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Executive Summary 

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 realization 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.  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 investments and 

comprehensive strategies to build long-term resilient communities. 

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 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 to provide new empirical insights that can serve as a guide to inform public policy 

and industry investment strategy. 

A newly developed Homeowner Financial Vulnerability Index (HFVI) is used to identify areas in 

Maryland with a higher likelihood of experiencing financial strain from an unexpected large out-of-

pocket outlay such as repairs following a storm. The study aims to answer the following questions: 

• What areas (counties and tracts) in Maryland are most at-risk from natural hazards? 

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

• What areas have the greatest homeowner financial vulnerability? 

• 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 characteristics? 

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 and that have 

high homeowner financial vulnerability can help target public and private resources optimally.  For 

example, by using tract-level measures of hazard risk combined with loan level measures of financial 

vulnerability, federal, state and local funding can be better allocated to support community-based 

resiliency projects 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 contact Dr. Clifford Rossi at crossi@criskadvisors.com. 
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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 realization 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 a two-hour period 

causing significant flooding and property damage.1  Then in 2018, another 

storm dropped eight inches of rain again in a two-hour period resulting in a 

flash flood with a height of over 10 feet resulting again in extensive property 

damage as well as two deaths.2  In each instance, the amount of rainfall was 

reported to have had a 1-in-1,000 year chance of occurring and yet it 

happened twice in two years.3 

Unfortunately, the Ellicott City floods are one of many potential natural hazards 

facing Marylanders.  Drought, tornados, hurricanes, wind and hail storms 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.4   

1 National Weather Service, National Oceanic and Atmospheric Administration, Ellicott City 

Historic Rain and Flash Flooding of July 30th, 2016, 

https://www.weather.gov/lwx/EllicottCityFlood2016. 

2 National Weather Service, National Oceanic and Atmospheric Administration, May 27th 

2018 Flooding, Ellicott City and Catonsville, MD, 

https://www.weather.gov/lwx/EllicottCityFlood2018 

3 John Bacon, USA Today, Why a 1-in-1,000 year rain event devastated Ellicott City, 

Maryland – again, May 28, 2018. 

4 National Park Service, Chesapeake Bay 

Facts,https://www.nps.gov/chba/learn/nature/facts-

andformation.htm#:~:text=At%20its%20widest%20point%2C%20just,21%20feet%20(7%20

m)  

 1 

https://www.weather.gov/lwx/EllicottCityFlood2016
https://www.weather.gov/lwx/EllicottCityFlood2018
https://www.nps.gov/chba/learn/nature/facts-andformation.htm#:~:text=At%20its%20widest%20point%2C%20just,21%20feet%20(7%20m)
https://www.nps.gov/chba/learn/nature/facts-andformation.htm#:~:text=At%20its%20widest%20point%2C%20just,21%20feet%20(7%20m)
https://www.nps.gov/chba/learn/nature/facts-andformation.htm#:~:text=At%20its%20widest%20point%2C%20just,21%20feet%20(7%20m)


 

 

 

 

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 state on 

Maryland’s eastern shore with the motto, “Water Moves Us,” doesn’t receive 

the kind of media attention that Annapolis and 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 policymakers 

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 hurricane-like events.5 

Homeowners face a variety of potential damages to various critical components 

to their homes from such events including HVAC systems and ductwork, roofs, 

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 19th out of 24 in terms of income with an average per capita 

income in 2017-2020 of $55,652; has a poverty rate of 15%; and more than a 

third of residents are nonwhite.6  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 such as Anne Arundel County 

that has a budget of more than $1.7 billion, Dorchester County’s budget of 

$75.7 million severely constrains the county’s ability to finance urgently needed 

projects to address its climate-related problems.  These include increased 

nuisance flooding in Cambridge, the county’s largest city, as well as coastal 

erosion in a number of small communities such as Hoopers Island and failure 

of many bermed impervious ponds (BIPs) serving homeowners across 

Dorchester County as a type of community septic system.  This latter problem 

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 of those 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 out-of-pocket expenses that lie beyond  

5 Wanda Diane Cole, Maryland Eastern Shore Resource Conservation & Development 

Council, 2008. 

6 U.S. Census, QuickFacts, Dorchester County, Maryland data.  
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insurance payouts or show up as higher premiums and deductibles for 

homeowners and flood insurance policies.  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.7   

Evidence of higher default risk for extreme weather events has been found over 

the years.  Fannie Mae, for example found a substantial difference between 

delinquency rates following Hurricane Katrina in regions affected by that storm.  

The rate of mortgages 30 days past due or more was 4.24% in areas affected 

by the hurricane versus 1.99% for areas left unaffected.8  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.9 

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 investments and comprehensive strategies to build long-

term resilient communities.  Some of 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 have all but disappeared as decades of coastal storms 

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 optimally 

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 Objectives and 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 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 to provide new empirical insights that can 

serve as a guide to inform public policy and industry investment strategy. 

7Nationwide, “Underinsurance: Is your home covered for all it’s 
worth?https://www.nationwide.com/lc/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 Institutions, Volume 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) to identify areas in Maryland with borrowers having a higher 

likelihood of experiencing financial strain from an unexpected large out-of-

pocket outlay such as repairs following a storm.10  The HFVI is based on a 

multivariate statistical model trained on hundreds of thousands of historical 

mortgage loans originated between 2000-2016 with performance on those 

loans to the present and sold to Fannie Mae and Freddie Mac.  This index 

ranks borrowers based on their financial capacity to support not just their 

mortgage payment but also recurring and nonrecurring expenses associated 

with their properties, controlling for other factors such as the borrower’s credit 

and other loan and property characteristics.   

As will be examined in more detail in a later section, the index is then paired 

with data from the Federal Emergency Management Agency (FEMA) National 

Risk Index (NRI) that provides a rating and score at the census tract or county 

level for 18 different natural hazards.  While the HFVI is calculated at the loan 

level, Home Mortgage Disclosure Act (HMDA) 2021 data is 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: 

• What areas (counties and tracts) in Maryland are most at-risk from natural 

hazards? 

• What hazards present the greatest risk to Marylanders in terms of expected 

annual losses (EAL)? 

• What areas have the greatest homeowner financial vulnerability? 

• 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 

characteristics? 

 

 

                          

10 HFVI was developed by Chesapeake Risk Advisors, LLC. 
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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 loan-level 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 comprised of three factors: expected 

annual loss (EAL) associated with a hazard, a community resiliency score and 

a social vulnerability score.11  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 hazards by incorporating 49 different factors representing 6 categories 

of community resiliency such as community capital, social, and 

housing/infrastructure.   

The NRI is calculated for every county and census tract in the US.  The 18 

hazard types in the NRI data were selected based on FEMA-approved state 

plans and are listed in Table 1 displaying the total EAL for each hazard in 

Maryland. Three hazards are not represented in 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 = EH*FH*HLRH 

Where EH is the total dollar of exposure to hazard type H from losses 

associated with damages to buildings, agriculture or people, FH is the annual 

frequency of hazard H and HLRH is the hazard loss ratio associated with hazard 

H.12  For Maryland across all hazard types, 43 percent of the state EAL is 

attributed to damage and losses to buildings including residential and 

commercial structures.   

11 FEMA, National Risk Index, https://hazards.fema.gov/nri/. 
12 FEMA NRI Technical Documentation, November 2021.                                            5 

 

 

 

Table 1: EAL ($) 

Hazard for Maryland 

https://hazards.fema.gov/nri/


 

 

 

 

FEMA produces a risk score and rating for each hazard and for all hazards 

combined reflecting all three components defined in equation 1.  In addition, a 

risk rating and score is produced based only on EAL, social vulnerability and 

community resiliency.  The measure of hazard risk for this study is EAL in 

dollars for 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 vulnerability.13 FEMA assigns one of 

the five following risk ratings for each natural hazard (and for all hazards 

combined) by census tract or county:14 A total of 1394 Maryland census tracts 

were in the NRI dataset for analysis.  

 

 

 

 

 

 

 

 

Tables 2a and 2b provide 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 few areas that have Very High EAL exposure.  These are 

Caroline County for drought, Anne Arundel County 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 county 

level.  Some care must be taken, however, in drawing a conclusion at the 

county level.  Exposure to various hazards tends to wash out as the level of 

geographic unit expands and thus the focus later on at the tract level provides 

a more granular view of natural 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 how FEMA developed these ratings can be found in their technical 

documentation. 
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Table 2a and 2b: Maryland County NRI EAL Ratings and Dollars by Hazard 
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Another view of the risk of natural hazards on Maryland is seen in Figure 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 

Maryland’s higher risk tracts (i.e., Very High or Relatively 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 in Figure 2 for each census tract.  The results by either overall 

NRI or NRI EAL 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 the Chesapeake 

Risk Advisors, LLC website), areas where high social 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  
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Figure 2: Overall EAL Hazard Risk for Maryland Census Tracts 

 

 

 

Figure 3: Social Vulnerability Rating by Maryland Census Tract 
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high degree of community resiliency to hazard risk.  It is important to keep in 

mind that FEMA developed these ratings not at a state level but nationally such 

that components, including financial resources for Maryland may, by 

comparison with other states, generate relatively  favorable outcomes on 

community resiliency.   

 

Figure 4: Community Resiliency Rating by Maryland Census Tract 

 

 

HMDA Data 

The 2021 HMDA data provides extensive detail on 23.3 million mortgage loan 

applications for that year in the US.  Of these applications, 15 million loans 

were originated.15  This information includes both 1st and 2nd lien mortgages as 

well as loans sold to Fannie Mae and Freddie Mac, FHA, VA, Rural Housing 

Service and privately-held mortgages making this one of the most 

comprehensive data sources on new mortgage loans available.   

While the HMDA data does not capture any loan performance history since 

these reflect new loans, it does provide a great deal of information on key risk 

and demographic attributes useful for this study. Critical among them are such  

15 Consumer Financial Protection Bureau, Summary of 2021 Data on Mortgage 

Lending, June 16, 2022, https://www.consumerfinance.gov/data-

research/hmda/summary-of-2021-data-on-mortgage-lending/. 
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factors as loan-to-value (LTV) ratios, debt-to-income (DTI) ratios, loan amount, 

borrower income, age, race and ethnicity as well as a number of tract level 

statistics such as tract minority population percent.  After scrubbing the HMDA 

data for missing data and outliers, a total of 595,874 loan applications for 

Maryland in 2021 remained in the sample.  From these applications, 291,208 

1st and 2nd lien loans were originated in Maryland.  Figure 5 depicts some key 

statistics in boxplots for these loans across Maryland counties. 

 

Figure 5: Borrower DTI, Income, Loan Amount and Property Value Statistics 

by County 

  

 

Not surprising, there is little variability in DTIs of borrowers across counties.  

Differences emerge, however, when examining other attributes such as 

property values, loan amounts and borrower incomes.  Here, the range in 

these variables is noticeable which will be important later in the analysis of 

hazard risk to discern any clear differences in financial and demographic 

characteristics across census tracts. 
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Fannie Mae and Freddie Mac Credit Performance Data 

Both Fannie Mae and Freddie Mac have as part of their credit risk transfer 

(CRT) initiative made publicly available the loan level data associated with the 

vast majority of their insured portfolios consisting of millions of loans originated 

from 1999 to the present.16  The data provide both the borrower, loan, and 

property attributes of the borrowers such as credit scores, LTV and DTI ratios 

and more as well as detailed information on the performance of each loan over 

time.  Specifically, the data enables a user to determine whether a loan 

remained current or prepaid, went delinquent, was modified or entered default.  

This data was used to develop the HFVI used in this analysis.  Random 

samples from the Fannie Mae and Freddie Mac data were taken and combined 

in historical proportions to their market share.  More than 250,000 loans across 

the US from origination years 2000-2016 were used in developing the HFVI.   

 

Homeowner Financial Vulnerability Index (HFVI) 

The HFVI leveraged for this analysis was developed by Chesapeake Risk 

Advisors, LLC in a separate initiative to measure a borrower’s financial 

vulnerability to unexpected housing or nonhousing costs. As mentioned earlier, 

over the course of a loan’s life, borrowers’ invariably encounter any number of 

unexpected expenses, small and large.  In the case of housing, such 

unexpected large expenses would include major system breakdowns such as 

HVAC, appliances, windows, roofs, sewer and waterline replacement and 

repair, among others.  While substantial academic literature exists relating to 

mortgage default, less is known about the degree of financial frailty of 

borrowers as it relates to unexpected outlays.  However, the insurance 

company Hippo recently conducted a survey of new homeowners and found 

that within the first year of owning their home, a significant repair costing more 

than $1,000 happened for two-thirds of the homeowners in that sample.17 

 

16 Details on the Fannie Mae and Freddie Mac datasets are found at the following links: 

https://capitalmarkets.fanniemae.com/credit-risk-transfer/single-family-credit-risk-

transfer/fannie-mae-single-family-loan-performance-data. 

https://www.freddiemac.com/research/datasets/sf-loanlevel-dataset 
17 Sarah O’Brien, “Many homebuyers face surprise repair costs soon after moving in, survey 

shows, CNBC, March 31, 2022, https://www.cnbc.com/2022/03/31/many-homebuyers-

face-surprise-repair-costs-soon-after-moving-in.html. 
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Factors that are predicted to affect financial vulnerability include debt burden, 

borrower income diversification, relative capital costs of equipment and 

component replacement to borrower income, the age and type of property 

(e.g., single family vs condo), equity stake in the property by the borrower, 

relative income and occupancy status, among others.   

Taking each of these in turn, clearly a borrower’s debt burden, defined as total 

monthly housing and nonhousing obligations divided by monthly income is 

expected to be positively related to financial vulnerability.  Moreover, multiple 

borrowers with incomes tend to be more insulated from a financial stress event 

due to income diversification.  A variety of property-related features are 

considered to factor into the cost of repairs or replacement to important 

components in a home.  These include the age and condition of the structure 

and its critical components, structure size and building materials, among 

others.  The HFVI model takes into account the idea that these factors are 

embodied within the property value and that borrowers with lower incomes will 

have a greater financial shock from an unexpected home repair the larger that 

property happens to be.   

Extreme weather events could affect homeowner financial vulnerability as 

stated earlier.  Costs associated with such events include the impact on 

property insurance premiums and out-of-pocket costs for protecting property 

against natural disasters, as well as higher deductibles and any expenses not 

otherwise covered by insurance after an event occurs.  Homeowner insurance 

costs, for example, rose more than 12 percent between 2021 and 2022 

according to one study.18  And those in states more susceptible to disasters 

not surprisingly are seeing significant increases in premiums.  Ominously in 

some areas, obtaining a homeowners policy is becoming increasingly difficult 

as underwriters assess the insurability of these homes.  For instance, Florida’s 

homeowners insurance market is under extraordinary financial pressure, with 

homeowners in at-risk areas facing non-renewal notices or much higher 

premiums and deductibles.19 

The release of FEMA’s new risk-based pricing for flood insurance called Risk 

Rating 2.0 has greatly improved the flood insurance program in a number of 

important ways including taking into account a property’s cost of construction 

premiums for lower-valued homes.20  In Maryland, the premium impact on  

18 Kate Dore, “As climate change threatens more homes, some properties are getting too 

costly to insure,” CNBC, August 9, 2022, https://www.cnbc.com/2022/08/07/climate-

change-is-making-some-homes-too-costly-to-insure.html 
19 Ed Leefeldt, Why is Homeowners Insurance in Florida Such a Disaster? Forbes Advisor, 

November 22, 2022. 
20FEMA, Risk Rating 2.0: Equity in Action, https://www.fema.gov/flood-insurance/risk-rating 
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homeowners from Risk Rating 2.0 has been negligible.  Ninety-seven percent 

of policyholders under the FEMA NFIP 2.0 program experienced an annual  

premium increase no more than $10 and more than 61% realized lower 

premiums.21  

The HFVI is a proprietary statistically-based model that predicts the likelihood 

of borrower financial vulnerability.  Financial vulnerability is marked by an event 

of such significance that it places the homeowner in a state of financial distress.  

Events triggering financial distress could include a major unexpected outlay or 

loss of income or employment, death or illness or divorce.  Typically proxies of 

these trigger events are used in modeling mortgage default, and similar 

approaches can be leveraged to examine financial vulnerability.  HFVI controls 

for and strips away those elements not directly related to financial vulnerability.  

The multivariate statistical model was validated on a large sample of mortgage 

loans and found to have a high degree of discriminatory power in distinguishing 

between borrowers that came into financial distress versus all others over 

time.22 

For this analysis, the HFVI model was applied to all 2021 HMDA loans in 

Maryland and a predicted probability of financial distress computed.  The 

average predicted probability of financial distress for the sample was 9% with 

a range of 0 to 19% and a standard deviation of 1.8%.  From there, the 

probabilities were transformed into the HFVI score using an industry standard 

credit scoring algorithm.  Scores for HFVI range from 0 to 400 with 50 points 

doubling the odds of a borrower becoming financially distressed. The average 

HFVI in the 2021 Maryland HMDA sample was 168. Lower scores are 

indicative of greater financial distress and vice versa.   

For each Maryland census tract a weighted (based on each loan’s unpaid 

principal balance) HFVI score was produced from HMDA loans in that tract.  

Then a rule was applied to establish an HFVI risk rating for each tract.  The 

definitions for each HFVI rating are shown in Table 3 along with the number 

and percentage of tracts for each category.  Within this sample, 13.7 percent 

of Maryland tracts are designated as either Relatively High or Very High 

homeowner financial vulnerability.  Borrowers in these two risk categories are 

2-3 times more likely to enter financial distress sometime in the life of their loan 

than Relatively Moderate borrowers.   

 
21 Association of State Floodplain Managers and The Pew Charitable Trusts, Risk Rating 2.0 

Interactive Map, 

https://www.arcgis.com/apps/dashboards/44d08581aaf14f39bc0da5d02f378007. 
22 For example, one diagnostic measure used to test the validity of HFVI is the Kolmogorov-

Smirnov (KS) test.  The out-of-sample KS score was 47 for the HFVI model, indicative of a 

relatively high level of discriminatory power. 
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To provide some insight into important differences between groups, the 

percentage of homeowners with a Very High financial vulnerability rating having 

DTIs above 40% is 63.7% of that rating category versus less than 1% for the 

other rating groups.  Moreover, the ratio of borrower income to median income 

for all Maryland borrowers averaged .79 for borrowers in the Very High financial 

vulnerability category versus an average of 1.14 for all others. Similarly, the 

ratio of property value to borrower income averages 4.85 for borrowers in the 

Very High financial vulnerability category versus 3.86 for all other borrowers.  

These statistics individually are indicative of borrowers with greater vulnerability 

to unexpected financial events such as an extreme weather due to the 

potential relative costs of repairs to financial resources available to these 

borrowers.  

 

Table 3: HFVI Rating Definitions and Tract Counts for Maryland23 

 

 

Figure 9 provides more insight into where borrowers with the greatest financial 

vulnerability are located.  The majority of Maryland census tracts are located 

in Relatively Moderate or Very Low HFVI tracts.  In terms of population density, 

we see portions of Prince Georges County, Baltimore City and County and 

Charles County as having Relatively and Very High homeowner financial 

vulnerability tracts, however, there are pockets of higher risk tracts in each 

corner of the state. 

 

 

 

 

 

 
23 Note: this total of 1,326 tracts excludes 69 that reported an insufficient number of loans in 

the tract for analysis.  To preserve statistical integrity, each census tract had to have at least 

50 mortgage loan observations. 
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Figure 9: HFVI Rating by Maryland Census Tract 

 

 

Maryland Natural Hazard Risk & Financial Vulnerability 

So far, the NRI risk ratings and homeowner financial vulnerability ratings have 

been examined in isolation from each other.  Putting these ratings together 

presents a clearer picture of where extreme weather events have the greatest 

impact to homeowners in Maryland.  Based on these ratings, only 4 tracts in 

Maryland are designated as having very high combined hazard risk and 

financial vulnerability as shown in Table 4 (orange cells).  An additional 30 tracts 

fall into the next highest combined risk category (yellow cells).  The vast 

majority of tracts thus fall into Relatively Moderate to Low Risk.  Greater 

geographic detail on combined hazard risk and financial vulnerability is 

provided in Figure 10.  We find the vast majority of the highest risk tracts are 

found on the eastern shore and to a lesser extent in tracts along the western 

shore of the Chesapeake Bay.  These areas are some of the least densely 

populated areas in the state where agriculture and fishing are major industries. 

Additional perspectives on the various groups are provided in Tables 5 and 6.  

Table 5 displays the median income for each rating combination.  While there 

is some variation in income across rating combinations (e.g., VL EAL Ratings 

and RH and VH HFVI), no clear pattern emerges suggesting that homeowners 

living in high hazard areas have significantly lower incomes than other lower 

risk areas.   
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Table 4: Combined NRI (EAL) and HFVI Ratings for Maryland Census Tracts 

 

Looking at the minority percentages in these areas, Table 6 suggests that 

overall minority populations are considerably lower in higher hazard, financially 

vulnerable areas.  Once again, it is important to point out that individual tracts 

in certain high hazard risk areas have much higher minority percentages and 

lower income and as a result the utility of these ratings is found in examining 

their characteristics at the individual tract level for public policy.24 

 

Figure 10: Map of Combined NRI (EAL) and HFVI Ratings for Maryland Census Tracts 

 

 

24Making the HFVI and NRI ratings available at the tract level provides policymakers 

with that level of detail. 
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Table 5: Median Income ($) by Hazard and Homeowner Financial Vulnerability Rating 

 

 

Table 6: Average Minority Share of Population (%) for Tracts by Hazard and Homeowner 

Financial Vulnerability Rating 

 

Another way to examine differences in median income is by the radar plot in 

Figure 11.  The pattern that emerges seems to suggest that median incomes 

in the VH and RH EAL rating categories tend to be a bit lower than the other 

categories.  Further assessment of any differences in income by hazard risk 

rating is performed in a multivariate analysis. 

Figure 12 presents additional insight on the relationship of median income for 

the highest risk EAL categories taking financial distress into account.  Here we 

tend to see higher median income tracts (larger bubbles) oriented toward the 

lower end of the EAL axis and again not surprising also at the lower end of the 

financial distress axis. 
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Figure 11: Median Income by EAL Hazard Rating Radar Plot 

 

 

Figure 12: Median Income by EAL Hazard Rating and Financial Distress Radar Plot 
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Figure 13 presents a multilayered view of minority presence in high hazard risk 

areas.  For just the Relatively High and Very High tracts, there appears to be 

some relationship between tracts with higher EAL and financial distress though 

less of a clear relationship emerges between higher minority percentages 

(larger bubbles) and EAL or HFVI.  Figure 14 provides another view of the 

relationship between minority percentage and combined EAL and HFVI rating.  

What this figure shows is that tracts with Very Low EAL and HFVI risk have the 

highest tract-level minority percentage while the highest two combined EAL 

and HFVI rating categories show the lowest minority percentages. 

 

Figure 13: Tract Minority Percent by EAL 

 

Finally, an examination of the age of housing stock of borrowers by EAL risk 

ratings from Figure 15 can provide some insight into the potential costs for 

homeowners should an extreme weather event occur.  Damage to newer 

homes, particularly stick-built structures, could be more costly due to 

restoration and or repair costs for these structures as compared with older 

homes.  Many factors beyond age factor into the cost of repair such as 

composition and materials used in construction, for example.  But on this one 

dimension, no clear pattern emerges on the radar plot.  Tracts with Very Low  
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Figure 14: Minority Percent by EAL Hazard Rating and Financial Distress Radar Plot 

 

 

 

Figure 15: Age of Housing by EAL Hazard Risk and Financial Distress Radar Plot 
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combined risk show a somewhat older housing stock than the other categories 

but beyond that very little difference in age across risk ratings is observed. 

While examining individual borrower and tract characteristics can shed light on 

homeowner vulnerability to extreme weather events, a more robust approach 

requires a multivariate analysis where individual attributes can be controlled for 

against other characteristics.  For this purpose, a logistic regression model was 

estimated using the Maryland 2021 loan level data combined with the NRI data.  

This type of model is commonly used when examining differences between 

groups.   The variable of interest, or dependent variable was whether the 

property underlying the loan was located in a high hazard risk area (i.e., 

Relatively High or Very High) as designated by the EAL Rating.  High EAL risk 

loans are designated as 1 in the data and 0 for all others.  A number of other 

borrower, tract and housing market factors were identified as candidate 

explanatory variables.  A list of candidate variables for the analysis are found in 

Figure 16. 

 

Figure 16: Candidate Variables for Multivariate Analysis 

 

The idea was to discern whether some combination of these variables would 

have statistical significance in distinguishing between loans in high EAL risk 

areas and all others.  While a hypothesis for each variable regarding its 

relationship with the dependent variable could be drawn, some relationships  
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are not readily apparent and so using this type of analysis can help identify 

important patterns in the data in this case. 

After estimating a large number of models with different specifications, the set 

of variables leading to the model with the most discriminatory power among 

all alternatives is shown in Figure 16 along with the odds ratios for each 

variable.25  All variables were significant at the 1% level.  The variable with the 

largest odds ratio was the dummy variable for Ginnie Mae loans.  The variable 

was designated as a 1 if the loan was a Ginnie Mae loan or 0 otherwise.  The 

odds ratio for that variable of 1.31 implies that properties associated with 

Ginnie Mae loans are 1.31 times more likely to be in high EAL risk areas than 

other loans.  Several specifications tested whether there was any difference 

between GSE (Fannie Mae and Freddie Mac) and nonGSE loans and in all 

instances that variable was not significant.  One implication from these results 

is that government loans such as FHA, VA and Rural Housing are more likely 

to be in high risk areas. This result begs the question of whether these 

agencies are being adversely selected by loan originators. Agencies insuring 

the credit risk on these loans then from this analysis would be well-served to 

understand the risk to borrowers from extreme weather events as they could 

pose higher default risk over time.  Conversely, there does not seem to be any 

adverse selection with GSE loans given the lack of significance between GSE 

and nonGSE loans by EAL risk rating.   

Factors also associated with a higher likelihood of a property being in a high 

EAL risk area were borrower relative income defined as the ratio of a 

borrower’s income to median income for the HMDA sample and loan purpose 

defined as whether the loan was a cashout refinance (=1) or not (=0). While 

this variable is an important predictor of mortgage default, it was hypothesized 

that there might be a positive relationship between taking equity out of the 

property and its hazard exposure.  The effect in this case was moderate, based 

on the odds ratio of 1.2.  All other factors in the table were negatively related 

to the dependent variable.   

The odds ratio for instance of the housing age variable was statistically 

significant and implies that for every 1 year increase in the age of a house, the 

likelihood of being in a high EAL risk area falls by 1%.  Other significant factors 

are that the higher the percentage of minorities in a tract, the lower the liklihood 

that tract would be in a high EAL risk area.  Borrower race is consistent with 

that tract-level effect as well.   

What this analysis shows is that there is variation among tracts on the basis of 

their EAL risk rating from borrower, tract and other characteristics.  The  

25 An odds ratio is defined as eb where b represents an explanatory variable’s 

estimated coefficient in the model.  The final model reported a KS of 66.7 and an AUC 

of .89.                                                                                                         23 
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analysis sheds new light on the characteristics of homeowners in high hazard 

risk areas and information such as this can help guide policymakers in 

developing programs aimed at helping borrowers mitigate risk from extreme 

weather events. 

 

Figure 16: Odds Ratios Differentiating High Hazard Risk Tracts 

 

 

Summary and Conclusions 

Homeownership remains of the most important financial achievements for 

individuals in this country and has significant public policy implications for the 

economy and social welfare.  More than two-thirds of Marylanders own their 

home and for most, it is the most valuable asset that they own. Protecting this 

asset against loss from extreme weather events now and in the future is critical.  

Policymakers as well as the insurance and mortgage industry need to improve 

the tools available to assess the risk to homeowners from such events.   

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 and that have high homeowner financial vulnerability can help 

target public and private resources optimally.  For example, by using tract-level 

measures of hazard risk combined with loan level measures of financial 

vulnerability, federal, state and local funding can be better allocated to support 

community-based resiliency projects such as investments in shoreline protection, 

flood control and the like as well as help facilitate the design of innovative  

24 

 

 

-1.5 -1 -0.5 0 0.5 1 1.5

Ginnie Mae Loan

Number of Units

Borrower Race

Loan Purpose

Occupancy Status

Tract Median Housing Age

Tract Minority %

OLTV 80-90%

Borrower Relative Income

By using tract-

level measures 

of hazard risk 

combined with 

loan level 

measures of 

financial 

vulnerability, 

federal, state 

and local 

funding can be 

better allocated 

to support 

community-

based 

resiliency 

projects 



 

 

 

 

insurance and mortgage products for individual homeowners.   

Current and prospective homeowners living in high hazard risk areas will need 

new products and services to help them understand and manage the physical 

and financial risks they face from extreme weather events now and in the 

future.  For new homeowners, having tools that help identify the physical risks 

of their area is critical before making a purchase.  Today there are tools 

available for prospective homeowners to obtain estimates of a property’s value 

and also its flood risk.  While these are certainly valuable at the property level, 

assessing this risk along a broader set of hazards and at the tract level can 

provide potential homeowners with a sense of the risks of not just living in the 

home but also the effects extreme weather might have on the community, local 

infrastructure and commerce over time.    

Current homeowners can likewise benefit from these tools, especially forward-

looking tools that can provide them with perspectives on hazards happening 

not just this year but 5-10 years and more down the road.  Today, in Maryland 

about 42% of residential properties considered to be at-risk have flood 

insurance.26  Further, as the frequency and severity of extreme weather events 

increases, today’s seemingly low-risk property might become tomorrow’s high 

risk home, making the need to obtain insurance more critical.  And with flood 

risk being just one of many potential hazards to a home over the life of a 

mortgage, providing homeowners with better information is imperative. 

In addition, financial products that cater toward proactive investment by 

homeowners in weather resiliency projects should be developed.  This could 

include adjustable balance mortgages that incent homeowners to invest in 

qualifying remediation/resiliency projects that add value to the home and 

spread those investment costs flexibly over time at a lower rate, thus making 

such investments more feasible.  Other products post-disaster could be 

imagined that provide similar financial relief to homeowners for renovation and 

repair costs not otherwise covered by insurance. Ideas such as extreme 

weather/climate banks could be established for instance from guarantee fees 

charged by credit investors such as the GSEs and FHA and allocated based 

on need. 

Ultimately, the first step in developing these capabilities, products and 

programs is to identify those homeowners most in need of help.  Tools such 

as the Homeowner Financial Vulnerability Index when combined with FEMA’s 

NRI data can provide the kind of information needed to better insulate 

homeowners from the unexpected costs of extreme weather events. 

 

16 Meg Stefanac, Maryland Flood Insurance, Trusted Choice, February 18, 2022. 
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