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Webinar Logistics

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

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

ÅPlease send any questions on the content of the webinar to 
webinar@synapse-energy.com

ÅDuring the Q&A session, the panelists will answer written questions that 
have been sent to webinar@synapse-energy.com

ÅPlease use the chat feature only to notify the host if you are having a 
technical issue with the WebEx software or audio

www.synapse-energy.com  |  Send questions to webinar@synapse-energy.com

mailto:webinar@synapse-energy.com
mailto:webinar@synapse-energy.com
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Who we are

Synapse Energy Economics

ÅFounded in 1996 by CEO Bruce Biewald

ÅResearch and consulting firm specializing in energy, economic, and 
environmental topics

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

ÅAll non-confidential publications and open-source tools available for 
free at www.synapse-energy.com

www.synapse-energy.com  |  Send questions to webinar@synapse-energy.com

http://www.synapse-energy.com/


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 worst-case risks

Is your house likely to burn down? 

Fire risks are 
close to zero
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Probability of fire at any one house 0.3% per year

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

But we still 
care about 
worst cases

Many people still buy fire insurance!
Similar probability for death of young parents ς

but many buy life insurance
The worst case is too dangerous toignore

What climate and financial risks are as likely 
as ahouse fire or death of a young parent?
Iƻǿ Řƻ ǿŜ άōǳȅέ ŎƻƭƭŜŎǘƛǾŜ ƛƴǎǳǊŀƴŎŜΚ



How fast can temperatures change?

Temperature changed 5°C per century at beginning and end of Younger Dryas

Boston + 5°C = Raleigh, North Carolina
Boston - 5°C = northern Maine (Millinocket, Baxter State Park)
Illinois + 5°C = Arizona

Too fast for infrastructure, agriculture, society to change?
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Stock prices change slowly ςmost of the time
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Daily percentage changes in S&P 500

Today: even flatter than 2006. Are 
we near the end of another bubble?



Tolstoy, physics, and the bell curve

ÅModern economics emerged in early 1870s, influenced by physics

ÅWar and Peace(1869) explores meaning of war and history, using 
metaphors from physics (and much else)
ÅDemonstrates prestige of physics, broad intellectual awareness of the field

ÅPhysics at the time focused on equilibrium models
ÅRandom events described by bell curve ςextreme events are almost unknown

ÅhǘƘŜǊ ǳƴǊŜŀƭƛǘƛŜǎ άōŀƪŜŘ ƛƴǘƻέ ŜŎƻƴƻƳƛŎ ǘƘŜƻǊȅ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ
ÅHomo economicusςasocial, perfectly informed and rational behavior

ÅNo externalities, no monopoly power

Gas particles collide, 
exchange energy, 

reach equilibrium

Buyers and sellers meet, 
exchange goods and money, 

reach equilibrium?



A good 
theory, 

spoiled by 
facts

Å1900: Louis Bachelierproposes Brownian-motion model of stock prices
Å Implies normal distribution of price changes

ÅMany things arenormally distributed, as if resulting from many small, 
independent effects
ÅPictured: height of U.S. women in their thirties

ÅCould the same be true of stock prices?

ÅIgnored for years, .ŀŎƘŜƭƛŜǊΩǎwork was rediscovered in 1950s

ÅModern theories of finance (efficient markets) build on Bachelier

Å!ƴ ŜƭŜƎŀƴǘ ƛŘŜŀΣ ōǳǘΧ empirically false
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Abnormal markets
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1950-2013

(Bottom slice of upper 
graph, vertical scale 100x)

Stock market is not normally distributed:

1. Too many days with near-zero changes
2. Too few days in mid-range (0.5 ς3%)
3. Too many extreme days ( > 4%)

N        = 16,102
mean = 0.034%
ˋ = 0.972%
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Trillions, or just hundreds?
ÅFar better fit to data on financial extremes:
ÅPower law: y = kx-n

ÅStraight line on ratio (log-log) graph

ÅImplies a very non-normal distribution

ÅIn my S&P dataset (~16,000 observations)
ÅҔпˋΥ м ƛŦ ƴƻǊƳŀƭƭȅ ŘƛǎǘǊƛōǳǘŜŘΤ ур ƛƴ ǊŜŀƭƛǘȅ

ÅҔуˋΥ мл-11 if normally distributed; 8 in reality

ÅQuantitative intuition about extreme risks: 
Ƙƻǿ ƳǳŎƘ ƭŜǎǎ ƭƛƪŜƭȅ ŀǊŜ уˋ ǾǎΦ мèvents?
ÅNormal distribution: trillions of times (literally)

ÅPower law: hundreds of times

Å{ŀŦŜ ǘƻ ƛƎƴƻǊŜ уˋ Ǌƛǎƪǎ ƛŦ ƴƻǊƳŀƭƭȅ ŘƛǎǘǊƛōǳǘŜŘΣ 
but not if power-law distributed
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Once every 30,000,000 
(or every 7)years?

ÅHow unusual was the European heat wave of 2003?
ÅTens of thousands of deaths 

ÅWestern Europe was utterly unprepared

ÅSummer 2003 was 5.4 standard deviations above 
mean temperature for 1864-2000
ÅWith normal distribution, a 5.4̀summer would 

occur once every 30 million years

ÅEastern Europe had a similar heat wave in 2010
ÅIf such extreme events happen every 7 years, 

temperatures are not normally distributed

ÅOther evidence of non-normal climate data
ÅHurricane size, intensity are good fits to power laws



What causes extreme events?
In nature:

Tipping points, phase transitions
Fixed requirements for ecosystem stability
Power-law 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 (trend 

followers) and value traders creates 
episodic bubbles, crashes; and/or

2. Trading among very unequal participants 
creates extreme events when the biggest 
traders buy or sell 



Why not cost-benefit analysis?

ÅU.S.: federal government requires comparison of 
costs and benefits for all major regulations
ÅLǘ ŘƻŜǎƴΩǘ ǿƻǊƪΣ ŦƻǊ ǎƻ Ƴŀƴȅ ǊŜŀǎƻƴǎΦΦ

ÅάhƭŘ ǇǊƻōƭŜƳǎέ ƻŦ ƳƛǎƭŜŀŘƛƴƎ ƳƻƴŜǘƛȊŀǘƛƻƴ 
ÅAsymmetry: complete costs vs partial benefits?

ÅEthical problems of pricing priceless values

ÅSimple (simplistic?) economics widely used
ÅExternalities valued at zero by default

ÅProposed valuations subject to lengthy, contested debate

ÅάbŜǿ ǇǊƻōƭŜƳǎέ ǊŜƭŀǘŜŘ ǘƻ ŜȄǘǊŜƳŜ ŜǾŜƴǘǎ
ÅAverages, expected values trivialize extreme risks

ÅMeaningful numbers are not always available
ÅIf all you have is a calculator, everything looks like a number



How large is a typical crisis?

ÅCost-benefit analysis weighs costs of policy vs. 
benefits of avoiding crisis

ÅSize of future crises is deeply uncertain
ÅtƻǿŜǊ ƭŀǿΥ ŀǾŜǊŀƎŜ ŘƻŜǎƴΩǘ ŜȄƛǎǘΣ ƻǊ ǾŀǊƛŀǘƛƻƴ ŀǊƻǳƴŘ 

average is absurdly large

ÅBut average is needed for cost-benefit calculations

ÅCalculate weighted average across all scenarios?
Å9ŀŎƘ ǎŎŜƴŀǊƛƻΩǎ ƭƻǎǎŜǎ ǿŜƛƎƘǘŜŘ ōȅ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƻŎŎǳǊǊƛƴƎ

ÅThis works well if probabilities are normally distributed, or 
if worst-case risks are very unlikely

ÅIn reality, worst cases are hard to rule out
ÅCatastrophic losses have only moderately low probabilities

ÅWeighted-average value of reducing climate risk could be 
ƭƛǘŜǊŀƭƭȅ ƛƴŦƛƴƛǘŜ ό²ŜƛǘȊƳŀƴΩǎ ά5ƛǎƳŀƭ ¢ƘŜƻǊŜƳέύ



The mystery of the bond market
ÅWhy does anyone ever buy bonds?
Å!ǾŜǊŀƎŜ ǊŀǘŜ ƻŦ ǊŜǘǳǊƴ Ғ с Ǉƻƛƴǘǎ ƘƛƎƘŜǊ ǿƛǘƘ ǎǘƻŎƪǎ

Å20-year investment: stocks do better 90% of the time

Åά9ǉǳƛǘȅ ǇǊŜƳƛǳƳ ǇǳȊȊƭŜέΣ ǇǳōƭƛǎƘŜŘ ƛƴ мфур
Å30 years of debate yields several theories about risk

ÅExtra risk aversion for catastrophic losses?
ÅInvestors are moderately averse to normal risks, but have 

extra dislike of rare, disastrous crashes (1929, 2008)

ÅSeparate views of current losses, future risks 
ÅA plausible but technically complex solution

ÅBehavioral economics of loss?
ÅPsychic cost of a small loss outweighs an equal gain

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

ÅClimate analogues of all these theories call for more 
active precautionary policies to reduce emissions


