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Roadmap

1. Weather markets (Schlenker and Taylor, 2021): do traders forecast

weather and climate?
2. Municipal bond markets (Painter, 2020): is sea level rise capitalized into

municipal financing costs?

o Marginal damages
3. Prediction markets (Meng, 2017): what is the probability of environmental

regulation?
4. Equity markets (Meng, 2017): what is the financial impact of expected

environmental regulation?
o Marginal abatement costs
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Betting on the weather

The purpose of this lecture is to see whether financial markets price climate
risk

Our first step: prove to ourselves that traders even recognize climate change
How?

Studying the market for weather derivatives
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Betting on the weather

Weather derivatives are a
way for weather-exposed
firms to manage climate
risk

e Which kind of firms?

® Portland

U.S. Cities
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Betting on the weather

Weather derivatives are a
way for weather-exposed
firms to manage climate
risk

e Which kind of firms?

CME offers contracts
based on weather indices
in 13 cities (mostly US)

U.S. Cities

5/77



Betting on the weather

Winter contracts are based on heating degree days (HDD)
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Betting on the weather

Winter contracts are based on heating degree days (HDD)
e HDD =max(0, 65°F - daily average temperature): how much colder than 65
Summer contracts are based on cooling degree days (CDD)

e CDD =max(0, daily average temperature - 65°F): how much warmer than
65

ldea is 65°F is about where you would heat or cool a building to during the day
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Betting on the weather

How do the contracts work?

The contracts are bought and sold like regular assets, but the settlement price
is explicitly based on the realized HDD/CDD

CME contracts work where the settlement price is: 20 x CDD/HDD

e If the July CDD contract is trading at 300 CDDs, the contract costs

20 x 300 = 6000
e |f actual July CDDs are 330, a buy-side trader profits:

20 x (330 — 300) = 600
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Betting on the weather

Who might buy/sell weather contracts?
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Betting on the weather

Who might buy/sell weather contracts?
Natural gas suppliers in the Northeast
e Natural gas suppliers profit more when winter is cold (why?)

Do these firms want to buy or sell winter HDD contracts to manage risk?

Sell, Why?
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Betting on the weather

Selling a winter HDD contract is a bet that HDDs will be low — winter will be
warm
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Betting on the weather

Example:

e The winter HDD contractis trading at 1250
e At 1250 HDDs, NYSEG expects to generate $80 million in profit
e Anincreasein HDDs of 1 increases profits by $80,000

If NYSEG sells Y winter HDD contracts, and the realized winter HDD is
HDDactual:

e |tsfutures market profitsare: Y x 20 x (1250 — HDD ,ctya1)
e |ts natural gas profits are: 80,000, 000 4 80,000 x (HDDytyq — 1250)

Futures profits down in HDD,.,.;, natural gas profits go up
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Betting on the weather

Example:

e The winter HDD contractis trading at 1250
e At 1250 HDDs, NYSEG expects to generate $80 million in profit
e Anincreasein HDDs of 1 increases profits by $80,000

How many contracts should NYSEG sell if it wants to eliminate all risk?

Eliminate risk by setting sum of futures market profit and HDD-related
natural gas profit to zero

Y x 20 x (1250 — HDDgtyq1) + 80,000 X (HDDgepyqr — 1250) = 0

Y = 4,000 contracts 11/77



Betting on the weather

Who else might participate in these markets (summer or winter)?

e Farmers

e Amusement parks

o Electricity utilities

e Snow plow services

e People who think they have better private information
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Betting on the weather

Who else might participate in these markets (summer or winter)?

e Farmers

e Amusement parks

o Electricity utilities

e Snow plow services

e People who think they have better private information

The market price should aggregate everyone's beliefs about weather

If traders actually internalize climate information, we should see weather
derivative prices respond to weather and climate forecasts
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Betting on the weather

Schlenker and Taylor (2021) study whether the contract prices capitalize
expected short-run weather, and long-run climate change
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Betting on the weather

Schlenker and Taylor (2021) study whether the contract prices capitalize
expected short-run weather, and long-run climate change

The first step is to see whether short-run weather is capitalized into the price

How do they do it?

1. Compute the weather anomaly: how much warmer or cooler aday is
relative to its average (accounting for overall warming over time)
2. Compute whether the change in the price from open to close on a given day

is associated with weather anomalies
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Betting on the weather

1-3 day forecasts are essentially
perfect now

10 day forecasts have 40% "skill":
40% smaller error than if you just
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long-run average
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Betting on the weather

Forecasts >10 days out have little

skill — little information value
Forecasts 1-3 days out have near- §
perfect skill, their informationis  §
probably already capitalizedby *
prior forecasts 5-7 days ago
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Betting on the weather

We should expect forecasts 3-10

days out to matter the most for
contract prices g
We should expect little to zero g
effect of 1-3 day forecasts,and  ~
10+ day forecasts
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July CDD prices for Laguardia airport

July in NY averages about 400
CDDs

Each year from 2001-2020
(different color lines) differs in
terms of actual CDDs (price at 0),

and expected CDDs (prices to the
left of O)

Price of July contract for LGA
250 300 350 400 450 500 550 600
| | | | 1 1 1

-70

-60

-50

-40 -30 -20
Days before end of delivery month

-10
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July CDD prices for Laguardia airport

In general, prices don't move much
further than 10 days before the
start of July — consistent with
short-run 10+ day forecasts not
being skillful

Price of July contract for LGA
250 300 350 400 450 500 550 600
| | | | 1 1 1

Differences across years can be
from long-run trends, El Nino, etc

-60
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-40 -30 -20
Days before end of delivery month

-10
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July CDD prices for Laguardia airport

Once we near the actual month
(about -40), forecasts are skillful

They start trending toward their
realized values (at O)

Price of July contract for LGA
250 300 350 400 450 500 550 600
| | | | 1 1 1

From -30 to O we are in the actual

month and observe some of the
realized CDDs

-60

-50

-40 -30 -20
Days before end of delivery month

-10
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Betting on the weather

So far we just eyeballed data, but now we want to actually compute whether
the change in the price from open to close on a given day is associated with

weather anomalies
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Betting on the weather

So far we just eyeballed data, but now we want to actually compute whether
the change in the price from open to close on a given day is associated with
weather anomalies

Schlenker and Taylor estimate a regression model of how weather anomalies
up to 1 week before some day ¢, and up to 3 weeks after day t affect the
change in the contract price during day ¢

Let's think through the intuition before seeing the results
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Betting on the weather

Schlenker and Taylor estimate a regression model of how weather anomalies
up to 1 week before some day ¢, and up to 3 weeks after day ¢t affect the

change in the contract price during day ¢

Should weather anomalies 3 days ago (i.e. in the past) affect the change in the

contract price today?

No! It should have already been priced in
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change in the contract price during day ¢
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Betting on the weather

Schlenker and Taylor estimate a regression model of how weather anomalies
up to 1 week before some day ¢, and up to 3 weeks after day ¢t affect the

change in the contract price during day ¢

Should weather anomalies in the future affect the change in the contract price

today?

Yes! Skillful forecasts should predict future weather anomalies, if traders use
these forecasts then future weather anomalies should affect the current price

change

e Suggests forecasts 10+ days ahead might not affect the price
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Futures prices predict future weather

X-axis: days before (left) and after
(right) current trading day

Y-axis: change in contract price
given a 1°C higher CDD anomaly
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Futures prices predict future weather

Past weather Future weather
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Negative 7s are past days / weather anomalies, positive 7s are future days /
weather anomalies 23/77



Futures prices predict future weather

Past weather Future weather
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Futures prices predict future weather

Future weather

Past weather

What does all this mean?
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Futures prices predict future weather

Past weather Future weather

What does all this mean?

.25
|

2

Since future weather can only

15
|

N

affect today's contract price

.05
|

through forecasts (future weather
hasn't happened yet!)...

Capitalization of weather shock
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1
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Traders also are using the info
correctly because prices are positively associated with weather anomalies
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Futures prices predict future weather

Past weather Future weather

.25
|

Does the weather anomaly get

2

fully capitalized?

15
|

N

e |sthe market accurately pricing
in future weather?

Capitalization of weather shock
05

-05 0
1

-1

-.15
I

!
!
|
!
!
|
!
!
!
T T I I T T T T T T T T T I T
6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22
Days T relative to previous close

26/77



Futures prices predict future weather

Past weather Future weather

.25
|

Does the weather anomaly get

2

fully capitalized?

15
|

N

e |sthe market accurately pricing
in future weather?

Capitalization of weather shock
05

-05 0
1

If so the total capitalizationofa 1
CDD anomaly should addup to 1

-1

-.15
I

!
!
!
!
!
|
|
!
!
T T T I I T T T T T T T T T I
6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22
Days T relative to previous close

26/77



Futures prices predict future weather

Past weather Future weather
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Futures prices predict future weather
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Futures prices predict future weather

Black line: the cumulative sum of
the previous black line

Adding up over all days gives a
sumof 1

The market fully internalizes
short-run weather!

1.2

1

Cumulative capitalization of weather shock

-2

.8
I

6
I

4
I

2
I

0
!

Past weather

Future weather

| T | T I T T T 1 | |
2 4 6 8 10 12 14 16 18 20 22

Days T relative to previous close

27177



Futures prices predict future weather
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Futures prices and long-run climate

Weather futures capitalize short-run weather
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Futures prices and long-run climate

Weather futures capitalize short-run weather
What about long-run changes in climate?
If so, the long run trends in futures prices should match either:

1. Long run trends in weather
2. Predicted trends from climate models

28/77



Futures prices predict long-run climate

Y-axis: CDD/HDD relative
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Futures prices predict long-run climate
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Futures prices predict long-run climate
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Longer-run changes in futures prices closely track climate models, weather to

a lesser extent
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Bonds

Bonds: what are they?
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Bonds

Bonds: what are they?

[Wiki] A bond is a type of security under which the issuer (debtor)
owes the holder (creditor) a debt, and is obliged - depending on the
terms - to repay the principal (i.e. amount borrowed) of the bond at
the maturity date as well as interest (called the coupon) over a

specified amount of time.
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Bonds

Bonds: what are they?

[Wiki] A bond is a type of security under which the issuer (debtor)
owes the holder (creditor) a debt, and is obliged - depending on the
terms - to repay the principal (i.e. amount borrowed) of the bond at
the maturity date as well as interest (called the coupon) over a

specified amount of time.

Bonds are assets, can be traded on secondary markets
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Bonds

Why do bonds exist?
Bonds are a way to raise money:

o Attimet,issue bonds with maturity T°

e Get money from creditors
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Bonds are a way to raise money:

o Attimet,issue bonds with maturity T°

e Get money from creditors

e Pay back interest/coupon over time betweentand T
e Pay back principal at some futuredatet + T

We will focus on municipal bonds (munis) for pricing climate risk, why?
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Municipal bonds
Why munis for pricing climate risk?
Suppose Starbucks has coffee packaging plants in Miami

Miami is expecting disastrous sea level rise, what can Starbucks do to manage
it?

Move its plants somewhere else away from the ocean

The city of Miami does not have the same option: it bears the full potential
cost of sea level rise
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How do munis work?

Local governments issue munis for financing public projects (roads,
infrastructure, etc)

Debt is typically paid back in a pre-specified way

e General obligation bonds: paid using tax revenue
e Revenue bonds: project-specific revenue (e.g. parking garage revenues)

General obligation bonds are typically less risky
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Municipal bonds

How do bonds work?

They have some face value F'V, the price paid when the bond matures

They pay out a coupon (assume annually) C

They trade on the bond market at some price P which will depend on:

e The face value

e The coupon

e When the bond matures

e Other underlying economic conditions
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Municipal bonds

We can define the yield to maturity y as:

t=1

y is the effective interest rate the investor is getting on a price P bond

C
(1+y)

_F

FV

(1+y)t
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y is the effective interest rate the investor is getting on a price P bond
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Municipal bonds

We can define the yield to maturity y as:

T
vV
P= n
; 1+y (1+y)*

y is the effective interest rate the investor is getting on a price P bond

Given some price P, a higher yield y means that the flow of coupons C or face
value F'V must be higher

Given some coupon C and face value F'V, a higher yield y means a lower price
P
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Municipal bonds

Why would future climate risk be capitalized into munis? Examples for why?

1. If climate change (e.g. sea level rise) destroys infrastructure, raises
municipal costs, raises risk of bankruptcy and non-payment of the bond

2. If climate change induces people to leave, this shrinks the tax base, makes it
more difficult for the municipality to pay back the bond, raises risk of non-
payment

Factors like these should be priced into the bond if traders understand climate
risk
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Municipal bonds

Let's work with a simple one-period zero coupon example: C = 0,T = 1,
FV = 105:

105
(1+y)?

P =

Suppose there is no climate change and the market yield is 5%, the price of the
muni is:

39/77



Municipal bonds

Let's work with a simple one-period zero coupon example: C = 0,T = 1,
FV = 105:

105
(1+y)?

P =

Suppose there is no climate change and the market yield is 5%, the price of the
muni is:

105

P = = 100
1+ .05
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Municipal bonds

Now suppose we are considering the same muni, but there is a 7% chance that
the city will be destroyed by sea level rise before next year

e Additional 7% chance that the bond will not be paid

To bear this additional risk, traders will demand a higher yield (lower price)
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Municipal bonds

We can solve for the new price:

1 1
0o X (1—.07) = 0o

— X
1+.06 2 1+.05 1+4.075

1/(1+.075)

and the associated yield:

1 1

— X
14y 1+.05

1.05

1
= 93

93

(1-.07) = -

1.05
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Municipal bonds

The additional 7% climate risk:

e Decreased the price by 7% from 100 to 93
e Increased theyield by 7.9 percentage points from 5% to 12.9%
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Municipal bonds

The additional 7% climate risk:

e Decreased the price by 7% from 100 to 93
e Increased theyield by 7.9 percentage points from 5% to 12.9%

As climate risk rises, traders demand greater yields to offset the chances of
non-payment

We can measure the financial risks of climate change by looking at how places
with different climate risk have munis with different yields
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Municipal bonds and sea level rise

Painter (2020) looks at how sea level rise (SLR) risk affects bond yields
e Also looks at other things outside what we're doing in class
How should SLR affect bond yields of different maturities?
SLR is a slow phenomenon, will matter increasingly over the next century

e non-existent in the short run: short-term bonds shouldn't be affected
e only shows up in the long run: long-run bonds should be affected if
investors care
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Municipal bonds and sea level rise

City County Mean Annual Loss (MM$) Climate Risk
New Orleans, LA Orleans 1940 1.479%
Miami, FL Miami Dade 2964 0.420%
Tampa/St. Petersburg, FL Hillsborough, Pinellas 948 0.324%
Virginia Beach, VA Virginia Beach 328 0.173%
Boston, MA Suffolk 849 0.149%
Baltimore, MD Baltimore 299 0.104%
LA /Long Beach/Santa Ana, CA Los Angeles, Orange 217 0.097%
New York, NY/ Newark,NJ Bronx, Kings, New York, Queens, Richmond, Essex 2159 0.089%
Providence, RI Providence 135 0.083%
Philadelphia, PA Philadelphia 309 0.044%
San Francisco/Oakland, CA San Francisco, Alameda 185 0.042%
Houston, TX Walker, Montgomery, Liberty, Waller, Austin, 214 0.038%
Harris, Chambers, Colorado, Wharton, Fort Bend,
Galveston, Brazoria, Matagorda
Seattle, WA King 90 0.023%
Washington D.C. Washington 91 0.016%
San Diego, CA San Diego 14 0.004%
Portland, OR Multnomah 4 0.002%
San Jose, CA Santa Clara 2 0.001%

Climate risk: expected percent loss of city GDP

Where is the climate risk?
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Municipal bonds and sea level rise

Panel A: Descriptive Statistics by Climate Risk

Climate Bonds Non-Climate Bonds
(1) (2) (3) (4) (5) (6) (7) (8)
N Mean Median SD N Mean Median SD

Total Annualized Cost (%) 40161  3.03 2.93 1.52 210695 2.95 2.85 2.17
Gross Spread (%) 41766  0.54 0.49 0.30 217113 0.60 0.53 0.33
Yield (%) 40300 3.02  3.00 142 269820 291  2.85  1.37

What does the raw data say about climate/SLR exposed and non-exposed
munis?

45/77



Municipal bonds and sea level rise

Panel A: Descriptive Statistics by Climate Risk

Climate Bonds Non-Climate Bonds
(1) (2) (3) (4) (5) (6) (7) (8)
N Mean Median SD N Mean Median SD

Total Annualized Cost (%) 40161  3.03 2.93 1.52 210695 2.95 2.85 2.17
Gross Spread (%) 41766  0.54 0.49 0.30 217113 0.60 0.53 0.33
Yield (%) 40300 3.02  3.00 142 269820 291  2.85  1.37

What does the raw data say about climate/SLR exposed and non-exposed
munis?

Climate(-exposed) bonds are 8 basis points more expensive to offer
11 basis points higher yield
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Yield

Comparing munis offered
in the same state and year,
controlling for other
factors:

Areas at risk for SLR must
offer greater yields by
16pp

Panel B: Yield for Long-Term and Short- Term Bonds

Long-Term Short-Term
O 3 @
Dependent Variable:  Yield Yield Yield Yield
Climate Risk 0.161** 0.070
(2.219) (1.462)
Ln(Climate Risk) 0.203* 0.079
(1.816) (1.008)
Controls Yes Yes Yes Yes
State-Year FE Yes Yes Yes Yes
Observations 27,355 27,355 291,746 291,746
R-squared 0.503 0.503 0.839 0.839
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Gross spread

They have higher gross
spreads (higher

underwriter search costs):

10-15bp higher for long-
term bonds

Panel C: Gross Spread for Long-Term and Short-Term Bonds

Long-Term Short-Term
(1) (2) (3) (4)
Dependent Variable: Spread Spread Spread  Spread
Climate Risk 0.108** -0.004
(1.972) (-0.072)
Ln(Climate Risk) 0.152** 0.019
(2.188) (0.222)
Controls Yes Yes Yes Yes
State-Year FE Yes Yes Yes Yes
Observations 24,514 24514 234,321 234,321
R-squared 0.368 0.369 0.326 0.326
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Maturities

Panel A: Long-Term Specifications

Effect is larger for longer-

(1) (2) (3) (4) (5)

matu nty bonds: bonds Issue Maturity: ~ > 20 Years > 30 Years > 2036 > 2041 > 2046
maturing Ln(Climate Risk)  0.198* 0.656**  0.205%  0.489%  1.540%**
(1.876) (2.171)  (1.705) (1.714)  (2.967)

Controls Yes Yes Yes Yes Yes

State-Year FE Yes Yes Yes Yes Yes

Observations 46,191 6,665 25,307 8,495 2,095

R-squared 0.368 0.232 0.339 0.222 0.160
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Credit ratings

SLR matters most for
bonds with lower ratings:

Non-high grade munis
costs are 50bp higher with
higher climate risk

Long-Term Short-Term

(1) (2) (3) (4)

Credit Rating: < AA- > AA- < AA- > AA-
Ln(Climate Risk) 0.527** 0.141  0.107  0.091
(2.041) (0.686) (0.878) (0.634)
Controls Yes Yes Yes Yes
State-Year FE Yes Yes Yes Yes
Observations 5,339 14,095 43,714 187,529
R-squared 0.609 0.238 0.090 0.724
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What does this all mean?

We've seen that places more exposed to SLR:

e Must offer higher yields on long-term bonds, with yields increasing in time
to maturing

e Incur higher gross spreads

e Must offer even higher yields if they do not have a high credit rating
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What does this all mean?

We've seen that places more exposed to SLR:

e Must offer higher yields on long-term bonds, with yields increasing in time
to maturing

e Incur higher gross spreads

e Must offer even higher yields if they do not have a high credit rating

Think about the long-run equilibrium of economic activity, where people live,
etc

What does this suggest will happen?
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What does this all mean?

1. Capital is becoming more expensive in SLR-exposed cities
2. These cities will be less able to fund public projects (e.g. parks), making

them less desirable
3. Marginal households who value these projects move elsewhere

4. Tax base shrinks — feedback loop

Does this tell the whole story?
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What does this all mean?

Alternatively:

1. Capital is becoming more expensive in SLR-exposed cities

2. These cities will be less able to fund public projects (e.g. parks), making
them less desirable

3. City funds adaptation projects (e.g. sea walls) to reduce exposure,
decreasing yields and capital costs

In both cases, muni markets serve an important function for directing
resources and people to the most productive areas
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Prediction markets

Control of the Senate

@

Which party will win the Senate?

Prediction markets are N
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where traders bet on

binary outcomes
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Which party will win the Senate?

Prediction markets are N
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where traders bet on
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Prediction markets

Control of the Senate
You can buy ashare (asset) ..., ‘erparywilwinthesenater o
Fr o Iy =

@

for whether the event will

happen or not happen
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Prediction markets

Control of the Senate

YOU can buy 3 Share (asset) Which party will win the Senate?
. Fr o Iy =
for whether the event will
happen or not happen
72C 16
The price of this share is:
. . @

/2c for Republicans
winning 306

e 32c for Democrats
winning
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Prediction markets

After the election:

e The shares for the winning side pay off $1 each
e The shares for the losing side are worth $0

What does the prediction market tell us?
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Prediction markets

After the election:

e The shares for the winning side pay off $1 each
e The shares for the losing side are worth $0

What does the prediction market tell us?
Let's think about the economics of the market

e The cost of a share be c¢dollars
e Your belief about the probability of an event happening be p percent
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Prediction markets

Based on your beliefs about the event, your expected profit from buying a
shareis:[px 14+ (1 —p) x0] —c
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Prediction markets

Suppose p < ¢, what happens?

You expect a loss, you start selling your existing shares...
This drives down the price c

Thisistrueaslongasp < ¢

Individual profit motives always drive c toward p

The price of the share tells us the market's expectation about the
probability of the event!

57177



Waxman-Markey

The most important US climate policy of the 2000s was the 2009 American
Clean Energy and Security Act: aka Waxman-Markey (WM)
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Waxman-Markey

The most important US climate policy of the 2000s was the 2009 American
Clean Energy and Security Act: aka Waxman-Markey (WM)

What did WM propose to do?

Set an annual cap on CO, emissions that starts in 2012 and declines over time
to:

e 83% of 2005 levelsin 2020
e 58% of 2005 levels in 2030
o 17% of 2005 levels in 2050
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Waxman-Markey

WM allowed permits to be traded
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Waxman-Markey

WM allowed permits to be traded and also banked and borrowed

e Banked: permits not used this year can be saved

e Borrowed: can emit more than retired permits today on the promise of
retiring the extra necessary permits in the future

e Borrowing had an 8% interest rate
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Waxman-Markey

How did WM allocate permits (info here)?
Most were freely allocated:

o 35% of permits go to electric utilities
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Waxman-Markey

How did WM allocate permits (info here)?
Most were freely allocated:

o 35% of permits go to electric utilities
e 9% of permits go to natural gas distributors
e 1.5% of allowances go to states to buffer users of home heating oil and
propane
o 15% gotoenergy-intensive, trade-exposed industries
o Over 5% energy intensity & 15% trade intensity — free permits
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Waxman-Markey

How did WM allocate permits (info here)?
Most were freely allocated:

o 35% of permits go to electric utilities
e 9% of permits go to natural gas distributors
e 1.5% of allowances go to states to buffer users of home heating oil and
propane
o 15% gotoenergy-intensive, trade-exposed industries
o Over 5% energy intensity & 15% trade intensity — free permits

Rest are auctioned or given to different government agencies
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Waxman-Markey: the history

June 26, 2009: Waxman-Markey passes the House of Representatives (219-
212)

e 211/255 Democrats vote yes, 8/176 Republicans vote yes
e First cap and trade bill to be passed by congress!
e Still needs to pass the senate
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Waxman-Markey: the history

June 26, 2009: Waxman-Markey passes the House of Representatives (219-
212)

e 211/255 Democrats vote yes, 8/176 Republicans vote yes
e First cap and trade bill to be passed by congress!
e Still needs to pass the senate

2009/2010 senate: 59 Democrats/independents, 41 Republicans
All Democrats and one Republican need to vote yes for it to pass the senate

It took until April 2010 to convince one Republican... who was it?
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Waxman-Markey: the history

Lindsey Graham!

On Thursday April 22, 2010, after months of
negotiation:

John Kerry, Joe Lieberman, and Lindsey Graham
complete the senate-version of the bill

The unveiling of the bill was scheduled for Monday April
26,2010

You won't believe what happens next
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Waxman-Markey: the history

Senate Majority Leader Harry Reid (Nevada) was up for l
re-electionin 2010 |

In April, he was trailing his Republican challenger

On Thursday April 22,2010 Senator Reid announces the |
Senate will start working on an immigration bill 1

This makes political sense: at the time Nevada was 30% |
Hispanic/Latino

The Senate calendar couldn't accommodate both climate and immigration

legislation: Lindsey Graham thought it was cheap point scoring from Reid 63/77
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Waxman-Markey: the history

On April 13/19, 2010 the Arizona state house and
senate voted to pass SB 1070: the Support our Law
Enforcement and Safe Neighborhoods Act aka the Show
Me Your Papers Act

SB 1070 required state law enforcement to ask suspicious people to present
proof of legal immigration status, it also made it a crime to not have
immigration papers on hand

SB 1070 was incredibly controversial

It was unclear whether governor Jan Brewer would sign it
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Waxman-Markey: the history

Friday April 23,2010 Jan Brewer signs SB 1070 into law

This was seen by some as legalized racial profiling of the
Latino population

Immigration becomes the focal point of congress

10PM Friday April 23, 2010: Graham's aide e-mails
Lieberman's aide "Sorry buddy."

Graham formally states he refuses to delay a climate bill for immigration and
abandons his legislation
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Waxman-Markey: the probabilities
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Jun 26: House passes WM
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Nov 4: Graham joins senate effort
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Jan 19: Scott Brown wins Mass. IJW“M
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July 22: Senate drops cap and trade
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Waxman-Markey: the probabilities
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Markets almost never thought
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WM was a favorite to pass!
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o

(s ]
1
— |

Lieberman announcement,
probabilities were only 20%

o
(&)

0 1 2 345 6 17 & TMVLL_‘—

T T T T | T T
May 9 Aug. 9 Mov. 9 Feb. 10 May 10 Aug. 10 Mov. 10

Intrade price (prob. of Waxman-Markey passage)
o

67/77



Waxman-Markey: the probabilities

o
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The prediction market prices tell
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us the market's expectation of
climate legislation being
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The legislation itself tells us how
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much emissions must be reduced

Intrade price (prob. of Waxman-Markey passage)
o

information - the costs of the
legislation - we can back out the COy MAC
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Equity markets

We can back out the costs of the legislation from stock return data
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Equity markets

We can back out the costs of the legislation from stock return data
Let's write down a simple model of stock returns and firm value to see how

o P, :probability of WM passing
. VZ.;VM . the value of firm i on day ¢ if WM passes
e V.. :thevalue of firmiondaytif WM does not pass

e V.. :the expected value of firm ¢ on day ¢ based on the probability of WM
passing:
o Vit =P, xVy"+(1-P)xV,
o V;isthe prediction market weighted average

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 69/77
To keen it csimbnle acciime nothino elce ic chanoino hecideec WM nrobahilitiec



Equity markets

V;t—Pt VWM—I—(].—Pt)XV;;
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Equity markets

Vie =P x V" +(1-P)xV;

WM —
EWM _ V;,t _V;,t
’ Vit

Define E/VM as the percentage effect of WM on firm value:

EZWM tells us how much firm value changed as a result of WM going into effect
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Equity markets

Vie =P x V" +(1-P)xV;

WM —
EWM _ V;,t _V;,t
’ Vit

Define E/VM as the percentage effect of WM on firm value:

EZWM tells us how much firm value changed as a result of WM going into effect
Rewrite V; in terms of E/V:
Vig =V;y x 1+ P E"™)

The firm value on day ¢ is the value of the firm if WM doesn't pass (V; ; ), but
scaled up by the effect of WM (EZ.WM) times the chances WM passes ( F;)
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Equity markets
Vie =V,y x 1+ P EY)
Stock returns r; ; are the change in log firm value:

Vit

Vii—1

Y

it — In V},t —In Vi,t—l =In

We can write this as:

V., x (1+ P, E"™)

Vipa X (L+ P EVY)

it — In
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Equity markets

T+ — In —
i,t—1 X (1 + Py EzVVM)
Vi (1+ B EVM)
r,: = Iln——1In =
Viii QA+P1E"Y)
i In(14z)~z In(14+z)~x |
V_ 7 7 N\ ' -\ ™~
rit = In Vft X |In(1+ P, EWM) —In(1+ P, E’ZWM)
it—1 ~ ~ < — v
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In 1=0 72/77
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Equity markets
rig = BEM — P BM = (P — P1) x B'Y

If no other determinants of firm value are changing from day-to-day, the stock
return tells us the effect of WM on firm value scaled by the change in the
probability that WM happens
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Equity markets
rig = BEM — P BM = (P — P1) x B'Y

If no other determinants of firm value are changing from day-to-day, the stock
return tells us the effect of WM on firm value scaled by the change in the

probability that WM happens

We have data on stock returns r; ;, we have data on market expectations
P, P, 1, we canthen get E/VM
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Equity markets: getting MAC

X-axis: energy intensity
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X-axis: energy intensity

No free permits Free permits
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Equity markets: getting MAC

X-axis: energy intensity

No free permits Free permits

0.04

Red line: cut off for free permits

— 600

Y-axis: change in firm value from
WM
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0.04 —

Estimated Waxman-Markey effect

— 200
0.08 —

WM generally has a bigger

negative effect on firm valuations e — 1"
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Energy intensity

the more energy intensive the firm

But: getting free permits mitigates the negative impact!
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Equity markets: getting MAC

At an energy intensity of 5%, WM

No free permits Free permits

reduces firm value by about 6%! A A

0.04

— 600

This is the present value of the

— 400
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expected costs of having to buy

0.04 —

permits in an auction versus

Estimated Waxman-Markey effect

— 200

getting them for free

0.12 + ~0

HOW dO we get the MAC (i.e. the 001 o002 003 004 005 008 007 008 009

Energy intensity

implied permit price)?
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Equity markets: getting MAC

o 7:permit price/ MAC
e F.:emissions
e r:interestrate

The present value of the expected costsis: .06 = >, %
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Equity markets: getting MAC

o 7:permit price/ MAC
e F.:emissions
e r:interestrate

The present value of the expected costsis: .06 = >, %

If we have forecasts about emissions and the interest rate, we can solve for 7!
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Equity markets: getting MAC

L] L] L] L]
U h I d d I Assumed annual Corresponding
S I ng t e ISte eC I ne I n emissions rate (percent) sector (NAICS) 5th percentile Mean 95th percentile

. . o/ 0 - 1.26 4.59 7.72
emissions and a 5 /o |nte reSt rate ~0.70 Petroleum refining (324110) 1.33 4.88 8.19
—1.45 All manufacturing (31-33) 1.42 5.19 8.72
o —5.20 Forest products (321, 322) 1.93 7.05 11.84
h M AC —7.60 Alumina and Aluminum (3313) 2.32 8.49 14.26
g|VeS us t ese S —11.60 Cement (327310) 3.1 11.36 19.08
—12.80 Glass (3272) 3.37 12.34 20.73
—13.90 Transport. equip. (336) 3.63 13.29 22.32
—19.30 Textiles (313-316) 5.09 18.65 31.31
—25 - 6.99 25.57 42.94
—30 - 8.95 32.78 55.04
—35 - 11.25 41.18 69.15
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estimate in 2010
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~19.30 Textiles (313-316) 5.09 18.65 31.31
. I ' —25 - 6.99 25.57 42.94
In 2010 MACs we re...quite low! ~30 - 8.95 32.78 55.04
—35 - 11.25 41.18 69.15

At most 18 /tCO-, about 1/10 the current best estimate of MD, 1/3 the best
estimate in 2010

What does this imply about WM?

If MAC < MD, then the cap is below the socially efficient level
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