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Spring 2022

Agenda

Last week
• Externalities
This week
• Prices vs. quantities: EU ETS as an example
• Policy measures in general
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Repeat: Of models and economics and this course
Empirical economics
• We are interested in understanding what causes something
• Have some hypothesis of an effect
• Ideal setting: Run an experiment that randomly assigns
subjects to treatment and control groups
• Try to find other sources of variation to identify the causal
relationship
Theory helps us to
1. Clarify thinking: Understand mechanisms
2. Identify what to look for empirically
3. Give guidance in situations where empirics are lacking
2

Recap: Costs and damages

Figure 1: Pollution damages.
Source: Muller, Mendelsohn and Nordhaus, AER, 2011.
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In-class exercise: Simple market for emission reductions
We’ll organize a market (of sorts) to cut 50% of CO2 emissions:
1. You own a firm that emits 1 MtCO2 per year.
2. You can abate emissions or buy a permit to emit from the
market.
3. The abatement action is costly. Your abatement cost will
depend on the ordinal number of the first letter of your first
name (A = 1, B = 2, . . . ), use a proxy if needed.
4. Assume the market is competitive. This should help you to
place a bid based on your cost
- Go to presemo.aalto.fi/eee to place your bid

Let’s proceed by 1) counting the total emissions, 2) setting a
target 3) guessing the market clearing price, & 4) computing the
actual outcome.
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Repetition: The cost-benefit question
Marginal cost,

∂Ci (ai )
∂ai ,

should equal the marginal gain,

N
∂B (a1 , ..., aN )
∂Ci (ai )
=∑ i
∂ai
∂ai
i =1

Often the gains depend on the sum of actions so that
Bi (a1 , ..., aN ) = B (a1 + ... + aN ) and
∂C (a )
∂C1 (a1 )
= ... = N N = NB 0 (a1 + ... + aN )
∂a1
∂aN
|
{z
}
Cost efficiency

Cost efficiency: marginal abatement cost (MAC) should be
equalized across agents.
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The instrument choice question: taxes
• τ, tax per unit of pollution
• ui , unrestricted pollution by source i
• ui − ai , pollution after abatement
Firm i problem is to minimize costs:

min Ci (ai ) + τ (ui − ai )
ai

The firm chooses
∂Ci (ai )
=τ
∂ai
Since this holds for all firms, we have
∂C1 (a1 )
∂C (a )
= ... = N N
∂a1
∂aN
Cost efficiency!
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The instrument choice question: tradable pollution rights
• E , total amount of pollution rights (permits)
• ei , endowment of permits for i so that e1 + ... + eN = E
• p, market price for permits
Firm i problem is to minimize costs:
min Ci (ai ) + p (ui − ai − ei )
ai

The firm chooses
∂Ci (ai )
=p
∂ai
Since this holds for all firms, we have
∂C1 (a1 )
∂C (a )
= ... = N N
∂a1
∂aN
Cost efficiency! The result does not depend on how endowments
are allocated to individual firms as long as the sum remains E .
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Summary: the choice between prices and quantities
• Permits and taxes are equivalent instruments:
∂Ci (ai )
= τ ⇒ ai (τ ) ⇒ ∑ ui − ai (τ ∗ ) = E
∂ai
i ∈I
|
{z
}
{z
}
|
abatement depends on tax

tax τ ∗ leads to emissions E

∂Ci (ai )
= p ⇒ ai (p ) ⇒ ∑ ui − ai (p ∗ ) = E
∂ai
i ∈I
{z
}
|
{z
}
|

abatement depends on price

price p ∗ leads to emissions E

• Thus, the government can set the tax τ ∗ (price) and then
quantity E emerges from firms’ choices, or it can set E
(quantity) and then price p ∗ emerges from firms’ choices
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Price uncertainty
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Figure 2: Prices per ton of SO2 in dollars.
Source: Schmalensee, Richard, and Robert N. Stavins. 2013. ”The SO2 Allowance Trading System: The Ironic
History of a Grand Policy Experiment.” Journal of Economic Perspectives, 27 (1): 103-22.
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Uncertainty: the choice between prices and quantities

• As we have seen: prices and quantities are equivalent
instruments if the regulator knows the benefit and abatement
costs
• It is enough to know the aggregate costs, information about
each firm’s private cost is not needed
Uncertainty about the aggregate cost of emissions reductions
changes the equivalence between prices and quantities: they lead
to different outcomes
• The choice between prices and quantities depends on the
slopes of benefit and cost curves
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Uncertainty: Prices vs. quantities

Figure 3: The analysis is easier if emissions (instead of abatement) are
the dependent variable. Emissions cause damages, abatement causes
benefits. This figure shows the link.
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Uncertainty: Prices vs. quantities

Figure 4: For firms, abatement causes costs, but there is demand for
emissions. This figure shows the link.
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Uncertainty: Prices vs. quantities

Let us first use these new figures to restate the equivalence
between prices and quantities.
• Let D be the market demand of emissions. Without
regulation, firms would produce until D=0. See figures below.
• The social marginal damage is MD, so that in the social
optimum D=MD
• Price regulation: tax set at a level where D=MD (in Figures
t denotes the tax)
• Quantity regulation: limit the supply of permits E as long as
damages exceed costs
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Uncertainty: Prices vs. quantities
Now: uncertainty about demand for emissions D
• If D is not know at the time of regulation, D is only the
expected value of emissions to firms. The true, realized value
could be D’, e.g., due to a boom in the economy. Then, the
neither of the instruments is ex post optimal
• The social losses are given by areas A and B
• Depends on the relative slopes of the D and MD curves
• If MD is very steep, it is better to use permits. Makes sense:
when serious damage can occur from excessive taxation, it is
better to fix quantities. Toxic waste, for example.
• If MD is very flat, taxes are better. This is an argument for
taxes in climate change.
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Prices vs. quantitites

Figure 5: The difference between taxes and permits under uncertainty.
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Prices vs. quantitites

Figure 6: With steep marginal damages, taxes can imply huge losses.
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Prices vs. quantitites

Figure 7: With constant marginal damages, tax optimal.
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Illustration: The NOx Budget Trading Program (NBP)

• NBP run in Eastern U.S. states in 2003-2008.
• Covered 2,500 electricity generating units and industrial
boilers; 700 coal-fired electricity generating units in the
market accounted for 95 percent of all NBP NOx emissions.
• Purpose to address regional air pollution that contributes to
the formation of ozone.
• Later replaced by other regulation.

18

The impact on emissions

Figure 8: Daily average NOx emissions in thousands of tons.
Source: Deschenes, Olivier, Michael Greenstone, and Joseph S. Shapiro. 2017. ”Defensive Investments and the
Demand for Air Quality: Evidence from the NOx Budget Program.” American Economic Review.
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Costs and benefits from reductions
Costs of abatement
• The mean resulting permit price in the emissions market was
USD 2,523 per ton of NOx.
• Provides an upper limit to the abatement costs, around USD
1.1 billion annually.
Improvements in air quality produced substantial benefits:
• Positive health effects of around USD 2.1 billion annually
- Medication expenditures decreased by about 1.6 percent or
roughly USD 800 million annually
- Summertime mortality rate declined by up to 0.4 percent,
corresponding to 1,975 fewer premature deaths per summer,
from VSL estimates: about USD 1.3 billion annually.

• Not estimated: emissions can impact crop yields, visibility, the
value of outdoor activities, the purchase of air filters, etc.
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Table 6—The Welfare Impacts of the NBP and the Social Benefits of NOx and Ozone Reductions
Mortality:
Medication Medication
costs
copayments
($ million) ($ million)
(1)
(2)

Panel A. An upper bound estimate of NBP’s social costs
Upper bound per year
–
–
Upper bound, 2003–2007 total
–
–

Monetized
Number of value
deaths ($ million)
(3)
(4)

Total
Total
using (1) using (2)
($ million) ($ million)
(5)
(6)

–
–

–
–

$1,076
$4,843

$1,076
$4,843

1,975
8,887

$1,319
$5,935

$2,139
$9,625

$1,480
$6,660

Panel C. The annual social benefits of NOx reductions in NBP states (million tons)
Regressions based on …
All counties
$938
$178
6,048
$4,039
Counties with NOx emissions
$531
$103
3,127
$2,088

$4,977
$2,620

$4,217
$2,192

$2,066
$704

$1,818
$637

Panel B. Estimates of the NBP’s benefits
Total per year
$820
Total 2003–2007
$3,690

$161
$725

Panel D. The social benefits of ozone reductions in NBP states (ppb)
1 ppb ozone decrease
$290
$41
2,660
$79
$11
937
1 Less day with ozone > 65 ppb

$1,777
$625

Notes: All dollar amounts are in 2015 constant dollars deflated using BLS CPI for urban consumers. The mortality impact estimates without dollar signs are number of deaths. The monetized mortality impact uses the VSL of
$2.27 million (2015 dollars) from Ashenfelter and Greenstone (2004) and the age adjustments from Murphy and
Topel (2006, p. 888). The implied VSLs are as follows: $2.26 million (infants); $1.78 million (age 1–64); $0.7 million (age 65–74); and $0.3 million (age 75+). Total 2003–2007 decrease due to NBP assumes impact is for half
of 2003 summer and for all of summers 2004–2007. NBP cost upper bound is based on the permit price of about
$2,523/ton US$(2015) and estimated total abatement quantity of 427,000 tons. The numbers in panel A comes
from multiplying together the mean NBP allowance price per ton, the effect of the NBP on county-level NOx emissions (Table 2, column 4), and the number of counties in the NBP states (1,185). The numbers in panels B–D come
from multiplying together regression estimates of how the NBP, NOx, or ozone affects medication costs or mortality by the total number of people in the NBP states in the year 2005 (136 million people). Specifically, panel B,
column 1, uses the estimate from Table 3, column 3. Panel B, columns 2–3 use the estimates from Table 4, column 3, panel C. Panel C, column 1 uses the estimate from Table 5, column 1, panel B. Panel C, columns 2–3 use
the estimate from Table 5, panel B, column 3. Panel D, column 1 uses the estimate from Table 5, panel B, column 2.
Panel D, columns 2–3 use the estimate from Table 5, panel B, column 4. Panel D estimates are based on regressions using counties with ozone monitors. All estimates apply to the full population in NBP states. See the text for
further details.

75 and
over.
The implied VSLs are as follows: $2.3 million (infants), $1.78 million
Source: Deschenes et al.,
AER,
2017.
(ages 1–64), $0.7 million (ages 65–74), and $0.3 million (ages 75+). The applica-
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Prelude: Market changes, overlapping policies
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Figure 9: Prices per ton of SO2 in dollars.
Source: Schmalensee, Richard, and Robert N. Stavins. 2013. ”The SO2 Allowance Trading System: The Ironic
History of a Grand Policy Experiment.” Journal of Economic Perspectives, 27 (1): 103-22.
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EU ETS
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Figure 10: Prices per ton of CO2 in euros. Shaded regions describe the
phases I–IV.

Source: EEA, ICE.
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Two basic questions about EUA prices

1. Are the price fluctuations a problem?
• Low prices are a departure from the socially optimal CO2 price
paths (e.g. Nordhaus).
• High volatility can hinder investments.
• The system could have been designed differently → a hybrid
system with properties of both price and quantity regulation.
2. How to make the prices more predictable?
• Banking of permits after phase 1
• Market Stability Reserve introduced in phase 3
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How to limit price fluctuations?

Theoretical solution is a hybrid instrument: emissions trading
with price limits
• Introduces a price collar: see next page
• Provides a safety-valve for prices in booms and price discovery
in recessions
- government sells more permits at pre-determined price pH if
demand is high
- government buys back permits at pre-determined price pL if
demand is low
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Price fluctuations: a hybrid system

Figure 11: Stabilizes prices and improves efficiency!
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Market Stability Reserve

Surplus of 1749 million allowances at the start of phase 3
→ low prices, low emissions reductions
• Politically a challenge to set a tighter cap.
• Backloading of auction volumes in 2014–2016.
• Did not reduce the overall number of allowances to be
auctioned during phase 3.
• Longer-term solution, MSR started in January 2019.
• Based on stock of permits held by firms: the more firms store,
the more the MSR reduces supply.
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EU ETS – How’s it going?
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Figure 12: Prices per ton of CO2 in euros

Source: EEA, ICE.
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Market Stability Reserve

Figure 13: Shock lowers future expected demand (Perino et al. 2021.)
• MSR stabilizes based on stock of permits
- Ok in the case of past oversupply (e.g. 2013)
- Not ok in the case of changed expectations (see Figure)
• Contracting supply is effective against past oversupply but
counterproductive in case of anticipated increases in scarcity

→ Stabilization should be based on prices.
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Policy relevance

Three best seller topics:
• Passthrough of costs
• Risk of carbon leakage
• Is EU ETS reducing emissions?
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Pass-through of EU ETS costs

Figure 14: EU ETS increases end product prices, even the polluting
firms can benefit.
Source: Fortum.
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Pass-through of EU ETS costs

Figure 15: EU ETS increases end product prices, free initial allocation
gives wind-fall profits.
Source: Bloomberg.
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Carbon leakage
Many potential channels:
1. Competitiveness: emission constraints increase the price of
output worldwide and thereby encourage production in regions
without climate policy (intensive margin)
2. Investments: return on investment in energy-intensive
production is larger in regions without climate policy
(extensive margin)
3. Energy prices: decrease in the price for fuels can lead to
increase in demand in emissions elsewhere
According to IPCC 2007, the leakage rate could be 5 − 20% of
Kyoto reductions (AR4 WGIII Technical Summary). In simulation
models, average leakage rates range between 10 − 30%.
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Policy response to leakage: Exemption

Figure 16: Sectors exempt from permit auctions.

Source: Martin, Muûls, de Preux and Wagner. AER, 2014.
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Carbon leakage
Carbon leakage is the reason to care about allocations
• In theory: permit endowments (initial allocations) do not
matter (as we have seen earlier)
• But carbon leakage can make a difference: climate policies are
not universal, firms may relocate to places with less stringent
policies
- a situation where carbon emissions are transferred from one
location to another due to the absence of climate regulations
- for example, Finnish companies might relocate to other
countries due to climate regulation in Finland, unless they are
somehow compensated for the regulations

• Who should receive such compensation and how much?
- firms demand pollution endowments for free: “grandfathering”
- alternatively, the government could sell all permits in an
auction
35

Policy response to leakage: Subsidies

Figure 17: Illustration from Finland: Energy taxes refunded and the
number of firms receiving a refund. Exemptions also in other EU
countries.
Source: Laukkanen, Ollikka and Tamminen, VATT 2019.
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Case study: Impact of EU ETS to emissions

• What is the impact of EU ETS to emissions in 2005–2012?
- Emissions should decrease, if economics works
- Uncertainty over the magnitude: Oil prices 25% higher
2005-2015 compared to 2005; recession; low EU ETS prices.

• Empirical strategy is to use a natural experiment
- Not all carbon-emitting plants are regulated.
- Inclusion criteria at installation level related to production
capacity.
- Causal effect identified through matching.

• Reading assignment provides an update!

Source: Dechezleprêtre, Nachtigall and Venmans, OECD 2018.
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If cap does not bind, is there an impact to emissions?

Figure 18: Overall cap and verified emissions from EU ETS installations
2005–2015.
Source: Dechezleprêtre, Nachtigall and Venmans, OECD 2018.
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Difference in development within EU ETS and (just) outside

Figure 19: Emission trend before and after the EU ETS after matching.
Source: Dechezleprêtre, Nachtigall and Venmans, OECD 2018.
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Reduction of emissions

Figure 20: The causal impact of the EU ETS in the baseline scenario.

Source: Dechezleprêtre, Nachtigall and Venmans, OECD 2018.
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Reduction of emissions

Figure 21: The effect of the EU ETS on aggregate emissions reductions.

Source: Muüls et al., 2022.
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Summary of EU ETS

• Efficient in theory, not immune to other policies
• Exemptions and subsidies to prevent carbon leakage are given
to firms but they are not grounded in research.
• Still, working as indented: Emissions going down!
• System improving over time, EU committed for the long haul.
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