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I. Introduction

Integrated assessment models:
• empirically relevant or just test laboratories?

• perfect world or distorted world? (Nordhaus 1994+, Barrage 2018)

Climate policy and distortions:
• tax interaction effect (Bovenberg and de Mooij 1994, Parry 1995, Goulder 1995, Bovenberg and 

Goulder 1996, Goulder, Parry, Williams, and Burtraw 1999, and Parry, Williams, and Goulder
1999). 

• market power (Smith 2009)
• discount rate  (Ramsey 1928, Pigou 1937, Solow 1974, Stern 2007)

• insecure resource tenure (Long 1975, Adelman 1986, Weijermars 2015) 
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Distortions in our paper:
• discount rate premium in resource markets
• a capital cost premium in resource markets
• OPEC cartel in crude oil (limit pricing) 
• pre-existing distortionary taxes across the economy

Our IAM:
• aggregated world model of growth, climate, and taxation
• disaggregated energy sector including:

• coal, 
• oil, 
• natural gas, 
• hydroelectricity, 
• clean backstop for fossil fuels



I. Introduction

source %
Oil 10.1
Natural gas 25.2
Coal 22.7
Nuclear -6.9

Hydroelectricity 35.0

World Consumption Growth of Energy, 2005-2015

Source: BP (2016)
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Our IAM (cont.):
• aggregated world model of growth, climate, and taxation

• simultaneous exploitation of energy sources, despite price differentials
• three corrective policy interventions: 

• a carbon tax, 
• severance taxes on coal, oil and natural gas, 
• economy-wide tax reform. 

• simulate optimal time paths of severance and carbon taxes in the first-best as well as a variety of 
second-best scenarios (different stages of tax reform). 

• Barrage (2016) includes distortionary taxation but not fossil fuel markets
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Conclusions:
• governments should rationalize the existing toolkit of taxation in the energy sector – royalties, 

end-user (excise) taxes, emissions tax, severance taxes, rent taxes 

• rely on an economy-wide emission tax, a common resource rent tax and sector-specific severance 
taxes

• royalties and end-user taxes should be removed, including excise taxes on gasoline
• overarching result: coal is presently under-taxed, oil overtaxed, and natural gas taxed about right 



II. Model Structure

Production and damages:

𝑄𝑄𝑡𝑡 = 𝜁𝜁𝑡𝑡 𝛼𝛼𝐾𝐾𝐾𝐾𝑡𝑡
𝜎𝜎−1
𝜎𝜎 + 𝛼𝛼𝐿𝐿𝐿𝐿𝑡𝑡

𝜎𝜎−1
𝜎𝜎 + 𝛼𝛼𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡

𝜎𝜎−1
𝜎𝜎

𝜎𝜎
𝜎𝜎−1

𝑌𝑌𝑡𝑡 = 𝐷𝐷𝑡𝑡𝑄𝑄𝑡𝑡

𝐷𝐷𝑡𝑡 = ⁄1 1 + 𝜉𝜉𝑇𝑇𝐸𝐸𝑡𝑡2



II. Model Structure

Energy sectors:

𝐹𝐹𝑡𝑡 = 𝛼𝛼𝐶𝐶𝐿𝐿𝐶𝐶𝐿𝐿𝑡𝑡
𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹 + 𝛼𝛼𝑂𝑂𝑂𝑂𝑡𝑡

𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹 + 𝛼𝛼𝐸𝐸𝑁𝑁𝐸𝐸𝑁𝑁𝑡𝑡

𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹

𝜎𝜎𝐹𝐹
𝜎𝜎𝐹𝐹−1

𝐹𝐹𝑡𝑡 = 𝛼𝛼𝐶𝐶𝐿𝐿𝐶𝐶𝐿𝐿𝑡𝑡
𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹 + 𝛼𝛼𝑂𝑂𝑂𝑂𝑡𝑡

𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹 + 𝛼𝛼𝐸𝐸𝑁𝑁𝐸𝐸𝑁𝑁𝑡𝑡

𝜎𝜎𝐹𝐹−1
𝜎𝜎𝐹𝐹

𝜎𝜎𝐹𝐹
𝜎𝜎𝐹𝐹−1

𝐹𝐹𝐹𝐹𝑡𝑡 = 𝐹𝐹𝑡𝑡 + 𝐵𝐵𝐾𝐾𝑡𝑡

𝐸𝐸𝐸𝐸𝑡𝑡 = 𝛼𝛼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡
𝜎𝜎𝐸𝐸𝐸𝐸−1
𝜎𝜎𝐸𝐸𝐸𝐸 + 𝛼𝛼𝐸𝐸𝐿𝐿𝐸𝐸𝐿𝐿𝑡𝑡

𝜎𝜎𝐸𝐸𝐸𝐸−1
𝜎𝜎𝐸𝐸𝐸𝐸

𝜎𝜎𝐸𝐸𝐸𝐸
𝜎𝜎𝐸𝐸𝐸𝐸−1



II. Model Structure

Capital accumulation and allocation:

𝐴𝐴𝑡𝑡 = 𝐾𝐾𝑡𝑡 + �
𝑋𝑋∈ 𝐶𝐶𝐿𝐿,𝑂𝑂,𝐸𝐸𝑁𝑁

𝑍𝑍𝑋𝑋,𝑡𝑡𝑋𝑋𝑡𝑡 + 𝑇𝑇𝑍𝑍𝐸𝐸𝐿𝐿,𝑡𝑡

𝐴𝐴𝑡𝑡+1 = 1 − 𝛿𝛿 Δ𝐴𝐴𝑡𝑡 + Δ � 𝐼𝐼𝑡𝑡

Output allocation:

𝑌𝑌𝑡𝑡 = 𝐶𝐶𝑡𝑡 + 𝐼𝐼𝑡𝑡 + �
𝑋𝑋∈ 𝐶𝐶𝐿𝐿,𝑂𝑂,𝐸𝐸𝑁𝑁

𝑂𝑂𝐶𝐶𝑋𝑋,𝑡𝑡𝑋𝑋𝑡𝑡 + 𝑇𝑇𝑂𝑂𝐶𝐶𝐸𝐸𝐿𝐿,𝑡𝑡 + 𝑃𝑃𝑡𝑡𝐵𝐵𝐾𝐾𝐵𝐵𝐾𝐾𝑡𝑡 + 𝑁𝑁𝑡𝑡



II. Model Structure

Preferences:

𝕎𝕎 = �
𝑡𝑡=1

∞
𝐸𝐸𝑡𝑡𝑈𝑈 𝑐𝑐𝑡𝑡 , ℓ𝑡𝑡, 𝑇𝑇𝐸𝐸𝑡𝑡

(1 + 𝜃𝜃)Δ(𝑡𝑡−1)

𝑈𝑈 𝑐𝑐𝑡𝑡 , ℓ𝑡𝑡,𝑇𝑇𝐸𝐸𝑡𝑡 =
𝑐𝑐𝑡𝑡 1 − 𝜙𝜙ℓ𝑡𝑡 𝛾𝛾 1−𝜌𝜌

1 − 𝜌𝜌
+

1 + 𝜅𝜅𝑇𝑇𝐸𝐸𝑡𝑡2 − 1−𝜌𝜌

1 − 𝜌𝜌
+ 𝒱𝒱 𝑁𝑁𝑡𝑡

−𝑈𝑈ℓ(𝑡𝑡)
𝑈𝑈 ⁄𝐶𝐶 𝐸𝐸(𝑡𝑡)

= 1 − 𝜏𝜏ℓ,𝑡𝑡 𝑤𝑤𝑡𝑡



II. Model Structure

Government – pre-existing fiscal instruments: 

𝜏𝜏ℓ,𝑡𝑡 , 𝜏𝜏𝐾𝐾,𝑡𝑡, 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 , 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡, 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑋𝑋 , 𝐵𝐵𝑡𝑡

Government – corrective policy variables:

𝜏𝜏𝐸𝐸,𝑡𝑡 , 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋
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Transition to backstop:

𝐷𝐷 �𝑇𝑇𝐸𝐸𝑡𝑡 𝑄𝑄𝐸𝐸𝐸𝐸 𝑡𝑡
�𝐸𝐸𝐸𝐸𝑡𝑡
�𝐹𝐹𝐹𝐹𝑡𝑡

1
𝜎𝜎𝐸𝐸𝐸𝐸 𝛼𝛼𝐹𝐹𝐹𝐹 ≤ 𝑃𝑃𝑡𝑡𝐵𝐵𝐾𝐾 + 𝜏𝜏𝑈𝑈,𝑡𝑡

𝐵𝐵𝐾𝐾 and  �𝐵𝐵𝐾𝐾𝑡𝑡 ≥ 0 with complementary slackness

𝐷𝐷 �𝑇𝑇𝐸𝐸𝑡𝑡 𝑄𝑄𝐸𝐸𝐸𝐸(𝑡𝑡)
�𝐸𝐸𝐸𝐸𝑡𝑡
�𝐹𝐹𝐹𝐹𝑡𝑡

1
𝜎𝜎𝐸𝐸𝐸𝐸 𝛼𝛼𝐹𝐹𝐹𝐹 ≤ �𝑃𝑃𝑡𝑡𝐹𝐹 and   �𝐹𝐹𝑡𝑡 ≥ 0 with complementary slackness 

Extractive Firms – Competition:

�𝜋𝜋𝑡𝑡𝑋𝑋 = 1 − 𝜏𝜏𝐾𝐾,𝑡𝑡 − 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡 1 − 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 𝑃𝑃𝑡𝑡𝑋𝑋 − 𝑂𝑂𝐶𝐶𝑋𝑋,𝑡𝑡 − 𝑟𝑟𝑡𝑡 + 𝑟𝑟∗ + 𝛿𝛿 𝑍𝑍𝑋𝑋,𝑡𝑡 − 𝜏𝜏𝐹𝐹,𝑡𝑡

𝑋𝑋 �𝑋𝑋𝑡𝑡

1 − 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 �𝑃𝑃𝑡𝑡𝑋𝑋 = �𝑂𝑂𝐶𝐶𝑋𝑋,𝑡𝑡 + 𝑟𝑟𝑡𝑡 + 𝑟𝑟∗ + 𝛿𝛿 �̂�𝑍𝑋𝑋,𝑡𝑡 + 𝜏𝜏𝐹𝐹,𝑡𝑡

𝑋𝑋 −
Δ �𝑃𝑃𝑡𝑡

𝐶𝐶𝐶𝐶𝐶𝐶,𝑋𝑋

1 − 𝜏𝜏𝐾𝐾,𝑡𝑡 − 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡
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Extractive Firms – Limit Pricing:

𝐷𝐷 �𝑇𝑇𝐸𝐸𝑡𝑡 𝑄𝑄𝐸𝐸𝐸𝐸 𝑡𝑡
�𝐸𝐸𝐸𝐸𝑡𝑡
�𝐹𝐹𝐹𝐹𝑡𝑡

1
𝜎𝜎𝐸𝐸𝐸𝐸 �𝐹𝐹𝑡𝑡

�𝑂𝑂𝑡𝑡

1
𝜎𝜎𝐹𝐹
𝛼𝛼𝐹𝐹𝐹𝐹𝛼𝛼𝑂𝑂 = �𝑃𝑃𝑡𝑡𝑂𝑂 + 𝜏𝜏𝐸𝐸,𝑡𝑡 + 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑂𝑂

�𝑃𝑃𝑡𝑡𝑂𝑂 =
𝒫𝒫𝑂𝑂 + 𝜏𝜏𝐹𝐹,𝑡𝑡

𝑂𝑂

1 − 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑂𝑂

Resource market equilibrium conditions – notice substitutability among 𝜏𝜏𝐸𝐸,𝑡𝑡, 𝜏𝜏𝑈𝑈,𝑡𝑡
𝑋𝑋 , and 𝜏𝜏𝐹𝐹,𝑡𝑡

𝑋𝑋 :

1 − 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 𝐷𝐷 �𝑇𝑇𝐸𝐸𝑡𝑡 𝑄𝑄𝐸𝐸𝐸𝐸 𝑡𝑡

�𝐸𝐸𝐸𝐸𝑡𝑡
�𝐹𝐹𝑡𝑡

1
𝜎𝜎𝐸𝐸𝐸𝐸 �𝐹𝐹𝑡𝑡

�𝑋𝑋𝑡𝑡

1
𝜎𝜎𝐹𝐹 𝛼𝛼𝐹𝐹𝐹𝐹𝛼𝛼𝑋𝑋 − 𝜏𝜏𝐸𝐸,𝑡𝑡 − 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑋𝑋 − 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 =

�𝑂𝑂𝐶𝐶𝑋𝑋 𝑡𝑡 + 𝐷𝐷 �𝑇𝑇𝐸𝐸𝑡𝑡 𝑄𝑄𝐾𝐾 𝑡𝑡 + 𝑟𝑟∗ �̂�𝑍𝑋𝑋 𝑡𝑡 +
Δ �𝑃𝑃𝑡𝑡

𝐶𝐶𝐶𝐶𝐶𝐶,𝑋𝑋

1 − 𝜏𝜏𝐾𝐾,𝑡𝑡 − 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡



III. Policy Scenarios

Scenario 1 (business-as-usual – BAU): 
• 𝜏𝜏𝐸𝐸,𝑡𝑡 = 𝜏𝜏𝐹𝐹,𝑡𝑡

𝑋𝑋 = 0 ∀𝑡𝑡,  
• 𝜏𝜏𝐾𝐾,𝑡𝑡 , 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑋𝑋 and 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 set to currently observed 𝑡𝑡 = 1 values ∀𝑡𝑡,

• 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡 = 0.25 ∀𝑡𝑡, 
• 𝐵𝐵𝑡𝑡 ≤ 𝑠𝑠𝐵𝐵𝑌𝑌𝑡𝑡 ∀𝑡𝑡,
• 𝜏𝜏ℓ,𝑡𝑡 set at a constant value to satisfy govt budget ∀𝑡𝑡.

Scenario 2 (first-best policy – lump sum taxes)
• 𝜏𝜏ℓ,𝑡𝑡 = 𝜏𝜏𝐾𝐾,𝑡𝑡 = 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑋𝑋 = 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 = 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡 = 𝐵𝐵𝑡𝑡 = 0,

• 𝜏𝜏𝐸𝐸,𝑡𝑡,  𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 , and −𝑇𝑇𝑡𝑡𝑁𝑁 (lump-sum tax) chosen to replicate the planner’s solution.



III. Policy Scenarios

Second-best (distortionary taxes)

Scenario 3 (climate tax shift): 𝜏𝜏𝐸𝐸,𝑡𝑡 optimized subject to:
• 𝜏𝜏𝑈𝑈,𝑡𝑡

𝑋𝑋 , 𝜏𝜏𝑅𝑅,𝑡𝑡
𝑋𝑋 , 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡, 𝐵𝐵𝑡𝑡 fixed at BAU rates,

• 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 = 0 ,

• labour and capital taxes fixed at exogenous BAU rates, except for revenue recycling
• Scenario 3(a): 𝜏𝜏𝐾𝐾,𝑡𝑡 fixed at exogenous BAU rate, 𝜏𝜏𝐸𝐸,𝑡𝑡 revenue recycled through 𝜏𝜏ℓ,𝑡𝑡
• Scenario 3(b): 𝜏𝜏ℓ,𝑡𝑡 fixed at exogenous BAU rate, 𝜏𝜏𝐸𝐸,𝑡𝑡 revenue recycled through 𝜏𝜏𝐾𝐾,𝑡𝑡

Scenario 4 (climate tax shift): same as Scenario 3 except:
• Remove 𝜏𝜏𝐾𝐾,𝑡𝑡 from resource rents; increase 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡 by a corresponding amount   



III. Policy Scenarios

Scenario 5 (optimal tax policy): 𝜏𝜏𝐸𝐸,𝑡𝑡, 𝜏𝜏𝑈𝑈,𝑡𝑡
𝑋𝑋 , 𝜏𝜏𝑅𝑅,𝑡𝑡

𝑋𝑋 , 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 , 𝜏𝜏ℓ,𝑡𝑡, 𝜏𝜏𝐾𝐾,𝑡𝑡, and 𝐵𝐵𝑡𝑡optimized subject to:

• 𝜏𝜏𝑅𝑅𝑅𝑅,𝑡𝑡 tax fixed at various levels

• in practice this means setting  𝜏𝜏𝐸𝐸,𝑡𝑡 = 𝜏𝜏𝑈𝑈,𝑡𝑡
𝑋𝑋 = 𝜏𝜏𝑅𝑅,𝑡𝑡

𝑋𝑋 = 0 ; focus instead on 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋

• once optimal path of 𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 is obtained, decompose it into a carbon component and a residual 

corrective tax as follows:



III. Policy Scenarios

Scenario 5 (cont.): 

𝜏𝜏𝐸𝐸,𝑡𝑡 =
1

𝑀𝑀𝑀𝑀𝐹𝐹𝑡𝑡
∑𝑠𝑠=1∞ 1

1+𝜃𝜃 Δs
−𝑈𝑈𝑇𝑇𝐸𝐸,𝑡𝑡+𝑠𝑠
𝑈𝑈 ⁄𝑀𝑀 𝐸𝐸,𝑡𝑡

𝜕𝜕𝑇𝑇𝐸𝐸𝑡𝑡+𝑠𝑠
𝜕𝜕 ∑𝑋𝑋 𝑋𝑋𝑡𝑡

+∑𝑠𝑠=1∞ 1
1+𝜃𝜃 Δ𝑠𝑠

𝜆𝜆𝑡𝑡+𝑠𝑠
𝜆𝜆𝑡𝑡

− 𝜕𝜕𝑌𝑌𝑡𝑡+𝑠𝑠
𝜕𝜕𝑇𝑇𝐸𝐸𝑡𝑡+𝑠𝑠

𝜕𝜕𝑇𝑇𝐸𝐸𝑡𝑡+𝑠𝑠
𝜕𝜕 ∑𝑋𝑋 𝑋𝑋𝑡𝑡

(88)

𝜏𝜏𝐹𝐹,𝑡𝑡
𝑋𝑋 = −𝑟𝑟∗�̂�𝑍𝑋𝑋,𝑡𝑡 + Δ �𝑃𝑃𝑡𝑡

𝐶𝐶𝐶𝐶𝐶𝐶,𝑋𝑋 − 𝜂𝜂𝑡𝑡𝑋𝑋

𝜆𝜆𝑡𝑡
+ 1

𝑀𝑀𝑀𝑀𝐹𝐹𝑡𝑡
∑𝑠𝑠=1∞ 𝐷𝐷𝑠𝑠 ∑𝑣𝑣=0𝑡𝑡+𝑠𝑠 𝐷𝐷𝑣𝑣−(𝑡𝑡+𝑠𝑠)𝜓𝜓𝑈𝑈𝑐𝑐,𝑣𝑣

𝑈𝑈𝑐𝑐𝑡𝑡
∑𝑋𝑋

𝜕𝜕𝜋𝜋𝑣𝑣𝑋𝑋

𝜕𝜕𝑇𝑇𝐸𝐸𝑡𝑡+𝑠𝑠

𝜕𝜕𝑇𝑇𝐸𝐸𝑡𝑡+𝑠𝑠
𝜕𝜕 ∑𝑋𝑋 𝑋𝑋𝑡𝑡

+

1
𝑀𝑀𝐶𝐶𝐹𝐹𝑡𝑡

∑𝑠𝑠=0𝑡𝑡 𝐷𝐷𝑠𝑠−𝑡𝑡𝜓𝜓 𝑈𝑈𝑐𝑐,𝑠𝑠
𝑈𝑈𝑐𝑐𝑡𝑡

𝜕𝜕𝜋𝜋𝑠𝑠𝑋𝑋

𝜕𝜕𝑋𝑋𝑡𝑡
+ ∑𝑋𝑋

𝜕𝜕𝜋𝜋𝑠𝑠𝑋𝑋

𝜕𝜕𝐸𝐸𝐸𝐸𝑡𝑡
𝐹𝐹2𝑋𝑋,𝑡𝑡 − 1

𝑀𝑀𝐶𝐶𝐹𝐹𝑡𝑡
∑𝑠𝑠=0𝑡𝑡 𝐷𝐷𝑠𝑠−𝑡𝑡𝜓𝜓 𝑈𝑈𝑐𝑐,𝑠𝑠

𝑈𝑈𝑐𝑐𝑡𝑡
∑𝑋𝑋

𝜕𝜕𝜋𝜋𝑠𝑠𝑋𝑋

𝜕𝜕𝐾𝐾𝑡𝑡
𝑍𝑍𝑋𝑋,𝑡𝑡 ,     𝑋𝑋 ∈ 𝐶𝐶𝐿𝐿,𝐸𝐸𝑁𝑁 (89)



III. Costs, parameters, and initial values

• coal – costs: GEA (2012) 
• oil and natural gas – costs: Aguilera (2014), Aguilera et al. (2009) 
• carbon factors: IEA (2016)  
• hydroelectricity – costs: Zhou et al. (2015), IRENA (2012)
• Initial values & climate parameters: Nordhaus (2013), Traeger (2014) 
• Population: United Nations (2004), Feenstra et al. (2015, 2016). 
• Preferences: Nordhaus (2013), Barrage (2016).  
• Government spending and transfers: Barrage (2016).  
• Government debt: IMF (2016a,b), worldbank.org. 
• Coal royalties: PWC (2017), EIA (2015), BP (2016), Australia (2016),

Western Australia (2015), Queensland (2016), 
NSW Mining (2017)



III. Costs, parameters, and initial values

• coal – costs: GEA (2012) 
• crude oil royalties: Nakhle (2010), BP (2016).

• natural gas royalties: EY (2016), BP (2016), Kellas (2010).
• end-use taxes on fossil fuels: OECD (2015).
• labour tax, capital tax: Barrage (2016).

• elasticities of substitution: Stern (2012), van der Werf (2008)



III. Costs, parameters, and initial values

Exogenous tax rates:

43.01%
34.87%

9.80%

13.90%

14.40%

$6.55  / t C 

$204.42 /  t C 

$18.11 / t C  

25%
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Figure 1 Output and Consumption in BAU
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IV. Results

Total Emissions 2010-2140
(deviation from BAU)

Scenario %

3A -74.2

3B -22.3

4A -74.2

4B -22.3

5 -44.5
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IV. Conclusion

• governments should rationalize the existing toolkit of taxation in the energy sector –
royalties, end-user (excise) taxes, emissions tax, severance taxes, rent taxes 

• rely on an economy-wide emission tax, a common resource rent tax and sector-specific 
severance taxes

• royalties and end-user taxes should be removed, including excise taxes on gasoline

• overarching result: coal is presently under-taxed, oil overtaxed, and natural gas taxed 
about right

• caveat:  Paris Agreement “not optimal” – target of 2 ºmax
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