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Overview
This file contains stormwater flood vulnerability data for 5,103 transit stations across the United States. Each row represents one station. The data is organized into 64 columns covering station identifiers, terrain and elevation characteristics, impervious surface measurements, and composite risk scores. The file is produced by combining USGS 3DEP elevation data, OpenStreetMap building and road network data, and satellite-derived parking lot measurements, processed through a custom scoring methodology developed by Schneider Analytics LLC.
The composite stormwater risk score (composite_score_v2) ranges from 0 to 100 and reflects the estimated vulnerability of a transit station to stormwater accumulation during heavy rainfall events, independent of FEMA riverine or coastal flood zone designations. The score combines three components: topographic drainage characteristics (40% weight), impervious surface coverage (35% weight), and station structural design (25% weight).
Score Components Summary
	Component
	Weight
	Key Field
	What It Measures

	Terrain & Drainage
	40%
	topo_score
	Whether the station sits in a bowl, at the base of a slope, in flat ponding-prone terrain, or on high ground relative to its surroundings.

	Impervious Surface
	35%
	imp_component_v2
	Combined coverage of roads, parking lots, and building footprints within the ½-mile buffer — the share of the surrounding area that cannot absorb rainfall.

	Station Design
	25%
	vuln_score
	Whether the station is underground (highest vulnerability), at grade, or elevated (lowest direct exposure to surface water).


Column Reference
The table below defines all 64 columns in the file. Columns are organized into 11 thematic sections. The "v2" suffix indicates fields added in the second version of the scoring model that incorporates building footprints from OpenStreetMap.
	SECTION 1 — Station Identifiers

	Column Name
	Data Type
	Unit / Values
	Definition

	station_id
	Integer
	Unique ID
	Sequential integer uniquely identifying each transit station record. Used as the primary key to join the stormwater scores file with the FEMA flood zones file.

	station_name
	Text
	—
	Full name of the transit station as reported to the National Transit Database (NTD). Names are standardized to all-caps and may include line or direction suffixes for multi-platform stations.

	agency
	Text
	—
	Name of the transit agency that operates the station, as reported to the NTD. Used together with station_name to uniquely identify a station across agencies.

	ntd_mode
	Text
	Mode code
	Transit mode served at this station, drawn from NTD classifications. Examples include Heavy Rail, Light Rail, Bus Rapid Transit, Commuter Rail, Ferry, and Streetcar.

	line_name
	Text
	—
	Name of the route, line, or corridor served by this station as reported to the NTD. Multi-line stations may list several routes separated by slashes.

	latitude
	Float
	Decimal degrees
	Geographic latitude of the station centroid in WGS 84 decimal degrees. Used to spatially join elevation, slope, and FEMA flood zone data.

	longitude
	Float
	Decimal degrees
	Geographic longitude of the station centroid in WGS 84 decimal degrees. Negative values indicate locations west of the Prime Meridian (i.e., the continental United States).

	state
	Text
	2-letter abbrev.
	Two-letter U.S. state abbreviation for the state in which the station is located.

	city
	Text
	—
	City or municipality in which the station is located, as reported to the NTD.

	

	SECTION 2 — Surface Impervious Area (Original, Roads & Parking Only)

	Column Name
	Data Type
	Unit / Values
	Definition

	surface parking_m
	Float
	Square meters
	Total footprint area of surface parking lots and parking garages within the ½-mile buffer around the station, measured in square meters. Derived from satellite/aerial imagery analysis. Does not include on-street parking.

	surface roadways_m
	Float
	Square meters
	Total paved roadway surface area within the ½-mile buffer, measured in square meters. Derived from OpenStreetMap road network data. Some stations have a #N/A value indicating the roadway query failed; these are treated as zero in scoring calculations.

	

	SECTION 3 — Elevation & Topographic Profile

	Column Name
	Data Type
	Unit / Values
	Definition

	buffer_miles
	Float
	Miles
	Radius of the circular analysis buffer centered on the station. Set to 0.5 (½ mile) for all stations in this dataset. All terrain, slope, impervious surface, and building footprint measurements are computed within this buffer.

	station_elevation_m
	Float
	Meters
	Elevation of the station centroid above mean sea level, in meters. Derived from USGS 3DEP 1/3 arc-second digital elevation model (DEM).

	station_elevation_ft
	Float
	Feet
	Station centroid elevation in feet above mean sea level. Converted from station_elevation_m (× 3.281) for display purposes.

	elev_min_m
	Float
	Meters
	Minimum elevation value found anywhere within the ½-mile buffer, in meters. Used to compute above_min_m (the station's height above the lowest point in its buffer).

	elev_min_ft
	Float
	Feet
	Minimum buffer elevation in feet. Converted from elev_min_m.

	elev_max_m
	Float
	Meters
	Maximum elevation value found anywhere within the ½-mile buffer, in meters.

	elev_max_ft
	Float
	Feet
	Maximum buffer elevation in feet. Converted from elev_max_m.

	elev_mean_m
	Float
	Meters
	Mean (average) elevation of all terrain pixels within the ½-mile buffer, in meters. Used to determine whether the station sits above or below the neighborhood average. A station with station_elevation_m below elev_mean_m sits in a topographic depression relative to its surroundings.

	elev_mean_ft
	Float
	Feet
	Mean buffer elevation in feet. Converted from elev_mean_m.

	elev_range_m
	Float
	Meters
	Total elevation relief within the buffer: elev_max_m minus elev_min_m. Higher values indicate greater topographic variability and steeper uphill terrain. Used in the Slope Above terrain class narrative to describe how much the surrounding neighborhood rises above the station.

	elev_range_ft
	Float
	Feet
	Total elevation relief in feet. Converted from elev_range_m.

	

	SECTION 4 — Slope Profile

	Column Name
	Data Type
	Unit / Values
	Definition

	slope_mean_deg
	Float
	Degrees
	Mean slope angle across all terrain pixels in the ½-mile buffer, in degrees. Computed from the DEM slope raster. Low values (< 2°) indicate predominantly flat terrain; higher values indicate generally hilly surroundings. Used as a diagnostic indicator of flat ponding risk.

	slope_max_deg
	Float
	Degrees
	Maximum slope angle found anywhere in the buffer, in degrees. Used to characterize the steepness of the steepest terrain contributing to runoff. Calibrated adjective thresholds in the dashboard narrative: < 20° = gentle, 20–35° = moderate, 35–50° = steep, > 50° = very steep.

	pct_flat
	Float
	Percent
	Percentage of the buffer area where slope is less than 2°, classified as essentially flat. Used to identify Flat Ponding Risk stations. Nationally, Flat Ponding Risk stations range from 80% to 96% flat within their buffers.

	pct_gentle
	Float
	Percent
	Percentage of the buffer area with slope between 2° and 5°, classified as gentle.

	pct_moderate
	Float
	Percent
	Percentage of the buffer area with slope between 5° and 15°, classified as moderate.

	pct_challenging
	Float
	Percent
	Percentage of the buffer area with slope greater than 15°, classified as challenging for pedestrians.

	pct_ada_challenging
	Float
	Percent
	Percentage of the buffer area with slope steeper than the ADA-accessible threshold. In this dataset pct_ada_challenging equals pct_challenging, reflecting terrain that would require significant ADA accommodation.

	

	SECTION 5 — Topographic Position Metrics

	Column Name
	Data Type
	Unit / Values
	Definition

	below_mean_m
	Float
	Meters
	How far the station sits below the average elevation of its buffer, in meters: elev_mean_m minus station_elevation_m. Positive values mean the station is in a depression relative to surrounding terrain. The primary driver of Bowl terrain class scores. Narrative adjective thresholds: 2–4 m = shallow depression, 4–8 m = notable depression, 8–15 m = pronounced bowl, > 15 m = deep basin.

	above_min_m
	Float
	Meters
	How far the station sits above the absolute lowest point in its buffer, in meters: station_elevation_m minus elev_min_m. Used to assess whether the station itself is the lowest point (above_min_m ≈ 0) or sits somewhat above the buffer floor.

	position_ratio
	Float
	0–1 ratio
	The station's relative position within the buffer's elevation range. Computed as above_min_m / elev_range_m. A value near 0 means the station is at the lowest point; a value near 1 means it is at the highest. Stations with position_ratio < 0.15 are candidates for strong terrain risk classifications.

	

	SECTION 6 — Terrain Classification Flags  (1 = condition met, 0 = not met)

	Column Name
	Data Type
	Unit / Values
	Definition

	bowl_depth_strong
	Binary
	0 or 1
	Flags stations where bowl depth (below_mean_m) meets the threshold for Strong Bowl classification. Set to 1 when the station is substantially below the neighborhood mean elevation.

	bowl_depth_moderate
	Binary
	0 or 1
	Flags stations where bowl depth meets the threshold for Moderate Bowl classification. Set to 1 when the station is moderately below the neighborhood mean elevation.

	above_min_strong
	Binary
	0 or 1
	Flags stations where the station is very close to the absolute minimum elevation in the buffer — indicating it may be the lowest point in its local drainage area. Used in Strong Bowl and Strong Slope Above assessments.

	above_min_moderate
	Binary
	0 or 1
	Flags stations where the station sits near (but not at) the minimum buffer elevation. Used in Moderate Bowl and Moderate Slope Above assessments.

	elev_relief_strong
	Binary
	0 or 1
	Flags stations where the total elevation relief in the buffer (elev_range_m) meets the Strong Slope Above threshold, indicating substantial uphill terrain surrounding the station.

	elev_relief_moderate
	Binary
	0 or 1
	Flags stations where elevation relief meets the Moderate Slope Above threshold.

	slope_strong
	Binary
	0 or 1
	Flags stations where slope_max_deg meets the Strong Slope Above threshold — very steep terrain in the buffer that would generate fast, high-energy runoff.

	slope_moderate
	Binary
	0 or 1
	Flags stations where slope_max_deg meets the Moderate Slope Above threshold.

	position_strong
	Binary
	0 or 1
	Flags stations where position_ratio meets the Strong terrain position threshold — the station is very near the bottom of its local drainage area.

	position_moderate
	Binary
	0 or 1
	Flags stations where position_ratio meets the Moderate terrain position threshold.

	ponding
	Binary
	0 or 1
	Flags stations that meet the Flat Ponding Risk criteria: high pct_flat combined with a low slope_mean_deg. These stations sit in nearly level terrain where rainfall has no meaningful gradient to drain toward, causing water to accumulate at the surface.

	

	SECTION 7 — Terrain Classification & Facility Attributes

	Column Name
	Data Type
	Unit / Values
	Definition

	terrain_class
	Text
	6 categories
	Primary terrain classification assigned to the station based on the combination of binary flags above. Six mutually exclusive values, assigned in priority order: • Strong Bowl — station sits deep in a bowl-shaped depression • Moderate Bowl — station sits in a moderate depression • Strong Slope Above — station is at the base of steep, substantial uphill terrain • Moderate Slope Above — station is at the lower end of a moderate slope • Flat Ponding Risk — station sits in nearly level terrain with limited drainage • No Significant Terrain Risk — no concentration pattern detected

	facility_type
	Text
	—
	Descriptive label for the type of transit facility, drawn from the FEMA flood zones dataset. Examples: Underground Fixed Guideway Station, At-Grade Fixed Guideway Station, Elevated Fixed Guideway Station, Ferryboat Terminal, Bus Rapid Transit Station, Commuter Rail Station.

	vuln_category
	Text
	3 values
	Structural vulnerability category used to determine the vulnerability multiplier in the composite score. Three values: • below_grade — underground station; surface water flows downward into the facility (multiplier: 1.00, full weight) • at_grade — platform at street level; direct inundation exposure (multiplier: 0.57, moderate weight) • elevated — platform above street level; reduced direct exposure (multiplier: 0.34, reduced weight)

	

	SECTION 8 — Topographic Sub-Scores  (0–1 normalized scale)

	Column Name
	Data Type
	Unit / Values
	Definition

	score_bowl
	Float
	0–1
	Normalized score for the bowl depth pathway. Based on below_mean_m: how far the station sits below its neighborhood mean elevation. Higher values indicate a deeper, more pronounced depression. Captures the concentration of drainage from surrounding higher terrain.

	score_slope
	Float
	0–1
	Normalized score for the slope energy pathway. Based on elevation relief (elev_range_m), maximum slope (slope_max_deg), and topographic position (position_ratio). Higher values indicate steeper, more extensive uphill terrain that would generate fast-moving runoff toward the station.

	score_ponding
	Float
	0–1
	Normalized score for the flat ponding pathway. Based on pct_flat and slope_mean_deg. Higher values indicate flatter, more level terrain where rainfall accumulates rather than draining away.

	topo_score
	Float
	0–1
	Final topographic component score: the maximum of score_bowl, score_slope, and score_ponding. Taking the maximum rather than the average ensures the score reflects the dominant risk pathway at each station. Contributes 40% of the composite_score (i.e., topo_score × 40 = topographic points, 0–40).

	

	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	

	SECTION 10 — Building Footprint Data  (v2 addition, from OpenStreetMap)

	Column Name
	Data Type
	Unit / Values
	Definition

	building_footprint_sqft
	Float
	Square feet
	Total footprint area of all buildings within the ½-mile buffer, in square feet. Queried from the OpenStreetMap (OSM) building footprints API. Buildings are impervious surfaces — rooftops do not absorb rainfall — so this field captures impervious coverage not reflected in roads or parking data. Ten stations with zero OSM building data were imputed with the national median (391,290 sq ft).

	building_footprint_m2
	Float
	Square meters
	Building footprint area converted to square meters (building_footprint_sqft × 0.0929). Used as input to v2 impervious surface calculations.

	imp_pct_building
	Float
	Percent
	Building footprint as a percentage of total buffer area. Computed as building_footprint_m2 / buffer_area_m2 × 100, where buffer_area_m2 = π × (0.5 × 1,609.34)² ≈ 2,034,162 m². National median: approximately 1.8% of the ½-mile buffer. Provided for reference; the combined impervious total is in imp_pct_buffer_v2.

	

	SECTION 11 — Updated Impervious Surface Score (v2: Roads + Parking + Buildings)

	Column Name
	Data Type
	Unit / Values
	Definition

	imp_pct_buffer_v2
	Float
	Percent
	Updated impervious surface coverage incorporating all three sources: roads, parking, and building footprints. Computed as (surface roadways_m + surface parking_m + building_footprint_m2) / buffer_area_m2 × 100. This is the preferred impervious surface measure. National distribution: p25 = 4.6%, p50 = 8.0%, p75 = 14.4%, p90 = 23.4%. Typical increase over imp_pct_buffer: +1.8 percentage points (median); up to +6 points for dense urban stations.

	imp_score_v2
	Float
	0–1
	Updated normalized impervious surface score. Computed as min(imp_pct_buffer_v2 / 38, 1.0), using the same 38% normalization cap as the original. Replaces imp_score in the current scoring model.

	interaction_score_v2
	Float
	0–1
	Updated interaction term, scaled proportionally from the original: interaction_score_v2 = interaction_score × (imp_score_v2 / imp_score) when imp_score > 0, otherwise carried forward unchanged. Preserves the relative terrain–imperviousness amplification relationship while reflecting the updated impervious surface level.

	imp_component_v2
	Float
	0–1
	Updated weighted impervious surface component. Computed as: (0.7 × imp_score_v2) + (0.3 × interaction_score_v2). Replaces imp_component in the current scoring model.

	composite_score_v2
	Float
	0–100
	Updated composite stormwater risk score incorporating building footprints. Computed by applying the change in imp_score to the original composite: composite_score + 25 × (imp_score_v2 − imp_score), capped between 0 and 100. The 25-point weight on the imp_score change reflects the empirically derived effective weight of the impervious surface component. Median score increase over composite_score: +1.2 points; maximum increase: +4.0 points (densely built urban stations such as Midtown Manhattan). This is the preferred score for all current analyses and display.


Notes on Data Sources & Methodology
1. Elevation data: USGS 3D Elevation Program (3DEP) 1/3 arc-second digital elevation model, accessed via the py3dep library. All elevation and slope values were computed within a circular ½-mile buffer centered on each station centroid.
1. Road and building data: OpenStreetMap (OSM), queried via the Overpass API. Road surface areas were computed from OSM highway network geometries. Building footprint areas represent the ground-level footprint of all buildings tagged in OSM within the buffer.
1. Parking data: Surface parking lot and garage footprints were derived from satellite/aerial imagery analysis. This source is independent of OSM and reflects parking as observed in imagery, not OSM tags.
1. Imputation: Ten stations had zero building footprint values in the OSM query results (likely unmapped areas or remote stations). These were imputed using the national median building footprint of 391,290 square feet. Imputed stations include: Grape Island Station, Duffields WV MARC Station, South Perris Station, Appalachian Trail Station, and six others.
1. FEMA data: Flood zone designations are drawn from FEMA's National Flood Hazard Layer (NFHL) and are stored in a companion file (stations_flood_zones.csv). FEMA data covers riverine and coastal hazards only and does not capture stormwater accumulation risk.
1. Score calibration: The 38% normalization cap for imp_score and imp_score_v2 is empirically derived from the national distribution of stations. Stations at or above 38% impervious coverage receive the maximum normalized score of 1.0.
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