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Abstract: FEMA regulatory floodplain maps (Particularly Special Flood Hazard Areas, SFHAs) are 

foundational to U.S. flood risk management. Yet growing evidence suggests that substantial flood impacts 

can occur outside these mapped high-risk zones, particularly in topographically complex regions. This 

study analyzes this critical gap by conducting a multi-scalar geospatial analysis in West Virginia - a state 

characterized by steep terrain and high flash flood susceptibility. By integrating flood and flash-flood 

reports from the NOAA Storm Events Database (2019–2024) with FEMA National Flood Hazard Layer 

(NFHL) data, this study examines how observed flood events align with mapped SFHA boundaries. The 

findings reveal that a large majority (>80%) of the reported flood events occurred outside FEMA-mapped 

SFHAs. Proximity analysis further indicates that nearly half (about 44%) of these "off-map" events were 

located more than 5 km from the nearest SFHA zone. This suggests that the pattern is not merely a result 

of minor cartographic inaccuracies but rather reflects the inherent challenge of representing pluvial and 

flash-flood processes in headwater catchments within riverine-focused regulatory mapping frameworks, 

particularly in the context of changing climatic conditions. To translate these findings into actionable 

planning data, the study intersected recurrent outside-SFHA flood clusters with high-resolution population 

estimates, identifying priority hotspots where high residential density coincides with frequent outside-

SFHA flooding. Finally, these measures were synthesized into a county-level Composite Risk Index to 

provide a data-driven tool for local jurisdictions to rank mitigation and emergency management needs. 

This framework offers a scalable screening approach for floodplain managers to identify areas where flood 

risk may be largely underrepresented due to mapping gaps and thus support more equitable mitigation 

targeting, proactive risk communication, and local resilience strategies beyond the mapped 100-year 

floodplain. 
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1. Introduction:  

Flooding is one of the most pervasive and 

economically destructive natural hazards in the United 

States. FEMA’s Special Flood Hazard Area (SFHA) mapping 

framework remains a primary regulatory tool for 

managing it, but growing evidence suggests that flood 

impacts occur beyond these mapped high-risk zones. 

According to a recent national analysis, about 17.7 

million properties in the US face at least a 1% annual 

chance of flooding while the FEMA maps identify only 

7.9 million properties as high-risk. Consistent with this difference, nearly one-third of NFIP (National Flood 

Insurance Program) claims over the past decade have come from areas outside current high-risk flood 

zones (Neptune Flood Research Group, 2025). Studies suggest that while FEMA regulatory maps are 

foundational to the NFIP and local land-use zoning, they effectively create a binary landscape of “in-risk” 

and “out-of-risk” that may not fully reflect the broader complexity of contemporary flood processes, 

including localized runoff, flash flooding, and changing rainfall patterns (Kousky, 2018; Pollack et al., 2023).  

This discrepancy is especially relevant in topographically complex regions like Central Appalachia, 

where intense rainfall can trigger flash floods in small headwater catchments that are difficult to capture 

in regional hydraulic modelling (Smith et al., 2011; Tao and Barros, 2014). In West Virginia, steep terrain, 

narrow valleys, rapid runoff, and landscape modification associated with extractive practices can all 

contribute to damaging floods beyond the riverine areas emphasized in conventional regulatory mapping. 

The catastrophic 2016 West Virginia floods underscored this problem, causing severe damage and 23 

fatalities after intense rainfall triggered flash flooding across steep Appalachian watersheds (National 

Weather Service, 2016). Also, as emphasized by ASFPM report (2020), flood maps must be continuously 

Figure 1: Difference in number of properties at 
substantial flood risk compared to FEMA Maps  
(Source: First Street Analysis of FEMA FIRMS, 2025) 
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reviewed and updated as the underlying data is not static, especially in the context of changing climates. 

Recent state-level indicators further reinforce the need for localized screening: although FEMA map 

coverage in West Virginia is reported as 100%, 92.5% of those maps are more than 10 years old, and $970.5 

million (about 58%) in average annual flood losses occur outside FEMA SFHAs in the state (Fathom, 2025). 

This study aims to develop a multi-scalar screening framework for assessing flood risk beyond 

FEMA-mapped SFHAs in West Virginia. By combining NOAA’s (National Oceanic and Atmospheric 

Administration) Storm Events flood reports (2019–2024) and FEMA’s NFHL data, the analysis pursues two 

major objectives: (1) to assess how well the observed flood events align with FEMA-mapped high-risk 

zones (SFHA), and (2) to identify areas where recurring flood reports beyond SFHA zones coincide with 

meaningful population exposure. In doing so, the study offers a local screening approach for identifying 

places where flood risk may be underrecognized beyond the mapped 100-year floodplain. 

2. Data and Methods: 

2.1 Data Sources: This study integrates 3 spatial datasets. Flood and flash-flood reports were 

obtained from the NOAA/NCEI (National Centers for Environmental Information) Storm Events Database 

for 2019 –2024. Mapped regulatory flood risk was represented using FEMA’s National Flood Hazard Layer 

(NFHL), focusing on Special Flood Hazard Area (SFHA) zones A, AE, AH, AO. These zones represent FEMA’s 

principal inland 1% annual-chance flood areas, commonly referred to as the 100-year floodplain, and are 

the most relevant high-risk flood zones for West Virginia (FEMA, 2020a; FEMA, 2020b). Human exposure 

was estimated using the 2020 WorldPop population-count raster at 100 m resolution (Tatem, 2017). 

2.2 Analytical Workflow: The study followed two main geospatial analytical steps: (1) Mapping the 

distribution of flood/flash flood events reported outside FEMA-mapped ‘High risk’ zones (SFHAs) and (2) 

identifying areas where those events overlap with residential population exposure, indicating hazard–

exposure hotspots. First, NOAA flood and flash-flood point records were overlaid with FEMA NFHL SFHA 



4 
 

polygons in QGIS. This step classified each reported flood event as either inside or outside the mapped 

SFHA. For outside-SFHA events, distance to the nearest SFHA boundary was measured to analyze whether 

they occurred near mapped floodplain edges or farther beyond them. Next, outside-SFHA events were 

grouped into a statewide 20-km hexagonal grid. For each grid cell, the number of outside-SFHA flood 

events was paired with the estimated residential population in that same area. These two measures were 

then combined in a bivariate classification to highlight places where repeated flooding beyond SFHAs 

overlaps with higher population exposure. Finally, the results were summarized at the county level using 

a Composite Risk Index (CRI), calculated by averaging the normalized outside-SFHA flood frequency and 

population exposure values within each county, to support state level planning and mitigation decisions.  

3. Results: 

3.1 Spatial Distribution of Outside-SFHA Flood Events: As per the NOAA records, about 961 flood 

and flash-flood events were reported in West Virginia during 2019–2024. Of these, 799 events (83.2%) 

occurred outside FEMA-mapped SFHAs, while only 162 events (16.8%) occurred inside the mapped high-

risk zones. Figure 2 shows that outside-SFHA reports are widespread across the state rather than confined 

Figure 2. Observed NOAA Flood/Flash Flood reports in West Virginia Relative to FEMA SFHA. 
An inset highlights a region with clustered outside-SFHA events 

Observed NOAA 
Flood Reports 
Relative to FEMA 
SFHA, West 
Virginia (2019-24) 

Inside SFHA 
Outside SFHA 
FEMA SFHA 
(A/AE/AH/AO) 

Table 1. Distance of Outside-SFHA Flood 
Reports from nearest SFHA Boundary 



5 
 

to a few isolated locations. To test whether this pattern mainly reflects events falling just beyond mapped 

floodplain edges, distances from outside-SFHA events to the nearest SFHA boundary were calculated and 

summarized into 5 bands (Table 1). Only 14.0% of outside-SFHA events occurred within 1 km of a mapped 

SFHA boundary. In contrast, about 86.0% occurred more than 1 km away, 72.9% occurred more than 2 km 

away, and 44.4% occurred more than 5 km from the nearest mapped high-risk zone. These results imply 

that outside-SFHA flooding in West Virginia is not simply a near-boundary pattern. A large share of 

reported flooding occurs well beyond mapped regulatory floodplains. 

3.2 Hazard-Exposure Hotspot Mapping: When outside-SFHA flood reports were aggregated to a 

20-km hexagonal grid and paired with population totals, the resultant bivariate map showed clear hazard–

exposure hotspots (Figure 3). The most important cells are those classified as both high outside-SFHA 

flood frequency and high population exposure, because they indicate places where repeated flooding 

outside SFHAs overlaps with substantial residential presence. These high-priority cells were concentrated 

Figure 3. Outside SFHA flood frequency-Population Exposure hotspots in West Virginia (2019–24). 
Darker cells indicate greater combined outside-SFHA flood frequency and population exposure. 

Hotspot Clusters 

Flood Risk Screening 
Hotspots Beyond 
SFHAs, West Virginia, 
2019–24 
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mainly in the southern coalfield region, with additional clusters along the northern and north-central 

corridors and in the eastern panhandle of the state. In these areas, recurrent outside-SFHA flooding may 

create greater concern for residents who may not be fully represented in regulatory maps. They therefore 

represent priority areas for map review, targeted risk communication, assistance and mitigation planning.  

3.3 County-Level Screening for Map Update and Mitigation Prioritization: To support state-level 

planning, the hex-level hazard–exposure results were summarized at the 

county scale using a Composite Risk Index (CRI). Table 2 presents the top 

10 priority counties for map update and mitigation prioritization 

identified through this screening process. Kanawha emerged as the 

highest-priority county with additional high-risk counties in the north-

central corridor (Monongalia, Marion), the eastern panhandle (Berkeley, 

Jefferson), and parts of central and southwestern West Virginia, including 

Randolph, Raleigh, Boone, Putnam, and Lincoln. These counties 

represent areas where recurrent flooding beyond mapped SFHAs and 

high population exposure combine to indicate elevated planning concern. 

4. Discussion: 

4.1 Policy Relevance for Floodplain Management: The findings have direct implications for how 

flood risk is recognized and managed in West Virginia. SFHA boundaries or mapped 100-year floodplain 

influence insurance requirements, permitting decisions, land-use regulation and mitigation priorities. 

When a large share of observed floods occurs beyond these boundaries, it indicates that current flood 

concerns may not be fully captured by the 100-year floodplain. Floodplain management should therefore 

consider recurrent flood impacts beyond regulatory high-risk zones in planning processes. While SFHAs 

should remain an essential regulatory baseline, integrating observed flood evidence (e.g. NOAA Storm 

Events, local damage reports) can help identify areas where additional map reviews, outreach, or 

Table 2. Top 10 High risk counties in 
WV based on Outside-SFHA Flood 
Frequency and Population Exposure 

Rank COUNTY Risk Level  

1 Kanawha Extremely High 

2 Berkeley Very High 

3 Lincoln Very High 

4 Monongalia Very High 

5 Randolph Very High 

6 Raleigh Very High 

7 Boone Very High 

8 Jefferson Very High 

9 Putnam Very High 

10 Marion Very High 
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mitigation attention may be needed. The county-level screening results further translate localized hazard–

exposure patterns into an administrative scale useful for state-level planning and prioritization.  

4.2 Equity Implications of the Hazard–Exposure Mapping: When repeated flooding occurs outside 

mapped SFHAs, affected households face a two-fold disadvantage: they experience real flood losses, yet 

they remain invisible to the policy systems designed to provide support. Outside SFHAs, flood insurance is 

voluntary, risk awareness may be weaker due to fewer regulatory triggers (such as disclosure or lender 

notification), recovery assistance may be harder to access when aid relies on mapped flood data, and 

mitigation funding such as HMGP or buyouts may be difficult to prioritize, leaving off-map communities 

with repeated losses but limited pathways to relief (Kousky et al., 2020), implying equity concerns. This 

screening framework helps identify “off-map” residents who may otherwise remain less visible in routine 

floodplain management decisions. It will allow floodplain managers to proactively locate underrecognized 

vulnerable communities, prioritize outreach, and advocate for more equitable mitigation investments. 

4.3 Limitations and Future Directions: This framework is a preliminary analysis intended as a low-

cost operational screening tool for floodplain managers to guide initial review and prioritization, not as a 

replacement for hydraulic modeling needed for formal map updates. NOAA Storm Events records provide 

useful evidence of flood impacts but may include reporting bias, location uncertainty, and limited detail 

on flood extent, depth, and damages. Future work should incorporate local validation, higher-resolution 

inundation data, and additional vulnerability indicators.  

5. Conclusion And Recommendations: 

FEMA SFHAs remain the primary regulatory foundation for floodplain management. However, this 

study suggests that pluvial and flash-flood risks may be underrecognized in regulatory floodplain maps. 

This screening framework can help inform map review and update processes by identifying recurring flood 

impacts beyond mapped high-risk zones. Based on the findings, the following actions are recommended: 
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• FEMA and state partners should consider integrating observed-flood evidence, including NOAA 

Storm Events, and other verified impact records, into map review and update processes. 

• FEMA, state emergency management agencies, and floodplain managers should prioritize CRS 

support, risk communication, and HMGP funding in areas where recurring outside-SFHA flooding 

overlaps with high population exposure. 

• Local mitigation planners can use observed flood data as a low-cost screening tool to identify 

areas that need detailed hydraulic modeling (especially flash-flood prone headwater catchments). 

• ASFPM can help develop practical guidance for integrating observed-flood records into routine 

map maintenance and updates, especially in topographically complex regions. 
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