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Assistance-recorded flood burden follows hydrologic susceptibility more closely than mapped zones do, while NFIP uptake remains organized around mapped risk.

THE QUESTION

Does recorded flood burden align more closely 
with federal flood zones or with broader 
hydrologic conditions?

THREE RECORDS

• Federal Emergency Management Agency (FEMA) Individuals and 
Households Program (IHP) flood-damage registrations

• National Flood Insurance Program (NFIP) claims and paid building 
and contents losses

• NFIP policy terms active at any time in 2024

STUDY DESIGN

• 83,360 U.S. census tracts

• Damage records from 2010-2024 and NFIP uptake in 2024

• Public measures of mapped zones, soil wetness and drainage, 
precipitation, land development, structures, and density

• Each tract was scored by models trained on other states, then the 
contribution of each group of measures was compared

HOW THE MODEL SCREEN WORKS

1  INPUTS
Soils, rainfall climate, and built 

exposure

2  MODEL
Gradient-boosted model trained on 

other states

3  SCREEN
High susceptibility, thin SFHA, and low 

NFIP uptake

4  CHECK
Compare flagged tracts with recorded 

IHP damage

Thresholds: top 20% susceptibility  |  at most 5% SFHA land  |  bottom 
20% NFIP uptake

The screen ranks tracts for review. It does not estimate household risk or 
prescribe insurance coverage.

1,229
blind spot tracts

602
also ranked in the 
highest 20% for 

recorded damage

4.5M
residents in screened 

tracts

WHAT THE SCREEN CAPTURES

Screened tracts recorded 140,911 flood-damage registrations but 
only 501 NFIP claims over fifteen years. Mean 2024 uptake was 
0.25 active policy terms per 1,000 housing units.

THE FOUR GEOGRAPHIES DO NOT ALIGN

a. Mapped risk: Special Flood Hazard Area (SFHA) land share b. Hydrologic susceptibility estimated from other states

c. Recorded damage: IHP registrations per 1,000 households d. NFIP uptake: policy terms per 1,000 housing units

Each subplot includes its own legend. Gray indicates zero. Q1-Q4 divide nonzero tracts into four equal-sized groups.

Rank correlation compares how similarly tracts are ordered. It is 0.18 for mapped risk and 0.45 for hydrologic susceptibility.

THE BLIND SPOT IS URBAN AND INLAND

Orange marks screened tracts. Magenta marks those also in the highest 20% for recorded damage. Illinois has the largest concentration.

THE SIGNALS DIVERGE

Contribution to each model's explained variation. R² is the share of tract-to-
tract variation explained by the full model.

IHP flood damage

94% hydrology 5% mapped zones model R² 0.20

NFIP claims

49% hydrology 47% mapped zones model R² 0.41

NFIP uptake

45% hydrology 50% mapped zones model R² 0.55

CAN IHP MODEL FIT IMPROVE?
Yes. Additional before-event inputs raise R² for states not used in training from 0.20 
to 0.24. Adding realized event rainfall raises it to 0.30. Event rainfall is excluded 
from the screen because it describes floods after they occur.

DAMAGE FALLS OUTSIDE MAPPED HIGH RISK

26.8%
of NFIP claims with a reported 
flood-zone code were outside 

the SFHA

23.2%
of paid building and contents 

losses occurred there

4.2% → 29.5% insured share among IHP registrants reporting 
flood damage, from tracts with no SFHA land to 
tracts with more than 20% SFHA land

WHO LIVES IN THE BLIND SPOT

Average difference from other tracts in the same state. Values are 
differences in percent.

Renter-occupied housing share 19.9%

Black non-Hispanic population share 14.8%

Hispanic population share 13.1%

Multifamily housing share 24.9%

WHAT THIS MEANS

• Target map review and risk communication where mapped risk is thin

• Focus renter-facing contents-coverage information in screened tracts

• Report NFIP uptake alongside hydrologic susceptibility

These results support supplementing the regulatory floodplain. They do not 
show that SFHA maps fail at their intended riverine and coastal function. 
IHP registrations also reflect disaster declarations and access to 
assistance.

Flood maps organize insurance. 
Hydrologic conditions better locate 

assistance-recorded damage.
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Data: OpenFEMA, FEMA flood maps, U.S. Census, USDA soils, PRISM precipitation, national land cover, national structures, watersheds, sewer outfalls, and Chicago 311. Code and methods
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