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1. Introduction

In this paper | deal with the regulation of externalities under uncertaorgentrating on
emissions of harmful substances in air or water. In particular, | show ibhagieinerally
preferable from an efficiency point of view to adopt a policy under which somesesmofta
particular pollutant are subject to an emissions tax and the remaining earigtstgject to
cap-and-trade, even though this policy can be shown not to be cost effective.ofhis is
particular interest, as such policies are used in praetigein connection with the upcoming
European Trading Scheme which includes only 46% of theeb@ssions while the rest will

have to be confronted by another policy instrunfent.

It is well known that, when marginal abatement cdgt&€) and marginal abatement benefits
(MAB) are known with certainty, an optimal emissions tax is equivalent to an op#pzal ¢
and-trade system, both of which achieve an efficient policy outcdfiesvever, as first

formally analyzed by Weitzman (1974) this conclusion is not generally relswerat in most
cases at least tiMAC function is uncertain at the point in time when the tax or the cap is set.
Given lineatMAC andMAB functions, an emissions tax is then preferred to a cap-and-trade
system when thBIAC function is steeper than th&AB function. Similarly, when th1AB
function is steeper than th&AC function, cap-and-trade is preferred to an emissioris tax
However, in both cases some distortions remain on the market. That is, given that arily one

the two systems should be used, the Weitzman analysis provides a second best solution.

Many authors have tried to reduce the remaining distortion on the market binoara
guantity instrument with a price instrument. The seminal paper in this branch itétheeite

is Roberts and Spence (1976), from which the hybrid regulation mechanism known as a
‘safety valve’ originates. Other studies include Weitzman (1978) who introdycssaily

! This policy may be justified entirely by other seas than those highlighted in the present papeit b

nevertheless illustrates a real example of the &irqblicies discussed herein.

2 For this to be true from a ‘double dividend’ pesfive the permits under cap-and-trade have taibgomed,

see, e.g., Bohm (2002). For the purpose of thigiptgis is not crucial.

® When the functions are non-linear these conclissaa not always correct, see Malcolmson (1978) and
Watson and Ridker (1984)



function that operates if an emitter deviates from a pre-set emissiortsaiaigéohe (1981)

who studies the use of so called ‘sliding contria#, a scheme in which the emissions tax
varies with the emitters’ emissions level, drawing on work by Ireland (1&w¥).affont

(1977), among others. A recent paper by Kaplow and Shavell (2002) argues in favor of the
use of non-linear tax schemes. The outcomes under these and similar mecha&ngtas a
preferred to those under a standard emissions tax or pure cap-and-trade.rHosesms

that such mechanisms are rarely used in practice, perhaps because theyearedpas being

too complex.

The driving force behind the results derived in the present paper is that a regutated
through an emissions tax responds differently to a given realization EiAG&han one
regulated through cap-and-trade. For argument’s sake, assume for now thia¢ MALtis
uncertain. If theMAC emerges as higher (lower) than expected, the optimal emissions level
under cap-and-trade is below (above) the efficient one, wheMABequates the realized
MAC. The opposite is true under an optimal tax regime: iMAE is realized as high (low)

the market will emit more (less) than the efficient volume. Consequently, whea sabset

of all emitters is subject to cap-and-trade while the other emittetaae the aggregate
emissions volume will be closer to the efficient volume regardless of whiatidAC is high

or low, assuming that the realization applies to both groups. This is obviously appealtng but
has a drawback. When all emitters trade and when all emitters are soilgj¢akf marginal
costs are equatexk postand, hence, both solutions are cost effective. Here, M€ is
realized as higher than the exped®8C the price in the trading sector is higher than the tax
in the taxed sector andice versaThat is, marginal costs will not be equated and the solution
is not cost effective. Thus, the following model deals with two sources of afficless.

First, the emissions volume may differ from the efficient level. This witieberred to as the
‘volume error’. Second, abatement efforts may be allocated between agentsaffetive

way. This will be referred to as the ‘allocation error’.

The rest of the paper is organized as follows. Section 2 outlines the formal motieh Sec
contains the main analysis, presented both in a setting in which all emitteferdieal and
in a setting in which they differ in respect to the slope of their indivisi4eC functions.

Section 4 concludes.



2. The model

Throughout the paper | assume that the market is competitive, that transadSamdos
income effects are negligible and that all agents are in compliance. Facginel theMAC

andMAB functions be linear in emissions. TREAB is given by
MAB=f +ge, +0 (1)

wheref andg are non-negative parametesg;, denotes total emissions adds a continuous
stochastic variable that is symmetrically distributed around zero. Lret ble®&l emitters and
let each emitter haveMAC given by

MAC =K - L e+e (2)

1+(i _N+1j®
2

whereK andL are parameters, is emitteri’s emissions volume anglis a continuous
stochastic variable that is symmetrically distributed around zero. Note lthatan economy-
wide realization common to all emitters. Furthermore, | assume Hratd are independent.
© is a parameter that relates each emitter’s ingew (he slope of itMAC function. If©
equals zero all emitters have identibBAC functions with a slope oL: If @ is positive,
emitters with a low index (low) will have steepeMAC functions than those with a high

index. In order for all individuaWAC functions to decrease in emissions we must have that

-2 /N<© < 2/N. Furthermore, leK > f and letg andL be strictly positive.

Aggregating over all emitters yields an aggregatédC
L
MACtot =K _Ne(ot tE (3)

Note thatMAGC is independent d® by design. This simplifies the analysis since a change in

the distribution of agents’ individudMAC functions does not influence the aggreddseC.

The efficient emission volume, o, is the one that equates the aggreg®tad with theMAB
N(K - f +£-0)

- .
R @




2.1 Efficiency loss due to the volume error under a single sector regime

When the entire market is subject to a cap-and-trade regime, the optim@| apich that
the expecte®lAB equals the expect@ddAC:, which amounts to (4) witaanddequal to
zero. IntegratindAC,: — MAB from Q to the efficient emissions level and taking
expectations yields the expected remaining distortion on the emissions reaR&t, .1},

under the optimal cap-and-trade regfme

No? N N7?
2(L+gN) 2(L+gN)

E{DWLe,} = (5)

whered? is the variance of the stochastic variablnd 7* is the variance ofi The optimal

tax, T, is given by the price at which the expedi®dB equals the expectddACi

L(K - f)
L+ gN

T=K- (6)
An exercise similar to the one in the cap-and-ticake yields the expected remaining
distortion on the emissions market when the eetm@omy is subject to an emissions Bx,
as

N Nog? N72
T ®

E{DWLTax}z( L L+gN) 2(L+gN)

Note that whemg =L / N, i.e.,aggregatetMAC has the same slope as MAB, E{DWLcn7}=
E{ DWLrag While E{ DWLcn1}> E{DWLra¢ Wheng <L /N andE{ DWLcni}< E{DWLrax
wheng > L / N, which correspond to the results derived in We#ar(iL974).

2.2 Efficiency loss due to volume error under aldegtor regime

Rather than treating the entire economy as onersebe emitters may be divided into two
different sectors such that emittérs 1 ton belong to sector 1 and emittéersn+ 1 toN

belong to sector 2. Aggregating over sector 1 gi¢he followingMAC function

* | do not report intermediary steps in these calios, as they are well known from earlier litarete.g,
Weitzman (1974).



2L

MAC,, =K -
S =K = (N=n)e

)931+‘9 (8)

wherees; denotes total emissions from emitters in sect&irhilarly for sector 2

2L

MACs: =K (N n)2=ro)

&, T € (9)

wherees, denotes total emissions from sector 2.

In this ‘dual sector case’ sector 1 is subjechmeamissions taX given by (6) and sector 2 is
regulated by cap-and-trade, such that the expéctaldemissions volume amounts to the
expected efficient outcom®,. The emissions volume from sector 1 as a funaidhe tax is

given by

e = n(K —T+£)2(i—(N—n)®) (10)
Substituting (6) into (10) yields

n(l‘(K_f)H'j(z—(N _n)o)
T L+gN

€ = oL (11)

For sector 2, the emissions volume as a functidh@pricep, is
_(N-n)K-p+e)2+n0) (12)

2 2L

From (6) we know that if both sectors are subjec¢he taxT the expected total emissions
level,i.e.,E{ es1+ esg, amounts to the expected efficient one. Hencgnple way of
calculating the necessary cap for sectdz, is to substitut@ in (12) forT and setsto zero,

which yields

o EK =N os
QSZ:(N )(LK fj(z o)

L+ gN
2L

(13)



The total emissions volume from both sectors ishied by adding (11) to (13)

e _2LN(K - f)+ng(L +gN)(2-(N-n)O)
€ = €5 T Qg = 2L(L+ gN)

(14)

In expectation terms, (14) equals (49,, the expected total emissions volume in the dual
sector case coincides with the expected efficieiume. The efficiency loss due to the

volume error accruing from adopting a dual sectttirsg may be calculated by the integral

*

[ (MAB-MAC,,)de, (15)
Substituting for the relevant expressions — (44)(11) and (3) — solving the integral and
taking expectations yields an expression for thgeeted efficiency loss due to the volume
error, E{ DWLyg}, as

(L(N -n)2+n@)+gnN((N -n)o-2)fc? . N7

8L2N(L + gN) * 2(L +gN) (16)

E{DWLe} =

As an illustration, let all emitters be identicag,, set® = 0, and let the slope of théAB

equal the slope of the aggregaMAC, i.e.,setg =L / N, then (16) simplifies to

(N-2nf'o® N7’
4LN 4L

L
E{DWLVE|®=O;9=N} = (17)
which may be compared to the dead weight loss uhdetorresponding single sector setting,
reached by substitutirgyin (5) or (7) byL / N

L, _No®  Nr?

L
E{ DWL =—} =E{DW =—}= +
{ Taxlg N} { LCnTlg N} 4|_ 4|_

(18)

We can see that (17) is less than (18) fon &dirger than zero and less thidnin other words,
the expected efficiency loss due to volume erroinishis particular setting, strictly less under
a dual sector regime than when the entire econsmggulated by a single common
regulation mechanism. This is in line with the gahetuition that if the entire market is
subject to an emissions tax, total emissions witeed (fall short of) the efficient emission
level as a response to a realizatiom te#rger (less) than zero whereas under a cap-ade-tr

regime the opposite applies and, consequentlyttisglthe economy into a taxed sector and a
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trading sector will yield an expected total emissimlume closer or equal to the efficient one.
But, as mentioned, this approach has the disadyamtianot being cost effective, which is the

issue we now turn to.
2.3 Efficiency loss due to the allocation error end dual sector regime

In the following | calculate the total costs of chang the emissions volume under a dual
sector regime first in a hypothetical cost minimigsetting and then in the actual dual sector
setting. The difference in total cost between thtesescenarios constitutes the efficiency loss
following from the allocation error. | calculateetiotal abatement cost by integrating the
MAC from the actual emission level to the businesssasl BAU) emission level. Since we
are interested in the difference between two wiats measures, any fixed costs may be

safely ignored.

| find the BAU-emission level by setting marginal costs to zerd solving foree: in (3),

which yields
e = NK+e) (19)
L
In the hypothetical cost effective case the totsts of reachingsi«szis given by
e
'[631 . MACYotdQOt (20)

Substituting (14), (19) and (3) into (20) and sotythe integral yields an expression for the

lowest total cost at which the emission voluese sis reached, given the realizationgf

1o = (2N(fL+gKN)+(N -n)(L +gN)(2+n©)ef

21
mn 8LN(L +gN)’ (21)

It must be noted that (21) is only a basis for cangon as it assumes that the tax or cap may
be set after the realization afThis is to be compared with the actual dual semiicome in

which the taxed sector 1 emég; and the trading sector 2 em@s, units. Let us start by

> This might be viewed as using an emissions tasyramg it is possible to set the tax after theizatibn of .



deriving the total costs in sector 1 of reducingssions fromeZ™" (sector 1's business as

usual emission level) tel, . Inserting a tax equal to zero in (10) yieef§" as

BAU _ n(K + ‘9)(2_ (N _ n)@)

22

& oL (22)
The total cost for sector 1 may be calculated by

i MACde, (23)
Making the appropriate substitutions, using (112) @d (8), yields

n(fL + gKN)*(2-(N-n)o
1e, = NIL+gKNF(2-(N -n)o) (24)
4L(L +gN)

For sector 2 the business as usual emission leg@én by (12) under a price of zero

e = (N -n)(K +£)2+nO) (25)

2L

The total cost for sector 2 of decreasing emissimra e2" to the capQs, is given by

. MACde, (26)
Substituting for (13), (25) and (9) and solving thiegral yields

_ 2
TC, = (N -n)(gN(K +&)+ L(f +&))(2+no) 27

AL(L + gNY

Adding TCs; andTCs; yields the total cost in the economy followingrfrehe dual sector

policy. This amounts to

e = (N=n)(gN(K +&)+L(f + &)} (2+n0)+n(fL + gkN)*(2- (N -n)©)
S1+S2 4L(L + gN)Z

(28)

Thus, we have the total cost following the benchneaist minimizing solution, from (21),

and the actual total costs following the dual septdicy, from (28). The efficiency loss due



to an allocation error, denot&@IVLag, accruing from the fact that the dual sector poiscnot
cost effective is the difference between the aatoat and the benchmark casg,,
TCs1+s2- TChin. In expectation terms this amounts to

n(N - n)(2+ne)2- (N - n)e)o?
8LN

E{DWL,} = (29)
which, as the previous discussion suggests, isvzkemn = O (all emitters are subject to cap-

and-trade) and wham= N (all emitters are subject to an emissions tax).

Thus far we have derived an expression for the @rpeefficiency loss due to the volume
error under a dual sector policy, given by equatidd), and an expression for the expected
efficiency loss due to the allocation error, gin®n(29). Getting the total expected efficiency
loss following a dual sector policy, denof@WLs;+s3 is simply a matter of summing these
two, which yields

0.2

8L°N

E{DWL,.o)} = (Ln(N ~n)(2+ne)2- (N -n)o)+

(30)

(L(n-N)(2+n®)-gNn(2-(N - n)e)))zJ+ N72
L+gN 2(L+gN)

In the following analysis (30) will be compared wthe expected efficiency loss from letting
the entire market be subject to cap-and-tradendiye(5), and an emissions tax, given by (7).
Even at this early stage it is clear that any défiee in expected efficiency loss between a
single and a dual sector regime will follow fromcentainty about th&1AC not about the

MAB, since the last term of (30)—containing the varte&nf o0—is identical to the one in (5)

and (7), respectively.

3. Theanalysis

In the previous section we derived an expressiothi®expected total efficiency loss from
the dual sector policy. We now turn to analyzing diptimal solution to the problem of

choosingn.

The number of emitters to be included in the tas@axtor 1, is a policy variable, which is to
be set so that the expected efficiency loss, dgwe(80), is minimized. Obviously, this

optimization is carried out under the constraimt thmust be non-negative and not larger

10



thanN. For the sake of simplicity, we minimize (30) witspect ta ignoring the constraint

and afterwards check whether or not it is fulfilled

In the followingN needs to be large enough so thatay be approximated to a continuous

variable. Given this, we may differentiate (30)wiespect tm to get

OE{DWLg.sp} _ (N —2n)0 - 2)(L + gn((N - n)e - 2))o”
on 412

(31)

3.1 Homogeneous emitters

Let us first concentrate on the case where alltersiare identical,e., where the individual
MAC functions all have the same slope. This is modelesetting® to zero, in which case

(31) simplifies to

aE{DWL51+32 |©= } - (Zgn_ L)JZ

32
on 212 (32)

By setting (32) equal to zero and solvingfiorwve find the optimal number of emitters to
include in sector 1,e., then that minimizes (36)

n=— (33)

Equation (33) states that the optimal number ottensi in sector 1 depends on the relative
slope of theMIAC function and théMAB function in a way such that the steeperM#C, in
relative terms, the higher time. Here is an analogy to the original Weitzman ()9@4ults
discussed earlier. There, the regulator is indfiébetween a (single sector) tax regime and a
(single sector) cap-and-trade regime if and onthéf aggregate®AC function has the same
slope as th&1AB function,i.e.,if g =L / N. Substituting this into (33) yields the

corresponding solution if we allow for a dual sedolution, namely that

. N
n :E (34)

Qzﬁ

SSince 0’ E{DWLy,.s, [©=0} _ go® _ 0. the solution constitutes a minimum.
on? L2
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That is, exactly half of the emitters should béhie taxed sector 1 and the other half in the
trading sector 2. Ify is slightly higher thah / N, Weitzman (1974) states that cap-and-trade is
preferable to an emissions tax. However, in thé sieetor case there should still, in optimum,
be some emitters subject to a tax but the numbebgiess than half dfl. Similarly, if g is
slightly less tharh. / N more than half, but generally not all, of the eeng& should optimally
belong to the taxed sector 1.

We should note that, as we assumandg to be strictly positiven” will never be negative

but it may turn out to be larger thh In such cases the corner solutiomof N applies,

since the number of emitters in the taxed sectonaaexceed the total number of emitters on
the market. From (33) we can see that the correti@o is valid forg< L/ (2N), i.e.,for

relatively flatMAB functions.

Figure 1 illustrates the optimal proportion of emenis in the taxed sectord,/ N. On the
horizontal axis ig, which is a measure of th@AB's slope defined bg=zL /N, i.e.,a

higher value o implies a steeper (relative) slope of MAB. At zequal to 1, th&1AB has

the same slope as the aggregi&dC. The horizontal section of the graph captures the
formerly mentioned corner solution. Outside thisties the optimal proportion of emitters to
be included in the taxed sector 1 is convex andedsmg in the relative slope of tNeAB

function.

0 0,5 1 15 2
z

Figure 1, Optimal proportion of emitters to be includedsiector 1, n/ N, as a function of z, where high

values of z imply a steeper relative slope of tiABM

Given an optimah, figure 2 decomposes the total expected efficidosy,E{ DWLls1+s3,
following from the optimal dual sector solutionantne part due to a volume error,

E{ DWLyg}, and one part due to an allocation er&fPWLag}, assumingr?=0. Starting az
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close to zerai,e.,a nearly horizontaMlAB function, it is seen that total expected efficiency
loss is small. Az = 0 an emissions tax will result in the efficienttcome and both

E{ DWLvg} and E{ DWLag} will be zerd'. Aszincrease&{ DWLyg} increases, buE{ DWLag}
remains at zero due to the aforementioned corneti@o. For even higher values nf

E{ DWLag} increases and reaches a maximurnatl whileE{ DWL,g} decreases to reach a
minimum atz = 1. The interaction between the two is such tthatotal expected efficiency
loss,E{ DWLs;+s3, has a maximum a = 1. It should be noted that only at the spe@alkecof
z =1 will, the efficiency loss due to the volumeagrbe zero. For all other valueszfiarger
than 0.5, the optimal solution contains distortibntgh due to allocation error and volume

error.

1,0

E{ DWLs1.s3
0,8

E{DWLag}
06 -

04 |

Normalized Expected Efficiency Loss

021

E{DWLyg}

00 ) ‘ —fﬁ_—ﬂ_—#
0 05 1 15 2

z
Figure 2, E{DWLs;+s¢ as a function of z decomposed into E{Qland E{DWlL,g}. The graph is

normalized so that max(E{DWL.s})=1 and assume#=0.

It is interesting to determine how much better aldector regime is compared to the single
sector case. Still using = 0 and looking at the case where L / N the resulting efficiency

loss, from (30), amounts to

No? N Nz?
8L 4L

(35)

" Mathematically, this is not captured by the desitsr model as it would yield a division by zerat bince we

know that atz = 0 all emitters will in optimum be taxed, we mase equation (7) instead.
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in the dual sector case using the optimal The corresponding efficiency loss under a single

sector regime, from (5) or (7), amounts to

No? Nr?
+

36
4L 4L (36)

The second term in (35) and (36) follows from theartainty surrounding tfdAB and is
equal for the two cases. The first term followsrirthe uncertaiMAC and is strictly less in
the dual sector case. If there is no uncertainbpatheMAB the expected efficiency loss
from the dual sector regime is, in this particdetting, only half that from a single sector

solution.

A more general picture is given by figure 3. On vieedical axis is the difference between
expected efficiency loss from a single sector easka dual sector case weighted by the
expected efficiency loss from the dual sector ta®a the horizontal axis is Forz< 1, a tax

is preferred to cap-and-trade under a single seetpme and the opposite fopr 1. This
explains the kink on the curve since at this ptietreference regulation mechanism changes

from taxes to cap-and-trade.

0,5 -

0.4

0,3

0,2 +

0,1 +

Weigthed difference in efficiency loss

0

0 0,5 1 15 2
z

Figure 3, the difference between expected efficiency lags#sr the single and dual sector cases

weighted against the efficiency loss under thelsisgctor case as a function of z, assunig.

As we have seen earlier, ok 0.5 the optimal solution entails having everyiteanin the

taxed sector 1. Thus, in this region the optimdicgon the dual sector case coincides with

8 Algebraically, ElPWhingeseaot = E{DWlsisob  \where EPWiinge sectol= MIN(E{DWLrax}, E{DWLcys).
E{ DWLsingIesector}

14



the single sector tax case and consequently thevilvgenerate identical efficiency losses.
Above this region, steep®AB functions will result in increased efficiency gains

switching from the optimal single sector policya@ual sector policy. The maximum gain
possible is at the point wheze= 1, where it amounts to 0.5, which implies theg €xpected
efficiency loss from a single sector regime is &vits high as from a dual sector reginsee
(35) and (36). For > 1, the efficiency gain from a switch to a duatter regime decreases in
the relative slope of thIAB, but it is still positive. As a whole, the duatt® solution
performs best, relative to the single sector sofytwhen the slope of thdAB is close to that
of the aggregateMAC. In cases where these differ greatly the diffeeencexpected

efficiency loss between the two systems is smaller.
3.2 Heterogeneous emitters

We have shown that generally (subject to the dsonsabout low values @) a dual sector
regime is strictly preferable to a single sectantirermore, we did this under the assumption
that all emitters are identical, so the resultasanconsequence of differences among emitters.
Let us now briefly address what happens when shimt the case.e.,when® # 0. As
mentioned, whe® > 0, emitters with a low index have a stedd&C than those with a high
index. Wher® < 0, the opposite applies. As tRAC function is designed we may reverse

the order of the emitters—emitter 1 becomes enfitt&* becomedl-1 and so on—without

any other changes occurring simply by changing efgd. This means it is possible to
compare a situation in which those emitters withtreely steegMAC functions belong to the
taxed sector 1 with a situation in which they begltm sector 2.

Consider the following three policies: 1) let th@sritters who have the steepkBC
functions belong to the taxed sector 1; 2) let tarstwith steepMAC functions belong to the
trading sector 2; and 3) sort the emitters sottimbaggregateMAC functions in the two
sectors have the same slope. | will now show thieen the use of optimal—which differs

among the policies—the three policies are equitaieterms of expected efficiency loss. To

® The figure assumeg = 0. A7 > 0 adds the term nz>  to both EDWlgingie sectq and E{DWLs;+s3.
2L(1+2)
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see this, start by deriving an expression for ht@mal n. Setting (31) equal to zero and

solving vields the following minimizing rott

- _gNO-2g+ J4gLo+(gNe -2g)?

37
o 200 (37)

Note that (37) is not defined f@ = 0, which is why in the previous discussion wd t@a
substitute for this before we solved for the fostier condition. Substitutingfor z L / Nand

differentiating (37) with respect 18 yields

on, _ No(z-1)-2z+ Jane + z(No - 2))
00 @,/ z{4Ne + z(No - 2)?)

(38)

which is positivej.e.,n, increases i®, as long ag > %. Under valid values @, i.e.,

-2IN £ © < 2N, the derivative is zero at= %2 and negative or lacks a real solutionzferya.
In the previous section we showed that aty2 and® = 0 all emitters will optimally belong
to the taxed sector 1. Since (38) is zerpat. this is also the case for all valid value®of

Furthermore, since

on, _ N

== 39
0z z\/z(4N® +z(NO - 2)2) )

is negative for all vali®, az < %2 cannot imply less emitters optimally in sedtof hat is if
z< Y% all emitters are to be taxed regardles®,ado the interesting situations occur when

z> 1. We now restrict our attention to these cases.

Consider an economy with emitters that, if sortgdlécreasingAC slope, may be described

by a strictly positive®. We can calculate the optimal number of emitterhe taxed sector

under policy 1,0, , directly using (37). As the order of the emittisrseversed when the sign

of @ is changed, we can calculate the optimal numbeaefd emitters under policy B,,

1970 distinguish between the optinrainder homogenous emitters(we denote the optimalunder

heterogeneous emitters oy .
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using (37) with® substituted for®. Finally, the optimal number of taxed emitters end

policy 3, n;, follows from (33) since this policy correspondghe case whei® = 0. From

(38) it then follows, ifz > %, thatn, > n; >n,. This is in line with the general intuition

discussed earlier in the paper. An emitter, suligean emissions tax, with a relatively flat
MAC function will respond more to deviations of thi&C from its expected realization than
one with a relatively steddAC function. It thus seems intuitive that the optimamber of
emitters in the taxed sector is larger under pdlicywhere the taxed sector contains emitters
with relatively steefMAC functions, than under policy 2, where it containsteers with

relatively flatMAC functions and that policy 3 has an intermediateaute.

Finally, let us examine the expected efficiencysldasertingn, from (37) into the
expression for the total expected efficiency Igssen by (30), and simplifying yields

_(3gN-L)o? L N7?

~ 8g(L+gN) 2(L+gN) (40)

E{DWlg.; [N}

Importantly, (40) does not depend ®nThat is, given the relative slopes and the ugbef
optimaln, the choice of policy 1, 2 or 3 has no impactlméxpected total efficiency loss.

This is perhaps not an intuitive result but theran explanation, which can be seen by
insertingn, from (37) into the expressions for total emissifsom each sector respectively,

given by (10) and (13). This yields

L(K - f)+(L+gN)e

P = 41

' 2g(L +gN) “1)
Whereegzi> denotes sector 1's emissions givenTaand optimah, and

No — (K _ f)(ng — L) (42)

27 29(L+gN)

Wherngé denotes the cap for sector 2 given an optim&Vhat is important to note in (41)

and (42) is that neither contai@si.e., the emission volume from each sector respectively
will, under the optimah, not differ for different values @. Consequently, neither will the

total expected efficiency loss.
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4. Conclusions

In this paper | have shown that it is, from anadincy point of view, generally preferable to
divide the regulated economy into two sectors, exttiy)g one sector to cap-and-trade and the
other to an emissions tax, rather than adoptingtisé effective approach of subjecting the
entire economy to either cap-and-trade or an eanisdax. The reason is that the resulting
efficiency gains from decreasing distortions oneghgssions market outweigh the efficiency
loss owing to the dual sector approach not beirsg effective. This has been shown to be the
case both when the economy consists of identicatemand when the emitters differ in

their slopes of their marginal abatement cost fonst
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