
FEMA flood maps—formally called Flood Insurance Rate Maps, or FIRMs—have become 
the generally accepted resource for characterizing current flood hazards. However, these 
maps were never intended to address the needs of risk managers or property owners; 
they were designed solely to implement the requirements of the National Flood Insurance 
Program (NFIP), such as setting flood insurance rates.1, 2

FEMA flood maps do not deliver a complete and accurate view of flood risk because of programmatic 
limitations such as prolonged update cycles, and methodologies that are susceptible to political pressures and 
missing flood factors. 

Relying on these maps, which is a common risk management practice, gives a false (and dangerous) sense of 
security to Risk, Safety, and Operational leaders responsible for overall asset health, employee and community 
safety, and business continuity within their industrial infrastructure. 

This report from Jupiter Intelligence™ highlights key reasons for FEMA map deficiencies. It compares FEMA 
flood maps and Jupiter flood modeling outputs to actual flood observations generated in August 2017 during 
Hurricane Harvey in Harris County, Texas.
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for Risk Management

FEMA’s flood maps are based on historical data, and the National 
Flood Insurance Program is not allowed to assess flood insurance 
premiums based on future projected risk.
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Major Deficiencies of FEMA FIRMs

1) FEMA maps are updated infrequently and inconsistently
While the National Flood Insurance Reform Act of 1994 requires FEMA to update all flood maps every five 
years, in practice, fewer than half (42%) of FEMA’s flood maps were up-to-date as of 2017.3 For example, when 
Hurricane Sandy hit New York City in 2012, the FEMA maps had not been substantively updated since 1983. 
Businesses and communities that make crucial investment and engineering decisions based on FIRMs are at 
risk from outdated and inaccurate flood maps.

Even if there was full compliance with the 1994 statute, five-year update cycles are often too long to capture 
the variety of factors that create flood risk, such as changing land use patterns, infrastructure development, 
and urban expansion. Asset owners and risk managers should leverage more up-to-date information, such 
as the latest satellite- and drone-derived data, as well as revised scientific modeling methodologies, to fully 
assess their flood vulnerability on a regular basis to avoid negligence and potential legal consequences.

2) FEMA’s flood zone mapping process is often complicated by local political considerations
Rather than representing the direct results of scientific flood modeling, FEMA’s flood zone mapping process 
permits appeals that allow political considerations to affect the boundaries of FEMA flood zones. 

Conversation at the local government level often “centers on the costs of revising the flood hazard zones 
rather than the risks associated with flooding.” 4 Public sector officials have an overriding interest in reducing 
the size of flood zones and base flood elevations to lower the cost of compliance for their constituents and 
allow for new development. Resourceful property owners often hire their own surveyors and engineering 
firms to appeal FEMA’s flood maps. As a result, flood risk mapping follows, not guides, development and 
distorts flood maps that should serve as a scientific reference for risk assessment.

3) FEMA maps do not consistently quantify flood risks and water depth, making it hard to engineer 
needed protections
FEMA flood maps define different flood zones. A and V zones make up the 100-year floodplain; X zones show 
the 500-year floodplain and areas that have an annual flood risk lower than 1-in-500.

But the maps do not always include information critical to recommended design standards for critical facilities: 
base flood elevations (BFEs, the estimated height of waters) for A and V zones are not consistently available 
and entirely non-existent for the 500-year floodplain. This impairs resilience engineering efforts. Asset owners 
who want to harden their properties to withstand extreme weather events—particularly against those with 
return periods greater than the 1-in-100 year standard—are left with no data to determine the necessary level 
of protection.

FEMA maps do not always include information essential for the 
recommended design standards for critical facilities: base flood 
elevations for the 100-year floodplain and elevations for the 500-year 
floodplain.
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4) FEMA flood maps leave out critical factors that cause flooding
FEMA maps include flood assessments for riverine flooding from waterways and lakes/ponds, coastal flooding 
caused by storms, and shallow ponding/sheet flow. But these factors do not account for all the varied causes 
of flooding. Even FEMA’s newer maps do not account for factors like rapid rain accumulation, how buildings 
are constructed, climate change that has already occurred or is within the asset’s useful life expectancy, 
expected development, and others.

Houston’s record-setting floods between 2016 and 2017 (the Memorial Day and Tax Day floods, and Hurricane 
Harvey) are sobering examples of how this shortcoming can undermine resilience planning. Much of the 
flooding in Houston during these events was a direct result of extreme precipitation. However, when most 
of Houston’s FEMA maps were updated in 2017, they did not account for the city’s inability to drain heavy 
rainfall, exacerbated by new development and inadequate infrastructure.5

Many other regions share similar concerns. A floodplain manager in Illinois pointed out that “90 percent of 
[the state’s damages] are not traditional overland flow damages (like a river overflowing its banks) but rather 
heavy rainfall events that cause basements to back-fill with water.”6

The director-general emeritus of the Association of State Floodplain Managers has said: “Until [FEMA 
incorporates all the necessary modeling components], these maps will always be obsolete the day they 
come out.”7

5) FEMA maps cover only extreme events and do not address nuisance flooding and more 
common storms
FEMA flood maps depict extreme weather risks by reporting the 100 and 500 year floodplain. While extreme 
events have been an important driver of property loss, nuisance flooding—high-tide and/or “sunny day” 
flooding—and other damaging events below 100-year returns can cause business disruptions.

Nuisance flooding occurs during seasonal high tides or minor wind events, and when existing infrastructure is 
overtopped. It is become more frequent because of ongoing sea level rise, land subsidence, and loss of natural 
barriers: on average, nuisance flooding in the U.S. has doubled in the last three decades.8 Boston, for example, 
started experiencing nuisance flooding in 2011 and, according to some studies, it will endure as many as 87 
nuisance flooding events every year by 2030.9

Until [FEMA incorporates all the necessary modeling components], 
these maps will always be obsolete the day they come out.

—Larry Larson, Director-General Emeritus 
Association of State Floodplain Managers
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6) FEMA maps do not consider the ongoing and future impact of climate change
FEMA’s flood maps are based on historical data; furthermore, the National Flood Insurance Program is not 
permitted to assess flood insurance premiums based on future projected risk.

Climate change is expected to lead to increased flooding in many parts of the world, due to rising sea levels 
and changing precipitation patterns. For example, researchers have predicted that historical 100-year flood 
levels will occur annually in the New England and mid-Atlantic states, and every 1–30 years in the Southeastern 
U.S. and Gulf of Mexico regions, later in this century.10 Practitioners who make planning assumptions based 
on FEMA maps risk grossly underestimating the true frequency or severity of future extreme weather events.

Flood risks driven by climate change occur in both coastal and inland regions because heavy and more 
frequent rain events can increase the chances of flash floods and riverine flooding.11 With the number of heavy 
precipitation events projected to increase under all climate change scenarios—and by two to three times the 
historical average under the current business-as-usual trajectory12—the omission of climate signals in FEMA 
flood maps represents a significant oversight of a key risk driver.

7) FEMA map coverage is incomplete
FEMA is far from completing the initial job of mapping flood risk of the entire country. According to a 2020 
report from the Association of State Floodplain Managers, FEMA had mapped roughly 1.14 million miles of 
streams, or 33% of the approximately 3.5 million miles of streams in the country, and only about 44,158 miles 
of shoreline and coasts, or 46%, out of a total of 95,471 miles.13 Inadequate coverage and the consequential 
absence of flood zone designation lead to a false sense of security among developers and asset owners.

Maps vs. Reality: Comparing FEMA FIRMs and Jupiter Models to Actual Flood Data 

These seven shortcomings demonstrate that FEMA flood maps do not paint an accurate and complete 
picture of flood risks. The second part of this special report shows the material impact of these shortcomings. 
It compares FEMA flood zone information against observed flood data during Hurricane Harvey, while 
benchmarking it using Jupiter’s FloodScore™ service.

Jupiter’s modeling approach differs from FEMA’s because it includes the impact of climate change (such as 
sea level rise), incorporates all flood drivers (including rainfall on land), and presents flood depth information 
in a probabilistic, globally consistent manner and is updated regularly.

Jupiter compared FEMA FIRMs with Jupiter flood data against observational data sets of riverine flooding 
from USGS (peak flood inundation along rivers) and citizen-reported urban flooding in Houston (reports of 
flooding through 3-1-1 phone calls) during Hurricane Harvey in August 2017 in areas where all datasets are 
available (Figure 1). Jupiter found that:

• Based on riverine flood inundation observations, Jupiter’s model accurately predicted riverine 
flooding 91% of the time, as compared to FEMA’s 74% accuracy rate, in areas along waterways.

• Based on Harris County’s 3-1-1 calls, Jupiter’s model accurately predicted overland 
precipitation flooding 84% of the time, as compared to FEMA’s 61% accuracy rate, in dense 
urban areas in downtown Houston.
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Riverine Flooding Observations
Jupiter compared areas of riverine flooding in the shaded areas of Figure 1. The USGS used high water marks 
and other flood inundation data during Hurricane Harvey to determine flood-peak magnitudes and create 
flood-inundation maps in heavily impacted major river basins located primarily in Texas. Within the coverage 
area of this data set, Jupiter cross-referenced both FEMA FIRMs and Jupiter data against observed flood 
patterns during Hurricane Harvey.

For areas that were flooded (a total of 7.3 billion square feet), Jupiter’s FloodScore model accurately predicted 
91% of flooding, compared to FEMA’s 74%. More than a fifth of the time, Jupiter’s models were able to capture 
flood risk where FEMA flood maps show no flood vulnerability. Figure 2 on page 6 categorizes the flooded 
area (and percentage share) into four categories based on whether they are inside or outside of FEMA and 
Jupiter predictions.

There are multiple reasons for the increased accuracy of Jupiter’s modeling. First, Jupiter uses the latest 
available digital elevation data at 50cm (1.6ft) resolution updated in 2018 as the basis of its models, which 
helps resolve detailed hydrodynamics that capture high resolution interactions between flood water and the 
terrain. In addition, Jupiter incorporates all available data inputs for the Houston region, such as river gauge 
and rainfall information, into its flood modeling process.

Figure 1 Geographical extent of Hurricane Harvey observed flooding data used in this study
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Importantly, the USGS observations are limited to riverine flooding in river basins and do not cover 
precipitation flooding occurring further from water bodies. Given that areas away from rivers—such as 
downtown Houston—experienced significant flooding due to overland precipitation during Hurricane 
Harvey, Jupiter turned to citizen reports of flooding from densely populated urban areas to determine the 
accuracy of the performance of Jupiter and FEMA data, as shown in the following section.

Flood Reports from City of Houston 3-1-1 Calls
The City of Houston operates a consolidated call center 24/7/365 for residents to report non-emergency 
concerns and get information on city services by calling 3-1-1. The center maintains a database of calls that 
report flooding in the city. Within the coverage area of this dataset, Jupiter cross-referenced both FEMA 
FIRMs and Jupiter data against the locations of the flood complaints during Hurricane Harvey.

The center received 4,355 calls that reported flooding during Hurricane Harvey in the city, most of them 
from residents concentrated in dense urban areas. Considering the geographical and hydrological features 
of the city, the most densely populated downtown areas of Houston are more susceptible to precipitation 
flooding because they are far from water bodies. Jupiter’s FloodScore model accurately forecasted 84% of the 
reported flooding locations, while FEMA maps only forecasted 61% (see Figure 3 on page 7). Close to a 
third of the 3-1-1 calls reported flooding at locations where Jupiter maps indicated flood risk while FEMA maps 
did not, because FEMA does not account for overland precipitation.

Of the 7.3 billion square ft of riverine flooded area…

Within Jupiter 
Prediction

Outside Jupiter 
Prediction

Within FEMA Flood Zone 5,101 (70%) 275 (4%)
Total within FEMA prediction 

5,376 (74%)

Outside FEMA Food Zone 1,532 (21%) 431 (6%)

Total within Jupiter prediction 

6,633 (91%)

Figure 2 Square footage of USGS reported Harvey flooded area (and percentage share) classified based on comparisons 
with FEMA flood maps and Jupiter predictions

Jupiter’s FloodScore model accurately forecasted 84% of the reported 
flooding locations, while FEMA maps only forecasted 61%.
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Key Takeaways and Recommendations

A diverse set of drivers leads to flooding depending on geography, and these risk drivers are changing 
rapidly over time due to on-going climate change and development. For asset owners and managers to 
make informed decisions, they need a tool that is scientifically robust, covers comprehensive perils, offers 
quantifiable information, and is frequently updated.

In the case of Hurricane Harvey, Jupiter models outperformed FEMA flood maps 21% of the time in riverine 
flooded areas and 28% of the time in precipitation flooded areas, and they provide flood depth information 
not widely available in FEMA maps.

Property owners, plant operators, industry associations and regulators, engineering firms, standards bodies, 
and legal experts are taking note of an emerging class of actionable data such as Jupiter’s, and reassessing 
how their sole reliance on FEMA flood maps—while convenient—may also be insufficient, and perhaps 
even negligent.

About Jupiter

Jupiter is the global leader in data and analytics services to make informed decisions that safeguard critical at-
risk infrastructure from extreme weather, sea-level rise, storm intensification, and rising temperatures caused 
by short, medium, and long-term climate change. For more information, please visit jupiterintel.com.
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