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– Why and How



New interest in a carbon tax (2010)
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New interest in a carbon tax (2017)
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Why? Environmental groups want more
certainty about emissions
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6
29 VA. TAX REV. 381 (2009)
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Long history of writing about cap and trade 
with price ceilings and floors
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Why focus on cap-and-trade with price collar?

• Practical. Easier to implement without centralized information.
• Within a compliance period, conduct multiple auctions with a price floor.

• Allow regulated firms to pay a fee in lieu of allowances.

• Or, include tiered auctions at different reserve prices.

• Market actors do all the work.

• Tax requires collecting emission information and then make an adjustment.  
Do it well:  model necessary adjustment (including seasonality and trends).

• Regulator does all the work.
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Why focus on cap-and-trade with price collar?

• Political.  We see these policies in practice
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Cap and trade with price collar in practice

11Source:  Burtraw and Keyes (2018).  Agriculture and Resource Economics Review.



Cap and trade with price collar in practice
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Source:  Busch (2017). 
Oversupply grows in the 
western climate initiative 
carbon market.  
www.energyinnovation.org



Why focus on cap-and-trade with price collar?

• Welfare.  Welfare analysis favors taxes because marginal damages 
tend to be flat.
• Why try to make a tax more like an emission limit?
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Cap and trade with price collar in theory
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Cap and trade with price collar in practice
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• Prices and quantities 
yield similar results 
when costs are known.

• With uncertain cost 
shocks, outcomes 
differ.

• When marginal 
benefits are flat, taxes 
have a welfare 
advantage.
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quantity regulation.reductions→ 

←emissions



Why do we think marginal damages are flat?
(even in terms of cumulative emissions)
• Little evidence of temperature thresholds in empirical literature.

• The probabilistic relationship between cumulative emissions and 
temperature “smears out” any temperature threshold.

• Uncertainty about other country actions smears out the relationship 
between US and global emissions.

18



Source:  IPCC (2018).  Global Warming of 1.5°C.



Why focus on cap-and-trade with price collar?

• Welfare.  Welfare analysis favors taxes because marginal damages 
tend to be flat.
• Why try to make a tax more like an emission limit?

• If we are trying to make a tax more like an emission limit, what is our 
objective?

• How do you combine minimizing costs without some notion of maximizing 
benefits, if marginal benefits are a vertical line at the target?  

• Even ignoring costs, how bad is it to frequently miss the target a little bit, 
versus missing it occasionally by a lot?
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Hafstead and Williams (2020).  Review of Environmental Economics 
and Policy, Volume 14, Issue 1, Winter 2020, Pages 95–113



Contribution and Roadmap
• Contributions:

We develop a welfare objective based on the idea that a quantity target 
ought to represent a discontinuity in otherwise flat marginal damages 
from cumulative emissions.
We use recent policy proposals to calibrate marginal damages
We then show how we can use this welfare objective to 

1. Pick better parameters for a hybrid tax policy
2. Motivate better hybrid tax policy designs.  Foreshadow:  we can beat React…

• Roadmap:
• Marginal damages as revealed social preferences.
• Model for simulating emissions and costs.
• Policy comparisons

• Simple taxes and ETS.
• Simple adjustments, but different forms, with parameters based on objective.

• Key observations and tradeoffs
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A welfare objective for a tax paired with an 
emission target
• Stakeholders are focused on a cumulative emission target, say ത𝐸, are willing to 

vary the tax up to a point to achieve it.

• Suggests a marginal benefit/damage function:

𝑀𝐷 𝐸𝑇 = 𝑎 + (𝑏 − 𝑎) ⋅ 1 𝐸𝑇 ≥ ത𝐸

where 𝐸𝑇 is cumulative emissions in a final period 𝑇, 𝑀𝐷(𝐸𝑇) represents 
marginal damages, and 𝑏 > 𝑎.

• Welfare measured across many states of nature 𝑠 is then given by

−𝑆−1෍

𝑠=1

𝑆

𝑎𝐸𝑇
𝑠 + 𝑏 − 𝑎 (𝐸𝑇

𝑠 − ത𝐸)1 𝐸𝑇
𝑠 ≥ ത𝐸 −෍

𝑡=1

𝑇

𝑒−𝛿𝑡𝐶𝑡
𝑠(𝑒𝑡

𝑠)
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climate damages in final period T mitigation costs



Calibrating a damage function
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Policy Proposal Carbon Price and Escalation Rate

Deutch-Rooney Starts at $15/ton. Increases $10/year, or $15 if target not met in previous year.

Whitehouse-Schatz
Starts at $52/ton. Increases annually 6% above CPI. Increases by only CPI when emissions 
at least 80% below 2005 levels.

Coons-Feinstein Starts at $15/ton. Increases $15/year, or $30/year if target not met in previous year.

Rooney (and Lipinksi)
Starts at $30/ton. Increases annually 5% above CPI. Increases by additional $3/ton 
biennially if cum. emissions > target.

Lipinski (and Rooney)
Starts at $40/ton. Increases annually 2.5% above CPI. Escalation phased out once 
emissions 80% below 2005 levels.

Larson Starts at $52/ton. Increases annually 6% above CPI.

Fitzpatrick-Carbajal
Starts at $35/ton. Increases annually at 5% above CPI, and additional $4/ton biennially if 
cum. emissions > target.

Calibrating a damage function

25Note:  Van Hollen – Beyer is only a cap. 



Calibrating a damage function
Tax rates for the seven proposals with a tax rate
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Calibrating a damage function
Tax rates for the seven proposals with a tax rate
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Calibrating a damage function
Four proposals with a “high” tax rate
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Four proposals with a “high” tax rate
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Calibrating a damage function
Seven proposals with a target

31

-1

-0.8

-0.6

-0.4

-0.2

0

2020 2025 2030 2035 2040 2045 2050

P
ro

p
o

rt
io

n
 c

h
an

ge
 f

ro
m

 2
0

0
5

Deutch-Rooney Whitehouse-Schatz (80%) Coons-Feinstein Rooney (80%)
Lipinski Fitzpatrick Van Hollen-Beyer Harris-Pizer



Calibrating a damage function
Seven proposals with a target
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Harris-Pizer is estimated OLS regression line.
Cumulative emissions = ഥ𝑬 = 78.5 billion MT



Calibrating a cost function
Uncertainty about future emissions
• Real GDP

Δ log 𝑌𝑡 = 𝜙Δ log 𝑌𝑡−1 + 𝜇𝑔 1 − 𝜙 + 𝜀𝑡

• Emissions intensity (E/Y)

Δ log
𝑒𝑡
𝑌𝑡

= 𝛼1Δ log
𝑒𝑡−1
𝑌𝑡−1

+ 𝛼2Δ log
𝑒𝑡−2
𝑌𝑡−2

+𝜇𝑟 1 − 𝛼1 + 𝛼2 + 𝜂𝑡

• Data
• Use 1985-2015

• GDP (Y): Chained 2009$

• CO2 (E): U.S. carbon dioxide emissions
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Calibrating a cost function
Uncertainty about future emissions
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Calibrating a cost function
Estimating mitigation costs
• Martin Ross DIEM-CGE model

• Emission reduction:

𝑀𝐶𝑡(𝑟𝑡) = 𝛽1,𝑡𝑟𝑡 + 𝛽2,𝑡𝑟𝑡
2

• For simulations:  
• Realized emissions:

1 − 𝑟𝑡(𝑡𝑎𝑥) ෝ𝑒𝑡
where Ƹ𝑒 is predicted baseline emissions

• Costs: area under marginal cost curve
NPV each year (discounted at 4%)
Summed (and sometimes annualized)
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Summarizing:  
Climate damages and mitigation costs model:

• Climate damages
• $34 per ton up to 78 billion tons cumulative emissions, 

then $143 per ton. 

• Baseline emissions are about 180 billion cumulative tons 
2020-2050 (6 billion / year).

• Baseline damages ~$1 trillion / year.

• Mitigation costs
• 30% reductions start at ~$125/ton, $125B/year in 2020

• 30% decline to ~$25/ton in 2050, $25B/year in 2050
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Different possible policies

• “ETS.”  Each period, use a forecasting model to set the price to be the best 
estimate of the cost-minimizing path to hit the target.  Approximates what 
a cap-and-trade policy would do. (a) regular ETS; (b) with $34<prices<$134.

• Standard tax.  (c) expected emissions match target; (d) maximize objective.
• O-Level.  Two price paths, different starting prices, both rising at 4%.  Price 

each period is chosen from one of the two paths, depending on whether  
cumulative emissions exceed a threshold.

• O-Growth.  Two price paths, one starting price, different growth rates. Price 
each period is chosen from one of the two paths, depending on whether  
cumulative emissions exceed a threshold.

• O-React.  One starting price.  Carbon price rises each period by 4% or a 
“penalty” rate, depending on whether cumulative emissions exceed a 
threshold.

All parameters and cumulative emission thresholds for “O-policies” chosen to 
maximize welfare



• O-LEVEL.
parameters:
thresholds, 
high/low price

• O-RATE.
parameters: 
thresholds, 
starting price, 
high/low growth

• O-REACT.  One starting price.  Carbon price rises
parameters:  thresholds,
high/low growth e

Different possible policies

O-Level, and O-
Growth, O-React 
allow the various 
policy parameters to 
be endogenously 
determined in 2020 
to maximize welfare.p

ri
ce
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Mitigation 
costs 

($B/yr)

Climate 
damages 
($B/yr)

Net 
benefits 

relative to 
no policy 
($B/yr)

Net 
benefits 

relative to 
ETS (%)

Net 
benefits 

relative to 
tax, ÷ ETS 
relative to 

tax (%)

Expected 
cumulative 
emissions

(billion MT)

Expected 
marginal 
damages 
($/ton)

No policy 0.00 985.40 0.00 -100 NA 181.3 142.50

(a-b) ETS & price collar 161.72 152.21 671.47 0.0 100 78.5 85.84

(c) Tax to hit target 159.71 169.46 656.24 -2.3 -0.1 78.5 85.98

(d) Tax to min objective 169.57 158.46 657.37 -2.1 0.0 76.2 71.99

(e) O-Level 164.80 152.70 667.90 -0.5 74.7 77.9 72.79

(f) O-Growth 165.24 152.71 667.44 -0.6 71.4 77.8 71.01

(g) O-REACT 168.46 152.06 664.88 -1.0 53.3 77.0 70.38

Results
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Results:  Cumulative emissions
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Results:  NPV Costs (annualized)
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Results:  Final Price (discounted to 2020)
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Price paths
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Price paths
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Cumulative emission thresholds
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Conclusions

1. Carbon taxes that adjust based on an emission target require rethinking our 
welfare measure, perhaps based on a revealed preference climate damage 
function.

2. With a welfare function in hand, we can examine optimized policies as well as 
compare variations in the policy design.

3. Simulations:  The welfare differences among all the policies are relatively small 
compared to the overall welfare gain. This is because the reductions are quite 
substantial compared to the uncertainty.

4. Simulations:  All the optimized tax policies that adjust to try hit the target do 
well compared to a simple tax—achieving 50-75% of the welfare difference 
between the simple tax and the optimal ETS.

5. Simulations:  A policy that allows larger price adjustments in the future 
performs better.  In the future, there is more confidence about whether you 
are above or below the target.
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