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Abstract

In this paper, we use the two region CETA-M nodel to
explore sone related issues raised by the current interest in
CO2 concentration targets as a possible climte change policy
obj ect i ve. First, we identify possible cost and benefit
assunptions that would make particular concentration ceilings
optimal. Next, we explore the acceptability to both regions of
various burden sharing agreenents, given particular cost and
benefit assunptions. Lastly, we inquire whether the control
effort and burden sharing rules mmy reasonably be negotiated
i ndependent|y.

| . I ntroduction

Recently, policy analysis has begun to focus on CO2
concentration limts as possible objectives of policy toward
climate change. Wgley, Richels, and Ednunds (1996) for
exanple, ~consider alternative emssions paths designed to
achi eve one of several possible concentration targets in a given
time frame. They argue that some em ssion paths will have much
hi gher economic costs of achieving a given target, while
producing only slightly lower global nmean tenperature and sea
level rises during the period of transition to the ultimte
concentration target.

Recent policy discussions also focus on burden sharing
rul es,
and the theoretical interdependence between burden sharing rul es
and optimal emnmi ssions paths. Chichilnisky and Heal (1994), for
exanpl e, show that Pareto efficient allocations depend on the



initial distribution of property rights, in an econony wth
public goods. Chao and Peck (1997) consider this issue in the
specific context of clinmate change. Using a static equilibrium
nodel with em ssion rights trading between two regions, they
concl ude that the interdependence between the initial
distribution of rights and optimal emssions is quantitatively
smal | .

In this paper, we present an analysis notivated by that of
Chao and Peck (1997). In our analysis, however, we use clinmate
change benefit and mitigation cost assunptions that are rel ated
to possible CO2 concentration targets, and we use the CETA-M
nmodel .* CETA-Mis a regionalized version of the CETA nodel ?, and
like CETA, it represents the econony and climate in a dynamc
cont ext .

We begin our analysis by exploring the inplications of a
range of possible assunptions about the costs and benefits of
controlling em ssions. For each set of assunptions, we identify
the concentration target that is optinal, given those
assunptions. This provides a reasonable way to rel ate cost and
benefit assunptions to possible concentration targets.

Havi ng found cost and benefit assunptions consistent with
various concentration targets, we next consider possible
international CO2 control systens enploying tradeable em ssion
permts or rights. In particular, we focus on finding the
all ocation of permits to each party to the agreenent, such that
each party prefers the agreenent to no agreenent. W also | ook
at the potential acceptability to both parties of a couple of
burden sharing rules based on 1990 GDP or 1990 popul ation
proportions.

Finally, we address the question of whether the optina
guantity of em ssion permts can be agreed upon independently of
the distribution of those permts. If optinmal em ssions are
i ndependent of the distribution of permts, the negotiation
process becones sinpl er.

I'l. The CETA-M Model

The CETA (Carbon Em ssions Trajectory Assessnent) Mdel is
the foundation for CETA-M CETA represents worl d-w de econom ¢
grom h, energy consunption, energy technology choice, gl obal
warm ng, and global warm ng costs (costs of danage from and
adaptation to higher tenperature). Mich of the data for CETA is
adopted fromthe base case assunptions of EM-14, the on-going

'Peck and Teisberg (1997) introduces the CETA-M nodel and
uses it to analyze the costs of alternative proposals for CO2
em ssion reduction.

’See Peck and Tei sberg (1992)



Stanford Energy Mdeling Forum d obal dinate Change study.?

CETA-Mis simlar to CETA in nmany respects. However, it
di saggregates the world into regions, and allows for trade
bet ween these regions in multiple goods. Equilibriumis found
using an approach based on Negishi welfare weights. The
foll ow ng sections provide nore detail.

A. Regi ons

The EMF14 study disaggregates the world into six regions:
the United States (USA), the European Econom ¢ Community (EEC),
other OECD countries (OCECD), the former Soviet Union (FSU),
China, the rest of the world (ROWN. For our analysis here, we
divide the world into only two regions: the OECD and the Rest of
the World. Data for these two regions are obtained by
aggregati ng EMF14 data for the appropriate subregi ons conpri sing
our two regions.

For each of the two CETA-M regions, our representations of
t he econony and energy use is essentially the sane as that for
the world as a whole in the CETA nodel. Thus regional output
depends on exogenous | abor input, the endogenous capital stock,
and energy use. CO2 em ssions depend on the quantity and type
of energy used in each region.

B. International Trade

In CETA-M we allow for international trade in the
nuner ai re good (aggregate output), carbon enmission permts (for
sone policies), and two key energy goods: oil and gas (which are
aggregated together as a single comodity in CETA and CETA-M
and synthetic fuels (derived fromcoal). This choice of energy
goods abstracts fromthe possibility of trade in other energy
goods such as coal or electricity, and it ignores some inportant
differences in transportation costs for oil and natural gas.
Nevert hel ess, we think it is a reasonable representation of the
nost inportant energy trade flows we would expect to observe
over the next century or so.

When international trade in the nuneraire good is allowed,
the nuneraire flows fromthe region with a | ower market rate of
interest to the region with a higher market rate of interest,
until rates of return are equalized across regions. To prevent
unrealistically high capital flows, we follow the approach of
Manne and Ri chel s* and benchmark our regional utility discount
rates (i.e. those used to calculate the present value utility of
any given consunption path) so that market rates of return are
approxi mately equal (and equal to 5 percent) for both regions.

%Ener gy Model i ng Forum (1995).
‘Manne and Richels (1992), p. 126.



For each traded good and each region, nodel equations
representing the econony and energy use are augnented by an
equation requiring regional use of traded goods to equal
regional production (or allocation, in the case of carbon
permts) plus net inports. 1In addition, for each traded good,
an equation is added to require that the sumof net inports over
regi ons equal s zero.

C. Determ ning the Equilibrium

To determ ne the conpetitive equilibriumin CETA-M we use
an approach enpl oyi ng Negi shi weights. That is, we specify a
problem in which the objective function is a weighted sum of
utilities in the two regions; these weights are known as Negi sh
wei ghts.®> Wien this problemis solved for any arbitrary set of
wei ghts, the shadow prices of the constraints requiring net
inmports to sum to zero are the international prices for the
correspondi ng goods. These prices may then be used to cal cul ate
a present value trade surplus or deficit for each of the two
regions for this nodel solution. The conpetitive equilibriumis
then found by adjusting the Negishi weights until the present
val ue trade surplus (or deficit) is zero.

Wth two regions, there is only one independent Negishi
weight (the other being conpletely determ ned because the
wei ghts nmust sumto one). This nakes it sinple to adjust the
Negi shi weight until the present value trade surplus is zero.
In fact, we find that the trade surplus is very nearly a linear
function of the Negishi weight, which nakes it possible to cone
very close to the equilibrium Negishi weights using two sets of
trial weights and interpolating or extrapolating using the
results fromthese trial weights. Repeating the interpolation
once or twi ce produces an even closer approximation to the
equi | i brium

D. Regional Warm ng and Damages in CETA-M

The CETA-M nodel used for this paper contains a climate
change danmage representation that is new to this version (as
well as all other versions) of the CETA nodel. W have repl aced
a damage function based on the globalized damage estinmate of
Nor dhaus (1991) with regionalized danage functions derived from
t he damage estinmates of Fankhauser (1995).

Fankhauser's damage estinates represent "benchmar k" danmage

froma 2.5 degree C. tenperature increase, i.e. the tenperature
i ncrease considered nost likely by I PCC (1990) for a doubled CX2
concentrati on. Since Fankhauser's estinmates are presented in

1988 dollars, we have inflated them by 10 percent as a rough

°Negi shi, T. (1972).



adjustrment for inflation and growth to 1990.

Fankhauser's danage estimates are presented in categories
whi ch may be aggregated into two classes -- market danmages and
non- mar ket danages. Market damages are those for which market
prices can be used directly or indirectly to measure costs; an
exanple is agricultural |osses where the prices of crops can be
used to val ue production |osses. Non-market danages are those
for which there are no narket prices to help in val uing danages;
an exanpl e of non-market damages are health effects (including
increased nortality) attributable to climte change.

W aggregated the following of Fankhauser's damage
categories into the non-nmarket danmage class: wetlands | oss (even
t hough fisheries loss is included), ecosystemloss, human life,
air pollution, mgration, natural hazards (even though this is
partly a nmarket danage). The renmaining categories are
aggregated as market damage: coastal defense, dryland |oss,
agriculture, forestry, energy, and water.

Table 1 below presents the resulting danmage estinmates by
EMF14 region, together with EMF14 GDP and popul ati on nunbers.
Overall, the market and non-market danmages are of approxi mately
equal magnitude, and together cone to roughly 1.4 percent of
GDP

Table 1

1990 dinmate Change Danage Estinate
Deri ved from Fankhauser (1995)

(Billion $)
EMF14Non- Mt Mar ket EMF14EMF14
Regi on Dam (D) Dam (D) GDP POP
USA 33.11 33. 995520 250
EEC 35. 64 34. 325710 244
OCECD 32.12 29. 264970 259
FSU 8.91 11.111310 289
CHI NA 7.26 11.111330 1134
ROW 41. 03 18. 593110 2976

Qur next step is to "explain" statistically the cross
sectional variation in market and non-nmarket damages in terns of
GDP and popul ati on. It is reasonable to expect that market
danmages would be linearly related to GP, and indeed we find
that the data are consistent with this expectation:



D, = a+b,-GDP

wher e:
a = 3.573223
(SE = .97596)
b, = .005327
(SE = .000237)
R = .992083
For non-market damages, it seens reasonable to suppose
t hat:

Dy = F(Y)-POP

Here y is incone per capita, and f(y) nmay be interpreted as an
anount per person that represents wllingness to pay to avoid
non- mar ket damage. Intuitively, it is plausible that the
function f(y) mght be non-linear in inconme per capita.
However, after a little experinmentation, we concluded that the
followng linear relationship best fits the data:

D
w _ .. GDP
PoP =~ @*P: pop

The regression results for the above equation were:

a = .003705
b, = .006017

(SE = . 000200)
R = . 995566

Mul ti plying both sides of equation (3) by POP, D, is seen to be
a linear function of population and GP (wWth no constant term.

Equations (2) and (3) provide functional relationships
bet ween incone, popul ation, and benchmark danages. These may
used to produce regionalized (and tinme varying) benchmark
damages from the projected future regional populations and
i nconmes. Benchmark damages, however, only indicate the damages
at a certain tenperature increase, 2.5 degrees C., in this case.

To get actual estimted damages, it is necessary first to have
regi onal tenperature changes and then to specify the functiona
rel ati onshi p between tenperature change and esti mated danmages.
We next describe the procedures we use to acconplish these | ast



st eps.

In CETA-Mwe explicitly track gl obal nmean tenperature. To
go from this to regional tenperature, we assune there is a
regional tenperature differential relative to the gl obal nean.
This differential is developed from sone regional tenperature
results presented in IPCC (1990). Specifically, Figure 5.3 (p.
140) shows clinmate sensitivity by latitude and nonth of year.
Roughly speaking, the figure suggests that if |atitude exceeds
45° north or south, the tenperature change is significantly
di fferent. In the north high latitude, it's warmer (than
average) for roughly half the year (fall and winter); in the
south high latitude it's warnmer all year. However, since there
is relatively little inhabited |land south of latitude 45° we
i gnore the south and focus on the north.

Al though the fall and winter tenperature increase ranges
from4° C. to 12° C. north of latitude 45° the nore popul ated
land areas are close to latitude 45° Thus, we assune that
north of latitude 45° is characterized as having +5° C. for half
the year and +3° C. for half the year, or an average of +4° C for
the whole year. Below |latitude 45° on the other hand, m ght
reasonably be characterized as having +3° C. throughout the
year. Thus, in an obviously rough way, we assume that the
tenperature rise above latitude 45° is 1.33 tines the
tenperature rise below | atitude 45°

If high latitude warmng is 1.33 tinmes Ilow |latitude
war mi ng, and gl obal nean tenperature is the average of the high
and low latitude warmng, then high latitude warm ng mnust be
1.14 times the global nmean, while low | atitude warm ng nust be
.86 tines the gl obal rnean.

Havi ng characterized high latitude regions as having 1.33
times the warmng of low latitude regions, we next need to
deci de which of the EMF14 regions (see Table 1 above) should be

treated as high latitude regions. Again, in a rough way, we
assune that the EC and FSU are reasonably identified as high
|atitude, while all other regions are |ow [latitude. The nost

troubling aspect of this decision is the placenent of the OCECD,
consi sting of Australia, Japan, Canada, and New Zeal and, in the
low latitude category. Wiile Canada is unanbiguously high
| atitude, Japan is the nost inportant country econom cally and
in ternms of population, and it is predomnantly low | atitude, by
our definition. Thus, we include OCECD in the low latitude

gr oup.

To summari ze, then, we specify regional tenperature change
by assum ng that warnming in the EU and FSU is 1.14 tines the
gl obal mean tenperature rise, while warmng in the other regions
is .86 times the global nean tenperature rise.

Finally, it is necessary to assunme a rel ationship between
regi onal tenperature rise and regi onal danages, when tenperature
rise is something other than the 2.5 degrees C. benchmark. W



assume that actual danages are a quadratic function of regiona
tenperature rise which passes through the benchmark damage
anount when the tenperature rise is 2.5 degrees C

L. Opt i mal Concentration Targets for Al ternative
Assunmpti ons

A. Alternative Benefit and Cost Assumptions

The benefits of emssion control are the clinmate change
danmage costs avoi ded. W consider two possible levels of
cli mate change damage. For our | ow case, we assune that damages
are those derived from Fankhauser's benchnmark estimtes (see the
di scussion in the preceding section). Then, since non-narket
danmage estinmates are inherently nore speculative than narket
danmage estimates, we increase Fankhauser's non-market danages to
obtain a high case assunption about clinate change danmages. W
i ncrease non-market damages by a factor of 3; this increases
total damages by approximately a factor of 2.

There are many paraneters that affect the costs of em ssion
control. However, a key paraneter is the cost of the non-
el ectric backstop technol ogy. The backstop technologies in
CETA-M are admttedly specul ative future technologies that are
characterized as providing carbon-free energy in practically
unlimted anounts, but at relatively high cost, and not unti
sone |ater date. The electric backstop technology mght be
phot ovol tai cs or sone form of advanced nucl ear power. The non-
electric backstop technology mght be hydrogen produced by
el ectrolysis, where the required electricity is obtained using
the electric backstop technol ogy. Because the non-electric
sector is large and relatively carbon intensive, the cost of the
non-el ectric backstop technology is a key paraneter of the CETA-
M nodel .

We consider two alternative costs of the non-electric
backstop technology. Qur high cost is $80 per barrel of oil
equi val ent, while our | ow cost is $60 per barrel.

The above alternative assunptions about benefits and costs
of control define four cases, which we identify as foll ows:

IXNDY HC.  Fankhauser's damages and backstop cost  of
$80/ barr el

3XNDY HC.  Fankhauser's non-narket damages increased by a
factor of three and backstop cost of $80/barrel.

IXNDY LC.  Fankhauser's damages and backstop cost  of
$60/ barr el

3XNDY LC.  Fankhauser's non-narket damages increased by a
factor of three and backstop cost of $60/barrel.



As we show in the next section, the 1xND/HC set of assunptions
results in the | owest optimal anount of emnission control, since
the benefits of control are | ow and the cost of control is high

Conversely, the 3xND/LC set of assunptions results in the
greatest optinmal anount of em ssion control.

B. Concentration Targets

For each of the four sets of assunptions specified in the
preceding section, an optimal path of emssions can be
determned. This is done by including the regional damages from
warmng in the CETA-M nodel, and then finding the Negishi
equilibrium in which both the CECD and the ROW satisfy their
i ntertenporal budget constraints. The results are shown in
Figure 1

In Figure 1 emi ssions are highest in the 1xND/HC case; the
peak concentration level in this case is around 1100 PPM or
nearly four tinmes the pre-industrial concentration. When the
non- mar ket damages are increased by a factor of three (3xND HC),
t he peak concentration level falls to roughly 900 PPM Wen the
non-el ectric backstop cost is reduced to $60 per barre
(1XNDY LC), the peak concentration falls further to about 700
PPM  Finally, when both damage is increased and cost reduced
(3XxND/ LC), the peak concentrationis a little over 500 PPM or
about twice the pre-industrial |evel. W interpret the peak
concentrations as optinal concentration targets for the
underlying assunptions about costs and benefits of emssion
control.

The United Nations Framework Convention on dinmate Change
sets an objective of stabilizing greenhouse gas concentrations
"at a level that would prevent dangerous anthropogenic
interference with the climate system" As yet, there has been
no attenpt to determ ne what this concentration |Ievel mght be.

| ndeed, nost of the policy proposals for controlling clinmate
change have been expressed in terns of emssions rather than
concentrati ons. For exanple, proposals have been advanced to
stabilize em ssions at 1990 levels, or to stabilize themuntil
sone date such as 2020, and then reduce them by 20 percent.

It is interesting that neither the proposal to stabilize
em ssions nor the proposal to cut them by 20 percent causes CO2
concentrations to stabilize, at least not in the time franme out
to 2250 (which is the termnal period in the CETA nodel). These
proposals do tend to result in concentrations in the 500-550 PPM
range by 2150, the approxinmate time by which the concentration
trajectories in Figure 1 have all reached or passed their peaks.

So in a very | oose sense, the policy discussions to date are
nost consistent with the optimal concentration for the 3xND LC
case assunptions.



I V. | nt ernati onal Em ssion Control Using Tradeable
Perm ts

Wien benefits of em ssion control are not considered, it is
only possible to analyze the costs of control and how these
m ght be shared anpbng regions participating in an agreenent to
l[imt em ssions. Wen both benefits and costs of control are
considered, it is possible to analyze the net gains from an
em ssion control agreenent (relative to no agreenment) and how
these gains are shared anbng regions participating in the

agreenent. In this section, we |ook at the net gains and the
distribution of these gains, for the two nobst extrenme sets of
assunptions considered in the preceding section -- the 1xND HC

case and the 3xND/ LC case.

A. A Tradeable Permit System

A relatively sinple way to inplement an agreenent to
control emssions is through a system of tradeable em ssion
permts. Under such a system em ssions permts are issued for
each tine period in a nunber equal to the optinmal em ssions for
that tine period. Then, to emt a wunit of CO2 into the
at nrosphere, a region would be required to use a permt (either
one it was issued, or one it had purchased from the other
regi on).

The allocation of permts anbng regions participating in
the agreenment determnes how the net benefits of controlling
em ssions are distributed anong the participating regions. | f
region 1 is granted nore permts, it will be in a position to
buy fewer permts or sell nore permts, thereby inproving its
wel fare; conversely, region 2 would see a reduction in its
wel fare, since it would be able to sell fewer permts or would
need to buy nore permts.

B. The Bargaining Ranges
To be willing to participate in an agreenent, each region

woul d need to achieve an inprovenent in its welfare under the
agreenent, relative to its welfare in the absence of an

agr eenent . Cenerally, if the overall benefits of emssion
control are large, there will be a fairly wi de range of em ssion
permt allocations that wll inprove the welfare of both
regions; conversely, if the overall benefits of control are
small, the range of permt allocations that would i nprove both
regions' welfares is small. W refer to this range of
al l ocations as the "bargaining range." Qutside this range, the

agreenment cannot be concluded; within this range, the allocation
between the regions is the result of the relative bargaining
abilities of the regions.

We illustrate the bargaining range using the CETA-M node

10



with two regions: the CECD and the ROW In doing so, we
effectively assune that each region acts as a cohesive entity;
this ignores the very real divisions that would exist wthin
various blocks of countries within the OECD or the ROW In
addition, we assune that in the absence of an international
agreenent to control emssions, there would be no control at

all. 1In fact, a non-cooperative solution involving two regions
woul d be characterized by nore than zero em ssion control. O
course, in reality, there will be many nore than two regions

i nvolved in negotiating an international control agreenent, and
t he non-cooperative solution for this |arger nunber of regions
m ght in fact be quite close to the zero control solution we
posit in our analysis.

Figure 2 illustrates the bargaining range in the 3xND LC
case, where the benefits of controlling em ssions are greatest
and the bargaining range is |argest. In Figure 2, the axes

nmeasure the welfares (i.e. present value utilities) of the OECD
and ROWNregions. The point labelled "No Control" indicates the
wel fare | evel s achieved by the two regi ons absent an agreenent.

The line labelled "Wility Frontier" represents the highest
wel fare | evel s achievable with optinmal eni ssions control. The
ends of the bargaining range are found by noving vertically or
hori zontally fromthe No Control point to the UWility Frontier.

At each end, the welfare of one of the regions is the sane as
that in the no control situation, while the welfare of the other
region is maximally inproved relative to the no contro

situation. Between the two ends of the bargaining range, the
wel fare of both regions is higher than in the no control

si tuati on.

In the context of an emssion control system enploying
tradeable emssion permts, different points wthin the
bar gai ni ng range can be achi eved by changi ng the allocation of
permts between the two regions. A regional permt allocation
is necessarily a time path of permt grants. The time path
coul d be specified as a sinple constant share of total permts
in each time period, or it could be related to other benchmarks
such as regional CGDP shares, regional population shares, or
regi onal optinal em ssions.

Some pernmit allocation tinme paths could be favorable to a
region in the early years, and unfavorable to that region in the
|ater years, raising the possibility that agreements nmade now
m ght be broken in the future by the region with an unfavorabl e

future permt allocation. In this paper, we assune that an
agreenent made today will continue to be honored in the future,
even if it |ater becones unfavorable to one of the regions. In

future work, we intend to give further consideration to the
possible incentives to break agreenents, and the permt
allocation rules that are likely to mnimze such incentives.

If regions will remain bound by an agreenent made today,

it is straightforward to calculate the welfares (i.e. present
value utilities) obtained by the two regi ons under any specific

11



permt allocation rule. Then these welfares can be conpared to
the welfares at the ends of the bargaining range to see if the
allocation rule produces an agreement wthin the bargaining
range.

Per haps the sinplest em ssion permt allocation tine path
i nvol ves annual |y giving each region a fixed percentage of the
total quantity of permts for that year. Wth this kind of tine
path of em ssion permts, we find that the end of the bargaining
range nost favorable to the ROW nmay be achieved by annually
allocating 66.5 percent of the total permits to the RON while
the end of the range nost favorable to the CECD nay be achieved
by annually allocating of 41.0 percent of the total permts to
the RON These fixed annual allocations provide one sinple way
to characterize the ends of the bargaining range in Figure 2.

Another sinple way to wunderstand the range of permt
al l ocations characterizing the bargaining range is in terns of

the value of the emssion permts. In the 3xNDLC case
illustrated in Figure 2, the total present value of the permts
i s about $3,200 billion, and the present value of the permts

going to the OECD changes by about $800 billion dollars from one
end of the bargaining range to the other. This change in permt
allocation value also represents a nmneasure of the overal
efficiency gain achieved by a policy of optimally controlling
em ssions in this case.

Figure 3 illustrates the bargaining range in the 1xND/ HC
case, where the benefits of controlling emssions are the
smallest and the bargaining range is the snallest. The
bar gai ning range here is so snall as to be difficult to nake out
in the figure. The ends of the bargaining range here are
achieved by an annual ROW permt allocation that ranges from
57.0 percent to 59.5 percent -- a swing of less than three
per cent age points. This swing represents a change in permt
val ue of about $60 billion. This small change in the val ue of

the allocation corresponds to a snmall overall efficiency gain
froma policy of optimally controlling em ssions in the 1xND HC
case. It is not surprising that the efficiency gainis small in
this case, since benefits of controlling em ssions are | ow and
costs of controlling em ssions are high, relative to the 3xND LC
case.

C. Burden Sharing Rules

In this section, we consider sone alternative possible
rules for allocating permts. W retain the assunption that
rules for allocating permts which are agreed to at the present
time remain binding on the regions over future decades and
centuri es.

Various ideas about how to distribute em ssion permts have

been suggest ed. Permits mght be allocated anong regions in
proportion to their base period popul ations or GDPs. For sone

12



period of time, the devel oping countries mght be given permts
equal in nunber to their expected em ssions in the absence of
control. Conbining these notions, the ROW mght be given
permts equal to uncontrolled emssions for a period of tine,
after which there would be a transition to a permt allocation

based on either population or GDP.® W will consider two
allocation rules of this type. In both, the ROW is given
permts equal to its uncontrolled emssions until 2030; then

there is a transition, between 2030 and 2050, to a permt
al l ocati on based on 1990 popul ati on proportions in one case, and
based on 1990 GDP proportions in the other.

Figures 4 and 5 illustrate the RONpernmt allocation paths
that result from application of the above allocation rules,
under 1xND/ HC case assunptions; Figures 6 and 7 illustrate these
paths for the 3xND/LC case assunptions. In all four figures,

the ROW permt allocation path follows the ROW uncontrolled
em ssions path until 2030. Then there are transitions either to
1990 GDP-based shares or 1990 popul ation-based shares of the
opti mal em ssions path for each set of assunptions. Since the
optimal emssions path is nuch higher for the 1xND)HC case
assunptions, the post-2050 ROW permt allocations are nuch
higher in Figures 4 and 5 than in Figures 6 and 7 (note the
change of vertical scale).

Fi gure 8 shows, for 1xND¥ HC case assunptions, the two rul e-
based permt allocation paths together with the paths that
result from annually assigning 59.5%or 57.0% of permits to the
ROW (i.e. the constant annual allocation percentages that
characterize the ends of the bargaining range in the 1xND HC
case). Note that the paths characterizing the ends of the
bar gai ni ng range are very cl ose together. The GDP-based permt
allocation path is initially close to these paths, but starting
in 2030 it diverges below them The popul ati on-based al | ocati on
path is also initially close to these paths, but starting in
2030 this path diverges above them Based on a visual
i nspection of Figure 8, it seens doubtful that the welfares
resulting from application of +the GDP-based rule or the
popul ati on-based rule would Iie within the bargaini ng range.

Figure 9 shows, for 3xND/LC case assunptions, the two rul e-
based all ocation paths together with the paths that result from
annual |y assigning 66.5%or 41.0% of permts to the ROW (i.e.
t he constant annual allocation percentages that characterize the
ends of the bargaining range in the 3xND/LC case). Here both
the (GDP-based allocation path and the popul ation-based
allocation path 1lie wthin the paths characterizing the
bargai ning range until 2030. Starting in 2030, however, the
popul ati on-based al | ocati on path diverges above these paths; and
starting in 2050, the GDP-based allocation path diverges below
t hem

®A simlar burden sharing rule based on population is
anal yzed in Manne and R chels (1997).

13



Al'l ocation paths that lie partly but not entirely between
the paths characterizing the bargaining range may or may not
produce welfares that lie in the bargaining range; to determ ne
whether they do, we need to calculate directly the welfares
(i.e. present value utilities) of the two regions that result
when permts are allocated according to the specific rules under
consi deration. W have done these cal culations for the 3xND/ LC
case assunptions where there is sone chance that welfares w |
lie within the bargai ning range, as well as for the 1xND HC case
assunptions where the chance that welfares will lie within the
bargaining range is renote. The results of these cal cul ati ons
are shown in Figures 10 and 11, for the 1xND/HC case and 3xND/ LC
case, respectively.

Figure 10 shows the 1xND/ HC case bargai ning range (Figure
3), with additional points plotted to indicate the welfares of
the two regions resulting fromthe rul e-based permt allocation
pat hs shown in Figures 4 and 5. Not surprisingly, the rule-
based all ocations of Figures 4 and 5 |ie outside this bargaining
range, confirmng the visual inpression obtained fromFigure 8.

Figure 11 shows the 3xND/LC case bargai ning range (Figure
2), again wth additional points plotted to indicate the
wel fares of the two regions resulting fromthe permt allocation
paths shown in Figures 6 and 7. As nmay be seen, both
allocations do lie within the bargaining range in this 3xND/ LC
case. Not surprisingly, the popul ation-based allocation (Figure
6) is nore favorable to the RON while the GDP-based all ocation
(Figure 7) is nore favorable to the OECD. Evidently, the
departures of the permt allocation paths under consideration
from the range of paths defining the ends of the bargaining
range do not prevent the welfares fromlying in the bargaining
range. This is true because the paths under consideration are
within the paths defining the bargaining range until severa
decades into the future -- by that tinme, the present value
effects of subsequent departures from the paths defining the
bar gai ni ng range are snal |l .

D. Separability of Optimal Emissions and Permit Allocation

The allocation of permts, within the bargaining range
affects the wealth of the two regions. In principle, a change
in the relative wealth of the two regions could cause the
optimal total amount of em ssions to be different. This could
happen because a region's marginal wllingness to pay to avoid
i ntangi bl e danages depends on its overall welfare |evel.

To determ ne whether this is a practical consideration for
the two regi on nodel we use here, we exani ne optiml em ssions
at both ends of the bargaining range. These optimal em ssions
are found by maxi m zing the Negi shi weighted sumof utilities,
subj ect to constraints that require one or the other regiona
welfare to equal its value in the no control situation. W
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performthis experinent in the 3xND/LC case, where there is the
greatest welfare shift between ends of the bargaini ng range.

Figure 12 shows the optinmal em ssions paths at the CECD s
and the ROWs ends of the bargaining range in the 3xND/ LC case.
As is apparent, the two optinmal em ssions paths are virtually
i ndi stinguishable, inplying that optinmal em ssions do not depend
on the end of the bargaining range to which a negotiation
ultimately |l eads. The reason for this is that the swing in the
present value of the permt allocation between ends of the
bargai ning range (i.e. $800 billion) is not large relative to
the present value of consunption over this tine frane (about
$500, 000 billion for the CECD and $260,000 billion for the ROW.

V. Summary and Concl usi ons

In this paper, we began by considering a range of possible
assunptions about the costs and benefits of CO2 em ssion

control. For each of these assunptions, we identified the
maxi mum concentration reached as the optinmal concentration
target for those assunptions. The purpose here was to

illustrate possible cost and benefit assunptions that are
consistent with alternative possible concentration targets that
m ght be agreed to in future negotiations. W found that for
IXNDY HC case assunptions, the optinmal concentration target is
very high, around 1100 PPM At the other end of the spectrum
with high emssion control benefits and |ow em ssion control
costs (i.e. the 3xND/LC case), the optinal concentration target
is in the 500-550 PPM range.

Next, we considered international emssions control using
tradeabl e em ssion permts. First, for the 1xND/HC case and the
3XNDY LC case, we identified the range of welfare outcones,
achi eveabl e by controlling em ssions, that are preferred by one
or both regions over the no control situation -- we referred to
this range as the bargaining range. W found that the
bargaining range is very small for 1xND/HC case assunptions,
while it is reasonably large for 3xND/LC case assunpti ons.

W next found the annual em ssion permt allocations (as
fractions of optimal em ssions) that woul d produce wel fares at
the ends of the bargaining ranges. Also, we analyzed a couple
of possible permt allocation rules based on 1990 GDP or 1990
popul ation proportions to see if these would produce welfares
that lie within the bargai ning ranges. The particular rules we
tested did lie in the bargaining range under 3xNDLC case
assunptions, but not under 1xND/HC case assunptions. However ,
in obtaining these results, we assunmed that agreenents nade at
the present time would be honored, even if they becane
di sadvant ageous to one of the parties over the com ng decades or
centuri es. Under a nore realistic assunption that agreenents
will be broken if the incentive to do so beconmes strong, it is
possible that neither the GDP-based nor the popul ation-based
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allocation rules would actually be in the bargaining range; in
our future research we intend to explore this issue nore fully.

Finally, we considered the question of whether negotiations
about the total quantity of em ssion pernmits can be undertaken
separately from negoti ati ons about the allocation of the permts
bet ween regions. W found that this is indeed possible, since
the optimal amount of em ssions is virtually unaffected by the
al l ocation of em ssion permts between regions.

Regarding the [likelihood of actually concluding an
i nternational agreenent, our results are m xed. For 1xND/ HC
case assunptions, the range of acceptable agreenments is very
small and there is little incentive to reach agreenent. For
3XND/ LC case assunptions, the range of acceptable agreenents is
larger and there is substantial incentive to reach agreenent,

maki ng an agreenment nore |ikely under these assunptions.
However, even in this case the total ampunt of nobney at stake,
i.e. the $3.2 trillion present value of all permts, is so |large

that the negotiating parties may be led into endless self-
interested posturing that ultimately frustrates an agreenent.
On the bright side, however, and for either set of assunptions,
it appears that the total quantity of em ssion permts can be
negoti ated separately from the allocation of those permts,
which tends to sinpify the negotiation process somewhat.
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Figure 1: Optimal CO2
Concentrations - Four Cases
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Figure 2: Bargaining Range
In the 3xND/LC Case
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Figure 3: Bargaining Range
in the 1IXND/HC Case
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Figure 4: ROW Permits - Trans. to
POP-Based Alloc. in 1xXND/HC Case
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Figure 5: ROW Permits - Trans. to
GDP-Based Alloc. in 1IXND/HC Case
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Figure 6: ROW Permits - Trans. to
POP-Based Alloc. in 3xND/LC Case
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Figure 7: ROW Permits - Trans. to
GDP-Based Alloc. in 3xND/LC Case
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Figure 8: Rule-Based Permit Paths
vs. B.R. Paths - 1 xXND/HC Case
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Figure 9: Rule-Based Permit Paths
vs. B.R. Paths - 3xND/LC Case
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Figure 10: Rule-Based Allocations
Are Not in IXND/HC Barg. Range
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Figure 11: Rule-Based Allocations
Are in 3xND/LC Bargaining Range
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Figure 12: Optimal Emissions at Ends
of Barg. Range - 3xND/LC Case
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