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Motivation: what is the MSR?

Regulatory response to low expectations regarding the future scarcity
of permits:

Economic crisis, depressed output and therefore demand for emission
permits. As an example, production in the steel industry declined by
28% from 2008 to 2009 (Eurostat, 2013).
Free allocated allowances banked.

24th February 2015 the European Parliament´s Environment
Committee supported by 57 to 10 the proposal put forward last
February by the European Commission to annually remove ¨ permits
in circulation¨ based on certain trigger thresholds as from December
2018.

Additionally, the 900 million tons being withheld during 2014-2016
(backloading) could be kept in the Reserve.
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Assessment of the MSR design

We build a microeconomic model (including the polluting output
market) that captures the actual design of the MSR:

Endogenous withdrawal rule: if permits in circulation higher than a
threshold a portion is placed in the reserve (starting in Dec 2018 if
allowances in circulation per year are > 833 million, 12% are placed in
the reserve)
Exogenous rule: MSR reinjection (if the allowances in circulation are
below 400 million, 100 million are released from the reserve) or like
backloading (i.e. withdrawal of a �xed amount).

allowances in circulation: allowances issued minus total emissions
from 2008 until the year in question (and minus the number of
allowances already in the stability reserve) i.e. banking.
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Related literature and other experiences

�Safety valve�, initially suggested by Roberts and Spence (1976)
and later developed in the context of climate policy by Pizer (2002):
a cap-and-trade system is coupled with a price ceiling.

As long as the allowance price is below the safety-valve price, this
hybrid system acts like cap-and-trade, with emissions �xed but the
price left to adjust. Instead, when the safety-valve price is reached
the system behaves like a tax, �xing the price but leaving emissions
to adjust.
Philibert (2008) and Burtraw, et al. (2009): symmetric safety valve,
also known as a price collar, which would limit price volatility on both
the upside and the downside.
Fell and Moregerstern (2010) introduce uncertainty and couples the
collar mechanisms to restrictions on banking and borrowing: a price
collar can achieve costs almost as low as a tax but with less emissions
variation.

Cost Containment Reserve (CCR) introduced in RGGI in 2014 &
Allowance Price Containment Reserve (APCR) in California-Quebec
in 2013 but under the cap.
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Benchmark model

3-period model, n symmetric �rms subject to TEP compete in quantities
with pro�ts at each t:

πi ,t = (bt � dt
n

∑
i=1
qi ,t )qi ,t � ctqi ,t � σt

 
etqi ,t + zi ,t �

t�1
∑
1
zi ,t

!

s.t.
n

∑
i=1

 
etqi ,t + zi ,t �

t�1
∑
1
zi ,t

!
� At + a

where (bt � dt ∑n
i=1 qi ,t ) is the inverse demand, ct is the constant marginal

costs, σt is the permits price, et is the polluting intensity of output, zi ,t is
private banking, At is the amount of permits auctioned by the authority and

a =

8>>>><>>>>:
a if ∑n

i=1 ∑t�1
1 zi ,t < R,

0 if R � ∑n
i=1 ∑t�1

1 zi ,t � R,
�a if ∑n

i=1 ∑t�1
1 zi ,t > R,

or
�ζ ∑n

i=1 ∑t�1
1 zi ,t if ∑n

i=1 ∑t�1
1 zi ,t > R.
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Restrictions in the case of permits withdrawal

Last two cases in the constraint i.e.:

n

∑
i=1

 
etqi ,t + zi ,t �

t�1
∑
1
zi ,t

!
� At + a

a =
�

�a if ∑n
i=1 ∑t�1

1 zi ,t > R (exogenous)
�ζ ∑n

i=1 ∑t�1
1 zi ,t if ∑n

i=1 ∑t�1
1 zi ,t > R (endogenous)

t Exogenous
1 ∑n

i=1 (e1qi ,1 + zi ,1)� A1
2 ∑n

i=1 (e2qi ,2 + zi ,2 � zi ,1)� A2�a
3 ∑n

i=1 (e3qi ,3 + zi ,3 � zi ,2 � zi ,1)� A3�a
t Endogenous
1 =
2 ∑n

i=1 (e2qi ,2 + zi ,2 � zi ,1)� A2�ζ ∑n
i=1 zi ,1

3 ∑n
i=1 (e3qi ,3 + zi ,3 � zi ,2 � zi ,1)� A3�ζ ∑n

i=1 (zi ,2 + zi ,1))

with zi ,3 = zi ,2 + zi ,1 8i .
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Solving the model

Firms maximize intertemporal pro�ts (Cournot competition):

Πi =
3

∑
1

πt

(1+ r)t�1

Two-step-solution:

1 We �nd the symmetric Nash equilibrium in quantities for each period;
2 We �nd optimal banking strategies from maximizing intertemporal
pro�ts, i.e. ∂Πi

∂zi ,1
= 0, which gives intertemporal arbitrage:

σ1 =
σ2

(1+ r)
=

σ3

(1+ r)2

This can be done since �rms are non-strategic in the permits market.

We check ex post positivity constraints and threshold restrictions that
de�ne the functioning of the MSR.
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Equilibrium exogenous rule

(with parameters constant over time and withdrawal case)

q�1,a =
2 (A� a)
ne (1+ r)2

+

�
r2 + 2r � 1

�
(b� c)

(n+ 1) d (1+ r)2
,

z�1,a =

�
r2 + 2r � 1

�
A+ 2a

n (1+ r)2

�
�
r2 + 2r � 1

�
(b� c)e

(n+ 1) d (1+ r)2
,

σ�3,a =
(b� c)
e

� (n+ 1) (A� a) d
ne2
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Discussion exogenous case

Quantity produced depends on permits availability: clearly seen in
q�3,a =

A�a
ne or ∑n

i=1 eq
�
3,a = A� a but also in each period if we

reconstruct the restriction by substituting equilibrium banking and
production.

In the exogenous rule scenario, the interest rate must be
su¢ ciently low for �rms to be interested in banking. In particular,
z2,i and z1,i are positive if and only if r < er (under our hypothesis of
linear demand and costs, er  0.28).

Standard result: If the interest rate is low enough �rms prefer to be
less constraint in the future and bank permits.
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Equilibrium endogenous rule

q�1,ζ =
2A (1� ζ (3� ζ))

neΨ
+
(b� c)

�
r2 + (2� ζ) r + ζ � 1

�
(n+ 1) dΨ

,

z�1 =
A
�
r2 + (2� ζ) r + 1� ζ + 2α (ζ � α)

�
nΨ

�
(b� c)e

�
r2 + (2� ζ) r � 1+ ζ

�
(n+ 1) dΨ

σ�3 =
(1+ r)2

eΨ
��

ζ2 � 3ζ + 1
�
(b� c)

�
� (1+ r)

2

eΨ

�
(n+ 1) (1� ζ � ((2� ζ) ζ))Ad

e

�
where

Ψ = 1� ζ (5� 2ζ) + (2� ζ) r + r2
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Discussion endogenous case

Quantity produced in each period again depends on permits
availability, that is on ζ.

For 0 < ζ < 1, there is always a pair (ζ, r) such that �rms are
interested in banking.

INTERPRETATION: the withdrawal rule impacts the no arbitrage
condition modi�es the standard result.
This shows the interaction between the MSR rule and �rm´s
valuation of future scarcity.
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Introducing uncertainty

We assume that the demand constant in period 2 is still b with
probability λ or bm with a probability (1� λ).

We solve the model by maximizing expected discounted pro�ts that
in the exogenous case gives:

q�1,a =
2 (A� a )
n (1+ r)2 e

+

�
r2 + 2r � 1

�
(bλ+ bm(1� λ)� c)

(n+ 1) (1+ r)2 d
,

z�1,a =

�
r2 + 2r � 1

�
A+ 2a

n (1+ r)2
�
�
r2 + 2r � 1

�
(bλ+ bm(1� λ)� c)e

(n+ 1) (1+ r)2 d
,

σ�3,a =
(bλ+ bm(1� λ)� c)

e
� (n+ 1) (A� a) d

ne2
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Option to wait

We consider the decision on banking as a partially reversible
investment

�rms can decide to wait to bank as from period 2

OW = E (Π/z�1,a = 0)� E (Π)
Expected discounted pro�t under the assumption z�1,a = 0 - expected
discounted pro�t
Exogenous case (withdrawal or reinjection) OWa
Endogenous case OWζ
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OW: quadratic function of bm (exo & endo)

Simulation: OW for b = 2, r = (0, 0.28), bm = (1.8, 3)
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OW: interaction with constraints on the parameters
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The MSR "generates" an option to wait

In the exogenous case OWa is always positive if permits are reinjected
in period 2 (not de�ned for withdrawal).

In the endogenous case OWζ is always positive.

There is a pro�t gain to wait and bank only after knowing the resulting
interaction between the MSR and the demand shock.
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OW: comparative statics in the endogenous case (I)

as a function of bm � b = ∆ and the probability of a demand shock
of size ∆ i .e. (1� λ)
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OW: comparative statics in the endogenous case (II)

as a function of bm � b = ∆ and for di¤erent values of (1� λ) (1 if
blue, 0.5 if yellow, 0 if green)
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OW: comparative statics in the endogenous case (III)

∂OWζ

∂(1�λ)
> 0: the higher the uncertainty the higher the incentive to wait

but this interacts with the importance of demand shock bm � b = ∆

for ∆ < 0 the OWζ higher as (1� λ) high: waiting is more pro�table
as the probability of a recession increases
for ∆ > 0 the OWζ higher as (1� λ) low: waiting is more pro�table as
the probability of an economic boom decreases
the previous interaction depends on the relative scarcity of permits in
period 2 as compared to what the MSR withdraws from what has been
banked.
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Conclusion

THE RULE MATTERS: Contrary to what we could expect the fact of
considering an endogenous way of withdrawing permits does not
simply crowds out private banking but instead interacts with it
a¤ecting permit prices and production as well as banking incentives.

OW ANALYSIS WORTHY: When modeling uncertainty we �nd that
banking can be considered as a partially reversible investment and
how the pro�tability of waiting depends on the MSR mechanism.

Further work: investment in abatement technology
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