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Abstract
This paper examines the differences between standard “ cap-and-trade” emissions trading plans
and “credit” plansin which individua agents create credits by reducing emissions below a firm-
specific baseline. The two are equivaent if the baseline is afixed quantity, but not if the baseline
is specified as a baseline emissions ratio times current output. In the latter case there is no
exogenous constraint on aggregate emissions. It may be called the case of “(ratio-based) credit
trading”. Examplesinclude the Clean Development Mechanism (CDM) of the Kyoto Protocol
and the Canadian Pilot Emissions Reduction Trading plan (PERT).

Unlike the case of cap-and-trade, the theoretical properties of ratio-based credit trading plans are
not well known. In the absence of a binding quantity constraint, it is even difficult to understand
how an ERC plan can generate a positive price. This paper studies the difference between ratio-
based credit trading and conventional “cap-and-trade” plansin the context of avery smple
model. It also considers how the two plans might interact if, for example, credits from a credit
plan could be applied to commitments under a quantity-based cap-and-trade plan, and appliesits
findings to current plans for credit trading, including PERT and the clean development
mechanism.

The paper demonstrates that ratio-based credit trading is more like atax instrument than a
guantity instrument. It shows that there is no incentive to trade in a ratio-based market in which
al firms receive baselines computed using their “business as ususal” emission ratios. Combining
ratio-based credit trading with “cap-and-trade’ allowance markets effectively relaxes the quantity
constraint in the cap-and-trade plan and reduces the price of traded allowances. Inthelong run,
there will be no effective constraint on emissions.

The results have strong implications for current policy. In particular, they suggest that mixing
quantity-based and ratio-based emission trading plans is inappropriate.
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Emissions Trading without a Quantity Constraint

R. Andrew Muller
McMaster University
This draft, September 30, 1999

In the standard “ cap-and-trade” model of emissions trading a central authority defines a
total allowable discharge of a specified contaminant for a specified period. This cap isdivided
into individual rights (transferable discharge permits) to discharge specific amounts of the
pollutant. The permits are either auctioned by the central authority or “grandfathered” (i.e.
distributed free of charge to polluting firms). After the initial distribution, firms may trade the
permits freely. In this model the aggregate quantity of emissionsis constrained to a known
amount and the price of permitsis determined by the intersection of the market demand curve for
permits with the vertical market supply.

Many plans for emissions trading do not fit the textbook model of tradable discharge
permits. For example, the clean development mechanism under the Kyoto Protocol envisages a
plan where non-Annex B countries can earn emission reduction credits (ERCs) for reducing
emissions beyond the level that would normally be expected. These ERCs could be sold to Annex
B countries, who would use them to meet their emissions requirements under the protocol. Other
examples include various “ open market” emission reduction trading plans which have been
advocated and partially implemented for trading nitrogen oxides (NO,) in the North American
utility generating system (PERT, 1999).

In these plans credits are created for reducing emissions below a certain baseline quantity
which is specified as a baseline emissions ratio times current output. The baseline quantity of
emissionsis conceived as the quantity of emissions that would have been created if the actual rate
of output had been produced using a baseline, standard or “business-as-usual” technology.
Because the baseline quantity of emissions depends upon the current level of output there is no
externally imposed quantity constraint on aggregate emissions of the pollutant.

Unlike the properties of cap-and-trade plans, the theoretical properties of open market
ERC trading plans are not well known. In the absence of a binding quantity constraint, it is even

difficult to understand how an ERC plan can generate a positive price. The purpose of thisnoteis
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to lay out avery ssimple model of emissions reduction credit trading and to compare its outcome
to that of a standard “ cap-and-trade” plan. Our fundamenta conclusion is very ssimple: an open
market ERC plan is equivaent to a cap-and-trade plan in which the cap increases in proportion to
the output of the participating firms. This has strong implications. Specifically, ERC trading is
efficient in that it equates marginal abatement cost across firms conditional on their output levels.
Secondly, marginal abatement cost remains approximately constant as industry output expands.
Consequently, ERC trading is more like a tax than a quantity instrument. Thirdly, combining an
ERC plan with a“cap-and-trade’ plan effectively relaxes and eventualy vitiates the quantity
congtraint in the latter. Finaly, granting credits for al reductions below “business-as-usual”
technology, asis effectively proposed under the clean development mechanism, will eventually
lead to complete absence of constraints on emissions.

The remainder of this note lays out an extraordinarily simple model to support these

clams.

A First Approximation

We begin by showing that ERC and TDP trading are equivaent when the output of
participating firmsis exogenously determined. That is, for any ERC plan we can define a cap-
and-trade plan such that the two plans lead to the same emissions for each firm and that the price
of credits under ERC trading equals the price of permits under the cap-and-trade plan.

Consider a collection of N cost-minimizing firmsindexed by i€[1,N]. Each firm
produces emissions € and output x; intheratio r,=e/x;. As afirst approximation, let x; be
exogenoudy determined. The cost function of each firm is homogeneous of degree onein

emissions and output and can be written as

C=C'(%.6)=xC(Le/g)=xc'(r) (1)

where unit cost of output, ¢=C i(ri) , depends on the emissions ratio. Given that output is fixed,

marginal abatement cost, m,, isthe negative of the first derivative of the unit cost function since
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direct computation shows that

aC, i\ dr i i
m.:—gz—xicl(r)gz—cl(f)fm (r) (2)

Marginal abatement cost is assumed to fall at a decreasing rate as the emissions ratio rises,

hence

mi(r)=-c,(r)>0
m;(r)=~C;y(r)<0

3)

Total emissions by thei-th firm are e =r,x,. For each firm let there be an exogenously

prescribed emission ratio riB. ERCs are earned by emitting at alower emissions ratio than riB ;

conversely, a demand for ERCs, z, is created by operating at an emissions ratio higher than the
prescribed ratio.

Z=(r,-1)% @

The i-th firm minimizes the net cost of output, defined as production cost plus the cost of

any ERCsit must purchase. Its problem may be written

min c'(r)x+p,z
{r} XI Zl (5)

where p, isthe price of ERCs. Aswould be expected, the first order condition

xC,(r) +px=0 (6)
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implies that firm should adjust its emissions ratio to set marginal abatement cost equals to the
price of ERCs (provided output is positive).

p,=-c,(r)=mi(r) 7

Invert (6) to obtain firm i’s optimal emissions ratio as a function of the price of ERCs,

r=r'(p,) (8)

Substituting into (4) we can define the firm’s net demand function for ERCs.

z=(r '(p,)-1;9)x=2'(p,) 9)

Negative values of z denote asupply of ERCs. Market demand for ERCs s the sum of
firm demands. In the absence of banking, net demand for ERCs must be non-positive and may only

be negative if the price of ERCsis zero.

N

Y (ri(p?)-r,%)x<0

N (10)
p,Y" (ri(p,)-r.%%=0

i=1

Z

4= 107

P24

I
[

Rearranging (10) in the case of positive prices we have smply

N N
Y =Y rip)x (11)

i=1 i=1

Equation (11) determines the equilibrium price of ERCs, p, . Given that price, each firm's
optimal emissionsratio is determined by (7). We can now establish
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Proposition 1. When al output levels are fixed, emission reduction credit trading is exactly
equivalent to a cap-and-trade emissions trading plan in which each firm is allocated permits
equal to its prescribed emissions ratio times its output, and the aggregate cap is the sum of
these allocations.

Proof: We show that the cap-and-trade plan described in the proposition also
givesrise to equation (11) and hence the results are identical. Denote the firm’s

use of tradable emission permits (TEPs) by q; , theinitial distribution by

N
qiS:rini, and the price of TEPs by Py- Thecapis QS:Z rini. The firm’'s net

i=1

demand for TEPsis q,"=r x -1,° =(r,-r;")x,=z, by (4). The firm minimizes the

sum of production costs and net permit purchases, solving

min C'(r)x +PyG" (12)

But thisis the same problem as (5), and consequently the solutions are identical.

Figure 1 illustrates the market equilibrium. The effective supply of TDPs, QXS, isthe

quantity weighted sum of the prescribed emission ratios. The effective demand is the quantity-

N
weighted sum of the individual unit demands, thus QXD:Z r i(pZ)xi . Theequilibrium price, p*, is
i=1
determined by the intersection of the two curves and isidentical for ERCs and TDPs.
The key difference between cap-and-trade plan and ERC trading is that under ERC trading
the effective supply of permitsincreases asindustry output increases. This prevents the price from

rising. Infact we have
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6

Proposition 2. When output isin fixed proportions, the equilibrium price of ERCs is independent
of the output level.
Proof: Let the output of each industry be proportional to an output index X, that is

X =WX,Vi. Then for positive X, (11) impliesthat p, solves

B
rw=

r(p)w, (13)

N
=1 i

N
-1
which is independent of X.

Thisresult is explained by Figure 1, which illustrates the effect of a shift in the output
index. Theinitial position is represented by the intersection of st and QYD. Let the industry

N
output index increase from X to Y=AX, A>1. Thesupply curve shiftsfrom Q2=Y r,®w X to
i1

N N N
Q=Y rPw Y=Y r®waAx=AQ¢. Thedemand curve shiftsfrom Q=Y ri(p)x to
i-1 i-1

i=1
Q=Y rip)w Y=Y ri(p)w.AX=AQ, . Note that the multiplicative shift of the demand curve
i=1 i=1

effectively rotates the demand curve about the vertical axis. Since (13) holds, the shifts offset each
other and the price remains constant.

The invariance of price alows usto draw an alternative representation of the market, based
on unit demand curves. Figure 2 is drawn with emissions per unit of output on the horizontal axis.

Figure 2(b) shows the unit emissions demand curve for an individua firm with prescribed

emissions ratio riB. These may be aggregated using output weights w; to form the market

demand for emissions per unit of output, R°(p,), illustrated in Figure 2(a).
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The supply side of the market is represented by weighted average basdline ratio,

RE=Y wr,” (14)

RB and RP aretheleft and right sides of (13), respectively. The equilibrium price, p,” is

determined by their intersection, independently of the level of output.

Now let us consider the efficiency of ERC trading. Equation (7) impliesthat ERC trading
leads to the equalization of marginal abatement cost across firms, thus ensuring that both open-
market ERC trading and cap-and-trade permit trading are efficient in the sense that they minimize
the cost of achieving an exogenoudy determined level of emissions. The efficiency gains can be

illustrated in using the unit emissions demand curve of Figure 2(b) . The firm chooses an

equilibrium emissionsratio r,”=r '(p,"). Suppose the equilibrium ratio exceeds the prescribed

emissionsratio. The firm will increase the emission ratio from riB to r,”, paying an amount equal
to area a but saving area a plus area b in abatement cost, thus earning additional profits equal to
area b on each unit of output. Similar results hold for firms for which the equilibrium emissions
ratio is less that the prescribed ratio. These firms sell credits and reduce emissions, earning profits

equal to the difference between sales revenue and the incremental cost of abatement.

Emissionsreduction credit trading and binding standards

Cap-and-trade TDP trading places a potentialy binding constraint on total emissions. If it
is binding, the market generates a positive price for permits. If the cap exceeds the aggregate
emissions of uncontrolled firms, trading may occur but the equilibrium price of permits will be
zero. In open-market ERC trading the prescribed emission ratios fulfil the same function. Itis
obvious from Figure 2 (b) that the price of credits will depend positively on the severity of the

average performance standard, RB. Proposition 3 establishes that the prescribed performance

standards must be sufficiently strict for at least one firm to exceed its standard in equilibrium.

Otherwise the price of credits will be zero.
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Proposition 3. If the price under ERC trading is positive, at least one firm must be exceeding its
prescribed emissions rétio.

Proof: If the price is strictly positive, Equation (8) and proposition (2) imply that

N
Z (r i(pZ) -r)w,=0. Since the weights w. are non-negative, either all unit demands are

i=1
equal to the corresponding performance ratios, r i(pZ) =r,,Vi, and there is no trade, or

there must be at least one firm for which r '(p,)>r, and one for which r '(p,)<r;.

Many discussions of open market ERC trading plans state that credits will only be given for
real and verifiable reductions which are surplus to regulatory requirements. This may give the
impression that no firm is permitted to violate the regulatory requirement. Proposition 3
establishes that thisis not possible in equilibrium. A stand-alone ERC trading plan can only
generate trades if some firms are using credits to offset violations of the prescribed performance
standard.

IsERC trading a price instrument or a quantity instrument?

We are used to thinking of emissions trading as a quantity-based instrument for
environmental regulation, but Figure 1 suggests that emissions reduction credit trading may act
more like a tax than a quantity constraint. Under an emissions tax, firms equate marginal
abatement cost to atax which isindependent of industry output. Under ERC trading, firms equate
marginal abatement cost to a constant price for ERCs that is independent of output. In fact we
have
Proposition 4. ERC trading is equivalent to an emissions tax t=p, with afree base equal to the
prescribed emissions ratio times output.

Proof: Thisfollows immediately from comparison of total cost under an emissionstax, ,

with total cost under ERCs, ¢ (r,)x, +p,(r,% —T;"x).
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This suggests that the outcome of ERC trading may differ from the outcome of emissions taxes
because of demand-side effects. In discussing this, it is useful to compare the average costs of

output under emissions taxes, under ERC trading, and under a hypothetical command-and-control

performance standard equal to r; ® for each firm. We have

Proposition 5. Let c_ be the average cost of output under command-and-control with
performance standards equal to the prescribed emissionsratios. Let ¢, be the average cost
of output under emissions reduction credit trading with the same prescribed emissions
ratios. Let c,be the average cost of output under an emissions tax equal to the equilibrium
price of credits. Then
@ C,<C,.

(b)  c<=c,

Proof: The average cost of output under command-and-control regulation is ¢ (r, B)xi The
total cost of output under ERC tradingis ¢ i(ri)xi +p,(rX —rini), hence

c =C i(ri*)+pzri*—pzriB . The average cost of output under an emissions tax of t=p, is
c'(r;")+tr,”. Since eriB>O, the third expression exceeds the second, establishing 6(a).

Proposition 5(b) follows from profit maximization, since under ERC trading firmsretain

the option of withdrawing from the market and producing at the command-and-control
emissonsratio. Thus c'(r;")+pr; -pJ°<c(r;®).

Proposition 5 implies that once demand side effects are admitted, ERC trading and
emissions taxes will no longer be equivalent. The model developed so far cannot accommodate a
formal comparison, but the genera situation for a competitive industry comprised of firms like
firmiis illustrated by Figure 3. The horizontal axis now represents industry output. Under ERC
trading the long run industry supply curve will be horizontal at S,.. Under an equivalent tax, the
industry supply curve would shift upwards to S, and industry output would be lower than under

ERC trading.. Emissions ratios would be the same in the two cases, so total emissions will be
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10

higher under ERC trading. Under command-and-control regulation the long-run supply curve of
the industry output would aso be higher than in the case of ERC trading. Supposeitisat S..

Note that the relative positions of S, and S; cannot be determined.. Industry output would be
higher under ERC trading than under command-and-control. The emissions ratio under ERC
trading will be higher than under command-and-control if the industry is a net purchaser of permits
and lower than under command-and-control if the industry is a net seller of permits. Therefore
total emissions will be higher under ERC trading than under command and control if the industry is
anet purchaser, and total emissions may be higher, lower, or the same as in command-and-control
beecause total output and emissions ratio are moving in opposite directions.

The comparison with cap-and-trade TDP trading is more complex. Under TDP trading the
cap isfixed and the price of permits rises as industry output expands. If the industry is anet
purchaser of credits, the long run industry supply curve, S,, becomes positively sloped. In the
initial equilibrium ERC trading and emissions trading are equivalent, but if demand shifts to the
right industry price will rise and industry output will expand less rapidly under cap-and-trade
emissions trading. Interestingly, the reverse seemsto be true for an industry that is a net supplier
of permits. For emissions trading in such an industry the long run supply price will decline as
output increases, because the increased demand for permits will drive up their price, leading to
greater average revenue from sales of permits. The long run industry supply curve is negatively
doped. Under emissions trading, the rise in permit prices due to an increase in industry demand
for output will cause the industry’s emission ratio to fal, rendering the effect on industry
emissions ambiguous. Of course, aggregate emissions across al industries will remain constant

under emissions trading.
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Combining ERCs and Emissions Trading

Many proposals for emissions trading imply combining a“ cap-and-trade” system with an
open-market system. One example is Ontario Hydro's plan to use emission reduction credits
generated under the Pilot Emissions Reduction Trading Program (PERT) to meet its voluntary cap
of 38,000 tonnes of NOx emissions in the year 2000 (Ontario Hydro, 1998, p.95) and proposals
for combining certified emission reduction credits generated under the Clean Development
Mechanism with Emissions Trading under Article 17 of the Kyoto Protocol. In the short run,
such combined plans can generate trades at positive prices. In the long run, the price of ERCsin
the open market will dominate.

To illustrate this, suppose there are two groups of firms, A and B, operating in separate
emissions trading and ERC trading markets, respectively. Return to the case in which output is
exogenoudly fixed.. We adopt a standard diagram from the literature. Figure 4 (@) illustrates the
situation when a cap-and-trade system and an ERC trading system operate independently. The
cap in the quantity controlled group of firmsis Q,, and the corresponding price of permitsis p,.
The effective supply of ERCs, given the output of the credit-trading group, is Qz. The market
clearing priceis p;. We assume p,<p,.

Figure 4 (b) illustrates the effect of integrating the markets. The effective supply of
permits and credits is Q;=Q,+Qg. The demand of Group A is plotted from the origin in the
normal manner. The demand of Group B is plotted in aleftwards direction from Q;. The
equilibrium priceis p,, with E, permits and credits in the hands of Group A and the remainder,
Qgz=E;-Q, inthe hands of Group B. On the assumptions of the example, the equilibrium pricein
the combined market lies between the prices in the two markets operating separately and the
guantity-controlled Group A is anet purchaser of credits from Group B.

Notice that in this scenario it is possible for al Group B firms to be net suppliers of credits.

Thus Proposition 4 does not hold in the case of integrated cap-and-trade and ERC credit trading
markets and it becomes credible to speak of ERCs being generated by reductions in excess of
regulatory requirements without simultaneously permitting other firmsto fall short of theirs.

These results are not surprising. What does bear emphasis, however, is that as the output
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12

of the Group B firmsincreases, the price in the integrated market will asymptotically approach the
price in the ERC market, that is, p; will become arbitrarily closeto p,. Thisisshownin Figure
4(b) by anincrease in Group B’s output fromQ; to Qé. As described earlier, this causes the
effective demand for emission to rotate counter-clockwise about the vertical intercept. When this
new curve is plotted on panel (b) it is seen that the price of permits declines.

Under these circumstances the cap-and-trade plan is essentially vitiated. Firmsin Group A
face an effective tax of pg on emissions, with a free base equal to their original permit
distributions. They are disadvantaged relative to the firmsin Group B in that their free base does

not increase as output increases. There is no long-run constraint on aggregate emissions.

Conclusions

We have examined the differences between traditional cap-and-trade permit trading and
open-market emissions reduction credit trading. The two methods lead to identical results when
output isfixed. Short run cost efficience is guaranteed because firms equate their marginal
abatement costs to the price of permits or credits. When output increases, however, the effective
supply of emissions remains constant under permit trading but increases under ERC trading. Thus
the price of ERCs will tend to remain constant over time. Like an emissionstax, ERC trading
achieves an efficient alocation of abatement responsibilities without a quantitative limit on
aggregate emissions. In fact we have shown that open-market ERC trading is equivalent to an
emissions tax with afree base equal to the prescribed emissions ratio times current output. Thisin
turn implies that long run average cost islower and industry output higher under ERC trading than
under a comparable tax.

We have shown that a pure ERC trading plan will not generate trades if firms are given
prescribed emissions ratios equal to current, unregulated practice. When integrated with a cap-
and-trade system, however, an ERC system may be expected to expand the effective supply of
emissions and to lower their price. Asthe ERC sector grows, the cap in the conventional ERC
system becomes increasingly ineffective and the price of permits approaches the price of creditsin
a stand-alone ERC plan.
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The choice between ERC and permit trading is thus similar to the choice between price and
guantity instruments. In aworld of certainty and exogenously determined output levels, the
instruments have equivaent results, so the choice should probably be made so as to minimize
administrative, monitoring and enforcement costs. When output is endogenous, it should be
recognized that over time an ERC plan will lead to higher emissions and lower marginal abatement
costs than would a cap-and-trade plan. In choosing between instruments policy makers should
consider which pattern of marginal abatement cost changes are most likely to track changesin
margina damages. In aworld of uncertainty, there may be still moreto be said. When thereis
uncertainty about abatement costs, Weizman (1974) has shown that price instruments are to be
preferred when the marginal damage function isflat relative to the abatement cost function. It
seems reasonabl e to propose that ERC trading is particularly well suited to similar markets.

The effectiveness of ERC trading depends on imposing an average performance standard
sufficiently strong to equate the price of credits to the marginal damage caused by emissions. This
will not happen if participants are given “business-as-usua” performance standards. Such
generous standards will progressively undermine any socia valuein emissionstrading. This may
be amajor problem in the context of the “ clean development mechanism” in the Kyoto Agreement.
The CDM is designed to generate emission reduction credits which can be applied to the
quantitative limits undertaken by the Annex B countries. Thereis a strong tendency for
proponents of the CDM to advocate rapid deployment of projects with generous baselines for
creation of credits. In sufficient quantity, such projects have the potential for driving the price of
permits to zero and vitiating the Kyoto protocol entirely. A similar danger appears in the PERT
and GERT pilot emissions reductions credit trading plans. Trades undertaken under these
programs seem to imply a “business-as-usual” performance standard. Unless stronger standards
are imposed these programs cannot hope to create the appropriate price signals for controlling

pollution.
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ERgs and Permits
*

Price of

E, £,

Emissions per unit time

Figure 1. Determination of the market price of
ERCs. The supply of creditsis the output-weighted
sum of individual performance standards. The demand
is the output-weighted sum of unit demands for
emissions. Proportionate growth in output shifts
supply and rotates demand to the right, leaving the
equilibrium price constant.
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Emissions Market Representative Firm

panel (a) panel (b)

Figure 2. Emissions Ratios and Efficiency. The firm's demand for emissions per unit of
output, r '(p,), isthe inverse of the unit margina abatement cost curve. These are weighted by
industry output shares to obtain the market demand for emissions per unit of output,

N
R D(pZ):Z wr i(pZ). The equilibrium price is determined in pand (a) by the intersection of the
market demand for emissions per unit of output with the output-weighted prescribed emission
N
ratio, R B:Z wiriB. The representative firm in panel (b) chooses an emissionsratio r,” such that

the marginal abatement cost equals the price of ERCs. The firm purchases rj* —er credits per
unit of output, saving areaa+b in abatement costs per unit of output and earning a profit equal
to area b per unit of output.
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Price of Industy’s Product

X’] X3 X2
Industry Output

Figure 3. Long Run Supply Curves. Differing regulatory
regimes generate different long run supply curves. The supply
curve under an emissionstax, S, ishorizontal at ¢, +tr;. The
supply curve under emissions reductionstrading, S,, is
horizontal at alower price, ¢ +t(r,-r,). The supply curve
under command and control perfomance standards, S; is
horizontal at c.. S; liesabove S, . The supply curve under
cap-and-trade emissions trading, S,, is sloped because the
price of permits rises as industry output increases. S, is
positively sloped for net purchasers of permits, negatively
sloped for net sellers of permits.
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Figure4. Integrating cap-and-trade and ERC trading. The top graphs represent
independent cap-and-trade and ERC markets. Combining them leads to a price between the
stand-alone prices and alows the emissions of one group to expand. Here, the emissions trading
group purchasesk,-Q, credits from the ERC trading group. Over time, the output of the ERC
trading group increases, rotating the effective supply of permits and credits counter-clockwise.
Applying the new graph to panel (b) shows that the integrated price falls and approaches the
price in the stand-alone ERC market.
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Figure5. Determination of the market price of
ERCs. The supply of creditsis the output-weighted
sum of individual performance standards. The demand
is the output-weighted sum of unit demands for
emissions. Proportionate growth in output shifts
supply and rotates demand to the right, leaving the
equilibrium price constant.
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Figure 6. Emissions Ratios and Efficiency. The firm's demand for emissions per unit of
output, r '(p,), isthe inverse of the unit margina abatement cost curve. These are weighted by
industry output shares to obtain the market demand for emissions per unit of output,

N
R D(pZ):Z wr i(pZ). The equilibrium price is determined in pand (a) by the intersection of the
market demand for emissions per unit of output with the output-weighted prescribed emission
N
ratio, R B:Z wiriB. The representative firm in panel (b) chooses an emissionsratio r,” such that

the marginal abatement cost equals the price of ERCs. The firm purchases rj* —er credits per
unit of output, saving areaa+b in abatement costs per unit of output and earning a profit equal
to area b per unit of output.
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Figure7. Long Run Supply Curves. Differing regulatory
regimes generate different long run supply curves. The supply
curve under an emissionstax, S, ishorizontal at ¢, +tr;. The
supply curve under emissions reductionstrading, S,, is
horizontal at alower price, ¢ +t(r,-r,). The supply curve
under command and control perfomance standards, S; is
horizontal at c.. S; liesabove S, . The supply curve under
cap-and-trade emissions trading, S,, is sloped because the
price of permits rises as industry output increases. S, is
positively sloped for net purchasers of permits, negatively
sloped for net sellers of permits.
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Figure 8. Integrating cap-and-trade and ERC trading. The top graphs represent
independent cap-and-trade and ERC markets. Combining them leads to a price between the
stand-alone prices and alows the emissions of one group to expand. Here, the emissions trading
group purchasesk,-Q, credits from the ERC trading group. Over time, the output of the ERC
trading group increases, rotating the effective supply of permits and credits counter-clockwise.
Applying the new graph to panel (b) shows that the integrated price falls and approaches the
price in the stand-alone ERC market.
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Figure9. Determination of the market price of
ERCs. The supply of creditsis the output-weighted
sum of individual performance standards. The demand
is the output-weighted sum of unit demands for
emissions. Proportionate growth in output shifts
supply and rotates demand to the right, leaving the
equilibrium price constant.
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Figure 10. Emissions Ratios and Efficiency. Thefirm’'s demand for emissions per unit of
output, r '(p,), isthe inverse of the unit margina abatement cost curve. These are weighted by
industry output shares to obtain the market demand for emissions per unit of output,

N
R D(pZ):Z wr i(pZ). The equilibrium price is determined in pand (a) by the intersection of the
market demand for emissions per unit of output with the output-weighted prescribed emission
N
ratio, R B:Z wiriB. The representative firm in panel (b) chooses an emissionsratio r,” such that

the marginal abatement cost equals the price of ERCs. The firm purchases rj* —er credits per
unit of output, saving areaa+b in abatement costs per unit of output and earning a profit equal
to area b per unit of output.
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Figure11. Long Run Supply Curves. Differing regulatory
regimes generate different long run supply curves. The supply
curve under an emissionstax, S, ishorizontal at ¢, +tr;. The
supply curve under emissions reductionstrading, S,, is
horizontal at alower price, ¢ +t(r,-r,). The supply curve
under command and control perfomance standards, S; is
horizontal at c.. S; liesabove S, . The supply curve under
cap-and-trade emissions trading, S,, is sloped because the
price of permits rises as industry output increases. S, is
positively sloped for net purchasers of permits, negatively
sloped for net sellers of permits.
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Figure 12. Integrating cap-and-trade and ERC trading. The top graphs represent
independent cap-and-trade and ERC markets. Combining them leads to a price between the
stand-alone prices and alows the emissions of one group to expand. Here, the emissions trading
group purchasesk,-Q, credits from the ERC trading group. Over time, the output of the ERC
trading group increases, rotating the effective supply of permits and credits counter-clockwise.
Applying the new graph to panel (b) shows that the integrated price falls and approaches the
price in the stand-alone ERC market.
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