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Executive Summary 

● Physical climate risk is a known and growing threat to the public finance market, but it has not 
been systematically and financially quantified, until now 

● risQ explicitly and quantitatively connects climate change - sea level rise, coastal flooding, 
hurricanes, wildfire, inland flooding - to bond-relevant tax revenue risk - property value, 
employment, transit and business interruption 

● Critical new and increasingly important insight and analytical power is now available to the 
public finance market. 

Climate change exacerbates public debt risk -- but information is insufficient 

The impacts of climate change on the U.S. economy are becoming increasingly evident, with Florence’s 
impact just the latest in catastrophic events.  In the high-profile category, the Houston area saw three 
500 year flooding events in three years, the third being 2017’s Hurricane Harvey, which in its own right 
topped the 1000 year event threshold.  At the hyperlocal end of the spectrum, three 500-year floods in 
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six years in Ashland WI have overwhelmed infrastructure and caused 75 million gallons of diluted raw 
sewage to flow directly into Chequamegon Bay.  To be clear, a 500 year event is expected to occur with 
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a 0.2% probability in any given year; you do the math on Houston’s and Ashland’s experiences. This list 
could go on forever, in all shapes and sizes of impact, but the theme is the same. Not to be ignored, the 
frequency and severity of wildfires have also been increasing and attributed in part to climate change.  
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This is placing the insurance industry in a bind, with 2017’s catastrophes causing unprecedented losses.  
4

More troubling, the majority of those losses were uninsured -- e.g., at least 80% of homeowners 
impacted by Harvey did not even have insurance , highlighting deep flaws in our ability to deal with 5

massive climate-driven economic losses. As a consequence, government coverage is under great 
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https://www.washingtonpost.com/news/wonk/wp/2017/08/29/houston-is-experiencing-its-third-500-year-flood-i
n-3-years-how-is-that-possible/?utm_term=.e3c31bf81ce1 
2 
http://www.apg-wi.com/ashland_daily_press/paywall/city-dumps-nearly-million-gallons-of-sewage-into-bay/articl
e_d9205106-99bc-11e8-832e-87d090a89988.html 
3 https://www.dw.com/en/how-climate-change-is-increasing-forest-fires-around-the-world/a-19465490 
4 http://www.swissre.com/media/news_releases/nr20180410_sigma_global_insured_loses_highest_ever.html 
5 
https://www.usatoday.com/story/money/2017/08/29/hurricane-harvey-houston-flood-insurance-damages-claims
/611910001/  
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pressure for reform and relief, with the key National Flood Insurance Program having tapped out its $30 
billion debt limit with only temporary tools for continuation in place.   
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In a business context, recognition of climate change planning is emerging through the likes of the 
Michael Bloomberg’s Task Force on Climate-related Financial Disclosures (TCFD). In discussing impacts, 
the TCFD implores that “investors, lenders and insurers don’t have a clear view of which companies will 
endure or even prosper” and “without this information, financial markets cannot price climate-related 
risks and opportunities correctly”.  We agree wholeheartedly, but would broaden the scope to other 
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risks, entities and informational gaps. 

Real estate values are already feeling the effects. Among the numerous examples, regions of Virginia 
“have seen flood-related reductions in assessed values, some as high as 15-20% in recent years” . 
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Evidence now exists that “homes exposed to sea level rise (SLR) sell for approximately 7% less than 
observably equivalent unexposed properties” primarily driven by sophisticated buyers.  Indeed, terms 
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such as “Climate Gentrification” wherein affluence runs to higher ground in coastal areas is now a 
recognized phenomenon.  This is far from a flooding-specific phenomenon carrying across to the 
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impacts of wildfire wherein numerous studies have shown the negative impacts of wildfire events and 
occurrences on property value.  
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Given the importance of property value to municipal financial health, it comes as no surprise that credit 
ratings agencies are beginning to take note. Among others, Moody’s indicated to the market late in 2017 
that climate change “will be a growing negative credit factor for issuers without sufficient adaptation 
and mitigation strategies”.  Of course, the financial impact goes beyond just the direct property tax 
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take, with economic disruption whether from business discontinuity and transit disruption also on the 
radar.  The negative impacts of even a 1°F increase in average summer temperatures on state level GDP 13

have now been modelled by the Federal Reserve Bank of Richmond.  Municipalities including New 14
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http://infosurhoy.com/cocoon/saii/xhtml/en_GB/top-stories/national-flood-insurance-is-underwater-because-of-o
utdated-science/ 
7 https://www.bloomberg.com/impact/impact/tcfd/ 
8 
http://www.dailypress.com/news/hampton/dp-nws-hampton-waterfront-values-falling-old-version-20161223-stor
y.html 
9 https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3073842 
10 http://iopscience.iop.org/article/10.1088/1748-9326/aabb32 
11 http://digitalrepository.unm.edu/econ_etds/73 
12 
https://www.moodys.com/research/Moodys-Climate-change-is-forecast-to-heighten-US-exposure-to--PR_376056 
13 
http://www.southeastfloridaclimatecompact.org/wp-content/uploads/2017/12/Evaluating-the-impact-of-climate-
change-on-US-state-and-local-issuers-11-28-17.pdf 
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https://www.richmondfed.org/-/media/richmondfedorg/publications/research/working_papers/2018/pdf/wp18-0
9.pdf 
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Orleans LA, Galveston TX, Toms River NJ, Seaside Heights NJ and Rockport TX each experienced credit 
rating downgrades due to the aggregated residual economic effects of major storms.  
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The challenge for the municipal bond market lies in taking complex climate models, projecting and 
layering the associated hazards geospatially to the relevant economic assets and value in a given issuer’s 
jurisdiction, and determining the value at risk in a way that can be integrated into existing credit risk 
analyses and tools. Nobody is doing it in a way that is sophisticated enough technically, and sufficiently 
connected to the municipal debt risk problem. Climate change projections come from complex models 
that produce massive datasets and suggest plausible but often different future risks --  they are not 
friendly for analysis and interpretation outside a niche community of climate science experts.  Further, 
existing tools that do estimate climate risk geospatially return scorecard-based output, lack the 
geospatial agility to handle the variety of muni’s in the US, and fail to deliver probabilistic financial 
information that the municipal bond market needs in order to make climate risk actionable. 

Credit ratings agencies need tools that are transparent and interpretable to fuel their analyses and 
inform stakeholders across the bond market. Investors need interpretable and actionable analytics to 
create advantageous, tradable information asymmetry, or at least not be disadvantaged in this regard. 
The municipal debt issuers must be aware of financial implications of climate risk and planned resiliency 
projects and be able to model the risk and reward associated with these projects from a financial market 
perspective. Ideally, the same core models should serve all these needs in order to optimize investment 
and deployment of capital. Charlotte NC has an active buyout program for flood-prone properties 
funded through an additional water utility fee,  but such funding could be evaluated and executed by 16

any issuer via specific bonds if the analytics existed to equate value to cost for such initiatives. 

risQ provides climate analytics that address problems specific to the public debt 
market 

risQ is stepping in to provide a best in class product that fills that gap. We model the complex financial 
risks posed by climate change in the US, translating them to quantitative and actionable metrics for 
municipal investors, rating agencies, and issuers.  

risQ delivers this by:  

(1) synthesizing current and future climate hazard risks using methods that combine historical climate 
observations, forward-looking climate models, and relevant geospatial datasets (e.g., elevation and land 
cover);  

(2) characterizing municipal economics spatially and in terms of distinct tax revenue sources by 
leveraging a combination of datasets (e.g., census, building footprint, transit, and economic datasets); 

15 Miller, John A., "Credit Downgrade Threat as a Non-regulatory Driver for Flood Risk Mitigation and Sea Level Rise 
Adaptation" (2018).Master of Environmental Studies Capstone Projects. 73. 
16 https://www.bloomberg.com/news/articles/2018-09-19/charlotte-shows-how-to-beat-flooding 
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(3) quantifying a given municipality’s Value-at-Risk (VaR) according to a set of that city’s economic 
“slices” (e.g., property value, workforce, transit, and business interruption risk) -- all in financial terms, 
and all with confidence bounds. 

 

A simplified conceptual framework illustrates risQ’s value proposition for the municipal debt risk market.  

Our approach involves modeling all region-relevant climate hazards and their impact on municipal risk -- 
all broken down by different “slices” of an issuer’s economic activity, property and income tax streams. 
The solution involves: 

● Comprehensive climate hazard modeling. risQ uses a combination of historical weather and 
hazard data as well as global climate model output datasets and models the following 
muni-relevant risks:  

o Coastal flood 
o Wildfire 
o Hurricane, including storm surge, precipitation, and wind damage 
o Inland flood 
o Heat stress 

 
● Economic modeling. risQ leverages a combination of comprehensive U.S. census datasets and 

satellite imagery data to build highly localized “Value-at-Risk (VaR) Slices” of city economies that 
connect directly to specific tax revenue streams -- and hence distinct slices of municipal credit 
risks.  
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o Property value 
o Employment  
o Transit 
o Real estate 
o Business interruption / Retail 
o Flight risk / Tax-base erosion 

In aggregate these tools allow a given user to: 

Explore a city’s climate risk comprehensively. The key components of a municipality’s economy, and 
specifically the key components of its tax base – property values, employment,  transit, and business 
interruption – have been quantified and the VaR by economic slice and by climate hazard. The data 
architecture and user interface enables economic slices to be viewed in high resolution spatial detail if 
needed, such as key centers or buildings of business, aggregated over the city for a quick and intuitive 
analysis of total municipal credit risk, or get analyses on issuers of all shapes, sizes and jurisdictions 
across the US. One such view of property VaR in Savannah GA, analyzed down to a 100-meter grid level, 
is shown below. 

Understand the impact of climate risk by overlaying it with tax-relevant economic slices.  

Property value risk is modeled for Savannah, GA, under a 10% probability (10-year) tidal flood at current sea level. The 

purple-to-yellow scale traces modeled inundation depth. The yellow-to-red scale corresponds to assessed property value in 

dollars per square meter. 
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Compare climate risk across municipalities. For in depth analysis, economic VaR slices across 
municipalities need to be viewed, explored and exported in spreadsheet format, and issuer’s can be 
compared, contrasted and ranked accordingly based on actual economic risk exposed to climate change. 
Inherently, climate risk can, and must, become a differentiating factor when comparing different issuers 
that otherwise appear to be equal from a credit perspective. 

 

Climate risk benchmarking. Total job risk (in % of all county jobs) is plotted for 30 counties sampled from metropolitan areas 

including Jacksonville FL, Miami FL, Boston MA, San Francisco CA, Houston TX, Norfolk VA, Charleston SC, and Savannah GA. 

Error bars depict the inclusion of both measurement and statistical model fitting uncertainty. Risk related to different slices of 

municipal economies can be quickly compared and exported to tables.  

There is tremendous power and insight that can be extracted using these tools. For example, even a 
targeted analysis on jobs at risk from tidal flooding can uncover significant insights. Miami-Dade county 
is often the chosen US exemplar for increasing tidal flooding risk, and not without some merit as the 
potential for tidal flooding in the worst case put 29% of jobs currently at risk in a 100-year event. 
However, analytics across a 30 coastal county sample shows much higher likely risks for St. Johns (FL), 
Mathews (VA), Currituck (NC) and Charleston (SC).  
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Climate risk varies significantly -- even among counties that are close in proximity. Tourism risk is highlighted here. 

Top left -- county-level aggregate risk (in %) to sea level rise-exacerbated coastal flood risk for Accommodations and 

Food Services jobs for a sample of southeastern counties. Top right -- same but for a sample of counties in the middle of 

the eastern seaboard. Middle panel -- same as top panel but for Arts, Entertainment and Recreation jobs. Bottom panel 

-- same but for jobs paying workers >= $3,333 per month.  

Understand climate risk with high spatial granularity. While the Jacksonville area may have been 
looked at as one category in the past, it is clear from decoupling St Johns and Duval counties (FL) that 
this is far from accurate or appropriate. By 2028 up to 30% of all jobs in St. Johns county will be at risk 
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for 2 feet or more of flooding under a 500-year tidal flood, and up to 26% of jobs will be at risk of 1 foot 
or more of flooding from just a 10-year tidal flood. In contrast, neighboring Duval county is below 6% on 
both these metrics.  

 

 

Drill into climate risk at a granular spatial level. Top left -- jobs per square kilometer are heat-mapped in 

Jacksonville, FL (in Duval County) . Top right -- same but only those jobs that are exposed to >= 1 ft of inundation 

under a 10% probability flood at current sea level. Bottom left and right -- same, respectively from left to right, but 

for St. Augustine, FL (in St. Johns County). Despite the fact that these two counties are neighbors, St. Johns county is 

clearly exposed to more relative total job risk in relatively frequent floods. 

Understand how climate change affects risk. Too often climate change is portrayed as a long-term 
phenomenon. In reality, it is affecting Value-at-Risk right now, but will increasingly be a threat multiplier. 
In Mathews county VA, current risk to the county’s tourism industry is readily apparent, but the risk 
grows with time and compounds with the severity when considering a 500-year event (0.2% probability 
in any given year). The financial worst case is growing worse faster with climate change. 
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Understand the near term impacts of climate *change*. From left to right, percentage of Arts, Entertainment, and Recreation 

jobs at risk for >=1ft of coastal flood inundation are shown for 10%, 1% and 0.2% likelihood flood events, in Mathews County, 

VA. Current as well as 5- and 10-year forward risks are shown along with comprehensive uncertainty bounds. In this example, 

0.2% (500-year) floods are expected to be increasingly intense and threatening to this job sector owing to sea level rise.  

Understand which industries are most vulnerable to climate risk, by geographic region.   In Broward 
County (Fort Lauderdale), within 10 years (2018 to 2028), jobs-at-risk in the utilities industry will 
increase by a further 6% for 1 feet of flooding in a 100 year event, while arts and entertainment 
jobs-at-risk from 2 feet of flooding increase by a further 4% for a 500-year flood. Similar analyses show 
outsized exposure for the likes of manufacturing in Suffolk county (MA), oil & gas in Galveston (TX), and 
a plethora of tourism, leisure and core services (Utilities, Healthcare, Public Administration) in 
Charleston (SC). 

Understand how climate maps to financial risk. The jobs at risk are not uniform by the earnings they 
command, nor are the underlying patterns uniform across counties. In Duval county, higher earning jobs 
- those earning greater than $3,333 per month - are twice as likely to be impacted across 10-, 100- and 
500-year events and 1 foot and 2 feet scenarios than lower earning jobs. In contrast, the likes of 
Chatham (GA) and Suffolk (MA) have higher risk associated with lower earning jobs. Emerging climate 
gentrification may emerge from such geospatial quality of employment as well as property values. 
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Layering the same granular risk analytics for all climate hazards and all municipal bonds issuances across 
property value, transportation infrastructure, business interruption and employment quality and 
quantity opens up a new and rich world of analytical capability. 

To quote from Michael Bloomberg: “Increasing transparency makes markets more efficient, and 
economies more stable and resilient”.  risQ is bringing the economic impact of climate change in the US 
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from the world of judgment, anecdote and entirely unaccounted for, into the world of actionable 
financial analytics for the municipal bond market…and not a moment too soon.  

About risQ 

risQ is a climate risk analytics company headquartered in Cambridge, MA, and founded as a spin out of 
Northeastern University’s Sustainability and Data Sciences Lab in 2016. The company’s team holds deep 
expertise in climate science, statistical modeling and machine learning, analytics software, physical 
sciences, and commercialization of emerging technology. This material is based upon work supported by 
the National Science Foundation under Grant Number 1758286. 
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