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Webinar Logistics

A The webinar is being recorded and will be circulated to all attendees, along
with the slides

A All attendees have been muted on entry and will remain muted throughout
the webinar

A Please send any questions on the content of the webinar to
webinar@synapsenergy.com

A During the Q&A session, the panelists will answer written questions that
have been sent tovebinar@synapsenergy.com

A Please use the chat feature only to notify the host if you are having a
technical issue with the WebEXx software or audio
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Who we are

Synapse Energy Economics
A Founded in 1996 by CEO Bruce Biewald

A Research and consulting firm specializing in energy, economic, and
environmental topics

A Services include economic and technical analyses, regulatory
support, research and report writing, policy analysis and
development, representation in stakeholder committees, facilitation,
trainings, and expert withess services for public interest and
government clients

A All nonconfidential publications and opespurce tools available for
free atwww.synapseenergy.com

Wwww.synapsesnergy.com | Sendquestions to webinar@synapssergy.com
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FRANK ACKERMAN

WORST-CASE ECONOMICS

EXTREME EVENTS IN CLIMATE AND FINANCE

Economists set themselves too easy, too useless
a task, if in tempestuous seasons they can only
tell us, that when the storm is long past, the

ocean is flat again.
- John Maynard Keynes



Responding to worstase risks

Isyour house likely to burn down?

Fire risks are NZ,AAC_? EA %E?%@{A O p
close to zero . Ol AIABRI OCEITEE®S®8 0 ¢ T

Probability offire at any one house 0.3% per year

Implies > 99% confidence that you will not have a fire next year

‘ But we still Many people still buy fire insurance!
care about Similar probability for death of young parergs

worst cases but many buy life insurance
The worst case is too dangerousigmore

What climate and financial risks are as likely
as ahouse fire or death of a young parent?
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How fast can temperatures change?
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Boston + 8C = Raleigh, North Carolina
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Too fast for infrastructure, agriculture, society to change?



Stock prices change slowlynost of the time

Dally percentage changes in S&P 500
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Today: even flatter than 2006. Are
we near the end of another bubble?




Tolstoy, physics, and the bell curve

AModern economics emerged in early 1870s, influenced by physics

AWar and Peac€l869) explores meaning of war and history, using
metaphors from physics (and much else)

A Demonstrates prestige of physics, broad intellectual awareness of the field

APhysics at the time focused on equilibrium models
A Random events described by bell cugvextreme events are almost unknown

Gas particles collide, Buyers and sellers meet,
exchange energy, exchange goods and money,
reach equilibrium reach equilibrium?

-_;:Ahl'jKéNJ dzy NBI f AGASEA ol 1SR Ayiz2é SO2y
- A Homo economicusasocial, perfectly informed and rational behavior
A No externalities, no monopoly power
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A 1900: LouiBachelieproposes Browniaimotion model of stock prices
A Implies normal distribution of price changes

A Many thingsare normally distributed, as if resulting from many small,
independent effects

A Pictured: height of U.S. women in their thirties
A Could the same be true of stock prices?

A Ignored for years, | O K Sviork wasXediscovered in 1950s
A Modern theories of finance (efficient markets) build Bachelier
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Trillions, or just hundreds?

AFar better fit to data on financial extremes:
A Power law: y &kx"
A Straight line on ratio (lotpg) graph

Almplies a veryion-normal distribution

Aln my S&P dataset (~16,000 observations
Apn Y M AF y2NXIFffeé R
ABy  Yif normally distributed; 8 in reality

A Quantitative intuition about extreme risks:
K2¢g YdzOK f S&aa  évanisd f
A Normal distribution: trillions of times (literally)
A Power law: hundreds of times
A{ITFS (2 A3Jy2NB vy NI
but not if power-law distributed
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Once every 30,000,000
(or every 7years?

A How unusual was the European heat wave of 2003?
A Tens of thousands of deaths
A Western Europe was utterly unprepared

A Summer 2003 was 5.4 standard deviations above
mean temperature for 1862000

A With normal distribution, a 5.4summer would
occur once every 30 million years
A Eastern Europe had a similar heat wave in 2010
A If such extreme events happen every 7 years,
temperatures are not normally distributed
A Other evidence of nomormal climate data
A Hurricane size, intensity are good fits to power laws

probability

te mperature




In nature:

Tipping points, phase transitions
Fixed requirements for ecosystem stability
Powerlaw patterns seen near transitions
Younger Dryas:

Ice dam in Canada broke, releasing fresh glacial
meltwater into North Atlantic, turning off Gulf

Stream for ~1000 years

In finance, two separate stories:

1.

Interaction between noise traders (trenc
followers) and value traders creates
episodic bubbles, crasheand/or

Trading among very unequal participan
creates extreme events when the bigge
traders buy or sell



Why not cosbenefit analysis?

AU.S.: federal government requires comparison of
costs and benefits for all major regulations

ALO R2SayQiu ¢2N]J X F2NJ 42 Ylyé NBlFaz2yaoo
AdGht R LINPOof SYaeg 2F YAaftSFEFRAY3I Y2y SiA
A Asymmetry: complete costs vs partial benefits?
A Ethical problems of pricing priceless values
A Simple (simplistic?) economics widely used
A Externalities valued at zero by default
A Proposed valuations subject to lengthy, contested debate
AdbSgé LINRPOf SYaé NBfI USR
A Averages, expected values trivialize extreme risks
A Meaningful numbers are not always available

A If all you have is a calculator, everything looks like a number
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How large is a typical crisis?

A Costbenefit analysis weighs costs of policy vs.
benefits of avoiding crisis

A Size of future crises is deeply uncertain
At 26 SNI T gY T @OSN)FIS R2SayQi
average Is absurdly large
A But average is needed for cesenefit calculations

ACalculate weighted average across all scenarios?
A9l OK aOSYIINRAR2Qa f2aaSa 6S i Fuki e
A This works well if probabilities are normally distributed, o e N
if worst-case risks are very unlikely -

Aln reality, worst cases are hard to rule out

A Catastrophic losses have only moderately low probabilitie

A Weightedaverage value of reducing climate risk could be
tAUSNItfte AYTAYALS 02SA0UI




The mystery of the bond market

AWhy does anyone ever buy bonds?
Al SN IS NI OGS 2F NBUdAzZNY F c
A 20-year investment: stocks do better 90% of the time

Aaoljdza e LINBYAdzy Lzl T € Séx
A 30 years of debate yields several theories about risk

A Extra risk aversion for catastrophic losses?

A Investors are moderately averse to normal risks, but have
extra dislike of rare, disastrous crashes (1929, 2008)

A Separate views of current losses, future risks
A A plausible but technically complex solution
A Behavioral economics of loss?

A Psychic cost of a small loss outweighs an equal gain

A Stocks go up and down constantly; check prices too often
and it feels like a net loss

# » ? o ’/r?b . .
- 1 A Climate analogues of all these theories call for more
< o . . - . .
~-# " active precautionary policies to reduce emissions




