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Assessing Exposure to Climate 
Change in U.S. Munis 

¶ Rating agencies are increasingly considering climate change and previous extreme weath-
er events as part of their evaluation of U.S. cities and counties. These evaluations could be 
better informed by incorporating forward-looking, comparable data on the climate risks 
that impact these municipalities.  

¶ New climate risk scores from Four Twenty Seven provide comparable, consistent esti-
nbuft!pg!V/T/!djujftƛ!boe!dpvoujftƛ!fyqptvsf!up!nbkps!dmjnbuf!ib{bset/!Uiftf!sjtl!tdpsft!mbz!
the foundations for more accurate modeling of the economic impacts of climate change 
on municipal bond issuers. 

¶ Major hazards from climate change include cyclones, sea level rise, extreme precipitation, 
heat stress and water stress. 

¶ Findings show climate change will pose challenges to several economically important U.S. 
municipalities, especially those that are both highly exposed and financially vulnerable. 
These cases most often occur along the Atlantic and Gulf coasts and inland areas that rely 
upon a concentrated set of sectors for revenue and employment.  

KEY TAKEAWAYS  

Four Twenty Seven, May 2018 

Source: Four Twenty Seven  
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INTRODUCTION 

ACCOUNTING FOR CLIMATE RISK IN CREDIT RATINGS 

Credit rating agencies are increasingly incorporating physical climate risk into their municipal rating criteria. Fol-
mpxjoh!Ivssjdbof!Ibswfz-!Nppezƛt!epxohsbefe!Qpsu!Bsuivs-!gspn!B2!up!B3!evf!up!jut!Ɲxfbl!mjrvjejuz!qptjujpo!uibu!
is exposed to additional financial obligations from the recent hurricane damage, that are above and beyond the 
djuzƛt!sfhvmbs!tdpqf!pg!pqfsbujpot/ƞ1 Likewise, after Hurricane Katrina, S&P Global Ratings (S&P) downgraded 
New Orleans from BBB+ to B after considerable emigration and decline in taxable assessed value by 22%.2 

With sixteen billion-dollar disasters in the United States in 2017 and cost estimates at approximately $300 billion, 
hundreds of cities and counties are bearing the costs of extreme weather events.3 While these cost estimates 
capture the insured and uninsured losses reported by storm victims they do not account for the long-term costs 
associated with credit downgrades that can occur when property values plummet and city expenditures rise fol-
lowing these events.  

Revenues come from property taxes, and municipalities often offer property tax relief following natural disasters, 
which then leads to a decline in revenue and a concomitant increase in credit risk. With impoverished residents 
who have lost their property, temporary or permanently out of a job or relocated, local governments can experi-
ence a more permanent reduction in their tax base. Just one month after Maria faded from the shores of Puerto 
Rico, The US Postal Service received 10,600 requests for address changes from Puerto Rico and the US Virgin 
Islands to one of the 50 states and District of Columbia.4 Airline data from the US Department of Transportation 
shows that 179,000 Puerto Ricans booked airline tickets bound for the states following Maria.5 The long-term 
exodus of people is likely much higher, and one study from Lyman Stone, an economist working with the Puerto 
Sjdbo!Gjobodjbm!Pwfstjhiu!boe!Nbobhfnfou!Cpbse-!ftujnbuft!uibu!Qvfsup!Sjdpƛt!qpqvmbujpo!dpvme!efdmjof!cf.
tween 9.1% and 38.2% by 2060 (or 16.1% by 2032) if Puerto Rico is ravaged by another hurricane of equal or 
greater intensity as Maria. A dwindling tax base can have long-term implications, affecting the quality and costs 
of public services such as education or local water utilities.   

Nppezƛt!boe!T'Q!cpui!sfmfbtfe!sfqpsut!jo!3128!fy.
plaining their methodologies for incorporating cli-
mate change into their municipal credit ratings. 
However, they face the persistent challenge of ob-
taining comparable, granular, forward-looking data. 
Current methodologies focus mostly on historical 
instances of extreme weather events, local govern-
nfoutƛ!bebqujwf!dbqbdjuz!boe!gjobodjbm!sftjmjfodf-!cvu!

lack concrete metrics that measure how municipali-
ties are exposed to specific hazards.  

Nppezƛt!nfuipepmphz!gps!mpdbm!hpwfsonfout-!qvcmjd!
utilities, and states does not explicitly integrate cli-
mate change exposure as a credit risk, but rather, 
incorporates historical occurrences of extreme 
xfbuifs!fwfout!uibu!bggfdu!Ɲfdpopnjd!tusfohui!boe!
diversity, capital asset management, fiscal strength 

1 ƝTupsn-ebnbhfe!Qpsu!Bsuivs-!UY!sfdfjwft!b!Nppezƛt!epxohsbef/ƞ!Uif!Cpoe!Cvzfs/!Pdupcfs!36-!3128/!iuuqt;00xxx/cpoecvzfs/dpn0ofxt0
moodys-downgrades-hurricane-harvey-damaged-port-arthur-texas  
2Gpsthsfo-!Lvsu!F/!boe!Uifpepsf!B/!Dibqnbo-!ƝVoefstuboejoh!Dmjnbuf!Dibohf!Sjtl!boe!V/T/!Nvojdjqbm!Sbujoht/ƞ!T'Q!Hmpcbm!Sbujoht. 17 Oc-
tober 2017, p. 2.  
3NOAA National Centers for Environmental Information (NCEI) U.S. Billion-Dollar Weather and Climate Disasters (2018). https://
www.ncdc.noaa.gov/billions/  
4CNN Analysis. US Postal Service. 
5Bureau of Transportation Statistics T-100 Market data  
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boe! hpwfsobodf-! bnpoh! puifs! dsfeju! gbdupst/ƞ6  
When evaluating the broader economy, fiscal posi-
tion, and capital infrastructure of a municipality or 
tubuf-!Nppezƛt!gbdupst!jo!uif!qpufoujbm!sjtlt!up!jogsb.
structure, the economy, and revenue base.  

Mjlf! Nppezƛt-! T'Q! fwbmvbujpot! dpotjefs! gjobodjbm!
management, planning, and the economic diversity 
of municipalities. If a local economy relies heavily on 
one industry, like tourism, it would affect a local gov-
fsonfouƛt!bcjmjuz!up!sfdpwfs!rvjdlmz!bgufs!b!obuvsbm!
disaster. S&P also tracks coastal infrastructure and 

storm hardening efforts to assess the adequacy of 
adaptation efforts and long-term creditworthiness.7 
Both rating agencies acknowledge that climate 
change can influence credit risks, but in the absence 
of forward-looking climate projections, such esti-
mates may grossly underestimate the magnitude of 
future risks, or at least fail to characterize the type of 
climate risks that may eventually make it more diffi-
cult for a municipality to meet its financial obliga-
tions.  

 

TRANSPARENCY: A DOUBLE EDGED SWORD FOR MUNIS? 
Municipalities and investors both stand to benefit 
from more climate-informed credit ratings. Generally 
speaking, more informed credit ratings result in bet-
ter pricing of instruments by markets and allow for 
more efficient capital flows. Further, investing in 
resilience is an essential way for cities to maintain 
their credit in the face of increasingly severe and 
frequent climate hazards, and should be rewarded 
as prudent investment. A better understanding of 
which climate hazards stand to pose the greatest 
future threat will help municipalities allocate adapta-
tion efforts more efficiently and effectively. Likewise, 
when coupled with indicators about fiscal health, 
detailed, standardized, and comparable climate ex-
posure data can help rating agencies and investors 
more completely understand municipal credit risk.  

However, not all cities stand to benefit from better 
data. In fact, adjusting credit ratings based on cli-
mate change exposure could hurt some municipali-
ties. The future financial obligations of climate ex-
posed municipalities could dissuade investors from 
allocating capital to investment vehicles that are 

designed to mitigate those very exposures. Even 
those investors with a healthy appetite for risk may 
balk at investing in a city like Virginia Beach, given its 
need to incur more frequent costs to recover from 
large storms and the upfront costs of installing and 
hardening coastal flood infrastructure. There is a real 
possibility that a climate-informed rating may unfair-
ly penalize the exposed and poor municipalities that 
are most in need of funding for adaptation. 

Take Puerto Rico, for example. When Hurricane Ma-
ria hit last year, the island had recently filed for bank-
ruptcy and was still reeling from its own recession. 
Uipvhi!jut!dsfeju!xbt!bmsfbez!sbufe!ƚEƛ!cz!T'Q-!uif!
economic impacts to manufacturing and tourism, 
and the destruction of taxable property, will make it 
difficult for Puerto Rico to improve its credit rating in 
the foreseeable future.8 It is unclear exactly how 
Puerto Rico can simultaneously meet its financial 
obligations, recover from Hurricane Maria, and ade-
quately prepare for the next hurricane.  

6Fowjsponfoubm!sjtlt;!Fwbmvbujoh!uif!jnqbdu!pg!dmjnbuf!dibohf!po!VT!tubuf!boe!mpdbm!jttvfst/!Nppezƛt!Jowftupst!Tfswjdf/!Opwfncer 28, 2017, 
p. 9.  
7Gpsthsfo-!Lvsu!F/!boe!Uifpepsf!B/!Dibqnbo-!ƝVoefstuboejoh!Dmjnbuf!Dibohf!Sjtl!Boe!V/T/!Nvojdjqbm!Sbujoht/ƞ!T'Q!Hmpcbm!Sbujoht. 17 
October 2017 
8Lfbsofz-!Mbjmb/!ƝIvssjdbof!Nbsjb!nbz!tqfmm!npsf!uspvcmf!gps!Qvfsup!Sjdp!cpoeipmefst/ƞ!33!Tfqufncfs!3128/!iuuqt;00xxx/sfvufst/com/article/
us-puertorico-bonds/hurricane-maria-may-spell-more-trouble-for-puerto-rico-bondholders-idUSKCN1BX2L1.  
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ASSESSING CLIMATE EXPOSURE FOR U.S. CITIES AND MUNIS 
Four Twenty Seven has taken the first important 
step to address the need for quantitative, forward 
looking climate risk assessments by scoring every 
county and medium and large city in the U.S. for 
their exposure to several climate change hazards. 
Each city and county is assigned a score based on 
how it ranks nationwide, which provides investors 
with comparable detail to complement the assess-
ments of credit rating agencies. 

The analysis takes stock of a wide breadth of cli-
mate risks, and exposure levels are determined by 
the degree to which extreme conditions will change 
over time, in both absolute and relative terms. Early 
findings show which risks are likely to affect which 
municipalities, even when these risks might not be 

apparent today or through the historical data.  

This initial assessment includes cyclones, sea level 
rise, extreme rainfall, heat stress, and water stress. 
Scores are available for all 3,143 U.S. counties and 
cities over 50,000 in population (761 cities as of 
2015). 

Four Twenty Seven uses an index scoring method, 
evaluating several precipitation- and temperature-
based indices together for each county and city and 
Ɲtdpsjohƞ!uifn!sfmbujwf!up!puifs!bsfbt/!Uijt!bmmpxt!gps!
the inclusion of several important dimensions of 
future climate risk: relative and absolute change in 
frequency and severity of extreme conditions be-
tween historical conditions and a forecast period of 
2030-2040.  

 

Figure 1. U.S. counties exposure to climate change, by type of hazard. Red areas represent counties that 
are most exposed to climate hazards, while dark green areas represent counties that are less exposed. 
Source: Four Twenty Seven 
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KEY FINDINGS: SEA LEVEL RISE 

Like so many other climate impacts, disruptions may 
not culminate in single, well-defined events. Rather, 
local stakeholders will be forced to deal with intrud-
ing waters throughout the century. Businesses may 
ultimately be forced to relocate, potentially out of the 
region entirely. Costs for cities and counties for re-
pairing and maintaining roads, bridges, ports, and 
other coastal infrastructure will certainly rise, result-
ing in significant negative economic impact and real-
location of resources and financial assets from other 
projects and programs. 

Monroe County, FL (Florida Keys) is one of the most 
exposed counties to sea level rise and in the highest 
risk class for cyclones. This high exposure to several 
hazards is particularly important to understand, as 
the impacts of individual hazards can compound one 
another, and resilience priorities must account for 

both chronic and acute risks. For example, sea level 
rise will exacerbate the storm surge and flooding that 
already occurs during cyclones. However, even in 
the absence of major storms, sea level rise may 
cause "nuisance" or "sunny day" flooding to occur 
more frequently and reach further inland.  

Property values are likely to decline in these exposed 
areas of Florida and costs of home ownership will 
rise as insurance premiums and property taxes begin 
to account for more severe cyclones and more 
coastal flooding. Businesses, government buildings, 
homes, and critical infrastructure may need to be 
permanently relocated to higher ground, a costly and 
resource intensive endeavor that could change the 
shape and feel of many iconic coastal cities, while 
also decreasing their revenues. 

Sea level rise, particularly when combined with 
storm surge, can result in significant and widespread 
coastal flooding. The Four Twenty Seven indicator 
for sea level rise uses projections to measure the 
relative change from historical extreme water levels 
(sea level rise plus storm surge) and combines them 
with digital elevation models (DEM) and population 
data to evaluate exposure to coastal flooding.  

The mid-Atlantic, particularly New Jersey, Virginia, 
North Carolina, and Florida, are the regions most 
exposed to coastal flooding, while several cities and 
counties in the California Bay Area and Pacific 
Northwest are also highly exposed.  

Technical note: sea level rise 
Sea level rise estimates capture the absolute and relative increase in the annual frequency of coastal floods. 
Estimates of sea level rise exposure are intended to capture: (1) the frequency of inundation due to a combina-
tion of sea level rise, storm surge, and high tides, and (2) change in the frequency of inundation between his-
torical and projected periods. Estimates leverage global high resolution digital elevation model data, as well as 
local storm surge and sea level rise estimates between 2017 and 2040. This analysis incorporates local flood 
risk statistics, as well as local median sea level rise projections under carbon emissions scenario RCP 8.5. Each 
county is screened to only include its most densely populated regions, and both cities and counties are scored 
based on a population-weighted average of sea level rise exposure within its boundaries. 

These are regions where extreme water levels ex-
ceed coastline elevation, leading to inundation, and 
also where population centers are concentrated in 
coastal-adjacent, low-lying regions. In each of 
these places, major storm events result in wide-
spread inundation of valuable assets, and even less 
severe and more frequent storm events can result in 
damaging floods. Major storms driving significant 
storm surge, such as Hurricane Sandy in New York 
and New Jersey in 2012, can result in widespread 
power outages, compromised or destroyed infra-
structure, and major business and essential ser-
vice disruptions as communities are forced to evac-
uate, rebuild, and recover.  
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Figure 2. Cities in the San Francisco Bay Area and Southeast Florida are among the most exposed to sea level 
rise. Red areas represent cities that are most exposed to sea level rise, while dark green areas represent cities 
that are least exposed. Scores range from 0 (no risk) to 100 (high risk). Source: Four Twenty Seven 

tive wind velocity from recorded cyclones and in-
cludes both the severity of storms with the highest 
maximum winds and the frequency with which an 
area is subjected to severe storms.  

KEY FINDINGS: CYCLONES 
Gpvs!Uxfouz!Tfwfoƛt!ivssjdbof!sjtl!tdpsft!jefoujgz!
where more severe, energy-charged hurricanes 
are likely to occur in the future. The Four Twenty 
Seven cyclone risk indicator reflects the cumula-

 

Technical note: cyclones and hurricanes 
Cyclone exposure scores measure geographic exposure to tropical cyclones, also known as hurricanes and 
typhoons. These measures are derived exclusively from historical data (1980-2016), though the spatial extent 
of the frequency and severity of past cyclones provides an accurate estimation of where more severe, energy-
charged cyclones are likely to occur in the future. Projections of increased vertical wind shear, which dampens 
cyclone formation, compete with increases in the sea surface temperatures that fuel their development. Nev-
ertheless, given the projected increases in oceanic heat content, cyclones in the coming decades will have 
more energy to fuel their transition to major hurricanes, as well as more water vapor to enhance their precipi-
tation potential.  Changes in cyclone tracks are highly uncertain; however, given the proximity of the Gulf and 
Southeast Coast of the U.S. to extremely warm seas, high risk areas today are likely to remain exposed to cy-
clones. 
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The majority of cyclone risk in the United States is 
concentrated in the Southeast because of its geo-
graphic proximity to the Gulf of Mexico and the trop-
ical Atlantic Ocean. The coastal Mid-Atlantic and 
Northeast are also exposed to cyclones, but they 
tend to be less frequent than in the Southeast and 
somewhat weaker on average after interacting with 
land or cooler ocean waters. Both regions are prone 
to the genesis of strong cyclones because of their 
abundance of warm water as a fuel source for these 
storms. Low lying coastal areas in the Southeast 
US, like south Florida, southeast Texas, and coastal 

Louisiana can experience extreme impacts from cy-
clones as storm surge inundates land areas and ex-
treme winds and rainfall damage or destroy econom-
ically critical infrastructure and properties.  

Strong cyclones already stress and damage vital 
infrastructure as experienced with critical failures 
during Hurricane Katrina in Louisiana in 2005. In-
creased water vapor content due to warmer temper-
atures also super-charges cyclones with extreme 
amounts of precipitation and flooding, leading to 
stronger events like Hurricane Harvey in Texas. 

Figure 4. Counties that have experienced damaging cyclones have among the highest cylcone risk in the nation, which 
shows that they are likely to continue to experience extreme storms.  Red areas indicate counties with the highest cyclone 
exposure, while dark green areas represent those with the least cyclone exposure. Scores range from 0 (no risk) to 100 
(high risk). Source: Four Twenty Seven 
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Southeast Texas and coastal Louisiana are also vul-
nerable to extreme impacts from cyclones. Exposed 
municipalities in these areas, such as Port Arthur in 
Jefferson County, TX and Orleans, LA, may also face 
increasing insurance-related costs while damages to 
residential property deteriorate home values and 
subsequently erode the tax base. Highly valuable 
coastal properties in states like Florida are likely to 
see property values decline and costs of home own-
ership rise as insurance premiums and property tax-
es begin to account for more severe cyclones and 
more coastal flooding. Entire real estate markets 
may vanish as Gulf Coast hurricanes intensify.9, 10 In 
the lower Florida Keys, Hurricane Irma wiped out 
working-class, affordable housing and the Federal 
Emergency Management Administration (FEMA) will 
no longer allow the County to build new dwellings in 
the hardest hit areas. 

Additionally, the concentration of oil and gas infra-
structure and business in southern and eastern Tex-
as will likely lead to an outsized impact due to shut-

downs and damage to extraction and distribution 
infrastructure.   

While cyclones are less frequent and often weaker in 
the Mid-Atlantic and Northeast, coastal infrastruc-
ture like the New York City Subway system could 
experience prolonged disruptions and require signifi-
cant repair and investment costs, as seen in the 
wake of Hurricane Sandy.  

During the last century, extreme rainfall events and 
subsequent flooding have increased in frequency 
and severity, and these trends are expected to con-
tinue. As was historically the case, the Midwest, 
Northeast, and parts of the Gulf Coast are expected 
to experience the greatest increase in rainfall intensi-
ty.  

The Midwest is particularly exposed to heightened 
flood risk due to changing rainfall patterns. Recent 
advancements in attribution science show extreme 
rainfall to be the main driver of recent floods rather 

than 20th century agricultural practices, as was 
largely believed to be the case until recently.11   

One of the cities most exposed to extreme rainfall is 
Carmel, Indiana, a suburb just north of Indianapolis. 
Throughout April and early May 201812 persistent 
flooding led to recurring travel restrictions, barricades 
for flooding roadways, evacuations and school clo-
sures after 3.9 inches of rain fell in a single day.13  
While cities are increasingly upgrading their storm 
water and sewage management to eliminate com-
bined sewage overflows,14 cities in Indiana and else-

9Emanuel, K. (2005). Increasing destructiveness of tropical cyclones over the past 30 years. Nature, 436(7051), 686.  
10Knutson, T. R., & Tuleya, R. E. (2004). Impact of CO2-induced warming on simulated hurricane intensity and precipitation: Sensitivity to the 
choice of climate model and convective parameterization. Journal of climate, 17(18), 3477-3495.  
11Attribution science is the investigation of determining if, and to what extent, human influence on climate variables can be distinguished from 
natural variability. Detection and attribution studies can help evaluate whether model simulations are consistent with observed trends or 
other changes in the climate system.  
12Nbdl-!Kvtujo/!ƝDfousbm!Joejbob!gmppe!xbsojoht!fyufoefe!bt!cbssbhf!pg!sbjo!dpoujovft/ƞ!IndyStar. 4 May 2018. https://www.indystar.com/
story/news/2017/05/04/central-indiana-flood-warnings-extend-barrage-rain-continues/101283706/  
13ƝVTB!Ƙ Gmppe!Sftdvft!boe!Fwbdvbujpot!jo!Joejbob!boe!Jmmjopjt/ƞ!Floodlist. 5 April 2018. http://floodlist.com/america/usa/flood-storm-indiana-
illinois-april-2018  
14Kbo{fo-!Ojdl/!ƝNpsf!Uibo!211!Joejbob!Dpnnvojujft!Xpsljoh!Up!Sfevdf!Dpncjofe!Tfxfs!Pwfsgmpx/ƞ!XGZJ!Joejbobqpmjt/!31!Bqsjm!3127. 
https://www.wfyi.org/news/articles/more-than-100-indiana-communities-working-to-reduce-combined-sewer-overflow 

Figure 5. Housing debris following Hurricane Irma in Big 
Pine Key.         

Credit: Emily Craig 

KEY FINDINGS: EXTREME RAINFALL 
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Figure 6 Cities in the Midwest  are among the most exposed  to extreme rainfall. Red areas indicate counties with the 
highest exposure to extreme rainfall, while dark green areas represent those with the least  exposure to extreme rain-
fall. Scores range from 0 (no risk) to 100 (high risk). Source: Four Twenty Seven 

where, risk outbreaks of water-borne illnesses dur-
ing storms as raw sewage can overflow into storm 
water drainage.15  

Extreme rainfall can also have costly impacts on 
supply chains. Logistical hubs such as railway and 
trucking terminals and arterial roadways represent 

 

Technical note: extreme rainfall and flood risk 

Extreme rainfall variables include changes in five-day rainfall volumes, additional wet days, and additional 
number of days with heavy rainfall.  

¶ The percent change in five-day rainfall volumes measures percent change in the total maximum volume 
(mm) of rainfall in a five-day period in an average year at 2030.  

¶ Additional wet days measures the additional number of days when daily precipitation exceeds 10 mm.  

¶ Additional very wet days measures the additional number of days when daily precipitation exceeds the 
local 95th percentile rainfall history.  

Rainfall-induced flooding is generally delivered via rivers and creeks or urban flooding not always associated 
with proximity to riverways.  

26ƝJoejbobqpmjt-!JO-!VTBƞ!Vojpo!pg!Dpodfsofe!Tdjfoujtut/!3122!iuuq;00xxx/dmjnbufipunbq/psh0hmpcbm-warming-locations/indianapolis-in-
usa.html  
 


