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Executive Summary

Homeownership extends well beyond making a monthly mortgage payment. Ongoing maintenance
and investment in a property helppreserve and enhance home value and extend to neighborhoods
and local communities as well. Owning a home also comes with the realidan that every so often
a costly repair can occur either unexpectedly or not, potentially placing strains on household budgets
or leading to deferred maintenance over time.

Today, many Marylanders find themselves facing another costly threat to their has that has

been slowly sneaking up on them; namely the costs associated with extreme weather events. An
increase in extreme weather events will negatively affect homeowners in years to come. Solutions
to these problems must come from a combination of pilic and private investments and
comprehensive strategies to build longterm resilient communities.

Understanding which communities in Maryland have higher rates of homeowner financial vulnerability
to unexpected outlays either for weatheirelated damagesor not is critical to helping target financial
products and services as well as public investment in weather resiliency projects. This study
leverages a variety of rich data sources for mortgage borrowers as well as natural hazards and
associated risks toprovide new empirical insights that can serve as a guide to inform public policy
and industry investment strategy.

A newly developed Homeowner Financial Vulnerability Index (HFMB used to identify areas in
Maryland with a higher likelihood of experiering financial strain from an unexpected large oubf-
pocket outlay such as repairs following a storm. The study aims to answer the following questions:

1 What areas (counties and tracts) in Maryland are most aisk from natural hazards?

I What hazardspresent the greatest risk to Marylanders in terms of expected annual losses (EAL)?
1 What areas have the greatest homeowner financial vulnerability?

I How many areas have high homeowner financial vulnerability and are located in high hazard risk
areas?

What are the demographics; income, minority, poverty rates of these high hazard risk areas?
Can we identify any statistically significant differences between high hazard risk census tracts
and all others on the basis of borrower and other relevant characteristi€s

= =

This study provides new tools for analyzing the effects of extreme weather events and homeowner
financial resiliency. Identifying areas with the greatest exposure to extreme weather atitht have
high homeowner financial vulnerability can help target puic and private resources optimally. For
example, by using tractlevel measures of hazard risk combined with loan level measures of financial
vulnerability, federal, state and local funding can be better allocated to support communityased
resiliency prgects such as investments in shoreline protection, flood control and the like as well as
help facilitate the design of innovative insurance and mortgage products for individual homeowners.

For more information, please contacDr. Clifford Rossiat crossi@criskadvisors.com
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A file containingthe tract level NRI and HVFI ratings along with several other tract
level statistics may be found atttps://www.criskadvisors.com/ or by contacting the

author directly. Maps developed for this study may also be found at that website.

The author provides these for informational purposes.
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Extreme Weather in Maryland and Effects on Homeowners

Homeownership extends well beyond making a monthly mortgage payment.

Ongoing maintenance and investment in a property help preserve and
enhance home value and extend to neighborhoods and local communities as
well. Owning a home also comes with the realiz@on that every so often a
costly repair can occur either unexpectedly or not, potentially placing strains
on household budgets or leading to deferred maintenance over time.

Today, many Marylanders find themselves facing another costly threat to their
homes that has been slowly sneaking up on them; namely the costs
associated with extreme weather events. Residents and business owners in
Ellicott City, for example know far too well the impacts of such events. Within
a two-year period, the city experienced two extreme flood events. The first of
these occurred in 2016 when six inches of rain fell within atwo-hour period
causing significant flooding and property danage.! Then in 2018, another
storm dropped eight inches of rain again in atwo-hour period resulting in a
flash flood with a heightof over 10 feet resulting again in extensive property
damage as well as two deaths? In each instance, he amount of raingll was
reported to have had a 1-in-1,000 year chance of occurring and yet it
happened twice in two years?

Unfortunately, the Ellicott City floods are one of many potential natural hazards
facing Marylanders Drought, tornados, hurricanes, wind and haistorms pose
significant risks each year to Maryland residents and so gaining a better
understanding of the potential impact such events may have on homeowners
is crucial for making homeowners and their properties more resilient to such
hazards. Many parts of the 11,684 miles of shoreline of the Chesapeake Bay
face ongoing threats of erosion, coastal and riverine flooding and increasing
nuisance flood events?

1 National Weather Service, National Oceanic and Atmospheric Administration, Ellicott City
Historic Rain and Flash Flooding of July 36, 2016,
https://www.weather.gov/lwx/EllicottCityFlood2016.

2 National Weather Service, National Oceanic and Atmospheric Administration, May 27
2018 Flooding, Ellicott City and Catonsville, MD,
https://www.weather.gov/lwx/EllicottCityFlood2018

3 John Bacon, USA Today, Why a 1in-1,000 year rain event devastated Ellicott City,
Maryland Nagain, May 28, 2018.

4 National Park Service, Chesapeake Bay
Facts https://www.nps.gov/chba/learn/nature/facts-
andformation.htm#:~:text=At%20its%20widest%20po0int%2C%20just,21%20feet%20(7%20

m)
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Residents of
Maryland in
areas with
elevated threats
from extreme
weather events
need to prepare
for the
increasing
direct and
indirect cost of
homeownership

Parts of Annapolis and Baltimore have experienced significant increases in the
number of days of nuisance flooding over the last decade.

However, Dorchester County, one of the poorest counties in the site on
Maryl andyYs easternhthavcee WMoviEdse WsYmot
the kind of media attention that Annapolisand Baltimore receive on extreme
weather events and yet its experience paints an ominous picture for what
awaits county residents in the future without major changes from policyakers

and private industry.

One study, for instance found that nearly 60% of Dorchester County lies within
the 100-year floodplain and that about half the population is exposed to some
damage from minor storm surges not related to hurricandike events®
Homeowners face a variety of potential damage$o various critical components
to their homes from such events including HVAC systems and ductworkioofs,
siding and windows and mold in crawlspaces among the costly repairs these
homeowners can encounter.

Dorchester County faces a number of significant challenges in hardening public
and private infrastructure from the ongoing threats of extreme weather events.
The county ranks 13h out of 24 in terms of income with an averageper capita
income in2017-2020 of $55,652; has a poverty rate of 15%; and more than a
third of residents are nonwhite? Still, a relatively large percentage (69%) of
residents own a home with a median property value of about $190,000.
Compared with a wealthier and larger county sub as Anne Arundel County
that has a budget of more than $1.7

$75.7 million seveely constrainsthecount yYs abil ity to fi
projects to address its climaterelated problems. These include increased
nui sance flooding i n Camb,ras we as,coastadh e

erosion in a number of small communitiesuch as Hoopers Islandand failure
of many bermed impervious ponds (BIPs) serving homeowners across
Dorchester County as a type of community septic system. This latteproblem
underscores the fact that state and local governments when approving such
infrastructure for residential development nearly 30 years ago did not anticipate
or understand the impact of those decisions now affected by changes in
weather patterns that in recent years have put many ahose ponds at capacity
and in dire need of mitigation.

Residents of Maryland in areas with elevated threats from extreme weather
events need to prepare for the increasing direct and indirect cost of
homeownership. These costs include owof-pocket expenses that lie beyond

® Wanda Diane Cole, Maryland Eastern Shore Resource Conservation & Development
Council, 2008.

6 U.S. Census, QuickFacts, Dorchester County, Maryland data.




This study
provides some
of these
answers by
empirically
identifying those
communities in
Maryland with
the greatest
homeowner
financial
vulnerability that
happen to be
exposed most
to natural
hazards

insurance payouts or show up as higher premiums and deductibles for
homeowners and flood insurancepolicies. According to one estimate by
Nationwide, two-thirds of homeowners are underinsured, exposing them to
significant financial risk as well as increasing their chances of defaulting on their
mortgage.’

Evidence of higher default risk for extreme @ather events has been found over
the years. Fannie Mae, for example found a substantial difference between
delinquency rates following Hurricane Katrina in regions affected bydhstorm.
The rate of mortgages 30 days past due or more was 4.24% in areasffected
by the hurricane vesus 1.99% for areas left unaffected® This author also found
that when controlling for borrower, property and loan risk factors, both the
frequency and severity of hurricanes resulted in statistically significant higher
default rates on mortgages?®

An increase in extreme weather events will negatively affect homeowners in
years to come. Solutions to these problems must come from a combination of
public and private investmens and comprehensive strategies to build long
term resilient communities. Someof these investments will require major
planning and resource commitment. An example today is the rebuilding of
James and Barren Islands off the Dorchester County coast by the US Army
Corps of Engineers that hae all but disappeared as decades of coastaktorms
and rising sea levels have taken their toll on those barrier islands that serve as
buffers to many homes along that shoreline. Deciding on how to ofmally
allocate such resources is always a challenge, however, a first step requires
identifying where such resources are needed most. This study provides some
of these answers by empirically identifying those communities in Maryland with
the greatest homeowner financial vulnerability that happen to be exposed most
to natural hazards.

Study Objectivesand Approach

Understanding which communities in Maryland have higher rates of
homeowner financial vulnerability to unexpected outlays either for weather
related damages or not is critical to helping target financial products and
services as well as publianvestment in weather resiliency projects. This study
leverages a variety of rich data sources for mortgage borrowers as well as
natural hazards and associated risks to provide new empirical insights that can
serve as a guide to inform public policy andndustry investment strategy.

'Nati onwi de, hiUnderinsurance: Il s your hort
worth?https://www.nationwide.com/Ic/resources/home/articles/underinsurance
8Fannie Mae Capital Markets, Historical data provides insights into past hurricane
experience, November 6, 2017

9 Clifford Rossi, Journal of Risk Management in Financial Institution&olume 14 /
Number 4 / Autumn/Fall 2021, pp.426-442(17).
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The study
leverages a
newly
developed
Homeowner
Financial
Vulnerability
Index (HFVI)o
identify areas in
Maryland with a
higher likelihood
of experiencing
financial strain
from an
unexpected
large outof-
pocket outlay
such as repairs
following a
storm

The study leverages a newly developedHomeowner FinancialVulnerability
Index (HFVIto identify areas in Maryland withborrowers having a higher
likelihood of experiencing financial strain from an unexpected large ouaif-
pocket outlay such as repairs following a stornt® The HFVI is based on a
multivariate statstical model trained on hundreds of thousands of historical
mortgage loans originated between 20002016 with performance on those
loans to the presentand sold to Fannie Mae and Freddie Mac. This index
ranks borrowers based on their financial capacity tosupport not just their
mortgage payment but also recurring and nonrecurring expenses associated
with their propertescontr ol I i ng for other factor
and other loan and property characteristics.

As will be examined in more @tail in a later section, the index is then paired
with data from the Federal Emergency Management Agency (FEMA) National
Risk Index (NRI}hat provides a rating and score at the census tract or county
level for 18 different natural hazards. While the HF\S calculated at the loan
level, Home Mortgage Disclosure Act (HMDA) 2021 datas used to generate

a HFVI for every loan originated in Maryland for that year and then aggregated
for all census tracts and counties in Maryland. While the HMDA data only
highlights loans originated in 2021, it is representative of the financial profile of
Maryland homeowners for that year.

The study aims to answer the following questions:

1 What areas (counties and tracts) in Maryland are most aisk from natural
hazards?

1 What hazards present the greatest risk to Marylanders in terms of expected
annual losses (EAL)?

1 What areas have the greatest homeowner financial vulnerability?

1 How many areas have high homeowner financial vulnerability and are located
in high hazad risk areas?

1 What are the demographics; income, minority, poverty rates of these high
hazard risk areas?

1 Can we identify any statistically significant differences between high hazard
risk census tracts and all others on the basis of borrower and other tevant
characteristics?

WYHFVI was developed by Chesapeake Risk Advisors, LLC.




Table 1: EAL ($)
Hazard for Maryland

Avalanche
Coastal Flooding
Cold Wave
Drought
Earthquake

Hail

Heat Wave
Hurricane

Ice Storm
Landslide
Lightning
Riverine Flooding
Strong Wind
Tornado
Tsunami
Volcanic Activity
Wildfire

Winter Weather

All

NA
34,626,461
2,068,859
51,219,782
5,969,847
1,115,174
13,994,782
14,492,073
2,073,257
1,460,897
7,011,153
26,314,416
15,264,119
38,100,420
NA

NA
2,647,044
4,839,674

221,197,958

Data Sources

Three publicly available data sources were used in this study; the 2021 HMDA
data, the FEMA NRI data and Fannie Mae and Freddie Mac loalevel credit
performance data. Some description of each of these data sources is
instructive to understand the analysis that follows.

FEMA NRI Data

FEMA developed a National Risk Index comprisedfahree factors: expected
annual loss (EAL) associated with a hazard, a community resiliency score and
a social vulnerability scoré! The relationship of these three factors in
determining the NRI is as follows:

(1)  NRI=EAL* SV * (1/CR)

Where SV is social vulnerability and CR is community resiliency. The social
vulnerability component of the NRI reflects the the degree to which

demographic groups are affected by different natural hazards. Community

resiliency takes into account the ability for communities to handle various
natural hazardsby incorporating 49 different factors representing 6 categories

of community resiliency such as community capital, social, and

housing/infrastructure

The NRI iscalculated for every county and census tract in the US. The 18
hazard types in the NRI data were selected based on FEMApproved state
plans and are listed inTable 1 displaying the total EAL for each hazard in
Maryland. Three hazards are not representedh the data for the state but all
others sum to an EAL of $221.1 million with the hazards presenting the largest
exposure to Maryland being drought, tornados and coastal flooding in that
order.

EAL in dollars is defined as the following:
(2) EAL = B*R*HLR4

Where E; is the total dollar of exposure to hazard type H from losses
associated with damages to buildings, agriculture or people, kis the annual

frequency of hazard H and HLR is the hazard loss ratio associated with hazard
H.2 For Maryland across all hazard yipes, 43 percent of the state EAL is

attributed to damage and losses to buildings including residential and
commercial structures.

LFEMA, National Risk Indexhttps://hazards.fema.gov/nri/.
2 FEMA NRI Technical Documentation, November 2021 5
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Thereare only a
few counties
that have Very
High EAL
exposure
Caroline, Anne
Arundel and
Baltimore City

FEMA produces a risk score and rating for each hazard andor all hazards
combined reflecting all three components defined in equation 1. In addition, a
risk rating and score is produced based only on EALsocial vulnerability and
community resiliency The measure of hazard riskfor this study is EAL in
dollarsfor each census tract and county in Maryland as it isolates the financial
costs of each hazard. Finally, this study uses the hazard EAL risk rating rather
than the numeric score as the ratings provide a more convenient way of
categorizing hazard risk against financial vulnerdiiy ** FEMA assigns one of
the five following risk ratings for each natural hazard (and for all hazards
combined) by census tract or county** A total of 1394 Maryland census tracts
were in the NRI dataset for analysis.

Tables 2a and 2bprovide more detail on the risk to Marylanders by county for
each type of hazard by EAL rating and EAL exposure in dollars. Fortunately,
there are only a fewareas that have Very High EAL exposure. Tdése are
Caroline County for drought, Anne Arundel Conty for lightning and Baltimore
City for winter weather. Despite the large amount of shoreline around the
Chesapeake Bay and Atlantic Ocean, coastal and riverine flooding along with
hurricanes do not show up as having significant EAL exposure at the count
level. Some care must be taken, however, in drawing a conclusion at the
county level. Exposure to various hazards tends to wash out as thé&evel of
geographic unit expands and thus the focus later on at the tract level provides
a more granular view ohatural hazard risk in Maryland. Likewise, these results
could change over time should extreme weather events increase in frequency
and intensity in the future.

13 FEMA used a machine learning algorithm to determine each risk rating.
14 More detail on hav FEMA developed these ratings can be found in their technical
documentation.
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Takinginto
account all
three factors;
EAL, social
vulnerability and
community
resilience, most
of Maryl
higher risk
tracts (i.e., Very
High or
Relatively High)
are located on
the eastern
shore of the
Chesapeake
Bay

Another view of the risk of natural hazards on Maryland is seen iRigure 1
Here, the NRI rating for each census tract is shown. Taking into account all
three factors; EAL, social vulnerability and community resilience, most of
Mar yl andyYs atts (igeh\éery High os Relativaly High) are located on
the eastern shore of the Chesapeake Bay.

Decomposing the NRI by its three factors helps provide more context on the
nature of hazard risk at the tract level. First, a view on EAL exposure from all
hazards is shown inFigure 2for each census tract. The results byeither overall
NRI or NRIEAL rating for Maryland census tracts is skewed toward lower risk.
Most tracts show up as having either Very or Relatively Low EAL risk.
However, note the disproportionate share of eastern shore census tracts that
are rated as either Relatively or Very High risk.

Figure 1: NRI Rating for Maryland Census Tracts

Figures 3 and 4 show the NRI social vulnerability and community resiliency
ratings for each tract. Panning out on the map (which readers can do by
opening up the Excel spreadsheets of each map available on thel@sapeake
Risk Advisors, LLCwebsite), areas where high so@l vulnerability exists are
found around Baltimore City, as well as the western part of the state and
eastern shore. In terms of Community Resiliency, Maryland exhibits a relatively




