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Introduction

The costs of environmental regulation are different for markets with differing competitiveness.
• In competitive market, environmental regulation is a Pigouvian tax

• no structural change in supply
• mild welfare loss

• In Oligopoly market, environmental regulation induces
• less competition due to higher entry costs
• less investment due to high expansion costs
• more severe welfare loss

⇒ To quantify welfare costs of the 1990 CAA on the cement industry, accounting for
dynamic firm entry and investment
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The CAA

• The 1970 CAA was the first national response to environmental concerns.
• EPA has authority to set and change regulations and to enforce compliance.

• The 1990 CAA is a major amendment, mainly to deal with SO2 emissions.
1 SO2 cap-and-trade program
2 regulation of a number of aspects of motor vehicle fuels
3 authority for EPA to ensure the Montreal Protocol compliance
4 instructions to EPA to issue technology standards for each of 189 listed air toxics: operating

permits, environmental certification, and testing procedure

• After 1988, climate change becomes major legislation issue.
• The 2009 Waxman-Markey bill: CO2 cap-and-trade program
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The CAA

Source: Schmalensee and Stavins (2019)
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The US Portland cement industry

• This industry plays large role in emissions to environment.
• high energy requirements
• emitting large amount of CO2 in production

• This industry is highly concentrated.
• 116 plants in 37 states, operated by 1 government and 40 firms in 2000
• exporter competition is low due to difficulty to store and transport

• Cement are homogeneous good
• Quantity competition
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Data

Portland cement industry, 1980 – 1999
• Market-level data

• US Geological Survey: the number of plants in each market, the quantity and prices of
shipped cement

• other market data such as prices of electricity, coal and natural gas, population and housing
permits

• Plant-level data
• Portland Cement Association’s annual Plant Information Summary (PIS): capacity and

production quantity by each plant
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Model

• J markets: j = 1, ..., J

• N̄ cement firms: i = 1, ..., N̄

• Firm capacity {sit : i ∈ N̄}: s1t, s2t, ...
• Firm with sit = 0 is considered as potential entrant.

Timeline
1 Firms receive private information

• Incumbent firms receive private info on exit cost, decide whether exit or not; if not exit, they
receive private info on investment/divestment costs

• Potential entrants receive private info on entry cost

2 All firms decide on entry/exit and investment/divestment simultaneously

3 Incumbent firms compete over quantity

4 Firms enter/exit, and investments mature
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Model

1 Demand: lnQjt = α0 + α1 lnPjt + α2j + α3tXjt + ϵjt
• Instrument Pjt by coal prices, gas prices, electricity rates, and wage rates.

2 Production cost: Ci(q) = δ1qi + δ21(qi > νsi)(qi − νsi)
2

• Cournot quantity competition ⇒ Profit π̄it(sit;α, δ)

3 Investment adjustment cost:
Γ(xi) = 1(xi > 0)(γi1 + γ2xi + γ3x

2
i ) + 1(xi < 0)(γi4 + γ5xi + γ6x

2
i )

• Private info γi1 and γi4: normal distribution N (µ+
γ , σ

+2
γ ) and N (µ−

γ , σ
−2
γ )

4 Entry/exit cost: Φ(ai) =

{
−κi, if the firm is a new entrant

ϕi, if the firm exits

• Private info κi and ϕi: normal distribution N (µκ, σ
2
κ) and N (µϕ, σ

2
ϕ)

Firm’s period payoff

πit(sit, ait) = π̄it(sit;α, δ)− Γ(xit; γ) + Φ(ait;κ, ϕ) (1)
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Model

Markov-perfect Nash Equilibrium (MPNE)

Given the setting above, there exists a pure strategy σi : (s, ϵi) → ai in equilibrium.

Incumbent’s value function is

Vi(s;σ(s), θ, εi) =π̄i(s; θ) + max

{
ϕi, Eεi

{
maxx∗

i
≥0

[
−γi1 − γ2x

∗
i − γ3x

∗2
i +β

∫
Eεi

Vi

(
s
′
;σ

(
s
′
)
, θ, εi

)
dP

(
si + x

∗
, s

′
−i; s, σ(s)

)]
,

max
x∗
i
<0

[
−γi4 − γ5x

∗
i − γ6x

∗2
i +β

∫
Eεi

Vi

(
s
′
;σ

(
s
′
)
, θ, εi

)
dP

(
si + x

∗
, s

′
−i; s, σ(s)

)]}}
(2)

Potential entrant’s value function is

V
e
i (s;σ(s), θ, εi) = max

{
0, max

x∗
i
>0

[
−γ1i − γ2x

∗
i − γ3x

∗2
i +β

∫
Eεi

Vi

(
s
′
;σ

(
s
′
)
, θ, εi

)
dP

(
si + x

∗
, s

′
−i; s, σ(s)

)]
− κi

}
.

(3)

MPNE means
Vi (s;σ

∗
i (s), σ−i(s), θ, εi) ≥ Vi (s; σ̃i(s), σ−i(s), θ, εi) (4)
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Estimation: Bajari, Benkard, and Levin (2007)’s two steps

Step 1: Generate Markov chains by agents

• sit → (xit, ait) → sit+1 → (xit+1, ait+1) → ...

• sit → (xit + ϵγ , ait + ϵκ,ϕ) → s
′
it+1 → (xit+1 + ϵγ , ait+1 + ϵκ,ϕ) → ...

• ...

Step 2: Recover parameters

min
θ

1

nk

nk∑
n=1

1(V ∗ > Ṽ )[Vi (s;σ
∗
i (s), σ−i(s), θ, εi)− Vi (s; σ̃i(s), σ−i(s), θ, εi)]

2 (5)
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Demand
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Production
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Production and Capacity
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Exit

• The probability of exit decreases after the 1990 CAA.
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Entry

• The probability of entry decreases after the 1990 CAA.
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Costs of CAA 1990

• Investment adjustment and exit cost are increasing, but not significantly different post the
1990 CAA.

• Entry costs significantly go up.
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Welfare Costs of CAA 1990

• In a market with more potential entrants, welfare loss is 140k due to the 1990 CAA.
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Welfare Costs of CAA 1990

• In a market with less potential entrants and more incumbents, welfare loss is milder and
30k due to the 1990 CAA.
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Conclusion

• Environment regulation has huge cost in the concentrated industry since
• Less new entry by potential entrants, thus less competition

• The 1990 CAA significantly increases the sunk cost of entry, at least $810 million.

• The 1990 CAA has caused more welfare loss in the concentrated industry.
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