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C l i m a t e C h a n g e

R i s k M i t i g a t i o n

With the multi-decade shift of natural catastrophe risk away from the insurance industry
and onto sovereigns, corporations and individuals, now is the time to explore development
and deployment of such data and analytic tools for use outside the insurance and reinsur-
ance industries. This article examines the role of climate change in exacerbating financial
risk assumption and details some of the tools available to stakeholders to assess and miti-
gate such risks. It argues that direct deployment of these tools by ultimate risk bearers to
better inform natural catastrophe risk assessment and risk management frameworks—
including the expanded use of insurance, infrastructure investment and other natural catas-
trophe risk management and mitigation mechanisms—could result in significant improve-
ments to overall economic stability and creditworthiness in the face of natural catastrophe
and climate change.

Climate Change and Hedging:
One Person’s Opportunity Is Another’s Credit Risk

BY LINDENE E. PATTON

R ecent developments in credit risk rating analytics
suggest that the multi-decade expansion of unse-
cured natural hazard risk assumption by sover-

eigns, corporations and individuals may impact their
creditworthiness. Climate change will only exacerbate
this situation.

Opportunities abound to mitigate such financial risk
arising out of extreme weather risk. For the market to
adopt climate risk assessment protocols and take action
to reduce risk, however, that risk first must be identi-
fied, quantified and recognized. Only then can actions
taken to reduce risk be accepted as prudent from both
a business and a legal perspective.
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In the U.S., the amount of natural catastrophe loss
paid for by insurance steadily has declined during the
past three decades, with an equally sharp increase in
the amount of federal disaster aid requests. This multi-
decade decline in the use of private industry financial
risk assessment and risk spreading tools, such as insur-
ance and natural catastrophe financial modeling and
analytics, suggests an opportunity for sovereigns, insur-
ers and asset owners alike to improve natural catastro-
phe risk management—action that could improve long-
term economic stability and physical resilience to natu-
ral catastrophe, particularly in the face of climate
change.

While natural catastrophe financial modeling and
analytic tools have improved significantly since their in-
ception, work remains to make them useful for applica-
tion outside the insurance industry and achieve their
deployment across the economy. Such tools regularly
are used in the (re)insurance industry to evaluate risk,
set pricing and inform regulated reserving adequacy.
But the tools are designed to assess risk for instruments
with a one- to three-year tenor. Extending those tools to
apply to instruments and assets with tenor and amorti-
zations schedules ranging from seven to 15, 30, 50 or
even 100 years will require adjustments to the models
themselves.1

Further, a survey of natural catastrophe modelers in
February 2016 found that 78 percent of the modelers
had no corporate policy to address climate change in
their models, while more than half considered climate
change to be ‘‘not important’’ or perhaps ‘‘somewhat
important’’ to their work. The survey identified data
quality and lack of demand as the greatest barriers to
addressing climate change in models.2

This article suggests that with the multi-decadal shift
of natural catastrophe risk away from the insurance in-
dustry and onto sovereigns (national and local), corpo-
rations and individuals, now is the time to explore de-
velopment and deployment of such data and analytic
tools for use outside the (re)insurance industry. Deploy-
ment of these tools by ultimate risk bearers directly to
better inform natural catastrophe risk assessment and
risk management frameworks—including the expanded
use of insurance, infrastructure investment and other
natural catastrophe risk management and mitigation
mechanisms—could result in significant improvements
to overall economic stability and creditworthiness in the
face of natural catastrophe and climate change.

(a) Natural Catastrophes and Sovereign Credit
Risk

In September 2015, Standard and Poor’s (S&P) an-
nounced the latest in its natural catastrophe analytics
series titled ‘‘Simulated Natural Catastrophe Impacts.’’
In this report, using natural catastrophe financial mod-
eling techniques, S&P simulates loss and financial im-
pact for a series of events occurring once every 250
years and evaluates the expected sovereign rating im-
pacts should such an event manifest.

For some, the results may be surprising. As an ex-
ample, should a 1:250-year earthquake event strike Ja-
pan, S&P notes it ‘‘might lower its (Japan’s) sovereign
rating as much as 2.1 notches.’’3 In the same report,
S&P notes that should an earthquake or hurricane of
1:250 year character impact the much larger economy
of the U.S., a single (not multiple) event could result in
a sovereign rating downgrade ranging from 0.08 to .24
notches.4

While on the surface, this much lower sovereign
credit rating impact to the U.S. should a 1:250-year
event manifest5 may cause the reader to dismiss the im-
portance of such events to the U.S. economy, the reader
does so at their peril. To do so would ignore the devas-
tating local economic impact of such an event even in
this large country.6

S&P is hardly the first to notice and remark upon the
assumption of natural catastrophe risk by sovereigns.

In 2010, Professor David Cummins and co-authors
projected that the federal government’s share of un-
funded disaster response costs for weather-related di-
sasters would grow to amounts within the range of the
unfunded social security benefits over the same time
horizon of 75 years.7 Cummins further estimated that
the special appropriations required to address federal
disaster response costs to extreme weather events will
range from $1 billion for low-loss years to $100 billion
per annum for high-loss years.8

In yet another example, a Bank of International
Settlements study found:

Our main results are that major natu-
ral catastrophes have large and significant
negative effects on economic activity,
both on impact and over the longer run.
However, it is mainly the uninsured losses
that drive the subsequent macroeconomic
cost, whereas sufficiently insured events
are inconsequential in terms of foregone
output.9 (emphasis added)

Without decisive risk reduction, mitigation and man-
agement action, the accretive unbudgeted disaster man-
agement costs of local, state and federal governments
are projected to continue on an upward trajectory.

Even in the European Union, a location S&P notes in
their report as the least likely to have sovereign rating
impacts from natural catastrophes, concern about re-

1 ‘‘Catastrophe Modeling and Climate Change,’’ 2014,
Lloyd’s.

2 Choate, A. and Bruzgul, J., 2015: ‘‘Climate Change Risks:
State of Understanding, Data Needs, and Barriers to Capturing
These Risks with Insurance Products,’’ Catastrophic Risk Man-
agement 2016.

3 Standard and Poor’s Rating Services, ‘‘Simulated Natural
Catastrophe Impacts,’’ September 2015.

4 Id.
5 When compared to the results for Japan.
6 Mantell, N., Seneca, J., Lahr, M., and Irving, W.: Issue Pa-

per Number 34, Rutgers Regional Report, ‘‘The Economic and
Fiscal Impacts of Hurricane Sandy in New Jersey’’ (January
2013), Section 3: Economic and Fiscal Losses without Recov-
ery Spending, 8-9.

7 Unfunded social security benefits are estimated to be ap-
proximately $4.7 trillion; unfunded federal disaster assistance
costs are estimated to range between $1 trillion and $5.7 tril-
lion (all figures adjusted to 2008 dollars). Cummins, J.D.,
Suher, M., and Zanjani G., 2010: ‘‘Federal Financial Exposure
to Natural Catastrophe Risk,’’ 62.

8 Id.
9 von Peter, G.. von Dahlen, S., and Saxena, S., 2012: ‘‘Un-

mitigated disasters? New evidence on the macroeconomic cost
of natural catastrophes,’’ BIS Working Papers No. 394, Mon-
etary and Economic Department, December 2012.
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lated economic impacts has risen to the point where
specific evaluations have been undertaken.

An economics research paper confirmed through
analysis that droughts and floods slow economic
growth, thus affirming the importance of investment in
resilience to extreme weather events. Specifically, the
EU Green Paper notes:

Even where costs of major disasters
are locally concentrated, if costs are inad-
equately covered by insurance then indi-
vidual Member States may carry large fis-
cal burdens, which could cause internal
and external imbalances.10

The piece goes on to note that:

Building resilience is a long-term effort
that needs to be integrated in national poli-
cies and planning: resilience strategies also
are part of the development process and
contribute to different long-term policies,
in particular climate change adaptation and
food security.11

(b) Natural Catastrophes and Corporate
Creditworthiness

Prior to the September report, S&P released another
report12 wherein S&P warns that should the frequency
and/or severity of natural catastrophes occur, compa-
nies’ existing insurance and overall disaster manage-
ment measures could become less effective, translating
into a potential credit downgrade.

In the heart of the report, S&P notes that while down-
grades historically have seldom occurred in response to
natural catastrophes for specific industries, in as many
as 40 percent of the cases, a natural catastrophe could
result in anywhere from a single to multiple notch
downgrade.13 The report went on to emphasize that
models for future projected natural catastrophes sug-
gest a significant change possible for the credit rating of
affected companies,14 again affirming the need for in-
creased focus on risk assessment, data driven modeling
evaluation and risk management.

(c) Regulatory Action/Consensus Standards for
Disclosure of Climate-Related
Financial Risk

In April 2015, G20 Finance Ministers and Central
Bank Governors asked the Financial Stability Board
(FSB) ‘‘to convene public- and private- sector partici-
pants to review how the financial sector can take ac-
count of climate-related issues.’’

In September 2015, Mark Carney, governor of the
Bank of England, delivered a speech at Lloyds of Lon-
don identifying the financial risks, direct and indirect,
of climate change, presaging the creation of a task force

to study climate-related financial risk. Carney stated
that:

Climate change is the Tragedy of the
Horizon. The horizon for monetary policy
extends out two to three years. For finan-
cial stability it is a bit longer but typically
only to the outer boundaries of the credit
cycle—about a decade. In other words,
once climate change becomes a defining is-
sue for financial stability, it already may be
too late.15

Carney went on to note, importantly:

There are three broad channels
through which climate change can affect fi-
nancial stability. First, physical risks: the
impacts today on insurance liabilities and
the value of financial assets that arise from
climate- and weather-related events, such
as floods and storms that damage property
or disrupt trade. Second, liability risks: the
impacts that could arise tomorrow if parties
who have suffered loss or damage from the
effects of climate change seek compensa-
tion from those they hold responsible. Such
claims could come decades in the future
but have the potential to hit carbon extrac-
tors and emitters—and, if they have liability
coverage, their insurers—the hardest. Fi-
nally, transition risks: the financial risks
which could result from the process of ad-
justment towards a lower-carbon economy.
Changes in policy, technology and physical
risks could prompt a reassessment of the
value of a large range of assets as costs and
opportunities become apparent.

In November 2015, the FSB proposed at G20 the cre-
ation of a task force to address climate change in finan-
cial reporting. On Dec. 4, 2015, after discussions at the
G20, the FSB announced the establishment of an
industry-led disclosure task force on climate-related fi-
nancial risks, appointing as Chairman Michael
Bloomberg.

The Task Force on Climate-related Financial Disclo-
sures (TCFD) will develop voluntary, consistent
climate-related financial risk disclosures for use by
companies in providing information to lenders, insur-
ers, investors and other stakeholders. In February 2016,
the FSB sent an open letter to the G20 finance ministers
and central bank governors articulating their 2016 ob-
jectives, which included identification of climate
change related vulnerabilities to the financial system:

Addressing new and emerging vulner-
abilities in the financial system, including
potential risks associated with market-
based finance, asset management activi-
ties, conduct, correspondent banking and
climate change.

10 European Commission, Strasbourg, Final Green Paper
on the Insurance of Natural and Manmade Disasters (2013).

11 Id.
12 Standard and Poor’s Rating Services, ‘‘Climate Change

Will Likely Test the Resilience of Corporates’ Creditworthiness
to Natural Catastrophe,’’ April 2015.

13 Id.
14 Id.

15 Carney’s remarks are available at: http://
www.bankofengland.co.uk/publications/Pages/speeches/2015/
844.aspx.
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The letter goes on to define specific actions and de-
liverables related to climate change disclosure that the
FSB will provide during 2016. Specifically the letter
makes the following commitment on the part of the FSB
with respect to climate change related financial risks:

Disclosure task force on climate-related risks

Access to better quality information on climate-related fi-
nancial risks will allow market participants to better under-
stand and manage these risks. The FSB has established an
industry-led task force chaired by Michael Bloomberg to
develop voluntary, consistent climate-related financial dis-
closures for use by companies. The task force will conduct
public consultation and outreach at each of its stages.

By your April meeting, the task force is expected to pub-
lish for consultation its first-stage report, setting out the ob-
jectives and scope of its work.

By end-2016, the task force is expected to publish for
consultation its recommendations for voluntary disclosure
principles and leading practices.

On March 31, the TCFD delivered to the FSB and
published the ‘‘Phase 1 Report of the Task Force for Cli-
mate Related Financial Disclosures.’’ In the 64 page re-
port, the TCFD defined a set of seven high level, funda-
mental climate-related disclosure principles designed to
guide the next phase of the TCFD work.16

The TCFD also outlined the process it will follow to
develop the guidelines, including a participatory oppor-
tunity that ended April 30. The Phase 2 report is ex-
pected to produce a set of voluntary guidelines for cli-
mate change-related financial risk and opportunities
that can be used to begin to inform and assist investors,
underwriters and other asset owners to better under-
write and price climate-related risks and opportunities.

Results from this TCFD report will be in addition to
the Carbon Disclosure Standards Board 2015 frame-
work for reporting environmental information and
natural capital.

The following challenge remains, however: Given
that by 2015 over 400 initiatives already existed that
were focused on the costs, opportunities and risks cre-
ated by climate change, what tools can be applied to
consistently quantify the financial risks of extreme
weather events and climate change? How can modeling
and applied analytic tools be used to support meaning-
ful and actionable disclosures by participants in the fi-
nancial system?

(d) A Call for Modification of Models and Use of
Improved Modeling

In short, FSB, S&P, CDSB and others17 have been
calling for ultimate risk bearers to use modeling and

analytic tools to improve natural catastrophe risk analy-
sis and management.

Whether natural catastrophe events increase in fre-
quency and severity due to changes in demographics,
economics, climate change or one or all of these factors,
reevaluation of risk management programs currently
structured for less ‘‘stressful’’ environments (e.g., lower
in frequency or severity) would seem prudent. Such re-
evaluation must consider how to adjust natural catas-
trophe risk modeling to include climate change.

This is a tall order, given that most natural catastro-
phe modeling today is done in a proverbial ‘‘black box’’
and, ironically, lacks transparency—such modeling and
analytic tools need to be applied to achieve the disclo-
sure goals of the FSB, TCDF, activitists and others.

The Insurance Information Institute noted in a recent
article that ‘‘disaster losses along the coast are likely to
escalate in the coming years, in part because of a huge
increase in development.’’18

(e) Critical Model Adjustments to Serve the
‘‘New’’ Risk Bearers

Current natural catastrophe models were developed
to support the (re)insurance industry. In most cases, in-
surers issue financial instruments of a one- to three-
year tenor. By contrast, current predominant risk bear-
ers, banks, GSEs and taxpayers work with instruments
and economic structures with seven, 15, 30, 50 and even
100 or more year tenors.

Because the natural catastrophe models in their cur-
rent insurance-focused structure make adjustments to
the expected frequency and severity of risks assuming
a one- to three-year tenor, the core of the models must
be adjusted to consider and adjust for probability appli-
cable to these longer tenor instruments.19

Such adjustments will result in a heavier weighting
for less-frequent events because as the tenor extends,
the greater the likelihood of the occurrence of a less-
frequent and severe event within the term of the instru-
ment.

In other words, there is no ‘‘plug and play’’ for ap-
plied extreme event analytics using the current (re)in-
surance derived ‘‘black box’’ natural catastrophe mod-
eling tools between the banking, insurance and investor
industries unless modification work is done to adjust
for the difference in instrument and exposure tenor.

The modification of the models to consider climate
change and accommodate assessment of risks for in-
struments of different industries is completely feasible
technically—the problem is a practical one. Organized
demand with a willingness to pay for such tools is sim-
ply lacking at the moment.

Because while the risk of loss has shifted from insur-
ance to banking, GSEs, taxpayers and sovereigns, the
demand for risk management and analytic tools has
lagged. So product development similarly has lagged.
Perhaps the actions of FSB will directly address this
situation.

16 Task Force on Climate-Related Financial Disclosures,
‘‘Phase I Report of the Task Force on Climate-Related Finan-
cial Disclosures,’’ presented to the Financial Stability Board,
March 31, 2016. The seven fundamental principles for effective
disclosures recommended in the report are: (1) present rel-
evant information; (2) be specific and complete; (3) be clear,
balanced, and understandable; (4) be consistent over time; (5)
be comparable among companies within a sector, industry, or
portfolio; (6) be reliable, verifiable, and objective; and (7) be
provided on a timely basis. The report is available online at:
https://www.fsb-tcfd.org/phase1report/.

17 One example of many: http://www.un.org/climatechange/
summit/wp-content/uploads/sites/2/2014/09/RESILIENCE-1-in-
100-initiative.pdf.

18 Insurance Information Institute, Inc., ‘‘Catastrophes: In-
surance Issues,’’ December 2015, available at: http://
www.iii.org/issue-update/catastrophes-insurance-issues.

19 ‘‘Catastrophe Modeling and Climate Change,’’ supra note
1.
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(f) Critical Role of Quality Data in Modeling
Properly designed modeling is critical, but the quality

of the data driving the model is just as important. Long-
time users of natural catastrophe modeling tools in the
(re)insurance industry are quite vocal about the impor-
tance of data quality to the reliability of the model out-
puts. One thing is certain: the quality of the data that go
into the model plays a pivotal role in the quality of the
results generated.

Poor data quality can result in pricing perturba-
tions,20 and data quality is of critical relevance for com-
pliance.

Data quality will be even more critical when applied
to single sites or single company assets. Certainty will
be required to ensure the model has accurate data in-
puts so it will be evaluating the correct point on the
earth and reflecting the actual asset structural charac-
teristics (building structure, occupancy, etc.). Accurate
data considers true reconstruction costs; correct loca-
tion data must link to correct hazard analytics.

As a recent study by Lloyd’s Market Association
found, ‘‘if the input data is of poor quality, then no
amount of modeling will produce correct output.’’21

(g) Catastrophe Models: Improved Accuracy and
Precision, Simplified and Visualized Insights

Catastrophe modeling was developed in the 1980s to
assist (re)insurers in their understanding of financial
risk arising out of natural hazard events to their portfo-
lios of assumed risk. Three decades later, the sophisti-
cation of the models has improved: The results of analy-
ses are substantially converged and with improved cor-
relations, and overall, the models are easier to
manipulate and run. Models that assess portfolios of
property remain the most complex, but single-site as-
sessment tools provide meaningful insight—including
visualized outputs.

Natural catastrophe modeling tools are regularly
used by insurance regulators and the regulated commu-
nity to test and defend expected loss frequency and se-
verity estimates that form the basis for premium pricing
and ultimately reserving requirements. In other words,
natural catastrophe modeling is used to answer the
question—given a location, the hazard likely to mani-
fest at that location and the condition of the asset at that
location—what financial loss or damage can we expect
within the insured loss period/tenor of the instrument?

That expected loss output can be adjusted for con-
tract obligations ranging from deductibles and limits of
liability to delivery obligations for substitution or lost
profits that also may be assumed. These losses can be
evaluated individually or rolled up into a portfolio—
although the mathematics gets slightly more complex
when applied to a portfolio of assets.

As such, these tools certainly can be applied to evalu-
ate what loss and damage is likely to accrue to a non-
insurer ultimate risk bearer—such as a government,
corporation or individual—provided the statistical ad-
justments noted above that properly reflect the change
in tenor of instrument are properly completed.

Simplified tools called ‘‘risk scores’’ also may help in-
form or guide less-sophisticated users when they need
a relative understanding of risk as compared to other
risks with which they may be more familiar or a statis-
tical standard. Unfortunately, because the scores cur-
rently don’t readily convert to a financial/monetary risk
range, they are difficult to use for decisionmaking about
risk management and risk reduction.

Natural catastrophe risk held within mortgage port-
folios is a risk identified by the insurance industry as
ripe for natural catastrophe risk evaluation and shar-
ing.22 Natural catastrophe modeling has been and con-
tinues to be used by participants in the mortgage busi-
ness.

Even if the natural catastrophe risk is defined and
spread for the mortgage holder, risk still remains with
the borrower. While borrowers are required to obtain
property insurance to meet mortgage requirements,
such insurance probably will cover fire loss but not
flood- or earthquake-related loss.

Broadly speaking, coverage for storm-related water
loss is complicated. In some cases, whether coverage
applies is determined based on whether the wind or wa-
ter came first, or whether water entering from outside
the building mixed with waters bubbling back up into
the building through the sewer system.

Separately procured earthquake insurance isn’t com-
monly required by mortgage holders as a condition of
the loan. Insurance penetration in the earthquake-
exposed geography of California hovers around 10 per-
cent of properties.23 These complex contract coverage
outcomes can be considered in the modeling process to
ensure liquidity needs are anticipated and options for
investment in resilience properly are considered against
the expected loss and damage costs of doing nothing.

For the borrower, even single-point natural catastro-
phe modeling outputs for property at an address, such
as the expected average annual loss (AAL) or a prob-
able maximum loss (PML), could be helpful in evaluat-
ing the need for and value of insurance for specified
perils. The modeling technology is theoretically avail-
able for such applications.

Modeling companies are capable of making bespoke
modifications for specific user groups. Their willing-
ness to make such changes will be driven based upon
aggregated demand for consistent output for specified
classes of users as the (re)insurance community has
done.24

Simplified model outputs with visualization often are
the best tool for non-modelers to employ. However,
such modifications are rarely made because there is
little express demand for the information (or tools)—
government and operational policy simply hasn’t
changed with the shifting marketplace risk.

20 Von Herberstein, E., ‘‘Hurricane risk pricing, catastrophe
models, and data quality: Why it matters and what should be
done about it?’’, University of Colorado at Boulder, April 2004.

21 ‘‘Catastrophe Modelling Guidance for the Non-
Catastrophe Modellers,’’ 2013, Lloyd’s.

22 ‘‘U.S. Mortgage and Annuity Risks Present $80bn Oppor-
tunity for Reinsurance Capacity,’’ Insurance Day, September
14, 2015.

23 Insurance Information Institute, Inc., ‘‘$2bn+ San Fran-
cisco earthquake reveals just 1 in 20 residents had EQ insur-
ance in epicentral region, according to Impact Forecasting di-
saster study,’’ September 2014, available at: http://ir.aon.com/
about-aon/investor-relations/investor-news/news-release-
details/2014/2bn-San-Francisco-earthquake-reveals-just-1-in-
20-residents-had-EQ-insurance-in-epicentral-region-
according-to-Impact-Forecasting-disaster-study/default.aspx.

24 ‘‘Climate Change Risks,’’ supra note 2.
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Much discussion in the public policy arena addresses
the need for climate and extreme weather event data
and analytics to support decision analysis, but little ac-
tion has been taken to expressly require its use. In fact,
some jurisdictions prohibit use of the term ‘‘climate
change’’ in evaluation of risk or functionally prohibit its
use in many government and government-procured ac-
tivities.

(h) Indirect Damages: the Biggest Challenge
Economic (not socioeconomic) modeling requires the

most focus with respect to creating tools that can help
financial services and the communities they serve un-
derstand the risks and impacts of climate change and
extreme weather events. No comprehensive group of
event catalogues exist for indirect damages—which
usually lead to business interruption and community
Gross Domestic Product reduction.

While many have studied the gross impact to GDP
post-disaster, including looking at the effect of financial
risk management tools like insurance of economic resil-
ience (and lack thereof),25 insufficient work has been
done on the cause of loss linkages and event catalogues
to allow for broader economic impact modeling.

(i) Conclusion
In sum, natural catastrophe modeling has been used

for decades to characterize, assess, price and reserve
for loss and damage in the property and casualty insur-
ance industry.

Improvements in modeling technology and data sets
used to inform the model of real world conditions and
experience, as well as developments in imaging and vi-
sualization technology, all mean that results can be pro-
vided to and interpreted by a much larger audience of
ultimate risk holders with ease.

But a severe demand problem in the marketplace, the
result of a combination of public policy and communi-
cations issues, prevents investment in modeling tools
outside of the insurance industry for those parties who
now truly hold most of the risk of extreme weather
events and climate change.

It is time to look and learn about risk, exposure and
evaluation tools for natural catastrophe. Tools previ-
ously only available for the (re)insurance community
now are available to much broader user groups.

With appropriate statistical adjustments to reflect
instrument/exposure tenor, consultative batch run ca-
pabilities and visualization tools, outputs can provide
immediate information for decision and investment
analyses necessary to inform financial risk manage-
ment needs for ultimate risk holders. Data sets created
by the mortgage and title industry service providers are
vast and deep in the U.S. and are readily accessed for
exposure modelling and natural catastrophe risk-
management purposes.

The rating agencies clearly are taking advantage of
these developments. Perhaps the ultimate risk holders
should, too.

Proper modeling for financial risk incorporating cli-
mate change should allow both for risk identification
and new hedging product development.25 ‘‘Unmitigated disasters?’’ supra note 9.
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