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• Price based environmental policy 
instruments do not only lead to static 
efficiency of abatement efforts,

• but also provide dynamic incentives to 
develop and adopt advanced abatement 
technologies

• However, incentives through price vs. 
quantity instruments may differ.

• But commitment and ratcheting of policy is 
important!

Introduction
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The theoretical basis of the paper is:
• Requate & Unold 2001 JITE, 2003 EER

Related also:
• Requate 2005, 
• Perino & Requate 2012, JEEM
• See also Moner-Coloques & Rubio 2016

Exerimental design based on:
• Camacho, Requate, Waichman, ERE 2012

Related Literature
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• N firms have some conventional abatement 
technology with downward sloping marginal 
abatement cost curves (MACs)

• A new abatement technology is available,  
inducing lower MACs.

• Adopting the new technology firms incur a 
fixed cost F.

• Marginal damage is increasing.

Theoretical background
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In a social optimum:

• no firm should adopt, if the investment cost F 
sufficiently high.

• All firms should adopt, if the investment cost F 
sufficiently low.

• Some but not all firms should adopt for 
intermediate values of F ! 

• In our experiment this is the case!

Theoretical background
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• First-best investment can be decentralized 
by four different scenarios:

• an ex ante optimal tax (before investment)

• an ex post optimal tax (set after observing 
investment)

• an ex ante optimal permit policy (before 
investment)

• an ex post optimal permit policy (set after 
observing investment)

Theoretical background
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Ex ante policies
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Ex ante policies: 
case of underinvestment
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Ex ante policies:
case of overinvestment
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Ex post policies
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Ex post policy with underinvestment
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Ex post policy with overinvestment
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H: The four different policies are 
equivalent and efficient!

• In other words:

• If the tax (permit) policy is set ex ante, the 
optimal investment pattern will occur.

• If the tax (permit) policy is set ex post, firms 
anticipate the optimal policy response and the 
optimal investment pattern will also occur.

Research hypothesis
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• Industry consist of 10 firms (subjects).

• 5 different initial technologies are assigned 
among the 10 firms. 
(i.e. always 2 firms have the same 
technology)

• In social optimum the 4 firms with the 2 
highest MAC curves should invest, the 
others should not!

Experimental Design
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Experimental Design:
order of moves
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Aggregate MACs with no and optimal 
investment
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The treatments
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Results
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Investment patterns under 
tax treatments
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Investment patterns under 
tax treatments

Red = optimal pattern
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Investment patterns under 
permit treatments

Red = optimal pattern
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Efficiency of regimes
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• Ex ante and ex post taxation do not perform 
significantly different.

• Ex ante permit policy also does not perform 
significantly different from taxation:
“Prices equivalent to quantities”

• Ex post permit policy performs slightly 
worse.

Major findings
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There are three sources of inefficiencies:

1) Static: suboptimal abatement decision or 
suboptimal emissions trading

2) Dynamic: suboptimal investment

3) Regulatory: through commitment.

Disentangling the sources from the data, did not 
yield provide significant differences.

Sources of inefficiencies
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Expected and observed prices 
(permits treatments)
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Ex ante vs ex post optimal tax 
rates 

Counterfactual ex post
optimal tax rates
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Thank you!
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Appendix tables
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Computer screens
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Additional table
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