaces. Lower values indicate increased vulnerability to extreme heat, associated with reduced vegetation cover, low soil moisture capacity, high impervious surface, and limited access to cooling features.

