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Abstract: Problem statement: Analysts have been comparing a policy scenarid witbaseline
scenario of future economic conditions without gadicy, to estimate the emissions reductions and
costs of a climate policy. Both scenarios requiasdumptions about the future course of numerous
factors such as population growth, technical chamgkenon-climate policies like taxespproach: The
purpose of this study was to examine the effectsnafnticipated macroeconomic shocks to growth in
developing countries or a global financial crisistbe performance of three climate policy regin#es:
globally-harmonized carbon tax; a global cap amddrsystem and the McKibbin-Wilcoxen hybrid.
The G-cubed dynamic general equilibrium model hasnbused to explore how the shocks would
affect emissions, prices, incomes and wealth uedeh regimeResults: It has been found that a
global cap and trade regime will significantly chganthe way growth shocks will otherwise be
transmitted between regions while price-based systguch as a global carbon tax or a hybrid policy
will not. Moreover, in case of a financial meltdowa price based system will enable significant
emissions reductions at low economic cost wheregisaatity target base system will lead to loss of
the opportunity for low cost emission reduction dngse the target is fixe@onclusion: The results of
this study have explored these issues by examthimgffects of shocks that have actually occumed i
the past decade: A surprising surge of economiwtrin developing countries and a global financial
crisis. Quantity based approaches such as a giaalit trading regime tend to buffer some kinds of
macro-economic shocks: Carbon prices rise andwal the business cycle. However, price-based
approaches such as a global carbon tax or a McKibBilcoxen Hybrid would provide stronger
firewalls to prevent adverse events in one carbarkat from causing a collapse of the global system.

Key words: Global financial crisis, climate regime, G-cubedyoko protocol, GDP growth and
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INTRODUCTION Anticipating such shocks may mean rejecting pddicie
that might reduce emissions reliably in stable ecaic
The global financial crisis, a looming global conditions but would be vulnerable to collapse with
recession and deep turmoil in credit markets dniwene  consequent deterioration in environmental outcomes
the importance of developing a global climatevolatile condition8’.
architecture that can widths and major economic  Macroeconomic volatility is the practical
disruptions. A well-designed global climate regiare  manifestation of an issue that has received coreditie
the attendant domestic implementation policiesattention in the theoretical literature on the desof
undertaken by participating countries need to benvironmental policies: Uncertainty about the castd
resilient to large and unexpected changes in ecenombenefits of reducing emissions.
growth, technology, energy prices, demographicdsen In particular, macroeconomic shocks can cause the
and other factors that drive costs of abatement andost of regulation to be much higher or lower than
emissions. Ideally, the climate regime would notanticipated. Unexpectedly stringent and costly
exacerbate macroeconomic shocks and would possibhggulations may become political lightning rodsc&a
buffer them instead, while with standing defaults b world events, for example, highlight the fact that
individual members. Because climate policy musteconomic surprises can subject governments to
endure indefinitely in order to stabilize atmospher enormous pressures to relax or repeal taxes or othe
concentrations of greenhouse gases, all sortsaksh policies perceived to impede economic growth. For a
will occur at some stage in the policy’s existence.climate policy to survive future shocks, therefoite,
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must have dynamic consistency: It must be optimal f strongest incentives to sustain participation ire th
each government to continue to enforce the poh@ne regime in the context of these economic disruptions
when confronted with sharp departures from the  The three regimes we consider are a system of
conditions expected when the governments undertootargets and timetables, a globally coordinated dax
the commitments. carbon and a hybrid of the two. The “target andetim
All else equal, a climate regime that exacerbates tables” approach we consider is a system of
downward macroeconomic shocks or depresses tHgternationally tradable permits for carbon emissio
benefits of positive macroeconomic shocks would belhe globally-coordinated carbon tax sets a common
more costly and less stable than a system thaerbettPrice on carbon in each economy, with each
handles global business cycles and other volatilipe ~ government collecting revenue within its national
stability of the policy has important environmental Poundary. The hybrid is a system of national logvgnt
implications for two reasons. First, collapse of th Permit trading systems with a globally-coordinated
policy could set back progress on emissions rednsti  Maximum price for permits in each year.
for years. Second, decisions of economic actorgmtgp In each scenario, we hold climate and broader
on their expectations of future policy and this €cOnomic policy rules constant. The fiscal defifieach

dependency affects the performance of the polsgifit ~ €CONomy is held at its baseline level, as areatesr so
In the case of climate chardiea system that is changes in tax revenues will result in correspandin

more robust to shocks and is thus more likely tsipg ~ c"@nges in government spending. The behavior df eac
would increase the expected payoffs of investments '€dion's central bank follows a region-specific
new technologies and emissions reductions relativee Henderson-McKibbin-Taylor rule with a weight on out
system that is less robust. In particular, a syst#m put growth relative to trend, a weight on inflati@tative

rigid and ambitious targets may seem the mosto trend and a_weighton exchange ratevolatil?ty. _
environmentally rigorous approach, but if the rityid The ~weights vary across countries with

decreases the probability the agreement would bidustrialized —economies focusing on controliing
ratified, or reduces compliance, or limits longnter inflation and output volatility and developing carties

o : ; : lacing a large weight on pegging the exchangetmte
participation, hogseholds and f|_rr_ns will take tImuD 'ltahe UgS doll%;\r Wg find l:)thgigcJ aglthough the gcIimate
account in their investment decisions. They willagat regimes appeér to be similar in their ability taiuree
too little in abatement and alternative energy = . i : )
technologies, causing the system to be less eféedti carbon emissions efficiently, they differ importamnin

: . oo how they affect the transmission of economic
practice that one with more flgx!pnlty. I.f goverrmis oy rhances between economies. In particular, a
try to compensate for low credibility by imposingra ’

i i1 t th Id inadvertentl o guantity target with annual cap global emissiona ca
a stnngent target, they could inadvertently wor cause unexpectedly high growth in one country doice
incentives for investment by further reducing the

. - . X growth in other economies if the rise in the glatsdon
program’s credibility. This all points to the cealtr ice caused by higher growth has a larger negative
importance of establishing a regime that is cradibl jjnact on other economies than the transitiondl sy
robust to changing economic conditions. of growth through trade. This effect is absent he t
This study uses the G-Cubed model to explore hovyrice-based regimes of the global carbon tax aed th
shocks in the global economy propagate differentlyyprid. We believe this change in the transmissifn
depending on the design of the climate policy regim  growth has important implication for international
'G-Cubed divides the world economy into tenrelations. Second, in the case of the global fif@mtisis
regions: The EU, Japan, Australia, the rest of theye find that the quantity target approach misses an
OECD, Former Soviet Union states, China, Indiagpth opportunity for significant additional low-cost essions
developing countries and oil exporting developingreductions. The global carbon tax and the Hybrithbo
countries. We examine two kinds of shocks relevant enable a significantly larger emissions reductionthe
recent experience: (1) a positive shock to economigame cost due to slower economic activity. On thero
growth in China, India and other developing co@siri h and, the cap system is counter-cyclical: Carlrizep

and (2) a sharp decline in housing markets andeaimi  fa|| as the world economy slows, which acts to damp
global equity risk premiums, causing severe financi the economic slowdown.

distress in the global economy. We analyze thectffe

of each shock on key economic indicators for thst fi MATERIALSAND METHODS

decade after the shock occurs. We compare thetsesul

from the three climate regimes and draw inferences We use a global economic model called G-Cubed
about which approaches may offer participants th@o explore the uncertainty in costs for different
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countries. Table 1 summarizes the G-Cubed model. G- The main difference between the price-based
Cubed is a widely-used dynamic intertemporal gdnerapolicies and the cap and trade permit system isthiga
equilibrium model of the world economy with 10 latter is less flexible: In the face of unexpecsiacks,
regions and 12 sectors of production in each redion the rigid constraint on emissions drives sharp ghan
produces annual results for trajectories runnincades  in carbon prices, which cause corresponding chaimges
into the future. We begin by generating a baselineother variables. Under the price-based systems, in
projection with an emissions reduction path a®sein  contrast, the carbon price remains fixed at its
detail in McKibbin and Wilcoxe. announced trajectory and emissions can adjust.

Along this path we consider three regimes. Tl fir
is a global cap and trade system for carbon dioxid®eveloping country growth shock: As mentioned
emissions. Under this policy, we assume that eachbove, one of the scenarios we consider is an
country is allocated permits based on its emissionsinexpected rise in growth rates in developing coemt
trajectory expected before the growth shock. Thersg  (China, India and LDCs in the model). The particula
regime is an optimal global carbon tax calculatedive  shock we analyze is an unexpected increase in labor
the same global emissions as the cap and tradensyst productivity growth of three %per year for 16 years
The third regime is the McKibbin Wilcoxen Hybrid after which growth returns to baseline rates. Only
which also has a common global price for carbonidut growth rates return to the baseline: The three @wies
implemented at the national level. are permanently larger.

All three regimes are normalized so that theytstar
with the same carbon prices in each economy and the RESULTSAND DISCUSSION
same global emissions outcome. We assume in each
case that the regimes are in place when the shuicks Results for a range of variables for all countaes

We solve the model under each regime with andncluded, which shows percentage deviations from
without the unexpected shocks and examine théaseline for years 1, 5 and 10 for both the groshitck
differences between the paired simulations. Untler t and the risk shock to be discussed below. Also show
shocks presented here, the global carbon tax amd ttare the differences in percentage deviation between
Hybrid are both carbon taxes at the margin, so fopermit and price systems. Figure 2 shows the change
clarity we report a single set of results under thekey economic variables in China due to the shodeun
heading “Price-Based policy”. In contrast, the eaqu  two different climate regimes: A global permit tiagl

trade system is listed as “Permit System”. system (“Permit System” shown by squares) andaepri
system (“Price” shown by triangles). The rise in
Table 1: Overview of the G-cubed model (version)80J productivity expands the effective supply of lalior
Regions _ each economy, rapidly increasing output in eaclosec
United States i :
Japan gnd there_fore raising GDP._At the same t|me,_the
Australia increase in labor productivity raises the marginal
Europe product of capital sharply across the Chinese etgno
Rest of the OECD This increase in the return to capital causesgelaise
&Z'iga in private investment of close to 20%. The higher
Oil exporting developing countries investment is financed partly from capital inflows
Eastern Europe and the former Soviet Union (hence the trade balance worsens) and partly from
Other developing countries higher savings, hence consumption take a number of
E‘;Cé%;: Electric utilities years to rise to the permanently higher level. The
Gas utilities lagged adjustment of consumption captures an
Petroleum refining important historical feature of the Chinese economy
Coal mining _ G-Cubed, the People’s Bank of China is modeled as
Crude oil and gas extraction placing a large weight on the exchange rate in its
Non-Energy: Mining reaction function and small weights on the deviaiio
Agriculture, fishing and hunting growth from trend and the deviation of inflatiorofn
Forestry/wood products the target. To prevent the exchange rate from
%“Jgﬂﬁrgggu;a;;ﬂggurmg appreciating, the bank cuts interest rates. Therani
Transportation initial spike in inflation due to strong demand aihe
Services loosening of monetary policy. Carbon emissions rise
Other: Capital producing sector significantly due to the increase in energy usemfro
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higher GDP growth. Under a global cap on emissionsppportunities for speculation through the annuaimie
the rise in developing country growth causes tlobgl mechanism. It provides a strong mix of market
price of carbon to rise which acts as a slight erak  incentives and predictable government intervention.
the growth of all other countries, even includinkir@. The third lesson is that since shocks in one gfiart
This is particularly true for China because it makw  the world will certainly occur, the global systeraeals
marginal abatement cost: The GDP outcome for Chingo have adequate firewalls between national climate
when a binding global carbon target is in place issystems to prevent destructive contagion from
slightly smaller than when China only has a fixedpropagating local problems into a system-wide failu
carbon price. Obviously in the case of a fixed oarb A global cap and trade system, or alternative syste
price, emissions rise above the target in the basel such as the Garnaut Revi#wwould be extremely
There is not much flexibility to adjust energy itpun  vulnerable to shocks in any single economy. A syste
the short run but in the long run there is substitu  based on national hybrid policies, on the othemd, a
away from carbon-intensive activities as the exgeéct would be explicitly designed to partition national
future carbon price rises. Although growth is onlyclimate markets and limit the effects of a collajise
marginally lower, the emissions pathway over tirme i climate policy in one part of the world on climate
significantly different under the two climate pglic markets elsewhere.
regimes. This illustrates that expectations abaturé This study has explored these issues by examining
carbon prices and the credibility of the policyireg  the effects of shocks that have actually occurrethé
can make a big difference in the ability of econesrio  past decade: A surprising surge of economic grawth
reduce carbon emissions without large effects omleveloping countries and a global financial crisis.
economic growth. Quantity-based approaches such as a global permit
trading regime tend to buffer some kinds of macro-
economic shocks: Carbon prices rise and fall wlid t
business cycle. However, price-based approachds suc
The global financial crisis of 2008 has a starklyas a global carbon tax (levied at the nationall)emea
emphasized a number of important lessons for th&icKibbin Wilcoxen Hybrid would provide stronger
design of global and national climate policy. Thesefirewalls to prevent adverse events in one carbon
lessons need to be considered explicitly duringmarket from causing a collapse of the global system
international negotiations on a new treaty to seddée
Kyoto Protocol after its 2008-2012 commitment pério
The first lesson is that any policy framework
whose costs or benefits depend strongly on forea#st 1. Stavins, R.N., 2007. Architectures for Agreement
the future state of the world or national economic  Addressing Global Climate Change in the Post-
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