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• Environmental events represent a risk to many sectors and activities
• Risks/Losses growing with increasing wealth and greater natural variability 

Environmental financial risks are growing
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Unmanaged portion of risk is also growing

• Gap between insured and uninsured natural hazard losses is growing
• Suggests the need for improved strategies and tools for limiting losses 

Source: 2018 Munich Re Geo Risks Research
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Attention to these risks has grown recently
9/29/21, 12'43 PMExecutive Order on Climate-Related Financial Risk | The White House

Page 1 of 14https://www.whitehouse.gov/briefing-room/presidential-actions/2021/05/20/executive-order-on-climate-related-financial-risk/

BRIEFING ROOM

Executive Order on

Climate-Related

Financial Risk

MAY 20, 2021 • PRESIDENTIAL ACTIONS

By the authority vested in me as

President by the Constitution and the

laws of the United States of America, it

is hereby ordered as follows:

Section 1.  Policy.  The intensifying

impacts of climate change present

physical risk to assets, publicly traded

securities, private investments, and

companies — such as increased extreme

weather risk leading to supply chain

disruptions.  In addition, the global

shift away from carbon-intensive

energy sources and industrial processes

presents transition risk to many

companies, communities, and workers.

 At the same time, this global shift

January 17, 2023

However, the existing disclosure regime has not resulted 
in disclosures of a scope, breadth, and quality to be 
sufficiently useful to market participants and regulators 

 
- MANAGING CLIMATE RISK IN THE U.S. FINANCIAL SYSTEM 

Market Risk Advisory Committee
U.S. Commodity Futures Trading Commission 



“Agents of Change” need actionable information
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Market for new products and information is growing

10/16/23, 12:38 PMUse of weather derivatives surges as extreme climate events rock the globe | Reuters

Page 1 of 8https://www.reuters.com/markets/global-markets-weather-derivatives-analysis-pix-2023-10-11/

Summary Companies

Trade in weather derivatives jumps on major exchange

Climate change and energy supply concerns worry firms

Weather derivatives pay out if adverse weather hits

Hedge funds like Ken Griffin's Citadel are involved

LONDON, Oct 11 (Reuters) - Energy companies, hedge funds and commodity traders are stepping up their
use of financial products that let them bet on the weather, as they seek to protect themselves against - or

profit from - the increasingly extreme global climate.

On the Chicago Mercantile Exchange, average open interest in weather futures and options was four times
higher in the January to September period than a year earlier, and 12 times higher versus 2019.
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Use of weather derivatives surges as
extreme climate events rock the globe
By Harry Robertson

October 12, 2023 12:14 PM EDT · Updated 4 days ago

Climate & Energy Securities Enforcement Climate Change Clean Energy Environment

*

* Estimated that only 10% of these contracts are traded via exchange

10/16/23, 12:48 PMGlobal economic losses from extreme weather could hit $5 trillion, Lloyd's says | Reuters

Page 1 of 8https://www.reuters.com/business/environment/global-economic-lo…9a88cdddb147f333a1261e8d34f2508999052f225489979bb831251875e7cc7

An aerial view shows desolate fisher boats on the dried lakebed of the Terkos Dam, where a decline in precipitation
this year has lowered water levels in the reservoirs of Turkey's largest city to less than 25%, on the outskirts of
Istanbul, Turkey September 20, 2023. REUTERS/Umit Bektas/File Photo Acquire Licensing Rights
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Opportunities for both quantifying and managing these risks

8/17/21, 12(55 PMBoom times for modellers of climate change | Financial Times

Page 1 of 4https://www.ft.com/content/37055f74-4c16-4e8f-a935-8bd95f84b3d4

Wildfire in Greece on August 9. A recent IPCC report warned that temperatures would continue to rise until at least 2050 and lead to further

extreme weather events © AFP via Getty Images

John Dizard AUGUST 14 2021

Climate change updates

Sign up to myFT Daily Digest to be the first to know about Climate change news.

Much has been made of this week’s release of the UN’s Intergovernmental Panel on
Climate Change report, as well as the more Wagnerian interpretations of its central
findings.

Sign upEnter your email address
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• “Weather (financial) risks” => assumes stationary climate 
• “Climate (financial) risks” => uncertainty about non-stationary weather risks
• “Environmental financial risks” => weather + climate + other (e.g., COVID)



Characterize the financial risk 
(i.e. how severe are the losses and how often will they occur?)

Develop new financial 
instruments and risk 

management strategies
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3

4A

Model the linked natural, engineered and economic systems 
and assess their vulnerabilities and interdependencies

Identify sectors with linkages between environmental 
conditions and financial metrics

What does CoFiRES do?

1

Identify and quantify 
unpriced/mispriced 
environmental risks

4B



Research Projects

= water

= energy

= food

= shipping

= risk
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Research Projects

= water

= energy

= food

= shipping

= risk

= hurricane/flood

California

= infectious disease



California’s Water Challenge

§ Most water is in the North

§ Most of the people and 
agriculture are in the South

= major irrigation area

MAF = million acre-feet



1 Surface water 
storage in No. CA

2 Natural flow to SF 
Delta

3 Pumped to southern 
Central Valley

4 Purchased by 
irrigators and cities

Northern California exports water to the South

Exports are 
highly variable 



Modeling who gets how much and when

Zeff, H. B., Hamilton, A. L., Malek, K., Herman, J. D., Cohen, J. S., Medellin-Azuara, J., ... & Characklis, G. W. (2021). California's 
food-energy-water system: An open source simulation model of adaptive surface and groundwater management in the Central 
Valley. Environmental Modelling & Software, 141, 105052.

CALFEWS: 
California Food-
Energy-Water 
System Model



High risk years tied low State 
Water Project (SWP) deliveries

Irrigation District revenues vs. Export Pumping



Drought-related revenue losses are a credit risk

Summary:

Delano-Earlimart Irrigation District,
California; Water/Sewer
Primary Credit Analyst:
Chloe S Weil, San Francisco (1) 415-371-5026; chloe.weil@spglobal.com

Secondary Contact:
Malcolm N D'Silva, Centennial +1 (303) 721-4526; malcolm.dsilva@spglobal.com

Table Of Contents

Rationale

Outlook

Related Research

WWW.STANDARDANDPOORS.COM/RATINGSDIRECT JANUARY 6, 2017   1

1781398 | 302253518

“The enterprise risk profile reflects our view of the district’s:
§ Volatile and unpredictable water supply …”

“The financial risk profile reflects our view of the district’s:
§ Insufficient debt service coverage ratio for fiscal 2014*…”

* 2014 was one of the driest years on record in California
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Assessing and Managing District Financial Risk
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No Mitigation

Reduced risk and higher 
average revenue

Reserve Fund + Index Insurance

Assessing and Managing District Financial Risk



Characterize the financial risk 
(i.e. how severe are the losses and how often will they occur?)

Develop new financial 
instruments and risk 

management strategies

2

3

4A

Model the linked natural, engineered and economic systems 
and assess their vulnerabilities and interdependencies

Identify sectors with linkages between environmental 
conditions and financial metrics

What does CoFiRES do?

1

Identify and quantify 
unpriced/mispriced 
environmental risks

4B



Research Projects – Inland Navigation

= water

= energy

= food

= shipping

= risk

Mississippi Basin

Great Lakes

= hurricane/flood

= infectious disease



Inland waterways are critical to commerce



Low water levels impact inland navigation

Barges Grounded by Low Water Halt Mississippi 
River Traffic

10/7/22, 1:40 PMBarges Grounded by Low Water Halt Mississippi River Traffic

Page 1 of 7https://www.usnews.com/news/us/articles/2022-10-05/barges-grounded-by-low-water-halt-mississippi-river-traffic

Home / News / Best States / Missouri News / Barges Grounded by Low Wat…

Barges idle while waiting for passage in the Mississippi River near Vicksburg, Miss., on Tuesday, Oct. 4, 2022. The unusually
low water level in the lower Mississippi River is causing barges to get stuck in the muddy river bottom, resulting in delays. The
U.S. Coast Guard said Tuesday, Oct. 4, 2022, that at least eight “groundings” of barges have been reported in the past week,
despite low-water restrictions on the barge loads. (Thomas Berner via AP) 

By JIM SALTER, Associated Press

The unusually low water level in the lower Mississippi River is causing barges to get stuck in mud
and sand, disrupting river travel for shippers, recreational boaters and even passengers on a
cruise line.

RELATED ARTICLES

NEWS » Sign In

The 2022 Best Countries rankings are live »  See who's No. 1

Barges Grounded by Low Water Halt Mississippi River
Traffic
The unusually low water level in the lower Mississippi River is causing barges to get stuck in the mud and sand.

By Associated Press | Oct. 5, 2022, at 5:23 p.m.
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Managing the financial risks of low water levels

Minimum Underkeel Clearance 

Ship Hull

Max 
Draft

Max cargo
capacity

Minimum Underkeel Clearance

Ship Hull
Smaller 

Draft

Decreased 
cargo capacity

Less cargo = Higher Barge Rates ($/ton)

Water 
Level

Normal Water Level Low Water Level



Low water levels increase barge rates

Mississippi Barge Rates

One year ago

• Barge rates respond to water levels, and transport costs are a significant 
fraction of overall costs for many bulk commodities

• How do commodity prices (e.g., corn, soybeans) respond to low water levels 



Low water levels impact commodity prices
10/13/22, 10:36 PMU.S. Energy Information Administration - EIA - Independent Statistics and Analysis
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Source: U.S. Energy Information Administration, based on Thomson Reuters
In recent months, water levels on the Rhine River measured at Kaub, Germany, near the Rhine's midway point, have been at historic
lows. The average water level at Kaub in October was 2.8 feet, compared to the five-year average levels of nearly twice that (five to
seven feet). Low water levels on the Rhine since July have resulted in increased barge freight rates, with the estimated rate for a cargo
of distillate fuel (heating oil or diesel) from Rotterdam, Netherlands, to Basel, Switzerland, increasing from around $5 per barrel (b) in
July to more than $30/b in late October. Rates have also increased for delivery to points closer to the ARA, with delivery to Frankfurt,
Germany, now more than $10/b, compared with $2/b in July.

The low water levels have resulted in tight supplies in markets farther upriver, such as Switzerland. On October 28, the Swiss Federal
Office for National Economic Supply permitted the release of emergency fuel reserves following problems at the nation's only refinery
and the continued disruption to Rhine River shipments. Alternatives to shipments on the Rhine River are costly, as Europe's petroleum
product pipeline infrastructure is not as extensive as in the United States, leaving relatively more expensive transport by rail and long-
distance trucking as the remaining alternatives.

These disruptions come at a time of year when markets upriver of the ARA begin to build stocks of heating oil for the winter. Normally,
stocks of distillate fuel would be transported from refineries and terminals in the ARA region upriver on the Rhine, but the low water
levels and high transportation costs are causing distillate stocks to remain in the ARA. After high refinery runs this summer,
independently held distillate stocks in the ARA in October averaged 10 million barrels above their five-year average level.

10/13/22, 10:36 PMU.S. Energy Information Administration - EIA - Independent Statistics and Analysis

Page 1 of 4https://www.eia.gov/todayinenergy/detail.php?id=23792
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Record-low water levels on Rhine River are disrupting fuel shipments

Source: U.S. Energy Information Administration, based on Thomson Reuters
Low water levels on the Rhine River have resulted in transportation disruptions for shipments of petroleum products by barge, which in
turn have resulted in record supply disruptions in markets upriver, such as Switzerland and southern Germany, and high stock levels
downriver, in the Netherlands and Belgium.

The Rhine River, which runs northwest from the Swiss Alps through Switzerland, Germany, France, and the Netherlands, where it flows
into the North Sea, is a major petroleum product transportation corridor. The navigable portions of the river connect the major refinery
and petroleum trading centers of Amsterdam and Rotterdam in the Netherlands and Antwerp in Belgium, collectively known as the
ARA, to inland markets.

BargefreightratesfordistillatefuelfromRotterdam,NetherlandsviaRhineRiver
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Source: U.S. Energy Information Agency (via Thomson Reuters)

• We’ve modeled corn and soybean prices over several low water periods

• Prices for corn and soybeans are highly correlated with water levels

• Is this information fully incorporated into corn/soybean markets?



Research Projects - Flooding

= water

= energy

= food

= shipping

= risk

Houston/Galveston

= hurricane/flood

Eastern North 
Carolina

= infectious disease



Flooding and financial risk in the housing market



Probability of default can be impacted by flooding

Source: CoreLogic: The Impact of Natural Disasters on Mortgage Delinquency.  Amy Gromowski, 
https://www.corelogic.com/blog/2018/09/the-impact-of-natural-catastrophe-on-mortgage-delinquency.aspx

Loan-to-Value (LTV) Ratio = 
Property Value

Loan/Mortgage Balance
x 100

Borrowing to finance 
flood repairs raises debt

Flooding often depresses 
property value

https://www.corelogic.com/blog/2018/09/the-impact-of-natural-catastrophe-on-mortgage-delinquency.aspx


Commercial MBS (CMBS)
• $1.5 trillion market
• Often issued by investment banks 

(e.g., Wells Fargo, Morgan Stanley)
• No guarantee: investors bear the cost 

of defaults

Residential MBS (RMBS)
• $7.7 trillion market
• Mostly issued by Fannie Mae, Freddie 

Mac, and Ginnie Mae (GSEs)
• Principal and interest guaranteed: 

GSEs bear the cost of defaults

Fuster, Andreas, et al. Mortgage-Backed Securities. Federal Reserve Bank of New York (2022). 
https://www.newyorkfed.org/medialibrary/media/research/staff_reports/sr1001.pdf.

Risks in secondary markets: RMBS and CMBS

We believe there is the potential for unpriced 
or mispriced flood risk in both these markets

What are the potential costs to the GSEs?

What are the potential costs to investors?
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