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Abstract

We discuss how the presence of international trade in goods affects the willingness
of countries to join international negotiation on climate change. Country incentives
to participate in cooperative arrangements which either fully or partially internalize
climate change externality from carbon emissions involve critical asymmetric. Small
countries trade off own country costs of carbon mitigation actions against their own
benefits from global improvement in climate which benefit all. Small countries thus
have limited incentive to participate as their actions, while costly to them, have a sig-
nificant impact on global temperature change which mainly benefits others. Here we
build on the work of Shapley and Shubik (1969) which suggests that the core of a global
warming game without transferable utility may be empty and use numerical simulation
methods to analyse country incentives to participate in carbon emission limitation ne-
gotiations using a micro structure related to that used by Uzawa(2004). We calibrate
our simulation structure to business as usual scenarios for the period 2006-2036. We go
significantly beyond the PAGE model relied on in the Stern (2006) report in capturing
multi-country interactive effects on the benefit side of climate change mitigation. We
show how the perceived severity of global climate change damage influences partici-
pation decisions, and importantly how international trade makes participation more
likely.
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1 Introduction

We discuss how the presence of international trade influences country willingness to par-
ticipate in global climate change negotiations and why. These negotiations are aimed at
reducing global temperature change by having countries mutually agree to reduce carbon
emissions and in this way jointly internalize the associated global externalities from own
country emissions.In practice, what form actual negotiations take will depend on agree-
ments struck between participants, including penalties on non-participants. Here, we limit
our discussion to the participation decision and do not discuss the form that cooperative
arrangements will take. We emphasize the potential contribution of trade in facilitating

negotiation.

Climate change is a classic global externality problem that has been analyzed either ex-
plicitly or implicitly by Shapley and Shubik (1969), Barrett (1994), Uzawa(1999) and others.
Their research shows that small players (small countries in our case) have little incentive to
participate in cooperative arrangements which either fully or partially internalize externality
unless there are side payments. This is because small countries bear the costs of their car-
bon mitigation actions, but being small the benefits from resulting improvements in global
climate largely accrue elsewhere. Large countries will have more incentive to participate as
their actions,which, while costly to them, can have a significant impact on themselves via
temperature change. This work on externality also emphasizes, as in Shapley and Shubik
(1969) that the core of a game with global warming without transferable utility may be
empty.

Here, we present numerical simulation results which not only bear on these issues but also
allow us to evaluate whether participation is made more likely by allowing for the presence
of international trade. We follow an analytical structure of a global warming game originally
due to Uzawa (1999), but unlike Uzawa(1999) transferable utility(or side payments) is not
allowed. We first discuss the case with a single consumption good globally and allowed
country endowments to be be either put aside to reduce global temperature change (i.e.

reduce carbon emissions) or consumed. For this structure, in the symmetric case there



exists a critical country size such that countries larger than this are willing to participate
and negotiate reductions in carbon emissions while countries smaller than the critical size
are not willing to do so. We then investigate the model implications for the asymmetric
case using 2006 data on a series of large economies (US, EU, Japan, China, India, Russia,
Brazil, and Rest of World) in a global structure and explore the role of preferences and other
parameters on critical country size for decisions on participation.

We use data on consumption and trade for the economies we analyze along with growth
profiles for these countries and various damage and temperature change assumptions for
business as usual scenarios and undertake numerical investigation with our analytical struc-
ture. The base data is for a single 50 year period 2006-2056 with assumed yearly growth
rates over the period. We use calibration to a temperature change function for prospective
changes in temperature under a business as usual scenario out to both 2036 and 2056, and
use varying estimates of associated damage over the ranges as reported by Stern (2007) and
Mendelsohn (2007).

We then generalize the analysis to the case of one good per country which allows for the
presence of international trade in the analysis. We use this combined Armington trade and
global warming model to investigate the impacts of international trade on the decision of
individual country to participate in global negotiations to reduce emissions. In this struc-
ture, the presence of trade produces positive terms of trade effects from lowered domestic
production, enhancing direct country gains from lowered temperatures from own country
actions on global climate change. It also reduces the costs of actions since reductions in con-
sumption are spread over many goods and so the forgoing marginal utility of consumption
from consumption restraint is less adversely affected compared to the one homogeneous good
case. Our numerical results also show that countries that may not be willing to participate in
the one good case may be willing to participate in the N good case with international trade.
These results therefore suggest that international trade can be a positive factor in motivating
participation in international negotiation on climate change.Our results also show that the

incentive to join such negotiations varies greatly with the prospective size of damages.



2 A Theoretical Model of Climate Change Negotiation
Participation

Global warming negotiations aim at achieving joint carbon emission abatement in the pres-
ence of externality effects across countries. The first round of global negotiations in this vein
concluded in Kyoto 1997, and now continue in the current post Bali road map negotiations
set to conclude in Copenhagen in 2009 with agreement for the period after 2012.These ne-
gotiations aim to achieve joint mutual agreement to act, and will only conclude when all
parties accept each others commitments. More detailed discussion of these negotiations is
given in Walsh and Whalley (2008).

We focus on the individual country incentives to participate in negotiation, rather than
the outcome of such negotiations, and effectively whether the core of the cooperative game
represented by the country strategy space over possible actives on climate change is empty
or not. We build on relevant literature on the core. In the no externality case Debreu, Scarf
(1960) established the non emptiness of the core. Debreu and Scarf (1967) later showed
how in a replica economy the core of the economy collapses to the competitive equilibrium,
establishing a form of equivalence between the core and competitive equilibria. Shapley
and Shubik (1969) showed by notes and example that the core of an economy with external
diseconomies may be empty. In cases where own agent actions to internalize externalities
(i.e. reduce carbon emissions) have little own effect (such as with small countries), but at
substantial cost, there is little incentive to act or join cooperative arrangements. Shapley and
Shubik (1969) implicitly discuss a case with non transferable utilities, but where transferable
utilities allowed (as in Uzawa (1999)) the non emptiness of the case will be reversed due to
the joint gains from internalization.

This literature thus suggests that where side payments do not occur collective global
agreement on carbon emission reduction may not be feasible since the number of countries
participating in the agreement would need to be small to achieve mutual agreement since
each country can free-ride without any punishment. The likelihood of positive participation

also depends critically on the severity of damage from the externality. We later argue that as



we introduce international trade between countries into the model it likely makes agreement
easier to reach. In this section, we set out the theoretical model.

We begin with the one-good case, and then move to the N good, N country case. Em-
pirically based analyses follow.

We first assume that there are N countries in the world and each owns and consumes
the same good. We will analyze a single period of a number of years during which each
economy grows. We assume that consumption of the good by the country directly generates
emissions of carbon which in turn raise global temperatures. countries receive positive utility
from consumption but negative utility from temperature change. Countries thus have an
upper bound on own consumption, and if they consumes less than the upper bound they
experienced less temperature change. If they are small, their own actions have little or no
effect on temperature change.

As we will later work with the impacts of agreements to reduce carbon emissions over
a given period of time, the single period model covers 50 years. In this 50 year period, we
focus on changes in consumption (use of one good), and utility and measure change in these
variables relative to the outcome of zero growth over the period. The utility function thus is
defined over 50 year changes on consumption and temperature change. Potential use of the
good reflects to changes in potential output from the economy over 50 years.

We first analyze a business as usual (BAU) scenario which reflects current observed
growth rates remaining unchanged over 50 years and no global or single country emissions
limitation initiatives in place. The actual change in consumption for each country i over this
time period t relative to a stationary state is AR;, while the total potential output of each
country is given by a AR;. Countries can thus decide to consume less than their potential,
and since global temperature change over the period is linked to global consumption, contin-
uing at less that potential reduces utility lowering global temperature change. Consumption
in each country is given by AR; < AR;, where AR; defines actual consumption change, and
AR; is potential consumption change, AR = > AR; is world potential consumption.

The utility of each country is reflected in a utility change function with arguments given

by by its own change in consumption as well as the temperature change of the world, AT.



Without loss of generality, we initially assume the utility change function for each country

has a Cobb-Douglas form given by (1) and later use CES and alternative forms.

C— AT

AU; = AU(AR;, AT) = AR - (T)ﬂ (1)

In this specification C' can be thought of the global temperature change at which all
economic activity ceases (say 20°C'). In this case, as AT approaches C' utility utility goes to
zero. In this form, as AT goes to zero there is no welfare impact of temperature change. We
assume « + # = 1, as this will later allows us to construct money metric measures of welfare
change (see Shoven and Whalley (1992)). Utility change over the model period (2006-2056)
increases as temperature change falls. The share parameter (3 reflects the severity of damage
(in utility terms) from temperature change, which we later calibrate to various damage
estimates from business as usual global temperature change reported by Stern (2006) and
Mendelsoln (2007).

Global temperature change, in turn, is determined by the change in carbon emissions
over the period across all countries in the model. We adopt a simple temperature change
function and assume that emissions by each country equal the change in consumption times
country emissions intensity (emissions/GDP) so as to allow for differing emissions intensities
by country. Defining the emissions intensity of country i as e; , we use a simple power
function (2) for global temperature change due to changes in emissions by all countries over

the model period.

In this structure, a carbon reduction commitment by a single country implies a reduction
of consumption, and this has both negative and positive effects on utility change for the
countries over the model period. On the one hand, a reduction in consumption lowers utility
change for the country by reducing consumption change, but on the other hand, country
consumption reductions lower global emissions and hence world temperature change, and

increase the utility both of the country reducing the emissions and all other countries.



If the benefits of lowered global temperatures from own country actions are larger than
the utility loss from reducing own consumption, the country has an incentive to reduce its
emissions, and if they can act cooperatively with all other. Country will be better off. We
thus assume that in this case a country will be willing to participate in negotiations on
mutual agreements to reduce emissions by all countries since larger positive welfare benefits
will follow from collective actions. Were there negative benefits, in the absence of penalties
on them from other countries who participate in joint action (which we assume) then the
country has an incentive to free ride on the actions of others and opt out of negotiations.the
analytical structure can be modified to capture agreed penalty structure of participants. We
can use the same approach to also consider decisions by groups (or coalitions) of countries
to enter into singular negotiations on a sub global group bases.

The algebra that reflects the participation decision of individual countries can be written

from (1) as
dAU; _ OAU(AR;, AT) | OAUJAR;, AT) OAT _ )
dAR; OAR; OAT OAR; —

if dAU;

and dAR

is negative then participation will occur. For the Cobb-Douglas case this

becomes

dAU; C — AT

dAR; C

VAR - ZARY

C - AT
C

)ﬁ’labei(z e AR <0 (4)

3 Model

We calibrate our one good model to a base case business as usual (BAU) scenario for the
period 2006-2056 for eight region country grouping, US, EU, Japan, China, India, Russia,
Brazil and the rest of the world (ROW). We use measures of GDP growth over the period
to determine potential change in consumption by country over the period. We first assume

that country growth rates in the period 2000-2056 remain unchanged over the whole period



of 50 years between 2006 and 2056 and then use a discount rate of 1.5% to calculate the
discounted present value of GDP over this period for each economy.We then calibrate a
temperature change function for assumed BAU temperature change over the period drawn
from key literature sources, including Stern (2006) and Mendelsohn (2007) and preferences
for each country using alternative damage estimates for the same sources.

Using model parameters which generated by calibration, we can then reduce own con-
sumption for individual countries and regions by 1% and assess the sign of the welfare effect.
From this sign, we then determine willingness to participate in global emission reduction
negotiations.

We use data on 2006 GDP by country, 2000-2006 average growth rates and 2004 emissions
intensity to determine parameters a,b and ¢ from equation for given BAU temperature
change. We then use various estimates of damage from BAU emission increases to determine
0 by calibration. These parameters then determine which countries satisfy the condition in

equation and thus, are willing to participate in a carbon reduction agreement.

Emissions data by country are for the year 2004 and at first projected to 2006 as the model
base year for the period 2006-2056. The Stern review (2006) projects a ”business as usual”
(BAU) growth path of emissions which implies at approximately 2°C' increase in average
global temperature by the 2036 and a 5°C' increase by 20567 We use this BAU scenario for
temperature change to calibrate our model temperature change function.In doing this, we
make the strong assumption that emission intensities will not change as we move forward
in time and use current (2000-2006) unchanged country growth rates to calculate implied
emissions. Later we discuss how relaxing this assumption affects our results.

The data used and the resulting calculations of model based measures (emissions, GDP

change 2006-2056) for the BAU projection and used in calibration are reported in Table 1.

!The Stern Review (2006)projections are that even if the annual flow of emissions remains unchanged,,
the global stock of GHG concentrations would still reach 550ppm COse by 2050.In the Stern BAU paths,
the annual flow of emissions is accelerating, and the level of 550ppm C'Oze could be reached as early as 2035,
at which point there is 77-99 per cent of chance of global average temperature rise exceeding 2°C. If the
level of 750ppm COse is reached around 2050, then the temperature change will be near 5°C according to
their projections.



Table 1: GDP and Emissions Data and Projections-2036 and 2056
(Trillions US$/Billions of Metric Ton)

US EU Japan China India Russia Brazil ROW World
GDP 2004 11.712 13.044 4.608 2.254 0.667 0.592 0.664 8.048 41.590
Emissions 2004 6.050 3.841 1.258 5.009 1.343 1.525 0.332 7.880 27.241
Emission Inten-
. 0.517 0.294 0.273 2.222 2.012 2.577 0.500 0.979 0.655
sity 2004
GDP 2006 13.164 10.636 4.368 2.645 0.912 0.987 1.067 14.682
Emissions 2006 6.800 3.132 1.193 5.877 1.835 2.544 0.534 14.376 36.289
Actual Annual
2.657 1.956 1.652 9.568 6.833 6.745 3.104 3.662
Growth Bate
Annual Growth
Rate less 1.5% for 1.117 0.426 0.127 7.924 5.230 5.144 1.557 2.107
discount.
GDP 2056 22.943 13.158 4.656 119.763 11.666 12.120 2.311 41.641 228.258
Emissions in
2056 11.851 3.874 1.271 266.140 23.474 31.238 1.156 40.771 379.774
GDP 2006-2036 | 471.310 | 341.074 | 133.673 318.879 66.327 70.673 41.055 618.453
Net emissions
39.460 6.473 0.715 532.308 78.416 105.838 4.515 174.270 941.996
2006-2036
GDP 2006-2056 | 885.060 | 593.877 | 225.669 | 1595.092 | 216.377 | 227.567 | 81.131 | 1306.574
Net emissions
117.183 18.273 1.978 3250.796 | 343.635 | 459.330 | 13.879 560.511 4765.585
2006-2036

GDP and emissions data by country for 2004 are used to calculate emissions intensities.
Emission intensities, e;, are calculated as emissions divided by GDP and are reported in row
three. Row four reports GDP in 2006. Row five reports calculations of emissions in 2006
using the 2006 measures of GDP and the emission intensities calculated from 2004 data.
Average country/region growth rates for the period 2000-2006 are reported in row six of
Table 1. Row seven reports the annual growth rates we use in our calculation for a BAU
scenario over the period 2006-2056 with a reduction of 1.5 percentage points for discounting
in our projections. Row eight reports GDP projections for 2056 based on the 2006 GDP
and the assumed growth rates. Using an assumption of constant emissions intensities gives
us row nine the emissions projection for each country/region in 2056. Rows ten and eleven
report computed GDP and emissions for the 2 periods 2006-2036 and 2006-2056. The result
of these calculations are that in the BAU scenario emissions of carbon grow from 36 billion

metric tons in 2006 to about 120 billion tons in 2036 and 380 billion metric tons in 2056.



We use these emission levels in equation ([2)) to solve for the values of the parameters in the
temperature change function. Temperature change over the period is written as a function
of the emissions change over the same period. We use a power function of accumulated
emissions over the period. Using the data for 2006,2036, and 2056 in the above table,and
assuming the temperature change at these three points to be 0°C, 2°C', and 5°C respectively,

we can solve for the values of parameters a, b, and c.

0 = a(36.289 — 36.289)" + ¢ (5)
2 = a(941.996)" + ¢ (6)
5 = a(4765.585)" + ¢ (7)

Solving these equations for the parameters a,b, and ¢ yields values of 0.0417, 0.5652 and
0 . Substituting these values to equation , yields:

AT = g(Y e AR;) =0.0417 (Y e, AR;)%% ®)

The final step in our calibration is to generate values for the parameters a and ( in the
utility function. As noted earlier, we normalize o and [ to sum to one to preserve linear
homogeneity so we can more easily calculate money metric measures of welfare change.These
parameters for the model are calibrated using literature sources (Stern, 2006; Mendelsohn,
2007). Using the Stern Review (2005), Mendelsohn (2007) and other literature estimates of
the damage cost of emissions along a business-as-usual (BAU) path in GDPterms, we treat
these as utility change of the same proportion and use these estimates to calibrate the model
parameters.

A wide range of estimates of damage for BAU emissions growth can be found in various



sources, ranging from 1 to 24.9 percent of GDP. We alternatively treat these as utility losses
in a number of calculations with changed damage estimates. For each damage estimate
assumed, we recalibrate the model parameters and compute the utility parameters that
would give rise to each of the implicit utility reductions. Without temperature change, the
utility change function can be written as AU = AR{'. In the presence of temperature change
damage, we have AU;/AU; = ((C — AT)/C)? . These equations can be used to calibrate
the parameters o and 3 for different damage cost scenarios with a temperature change AT
of 5°C between 2006 and 2056. Table 2 reports the calibrated preference parameters under

alternative damage assumptions.

Table 2: Calibrated Preference Parameters Under Alternative Damage

Assumption

Assumed Utility Loss | Utility Relative to No Damage I6] «
1% 0.99 | 0.0349 | 0.9651
5% 0.95 | 0.1783 | 0.8217
10% 0.9 | 0.3662 | 0.6338
15% 0.85 | 0.5649 | 0.4351
20% 0.8 | 0.7757 | 0.2243
21% 0.79 | 0.8194 | 0.1806
22% 0.78 | 0.8637 | 0.1363
23% 0.77 1 0.9085 | 0.0915
24% 0.76 | 0.9540 | 0.0460
24.5% 0.755 | 0.9769 | 0.0231
24.9% 0.751 | 0.9954 | 0.0046
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4 Modeling Experiments Exploring Global Carbon Re-
duction Negotiation Participation in the One Good
Case.

We next execute counterfactuals using the model. We first consider what happens to welfare
if each country reduces separately consumption by 1%. We later consider cases of joint
reduction. We use a time horizon of fifty years so that the calculation for each country captures
the trade off between a reduction of output by 1% over the whole 50 year period and a
lowered global temperature change over fifty years. In each case we compute. A positive
number implies that the own country benefit of lowered temperature change over fifty years
is larger than the utility cost of the own country consumption reduction. This implies that
the country will be willing to enter into a carbon reduction agreement whereby it agrees to
reduce its own consumption since there is no incentive to depart from a collective agreement.

The calculations we make for the one good case which assumes that there is no inter-
national trade are reported below in Table 3. Each row reports the results using different
assumptions regarding the damage from a BAU temperature increase over the period. Row
one assumes a 1% utility loss, row two a 5% utility loss, row three a 10% utility loss, row four
a 15% utility loss, row five a 20% utility loss, and so on up to the 24.9% loss at the high end
of the range we use following literature estimates. Looking at row one we see that the US,
China, India, and Russia benefit from own country consumption reductions and hence would
participate in negotiations on emissions reduction, but for this to occur the cost damage in
emissions reduction of 24.9% must apply. The intuition for this result is that the US, China
and other countries by 2056 are relatively large so their reduction in consumption has a
significant effect on global temperatures. For smaller countries, a reduction in consumption
yields little reduction in global temperatures.

Looking at row two if the utility cost of a 5°C' temperature increase is 20% no country is
willing to enter into a carbon reduction agreement. When the cost rises to 23% then China
is willing to reduce carbon emissions. As the cost rises above 23%, more countries are willing

to participate in the agreement. These results suggest that for a given level of damage larger
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countries are willing to participate than smaller one. Also, the more the damage associated
with temperature increases the more countries are willing to participate. They also point to

participation in negotiations only occurring for high levels of damage from carbon emissions.

Table 3: Utility change for 1% decrease in consumption for each national

economy relative to BAU, 2006-2056

Damage 07 6 Us EU Japan China India Russia Brazil ROW
1% 0.9651 | 0.0349 | -7.00168 | -4.92111 | -2.02431 | -11.76690 | -1.72776 | -1.81386 | -0.69033 | -9.99834
5% 0.8217 | 0.1783 | -2.63323 | -2.23995 | -1.27682 | -3.30492 | -0.67437 | -0.70311 | -0.35092 | -3.27868
10% 0.6338 | 0.3662 | -0.69584 | -0.76048 | -0.66497 | -0.58553 | -0.18688 | -0.19298 | -0.13769 | -0.72240
15% 0.4351 | 0.5649 | -0.15364 | -0.21916 | -0.30148 | -0.08043 | -0.04326 | -0.04414 | -0.04625 | -0.13081
20% 0.2243 | 0.7757 | -0.02362 | -0.04495 | -0.10012 | -0.00562 | -0.00690 | -0.00691 | -0.01116 | -0.01587
21% 0.1806 | 0.8194 | -0.01476 | -0.02988 | -0.07359 | -0.00245 | -0.00432 | -0.00429 | -0.00767 | -0.00932
22% 0.1363 | 0.8637 | -0.00858 | -0.01856 | -0.05064 | -0.00060 | -0.00250 | -0.00245 | -0.00493 | -0.00502
23% 0.0915 | 0.9085 | -0.00439 | -0.01022 | -0.03096 | 0.00041 | -0.00124 | -0.00119 | -0.00281 | -0.00227
24% 0.0460 | 0.9540 | -0.00162 | -0.00418 | -0.01415 | 0.00089 | -0.00041 | -0.00036 | -0.00119 | -0.00059
24.50% 0.0231 | 0.9769 | -0.00064 | -0.00187 | -0.00676 | 0.00100 | -0.00011 | -0.00006 | -0.00055 | -0.00003
24.90% 0.0046 | 0.9954 | 0.00000 | -0.00030 | -0.00128 | 0.00105 0.00009 | 0.00013 | -0.00009 | 0.00031

We also make calculations of the utility gain or loss relative to the BAU path for groups of
countries, or coalitions. If groups of countries pre-commit to jointly reduce their consumption
by 1% (and hence emissions) then the impacts of joint actions on temperature change are
larger, and coalitions of countries would be more willing to participate in global climate
change negotiations. In table 4, the levels of damage at which participation occurs increase,
but it striking that even for large coalitions (such as India, China, Japan) the damage levels

remain very high before participation occurs.

Table 4: Utility change for 1% decrease in Consumption for sub-coalitions

relative to BAU, 2006-2056
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Damage o 154 US-EU-Japan BRIC Ind.-Chi.-Jap.
1% 0.9651 | 0.0349 | -13.69173 | -25.80496 | -17.42674
5% 0.8217 | 0.1783 | -4.84629 | -6.46182 | -4.61483
10% 0.6338 | 0.3662 | -1.18272 | -0.98288 | -0.75304
15% 0.4351 | 0.5649 | -0.24002 | -0.11409 -0.0932
20% 0.2243 | 0.7757 | -0.03371 | -0.00632 | -0.01421
21% 0.1806 | 0.8194 | -0.02066 | -0.00248 | -0.00177
22% 0.1363 | 0.8637 | -0.01177 | -0.00037 0.00005
23% 0.0915 | 0.9085 | -0.00589 0.00068 0.00095
24% 0.0460 | 0.9540 | -0.00211 0.00111 0.00131

24.50% | 0.0231 | 0.9769 | -0.0008 0.00118 | 0.001369

24.90% | 0.0046 | 0.9954 | 0.00003 0.0012 0.001373

Next, we examine the impact results of using different time horizons for countries to
analyze participation decisions. The BAU scenario we use for the period 2006-2056 is that
global temperatures will rise 2°C' by 2036. We do the same calibration as above only for the
time period 2006-2036.

The results for the two periods 2006-2036 and 2006-2056 are reported in Table 5 below.
Results under the A heading are the results for period 2006-2036. Values under the B heading
are for the period 2006-2056. These are taken directly from Table 2.Table 5 results imply
that the utility change values are uniformly higher for the case 2006-2056 than for 2006-2036.

Looking at Table 3 and comparing columns A and B it is clear that the values in B,
column indicating the longer time horizon, are larger than the values in column A. This
implies that moving to a longer time horizon increases willingness to participate in carbon
reduction initiatives.In the 2036 time frame, only when the utility loss reaches 24.5% will
China be willing to participate in the carbon reduction agreements. While in the 2056 lime
frame, China will be willing to participate in carbon reduction agreements under 24.5%

utility loss scenario.
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Table 5: Analysis for Utility change for 1% decrease in output for each
National economy for autarky under BAU, 2006-2036and 2006-2056

Cost US EU Japan China India Russia Brazil ROW
1% A | -6.01682 | -3.91955 | -3.71233 | -2.91638 | -0.67605 | -0.48890 | -0.47518 | -7.21039
B | -7.00168 | -4.92111 | -2.02431 | -11.76690 | -1.72776 | -1.81386 | -0.69033 | -9.99834
5% A | -2.72808 | -2.16066 | -2.82413 | -1.10894 | -0.33552 | -0.24072 | -0.29236 | -2.88136
B | -2.63323 | -2.23995 | -1.27682 | -3.30492 | -0.67437 | -0.70311 | -0.35092 | -3.27868
10% A | -0.92130 | -0.94296 | -1.90259 -0.29611 -0.12751 | -0.09047 | -0.14732 | -0.82370
B | -0.69584 | -0.76048 | -0.66497 | -0.58553 | -0.18688 | -0.19298 | -0.13769 | -0.72240
15% A | -0.26386 | -0.35448 | -1.15028 | -0.06537 | -0.04133 | -0.02893 | -0.06447 | -0.19717
B | -0.15364 | -0.21916 | -0.30148 | -0.08043 | -0.04326 | -0.04414 | -0.04625 | -0.13081
20% A | -0.05361 | -0.09643 | -0.52819 | -0.00956 | -0.00954 | -0.00653 | -0.02060 | -0.03269
B | -0.02362 | -0.04495 | -0.10012 -0.00562 -0.00690 | -0.00691 | -0.01116 | -0.01587
21% A | -0.03554 | -0.06799 | -0.41625 | -0.00577 | -0.00648 | -0.00440 | -0.01502 | -0.02065
B | -0.01476 | -0.02988 | -0.07359 | -0.00245 | -0.00432 | -0.00429 | -0.00767 | -0.00932
22% A | -0.02198 | -0.04483 | -0.30766 | -0.00314 | -0.00410 | -0.00275 | -0.01025 | -0.01207
B | -0.00858 | -0.01856 | -0.05064 | -0.00060 | -0.00250 | -0.00245 | -0.00493 | -0.00502
23% A | -0.01201 | -0.02624 | -0.20240 | -0.00137 | -0.00228 | -0.00149 | -0.00621 | -0.00612
B | -0.00439 | -0.01022 | -0.03096 0.00041 -0.00124 | -0.00119 | -0.00281 | -0.00227
24% A | -0.00481 | -0.01144 | -0.09977 | -0.00022 | -0.00090 | -0.00055 | -0.00281 | -0.00208
B | -0.00162 | -0.00418 | -0.01415 0.00089 -0.00041 | -0.00036 | -0.00119 | -0.00059
24.50% | A | -0.00206 | -0.00531 | -0.04961 0.00019 -0.00036 | -0.00018 | -0.00133 | -0.00063
B | -0.00064 | -0.00187 | -0.00676 0.00100 -0.00011 | -0.00006 | -0.00055 | -0.00003
24.90% | A | -0.00019 | -0.00092 | -0.00978 0.00044 0.00002 0.00008 -0.00024 0.00030
B | 0.00000 | -0.00030 | -0.00128 0.00105 0.00009 | 0.00013 | -0.00009 | 0.00031

A-2006-2036; B-2006-2056

5 International Trade and Reduction Participation

We next consider the effect of international trade on the willingness of countries to participate
in carbon reduction agreements. As before, we assume there are N countries in the world,
however now use an Armington structure in which each good in each country is different,
yielding an N good N country model. We use nested CES preferences for consumption
in each country where the nesting covers two stage.At the first level, preferences are again
defined over AR; and AT but now AR; is a composite of the individual country goods,
rather than a single homogeneous good. As before, a larger AR; and lower AT give rise

to higher utility. In the one-good case, there is no international trade and country use of
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their good equals consumption for the country. In the trade case, own country consumption
is no longer equal to potential consumption of its own good. Some of their own good is
exported and own goods of other countries are imported. consumption is thus a composite
of goods from different countries. The structure of the resulting trade equilibrium model

with temperature change can be divided into three levels or parts.

5.1 Temperature Change and Top Level Utility Function
At the first top level, the function of forms for utility and temperature change are the same
as the simple one-good case

— AT
AU; = AU;(ARC;, AT) = ARC* - (CT)ﬂ (9)

AT = g(z e;ARS;) = CL(Z e;iARS;)" + ¢ (10)

In this case, however RC; represents the composite consumption good for each coun-
try ¢ , while RS; represents the use of the own good for each country ¢. Because of trade

RC; < RS;, unlike in the one good case where RC; = R.S,.

5.2 Composite Final Consumption Goods by country

The composite consumption good RC}; is a CES function of domestic and imported consump-
tion goods, which is similar that used in the nested CES Armington models (see Whalley
(1985)). the model effectively becomes an Armington N good N country pure trade economy
in which the endowment is variable.

The resulting sub-utility maximization problem can be written as

o—1 o—1 o

Maz RC; = ((aH)D(i) = + ()M i)™= )o-1 (11)
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s.t. pd(i)D(i) + pm(i)M (i) = Inc(i) (12)

Inc(i) = p(i)RS; (13)

Where D(i) and M (i) represent consumption of the domestic and a composited imported

goods respectively. The composition of M (z) is determined by the third level of the model.

5.3 Composite of Imported Goods

The CES composite commodities at the third level of nesting is a composite imported goods
for each country. Given that each one country has one good it can sale, but N — 1 goods
it consumes. The CES composite of other goods defines an import composite. This is the

outcome of a sub-utility maximization exercise.

Maz M(i) = (3_(v])8 (RM])'T )7 (14)
1#]
st S pG)RM = pm(i)M(i) (15)
i#]
Where RM (i) is the imported good i by country j and pm(i) is the composite import price

for country i. These reflect CES sub-utility maximization and are given as:

yipm (i) M (i)
p(I)? (D i (¥ (p(0)9)

RM/ = (16)

pm(i) = ()i (p()°) )™ (17)

1#]
As we have only one good for use in each country, the price of basic domestic goods p(i)
difine the imput prices by purchases of goods. The model can be amended to also capture

tariff or other import barriers in country .
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5.4 Trade Equilibrium

In this structure, given values of RS; a trade equilibrium is given by price p; ... py for which

global market clear, ie
> (M) + D; = RS; (18)
1#]

Thus in this structure, unlike in the one good case, as countries contemplate participating
in global environmental negotiations if they reduce emissions by reducing RS; there will be
general equilibrium implications on all prices and quantities. Importantly, a reduction in
RS; will typically cause the price of the own good i to rise giving a terms of trade gain
to the country making the emissions (RS;) reduction. This will spread the burden of the
country emissions reduction to all other countries reducing the own country cost of emissions
reductions to the country making the reduction. This will, in turn, increase the willingness

to participate in global emissions reductions negotiations.

5.5 Comparison of Trade and Non-trade Cases for Participation

Decisions.

Using the nested trade-consumption model, composite consumption RC; will change as R.S;
changes. Similar to the one-good simple case, we can evaluate the utility impact of a change
in RS;. Once again there will be a direct effect on consumption, but now a consumption of
all N goods through trade, and once again a temperature change. Once again these effects
will determine participation in global environmental negotiations. It is difficult to compare
the trade and non-trade cases directly due to the following two reasons. First, when trade is
omitted the demand of each country in the simple one-good case is its own good . With trade
introduced in the model, the demand of each country is the nested CES composed commod-
ity, and the use of the own good of each country enters the budget constraint. Thus,given
the same use of own country good, consumption is different between the trade and non-trade

cases.

Second, what is set exogenous is different between the two cases. In the non-trade case,
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the total maximum use output of the world is exogenous, and the consumption of each
country can vary. In the trade case, the own good use of each country is exogenous. But
consumption changes as the price of each good changes and affects the budget constraint for

each country.

5.6 Simulation Results for the Trade Case with 2006-2056 Data

Base and comparison to the Non-trade Case

To analyze participation decisions in the with trade model and make comparison, to the one
good no trade case, we calibrate the them with trade model to the same GDP and emissions
data, but now add trade and also calibrate the nested CES preference functions by country.

We use bilateral trade data as well as the asme GDP data for 2006 for each country, and
project forward using annual growth rate data as for the one good model. we assume the
trade structure in proportional terms to be unchanged for the whole period of 2006-2056. For
each country’s change in ARS;, there is a then new equilibrium set of prices and new trade
volumes and hence a value for AU;. these we take once again to determine participation in
global environmental negotiations. These are reported in Table 6 below.

The results reported in Table 4 reveal that generally speaking taking international trade
into account makes carbon reduction agreement participation more likely. Comparing the
A (no trade) and B (with international trade) one can see from Table 4 that the values in
the B column are generally larger than the values in the A row. Higher values indicate more
benefits from reducing your own output hence participation is more likely. For the US, in
the trade model case participation occurs with only 10% damage, while for the no trade case
no participation occurs. similar change in participation decisions occurs for other regions.
The intuition for these results is that reducing use of a country own good raises its price,
thereby improving their terms of trade making carbon reduction negotiation participation

more attractive than in the no trade case.

Table 6: Analysis for utility change for 1% decrease in use of won good for each national economy for one

good and N good(with trade)cases for period 2006-2056

18



A-no international trade (one good) case B-with international trade (N good) case

Cost US EU | Japan China | India | Russia | Brazil | ROW
1% | A | -7.001680 | -4.921110 | -2.024310 | -11.766900 | -1.727760 | -1.813860 | -0.690330 | -9.998340
B | -0.590990 | -0.601907 | -0.296197 | -1.625279 | -0.168579 | -0.382946 | -0.125865 | -1.428486

5% | A | -2.633230 | -2.239950 | -1.276820 | -3.304920 | -0.674370 | -0.703110 | -0.350920 | -3.278680
B | -0.118683 | -0.190925 | -0.140905 | -0.266188 | -0.038622 | -0.123197 | -0.051867 | -0.338520

10% | A | -0.695840 | -0.760480 | -0.664970 | -0.585530 | -0.186880 | -0.192980 | -0.137690 | -0.722400
B | 0.006687 | -0.026003 | -0.040510 | 0.010989 | -0.000007 | -0.023871 | -0.013810 | -0.033163

15% | A | -0.153640 | -0.219160 | -0.301480 | -0.080430 | -0.043260 | -0.044140 | -0.046250 | -0.130810
B | 0011140 | 0.005068 | -0.001697 | 0.015907 | 0.002996 | -0.002641 | -0.002173 | 0.003478

20% | A | -0.023620 | -0.044950 | -0.100120 | -0.005620 | -0.006900 | -0.006910 | -0.011160 | -0.015870
B | 0.003565 | 0.003987 | 0.005675 | 0.005077 | 0.001179 | 0.000279 | 0.000154 | 0.002326

21% | A | -0.014760 | -0.029880 | -0.073590 | -0.002450 | -0.004320 | -0.004290 | -0.007670 | -0.009320
B | 0.002528 | 0.003087 | 0.005161 | 0.003820 | 0.000881 | 0.000325 | 0.000209 | 0.001786

22% | A | -0.008580 | -0.018560 | -0.050640 | -0.000600 | -0.002500 | -0.002450 | -0.004930 | -0.005020
B | 0.001685 | 0.002205 | 0.004252 | 0.002830 | 0.000629 | 0.000317 | 0.000204 | 0.001314

23% | A | -0.004390 | -0.010220 | -0.030960 |  0.000410 | -0.001240 | -0.001190 | -0.002810 | -0.002270
B | 0.001021 | 0.001392 | 0.003043 | 0.002066 | 0.000422 | 0.000281 | 0.000160 | 0.000925

24% | A | -0.001620 | -0.004180 | -0.014150 |  0.000890 | -0.000410 | -0.000360 | -0.001190 | -0.000590
B | 0.000511 | 0.000668 | 0.001607 | 0.001485 | 0.000256 | 0.000228 | 0.000092 | 0.000616
24.50% | A | -0.000640 | -0.001870 | -0.006760 | 0.001000 | -0.000110 | -0.000060 | -0.000550 | -0.000030
B | 0.000308 | 0.000346 | 0.000829 | 0.001253 | 0.000188 | 0.000201 | 0.000053 | 0.000489
24.90% | A | -0.000002 | -0.000300 | -0.001280 | 0.001050 | 0.000090 | 0.000130 | -0.000090 | 0.000310
B | 0.000167 | 0.000108 | 0.000181 | 0.001090 | 0.000141 | 0.000180 | 0.000021 | 0.000400

6 Conclusion

We consider the incentives for individual countries to engage in negotiation for carbon re-

duction agreements. To reduce carbon emissions a country reduces its use of its own good.
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This has two counteracting effects. The direct effect of reducing use of its own good is that
consumption declines and with its utility declines. However, reducing carbon emissions also
lowers global temperatures and that increases utility. In a simple one good model the trade
off between these two effects determines incentives to free ride (assuming no penalties on
free rides), but in the N goods case with trade changes in a country’s term of trade also
come into play.

Calibrating no trade and with trade models to 2006-2056 business as usual scenarios re-
veals first of all unilateral willingness to participate unless the damage from climate change is
large. Also, larger countries are more likely to participate. because a given percentage reduc-
tion in output will result in a larger reduction in global temperatures the larger the country.
Longer time horizons also lead to greater willingness to participate for rapidly growing coun-
tries. Finally, the presence of international trade makes carbon reduction agreements more
likely because reducing the output of your export good has a positive term of trade effect
which reduced the cost of output reduction.

What we present here is a seemingly new analytical structure for numerical simulation
analysis of carbon reduction initiative impacts which also has wider application. This frame-
work can also be used to analyze the links between penalties and participation, such as trade
barriers used to force compliance with sub-group initiatives, or the size of accompanying fi-
nancial transfers needed to induce participation. These and other extensions we plan in
following work, as well as modifying the impact cost function for emissions reduction to

capture more fully wider estimates.
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