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Abstract

This study purposes to analyze economic aspects of defined climate policies applying the AIM/CGE[Global] model
to understand the economic consequences of abating a large amount of greenhouse gas emissions to avoid dangerous
climate change. As a result, higher carbon prices and larger decreases in GDP are observed when emissions are
abated more deeply. However, such GDP losses are rather small and insignificant compared to the GDP growth
throughout this century. These results suggest that although it is challenging to abate emissions until the level to
avoid dangerous climate change, there is a sufficient possibility to achieve it from economic perspectives.
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1. Introduction

According to the Objective (Article 2) of UNFCCC (United Nations Framework Convention on
Climate Change), “the ultimate objective of this Convention ... is to achieve ... stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system...” With this statement in mind, limiting global warming below 2°C
has been considered to be a target of climate change policies globally. For example, the European Union
has released a statement [1] indicating its aim to achieve the target. In the G8 Summit in 2009, the G8
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Leaders Declaration expressed that global average temperature should not exceed 2°C above the pre-
industrial levels [2]. Furthermore, significance of this target to achieve the ultimate objective of UNFCCC
is emphasized in the Copenhagen Accord [3].

Considering this perspective, the AVOID Programme was launched in UK in 2009 [4, 5]. The
purposes of this project are (1) to promote understanding of dangerous climate change and its
implications including impacts, economic, and social consequences and responses, (2) to further
encourage the integration and communication of scientific and socioeconomic research on climate, and
(3) to accumulate policy-relevant evidence to achieve international agreement on GHG (greenhouse gas)
emission abatement. In order to achieve these purposes, AVOID addresses the following key questions
[5]: (1) how much climate change is too much?; (2) what level of global climate change should be
avoided?; (3) what does the world need to avoid such levels of climate change?; and (4) what is
considered as an acceptable risk of climate change impacts for different regions and communities?

More than 150 emission scenarios have been developed [6, 7] and five scenarios out of them are
selected for economic and impact assessment, which is a study involved in the Work Stream 1 of AVOID
[7, 8]. In the Work Stream 1, (1) the climatic consequences of defined climate policies, (2) damages and
impacts under these policies and targets and damages avoided by them, and (3) the economic

characteristics of the inferred mitigation strategies and their economic consequences are mainly estimated.

The purpose of this paper is to show the results and implications from economic analysis implemented
for the Work Stream 1 of AVOID using the AIM/CGE [Global] model. In this study, the analysis is
implemented until 2100 and the results on carbon prices and GDP on a global basis are shown. These
results are finally compared with those of the E3MG model [9, 10], which is also one of the economic
models involved in the project.

2. Methods
2.1 Model

The AIM/CGE [Global] model is used for the analysis [11, 12]. This model is a recursive dynamic
CGE (computable general equilibrium) model on a global scale. The model consists of 21 industrial
sectors (Table 1) and 24 world regions (Table 2). These definitions are based on the GTAP6 database [13,
14], which is also used for the economic data. In addition to it, the Energy Balances is used for the energy
data [15], the EDGAR 3.2 Fast Track 2000 is used for the emission data [16], and the FAOSTAT is used
for the land-use data [17] for the base year data.

The basic mechanism of this model is similar to the GTAP model [18] and the GTAP-E model [19].
However, the structure is different from them. Some significant differences can be summarized as
follows: dynamic structure is considered; not only CO, emissions but also other GHG, aerosol, and
chemical emissions are incorporated; power generation by various resources such as fossil fuels, nuclear,
water, and other renewables (e.g. geothermal, solar, wind, and biomass), and also that with CCS (carbon
capture and storage) technology are considered. Concerning the dynamics in the model, the acceleration
principle is applied to determine the investment and autonomous energy efficiency improvement is
adopted for the technological change.

In this study, the base year is 2001 and a simulation analysis is implemented until 2100 with 10-year
time steps.

163



164

Ken’ichi Matsumoto and Toshihiko Masui / Procedia Environmental Sciences 6 (2011) 162—168

Table 1 — Structure of industrial sectors

Code Including sectors Code Including sectors

COA Coal EIS Energy intensive industries

OIL Crude oil OMN Other mineral mining

GAS Natural gas M_M Metals & manufacture

P C Petroleum & coal products FOD Food processing

GDT Gas manufacture & distribution OMF Other manufacture

ELY Electricity CNS Construction

AGR Agriculture TRT Transportation

LVK Livestock CMN Communication

FRS Forestry WTR Water

FSH Fishery OSG Governmental services
SER Other services

Table 2 — Structure of world regions

Code Including countries Code Including countries
AUS Australia IDN Indonesia

NZL New Zealand THA Thailand

JPN Japan XSE Rest of Southeast Asia
CAN Canada IND India

USA United States of America XSA Rest of South Asia
XELS 15 Western EU countries ARG Argentina

RUS Russia BRA Brazil
XE10 10 Eastern EU countries MEX Mexico

XRE Rest of Europe XLM Rest of Latin America
CHN China & Hong Kong XME Rest of Middle East
KOR Korea ZAF South Africa

XRA Rest of Asia-Pacific XAF Rest of Africa

2.2 Baseline scenario

The IPCC (Intergovernmental Panel on Climate Change) SRES (Special Report on Emissions
Scenarios) A1B scenario is adopted for the baseline scenario as the basic assumption of AVOID. We use
population and potential GDP growth projections of the A1B scenario for the drivers toward the future.
Since parameters and some other assumptions such as the rates of technological change are based on the
original settings as used in the previous studies [11, 12], however, it is not possible to duplicate the
original AI1B emissions by the model calculation. Thus, the calculated results are considered to be the
baseline and policy scenarios, explained in the next section, are structured based on it. In the scenario,
CO,, CHy4, N,O, NOx, NMVOC, CO, SO,, and fluorinated gases in the Kyoto Protocol are covered. Since
the AIM/CGE [Global] model cannot handle the fluorinated gases inside the model, these gas emissions
are exogenously given. However, this influence is negligible considering the importance of the other
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gases especially CO,. The model is run using the above assumptions without any emission constraints for
the baseline scenario.

2.3 Policy scenario

In this study, five policy scenarios are prepared based on the following three parameters: (1) the year
in which emissions peak globally; (2) the rate of emission abatement after the peak year (R); and (3) the
minimum level to which emissions are eventually abated (H: High or L: Low). These scenarios are named
2016R2H, 2016R4L, 2016R5L, 2030R2H, and 2030R5H. For example, 2016R4L means that the peak
year is 2016, the rate of emission abatement is 4%, and the eventually achieved (long-run) minimum
emission level is low. CO, emission pathways of these scenarios are shown in Figure 1. The details of the
process to develop the emission scenarios are explained in Gohar and Lowe [20-22]. The probabilities of
the global mean temperature rise below 2°C under these scenarios are expected to be 7-45% (Table 3).

As mentioned in the previous section, the calculated baseline emission pathways are different from the
original AI1B emission pathways. Thus, the relationships between the original baseline and policy
scenarios are not kept at all. However, it is significant to maintain the percentage differences among the
scenarios, since one of the parameters of the policy scenarios is the rate of emission abatement. Hence,
the percentage abatement in emissions that occurs between the original baseline scenario and the
particular policy scenario, for each gas in each period, is first calculated, and then these percentages are
applied to the calculated baseline scenario to derive the constraints for each gas over the century. For each
policy scenario, the model is run under the corresponding emission constraints.
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Figure 1 — CO, emission pathways of baseline and policy scenarios

Table 3 — Global mean temperature rise in 2100 (central estimate)

Baseline 2016R2H 2016R4L 2016RSL 2030R2H 2030RSL

Probability of remaining below 2°C 1% 30% 43% 45% 7% 17%
Probability of remaining below 3°C 7% 87% 91% 91% 63% 76%
Probability of remaining below 4°C 46% 98% 99% 99% 93% 96%

Source: Revised version of Table A in Warren et al. [8]
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3. Results and discussion

Since five policy scenarios are calculated in this study, we focus on the results on a global scale here.

Figure 2 shows global carbon prices. Since international emissions trading is assumed in the model,
these prices hold true for all regions. Carbon prices represent the cost of abating GHG emissions under a
certain policy. As it shows, higher carbon prices are required to cause emissions to peak in 2016
compared to 2030 and also required to abate emissions more significantly. That is to say, the larger the
amount of emission abatement, the higher the prices will be. In the figure, it is also shown that the carbon
prices tend to fall in the end of the century for all the scenarios. This reason is considered that although
the percentage abatement in emissions required is increasing throughout the century for the policy
scenarios, the absolute emission abatement amounts decrease due to decreases in the emissions seen in
the latter half of the century for the baseline scenario (Figure 1).
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Figure 2 — Global carbon prices for baseline and policy scenarios

Figure 3 shows global total GDP. As it shows, GDP decreases for all policy scenarios compared to the
baseline scenario. The rates of the decrease in 2100 are 2.9% for 2016R2H, 6.1% for 2016R4L, 7.0% for
2016R5L, 2.0% for 2030R2H, and 5.0% for 2030R5L. However, the rates are not so large and GDP is
still increasing over time. Furthermore, the differences between the policy scenarios are rather small. As
well as the carbon prices shown above, the larger decreases are observed from the 2016-peak cases
compared to the 2030-peak cases and also when the emissions are abated more deeply. In other words, the
larger the amount of emission abatement, the higher the rates of the decreases will be.
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Figure 3 — Global total GDP for baseline and policy scenarios
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4. Conclusion

In this study, we analyzed economic impacts of abating GHG emissions relative to the baseline
applying the AIM/CGE [Global] model. One baseline scenario based on the IPCC SRES A1B scenario
and five policy scenarios were considered. The results we focused on in this paper were carbon prices and
GDP, which can represent the economic costs to realize the policy scenarios. As a result, higher carbon
prices and larger decreases in GDP were observed as the peak year of global emissions came earlier and
emissions were abated more deeply, while the probability to achieve the 2°C target became higher under
such scenarios. On the other hand, the decreases in GDP were relatively small and insignificant even for
the most severe policy case (i.e. 2016R5L) compared to the increases in global GDP by the end of the
century. It was also indicated that the carbon prices and the changes in GDP increased over time. These
results therefore suggest that while significant emission abatement is indispensable to aim to avoid
dangerous climate change and it seems a challenging issue, the economic damage to achieve the level is
rather small and there is still a possibility to achieve it.

In the AVOID Programme, our results are compared with those of the E3MG model as mentioned
above. The notable results from the E3MG model can be summarized as follows [8]: (1) carbon prices in
the E3MG model are constant in real terms from 2020 to 2100, and they are higher than those of the
AIM/CGE [Global] model until around 2050 and becomes lower in the latter half of the century; and (2)
the E3MG model shows increases in GDP for the policy scenarios relative to the baseline scenario (about
2 to 5%). These results are economically more positive for abating GHG emissions than our results.
Economic models showing such results are few so far in the literature [23, 24]. Such significant
differences in the results between the two models are caused by the following reasons: (1) technological
change (exogenous technological change in AIM, but endogenous and induced technological change in
E3MG); (2) revenue recycling (a lump-sum payment of revenues from emissions trading to consumers in
AIM, whereas lowering indirect taxes and providing incentives to invest additionally in low-carbon
technology in E3MG); (3) timing of emission abatement (later in AIM than in E3MG); and (4) modeling
approach (a first-best world in AIM , while a second-best world in E3MG).

Acknowledgements

This study is a part of the AVOID Programme led by the Met Office Hadley Centre, the Tyndall
Centre, the Walker Institute, and the Grantham Institute. I especially express gratitude to Dr. Jason Lowe,
Dr. Rachel Warren, and others involved in the Work Stream 1.

This study was supported by the Global Environment Research Fund Bc-088, Ministry of the
Environment, Japan.

References

[1] European Union, Limiting Global Climate Change to 2 degrees Celsius, Press Release MEMO/07/16, 2007.

[2] G8 Leaders Declaration, Responsible Leadership for a Sustainable Future, G8 Summit 2009, 2009.

[3]1 UNFCCC, Copenhagen Accord, Fifteenth Session of the Conference of the Parties, Decision2/CP15, 2009.

[4] AVOID, Available at: http://www.avoid.uk.net.

[5] Met Office, Available at: http://www.metoffice.gov.uk/climatechange/policymakers/policy/avoid.html.

[6] Lowe J. An Overview of the AVOID Project, Abstracts of Earth System Science 2010 (quest.bris.ac.uk/workshops/AIMES-
OSC/Abstracts_for ESS 2010.pdf) 2010, p45.

[7] Warren R, Arnell N, Berry P, Brown S, Dicks L, Gosling S, Hankin R, Hope C, Lowe J, Matsumoto K, Masui T, Nicholls R,
O'Hanley J, Osborn T, Screicru S. AVOID Work Stream One, Abstracts of Earth System Science 2010. 2010, p45-46.

167



168

Ken’ichi Matsumoto and Toshihiko Masui / Procedia Environmental Sciences 6 (2011) 162—168

[8] Warren R, Arnell N, Berry P, Brown S, Dicks L, Gosling S, Hankin R, Hope C, Lowe J, Matsumoto K, Masui T, Nicholls R,
O'Hanley J, Osborn T, Screicru S. The Economics and Climate Change Impacts of Various Greenhouse Gas Emission
Pathways: A Comparison between Baseline and Policy Emissions Scenarios, AVOID Workstream 1 Deliverable 3 Report 1
(forthcoming).

[9] Barker T, Pan H, Kohler J, Warren R, Winne S. Decarbonizing the global economy with induced technological change:
Scenarios to 2100 using E3MG. Energy J. 2006; SI1:241-258.

[10] Barker T, Scrieciu S, Foxon T. Achieving the G8 50% Target: modelling induced and accelerated technological change using
the macroeconometric model E3MG, Climate Pol. 2008;8: S30-S45.

[11] Matsumoto K, Masui T. Mid-term dynamic effects of carbon tax based on the imputed price of carbon. Environ. Sci.
2009;22(6): 391-400.

[12] Matsumoto K, Masui T. Analyzing long-term impacts of carbon tax based on the imputed price applying the AIM/CGE model,
Manage. Environ. Quality (forthcoming).

[13] Dimaranan, BV (ed.) Global Trade, Assistance, and Production: The GTAP6 Data Base. West Lafayette: Center for Global
Trade Analysis, 2006.

[14] Center for Global Trade Analysis, Available at: https://www.gtap.agecon.purdue.edu/.

[15] International Energy Agency, Available at: http://www.iea.org/stats/index.asp.

[16] Netherlands Environmental Assessment Agency, Available at: http://www.mnp.nl/edgar/.

[17] Food and Agriculture Organization, Available at: http://faostat.fao.org/.

[18] Hertel TW (ed.) Global Trade Analysis: Modeling and Applications New York: Cambridge University Press, 1996.

[19] Burniaux JM, Truong TP. GTAP-E: An Energy-environmental Version of the GTAP Model. GTAP Technical Paper 16, 2002.

[20] Gohar LK, Lowe J. Summary of the Committee on Climate Change’s 2016 Peak Emission Scenarios. AVOID Workstream
1/Deliverable 1/Report 1 (forthcoming).

[21] Gohar LK, Lowe J. Summary of the Emissions Mitigation Scenarios. AVOID Workstream 1/Deliverable 1/Report 2
(forthcoming).

[22] Gohar LK, Lowe J. Summary of the Emissions Mitigation Scenarios: Part 2. AVOID Workstream 1/Deliverable 1/Report 3
(forthcoming).

[23]1 IPCC. Climate Change 2007: Mitigation of Climate Change: Contribution of Working Group III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge and New York: Cambridge University Press, 2007.

[24] Edenhofer O, Lessmann K, Kemfert C, Grubb M, Kohler J. Induced Technological Change: Exploring its Implications for the
Economics of Atmospheric Stabilization: Synthesis Report from the Innovation Modeling Comparison Project, Energy J.
2006;S11, 57-107.



