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HOW TO BUILD A BETTER FLOOD MAP. 
Flood maps are geospatial depictions of f lood 
hazard. Ultimately, maps guide insurance policy 
underwriting decisions. Residential property flood 
insurance is provided through the National Flood 
Insurance Program (NFIP), administered by the 
Federal Emergency Management Agency (FEMA). 
Premium rates for a specific property are determined 
by the f lood hazard zone for that property on a 
regulatory flood map. Due to federal regulatory con-
straints on FEMA, the resulting maps are effectively 
“binary” in the sense that a property either is or is 
not in a flood hazard zone. The maps also represent 
“current conditions” of land use, hazard assessment, 
and floodplain management practices, without the 
ability to consider long-term uncertainties.

The group discussed how current federal map mak-
ing practices do not allow for a more graded charac-
terization of risk levels, effectively preventing FEMA 
maps from conveying “future” risk levels under uncer-
tain conditions. For example, in the coastal context, it 
seems unlikely that current conditions should persist 
into map products that are used for future rate setting 
as well as longer-term community planning. Evolving 
hurricane trends, encroachment of sea levels upland, 
and projections of coastal population density and de-
velopment could change future risk. This would not 
matter much in residential flood insurance if updates 
to FEMA maps were more frequent (effectively keeping 
up with changing development and environmental 
trends) and if policy durations were sufficiently short. 

However, since map updating is both expensive and 
time consuming, more probabilistic information in 
flood maps could permit a more risk-graded approach 
to rate setting and better facilitate long-term commu-
nity and municipal planning.

A more comprehensive approach to risk mapping 
may require more dynamic, computer-based maps 
rather than the static zone-based FEMA map format. 
The commercial (i.e., private) insurance industry 
experiences could be almost immediately leveraged. 
Commercial insurance coverage can be accessed by 
both residential and commercial property owners, 
and mapping has considerably more leeway in fac-
toring in potential sources of uncertainty that drive 
the long-term underlying risk. In particular, risk 
scoring develops a more comprehensive risk profile at 
finer spatial and probabilistic levels, achieving more 
risk-based and smoothly varying rates and avoiding 
the “in versus out” issue with current federal maps. 
Geographic and topographic features of specific 
properties could be easily incorporated, based on 
existing datasets, allowing a much finer “structure 
specific” granularity. This includes rapid updating 
of impermeable surface extents, civil infrastructure 
(waterway damming and diversion), and scenario-
based climate impacts on risk levels.

The commercial insurance sector’s innovation in 
risk characterization may lie in their more direct ex-
posure, as compared to the U.S. government’s backing 
of the NFIP and its ability to operate at long-standing 
loss (claims have exceeded premium revenues since 
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2006). They have a much larger incentive to under-
stand long-term rate pricing.

Additional topics discussed included how to 
convey complex, multidimensional risk concepts 
in a visual, map-based context; social/behavioral 
aspects of risk communication; statistical methods 
and related advancements for incorporating climate 
science-derived uncertainties into risk models and 
maps; and how temporal aspects of risk can be char-
acterized and presented in map form.

THE USE OF CLIMATE MODEL PROJEC-
TIONS IN INSURANCE. Most insurance prod-
ucts are sold on annual time scales, and therefore 
climate model projections are of limited direct value 
for pricing insurance contracts. However, companies 
operate on longer time scales for decisions such as 
capital investment and new product development. 
One discussant noted that, in insurance, the further 
you are from pricing, the more quantifying climate 
risk becomes relevant. The reinsurers in the group 
commented that their industry seeks long-term 
partnerships with companies on a scale of decades, 
which requires a demonstration of financial strength 
and planning for that period.

Discussion focused on a recent paper by Emanuel 
(2017), which stated that the Hurricane Harvey rain-
fall event in Texas has an estimated annual exceed-
ance probability of 1% under the 1981–2000 climate 
but an estimated 18% exceedance probability under 
the 2081–2100 climate described by an ensemble 
of phase 5 of the Coupled Model Intercomparison 
Project (CMIP5) climate models under the repre-
sentative concentration pathway (RCP) 8.5 scenario. 
Catastrophic weather events such as Hurricane 
Harvey attract tremendous “buy in” from the insur-
ance and reinsurance industries, and so recasting 
them under different climate scenarios was seen as 
a useful scientific exercise. This should be repeated 
across different perils (windstorm, drought, f lood, 
etc.). Companies could combine those results with 
internal estimates of their own future exposures and 
conduct stress tests. One discussant noted a state-
ment like “the wind portion of hurricane costs are 
expected to outstrip population growth in Florida by 
X%” would make some waves in the insurance and 
corporate communities. Medders (2017) writes that 
“indeed, insurers do not need to take ‘climate change,’ 
per se, into account at all. If probable loss, frequency, 
and/or severity are changing, they do not have to be 
labeled as climate changes for insurers to respond 
appropriately.” Rerunning observed events under 
different climate scenarios could allow researchers 

to quantity the “fraction of attributable risk,” or the 
fraction of the likelihood of an event that is attribut-
able to a specific causal factor (National Academies 
of Sciences, Engineering, and Medicine 2016).

One issue raised was the regulatory considerations 
for use of an ensemble of multiple climate models to 
capture model uncertainty. The American Academy 
of Actuaries (2018) report on catastrophe models 
notes that “a company submitting a rate filing for 
residential property insurance in the state of Florida 
that relies on the results of a hurricane model is 
limited to those models that have been found accept-
able by the [Florida Commission on Hurricane Loss 
Projection Methodology].” Prominent companies in 
the area of catastrophe modeling should lead the way 
on petitioning regulators to recognize the value of full 
climate model ensembles.

The group ended with discussion on the develop-
ment of what might be termed “best practices” for 
the use of climate model data within the insurance 
and reinsurance industries. Examples could include 
reports along the lines of the American Academy of 
Actuaries (2018) report on how catastrophe models 
intersect with actuarial standards of practice.

CLIMATE MITIGATION AND ADAPTA-
TION. The first point of discussion focused on the 
differences in terminology across fields. For example, 
in the realm of climate change, mitigation generally 
refers to strategies that reduce greenhouse gas emis-
sions, whereas other fields tend to think of mitigation 
as an effort to reduce costs from an individual event 
(such as a flood or fire). Typically, work dealing with 
the effects of climate change is called adaptation and 
has parallels with mitigation or risk management. 
Insurance is a form of financial risk mitigation or 
climate adaptation, depending on the point of view.

The next point discussed was the costs associated 
with mitigation efforts to combat climate change, 
which can be large; however, the costs of not miti-
gating climate change may be larger. Many of these 
costs will be absorbed by the insurance companies 
and distributed to their policyholders. More work 
is needed to understand these potential costs and 
how mitigation efforts will reduce fees associated 
with policyholders. Communication efforts will also 
be important to deal with these issues and should 
address how to properly provide this information to 
policyholders. It is also important to understand if 
there is a tipping point when policyholders will no 
longer tolerate increasing fees.

The discussion ended on international reinsur-
ance companies. Lack of response to climate change 
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by the insurance industry may eventually fall to the 
reinsurance companies to address.

WHAT KEEPS YOU UP AT NIGHT? A major 
concern was translating research results from one 
group of consumers to another: between academia 
and the insurance industry or between either of those 
and the general public. The first of those issues could 
be addressed by a concerted effort for joint papers 
between the two groups of researchers, and hope 
was expressed that this workshop could lead to a few 
outcomes of that type. As for communication with 
the general public (including politicians and media), 
the group did not have any magic bullet solution but 
all were agreed on the importance of both groups of 
researchers making more effort to do this.

Climate models were naturally a focus of discus-
sion as well, with several members noting the dis-
connect between the products typically produced by 
climate models and the kinds of results the insurance 
industry really needs. One issue is the time scale for 
the model projections themselves: typical climate 
model results look at a 30-year or end-of-century 
timeframe but the insurance industry operates on a 
year-to-year basis. Changes over much shorter time 
periods need to be studied. Another concern was the 
auditing of climate models for use in the insurance 
industry: climate models are tested for their ability 
to reproduce observed climate over large time and 
space scales (e.g., 30-yr global-average temperatures) 
but much less on the short-term small-scale extreme 
events that are of greatest concern. Despite much 
recent work on extreme events (National Academy 
of Sciences 2016), the time- and space-scale aspects 
have not been adequately addressed.

One participant was particularly concerned about 
questions of attribution and liability. He drew an 
analogy with the asbestos industry, where the source 
of damage is well defined and there were relatively 
few manufacturers to blame for it. In contrast, there 
are many different polluters responsible for climate 
change and attributing a specific negative outcome 
to a specific source is almost impossible. The field of 
detection and attribution (Bindoff et al. 2013) is in 
principle available to answer questions of this nature 
but in practice has rarely been applied at the level of 
individual causes and effects.

Another participant was concerned about the 
possibility of climate stresses resulting in war. It was 
noted that National Research Council (2013) had 
looked at issues of this nature but was inconclusive.

Many participants were concerned that academic 
research on climate extremes was failing to address 

the issues likely to be of greatest concern to the insur-
ance industry. One concern, expressed in different 
language by several participants, was that extreme 
climatic events are not necessarily caused by a single 
variable: there may be several variables that are not 
individually especially extreme but whose combina-
tion could have extreme consequences. One example 
was modeling the effect of hurricanes: extreme losses 
could arise from several causes such as extreme 
winds, storm surges, or precipitation, and it is really 
the combination of these and how they affect prop-
erty damage that is of concern. The Spatial Hazard 
Events and Losses Database for the United States 
(SHELDUS; https://cemhs.asu.edu/sheldus) covers 
many natural hazards such as thunderstorms, hur-
ricanes, floods, wildfires, and tornados and detailed 
information about the date, location, and losses from 
each event. This dataset is not widely known by aca-
demic researchers. Another example is stress from 
extreme heatwaves where it is known that the most 
extreme consequences arise from a combination of 
heat and humidity and neither one on its own (Mora 
et al. 2017). Another concern was clustering: the 
combined effect of several extreme events possibly 
occurring during a short time interval and having 
more extreme consequences in combination than 
any one on its own. As a mathematical question, this 
issue has been studied by specialists on extreme value 
theory (Leadbetter et al. 1983), but practical statistical 
work on extreme events often focuses on the single 
most extreme event and neglects this aspect of the 
problem. Extreme risk management requires differ-
ent risk measures than the common ones of extreme 
quantiles or return values. This issue has been known 
for a number of years in the financial risk field, re-
sulting in measures such as conditional value at risk 
(also known as expected shortfall) as an alternative to 
traditional value at risk, which is based on quantiles 
(Acerbi and Tasche 2002; Artzner et al. 1999).

The final issue discussed within this group was 
the use of new data sources. The data available from 
the National Centers for Environmental Informa-
tion (www.ncei.noaa.gov/) now total 36 PB and are 
growing all the time, but many researchers do not 
know it’s there, how to get it, or what to do with it. 
We need new tools for visualization and data sum-
marization to help people understand and navigate 
such large datasets.
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