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1. Introduction

To avoid the severe and irreversible impacts of climate change, large-sealeé”and rapid reductions in
greenhouse gas (GHG) emissions and CO2 removals (CDRs)ware,needed worldwide. Mitigation
scenario research quantifies measures to achieve the long-term teémperature target set out in the Paris
agreement and their impacts on the energy system, economy, and land use, contributing to the
formulation of climate policy. Mitigation scenarios are‘eften quantified using economic, energy, and
land-use models, either singly or in integration. Among models used to quantify mitigation scenarios,
dynamic CGE models have provided important‘information for the formulation of climate policy by
estimating macroeconomic losses from_ climate change mitigation and changes in goods prices and
household consumption due to theirdetailed representation of sectors and goods. CGE models are
generally calibrated to their base year using the social accounting matrices (SAMs). Many global CGE
models use the Global Trade Analysis Project (GTAP) Data Base to calibrate their models [1-5]. Many
models also use the International ‘Energy Agency's (IEA) Energy Balance Tables in addition to the
GTAP Data Base to refine their energy system representations [1-3]. It is ideal for CGE models to be
calibrated to the most,recent year, avoiding non-stationary years such as large-scale natural disasters,
financial crises,and pandemics. However, model development resources and other factors limit the
frequency of SAM wupdates. Some models are calibrated using the most recent GTAP year currently
available [5]. However, some models are still calibrated using the 2004 SAMs [1].

GTAP 12 Data Base include reference years 2004, 2007, 2011, 2014, 2019, and 2023 [6]. The
IEAEnergy Balance Tables compile energy data through 2022 [7]. This period includes several events
that had a significant impact on the economy and energy consumption, such as the global financial
crisis and pandemics. It also saw mitigation efforts progress in some countries and regions. The
purpose of this study was to provide information to assist in considering the frequency and timing of
updating SAMs and energy data in CGE models used to quantify mitigation scenarios. To this end, the
economy and energy information used to calibrate the AIM-Hub model were updated using GTAP 12
Data Base and the IEA Energy Balance Tables, allowing for reproducing the historical trend from 2005
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to 2022. The updated model estimated mitigation scenarios that achieve the 1.5°C target with altered

calibration period for energy and economic data.

2. Methods

This study analyzed how the mitigation scenarios change when the calibration period for its energy
and economic parameters was set to five different periods (2005 - 2007, 2011, 2014, 2019, and 2022)
in the AIM-Hub model. The AIM-Hub model is a recursive dynamic CGE model with 2005 as‘the base
year [5]. The AIM-Hub model uses GTAP Data Base to construct its SAM and refines” the“energy

system representation using the IEA Energy Balance Table.
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Figure 1. Overview of AIM/Hub model structure
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In the AIM-Hub model, the production and consumption of goods are represented using
multiple functions (Figure 1). Income from capital and labor is used for investment up to an amount
exogenously set based on GDP growth rate, with the remainder used for consumption and savings (1).
Household consumption is represented by the linear expenditure system (LES) demand functions, and
capital formation is represented by the Leontief function (2-3). The production activities of each sector
to meet the demand for each good calculated using these functions are represented by the multi-nested
constant elasticity of substitution (CES) function (4-7). The composition of resources, enetgy and
value-added bundles, intermediate inputs, and land, and the composition of intermediate inputsj.are
represented by the CES function with elasticity 0, i.e., the Leontief function. Since the above functions
(1-5) are not elastic to the prices of goods and production factors, the parameters of the-functions
determine the share of expenditure on goods and production factors. In the AIM=Hub model, the
parameters of these functions have been set based on the 2005 SAM and scenariorassumptions (GDP,
etc.). In this study, we adjusted the parameters of these functions to reproduce the values in the GTAP
12 Data Base. The AIM-Hub model calculates energy and value-added bundles using the CES function,
and the composition of energy goods using the Logit function+(6-7)\considering autonomous energy
improvement. When calibrating the model's energy parameters,the share parameters in the CES and
Logit functions are adjusted to reproduce the values in the TEA Energy Balance Table. After the energy
parameter calibration, the AIM-Hub model adjusts the share parameters to reflect autonomous
improvements in energy efficiency. After the calibration period, this energy efficiency improvement
rate is set exogenously based on the GDP growthyrate for each region specified in the scenario.

We created scenarios combining the ealibration periods (2007, 2011, 2014, 2019, 2022) and
the presence or absence of CO2 emisston constraints after 2025 (BaU, Miti) (Table 1). In the mitigation
scenario, an emission pathway was setito limit cumulative CO2 emissions to less than 500 Gt-CO2 to
achieve the 1.5°C target. Socioeconomic scenarios were set based on the "Middle of the Road" in the
Shared Socioeconomic Pathways (SSP2). Population and GDP up to 2025 were set based on observed

values.

Table 1. Scenario description

Scenario Calibration period Mitigation target
BaU 2007 2004 - 2007 NA
BaU 2011 2004 - 2011 NA
BaU 2014 2004 -2014 NA
BaU 2019 2004 - 2019 NA
BaU 2022 2004 - 2022 NA
Miti 2007 2004 - 2007 1.5°C target
Miti 2011 2004 - 2011 1.5°C target
Miti 2014 2004 - 2014 1.5°C target
Miti_2019 2004 - 2019 1.5°C target
Miti_2022 2004 - 2022 1.5°C target




3. Results

This chapter presents the preliminary results of scenario estimation using the AIM-Hub model after
updating only energy data. All scenarios accurately reflect historical changes in GDP because they use
the same exogenous GDP. By calibrating energy-related coefficients through 2022, the BuU 2022
scenario accurately reflects changes in energy demand due to the global financial crisis and pandemic
(Figure 2). The other scenarios partially reflect the impact of these events through changes in GDP.
Scenarios that calibrated energy-related coefficients to more recent years projected a larger.energy
demand in 2025 than other scenarios. Using BaU 2022 as the base, the different scenarios projected a
maximum decrease of 7.4% in energy demand in 2025. The decrease in energy. demand was
particularly pronounced in Asia and the Africa/Middle East region, where the differences between the
BaU 2022 scenario and the other scenarios were up to 21.0% and 19.6%, respectively. In the
OECD+EU region, scenarios calibrating to more recent years projected smaller energy demand,
contrary to the global trend. In Asia and the Africa/Middle East region; energy efficiency
improvements after calibration were assumed to be higher, whereas in'the*OECD+EU region, they
were assumed to be lower than the actual data. CO2 emission-factors were not updated in this data
update. However, the BuU_ 2022 scenario generally traced past ttends. Although scenarios calibrating
energy coefficients to more recent years projected higher energy, demand in 2025, CO2 emissions did
not show a similar trend. In particular, in the OECD-+EU region, scenarios calibrate to more recent
years projected lower CO2 emissions in 2025.

In the current model update, the parametersirelated to the demand of each good have not been
adjusted, resulting in differences betwe€en the GTAP12 value-added and AIM-Hub value-added
calculation results. In the AIM-Hub,model;, the change in share from 2005 to 2025 was monotonic.
This is because, without parameter adjustments, the value-added share in the AIM-Hub model changes
with the GDP growth rate. Inithe GTAP 12 Database, peaks were observed around 2017 for non-

metallic minerals, iron andsteel, and the chemical industry.
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Figure 2. Variables related to model calibration
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Figure 3. Value-added

Diftferences in the calibration'period affected the estimated results of mitigation scenarios up
to 2100 (Figure 4). Differences in final energy consumption between the scenarios continue, and the
largest difference was 10.4% (between Miti_ 2007 and Miti2022) in 2100. The difference was huge in
Asia, where it reached 23.6% (between Miti_2007 and Miti 2022). Unlike final energy consumption,
the difference in global CO2 emissions between scenarios narrowed, especially in the second half of
this century. This is due'to the constraints imposed on global emissions. However, the regions that
showed negative emissions in 2100 differed. In Miti_ 2007 and Miti_2011, emissions were negative in
the OECD+EU and Middle East and Africa regions, while in Miti_ 2014, Miti_2019, and Miti_ 2022,
emissionsiwere negative in the OECD+EU and Asia regions. Globally, the difference in GDP losses
between 'scenarios was not large. At the regional scale, in Asia, the maximum difference between
scenarios was 12.4%, while in the OECD+EU region, the maximum difference was 40.6%.

Energy supply is also affected by differences in the calibration period in the models. Fossil
fuel consumption in 2025 varied across scenarios, but the difference narrowed at the end of this century.
The fossil fuel reduction rate from 2025 to 2035 ranged from 26.3% (Miti_2022) to 27.0% (Miti_2011),
with minor differences across scenarios. The difference between scenarios for energy supply from

renewable sources, excluding biomass, also narrowed in the second half of this century.
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The difference in biomass supply between the scenarios widened in the second half of this century. In
2100, the difference in biomass supply between the scenarios reached a maximum of 33%. The
differences in biomass supply between the scenarios were large in Asia, the Middle East/Africa region,
and South America, with the differences estimated at 78.9%, 73.1%, and 80.9%, respectively.

4. Summary

This study estimated five mitigation scenarios by varying the calibration period in the AIM-Hub.model,
a recursive dynamic CGE model, and compared the results to provide information to assist. in
considering the timing of updating SAM and energy data in CGE models used to quantify mitigation
scenarios.

When the energy coefficients were calibrated to more recent years, an inereasing trend in
global energy demand in 2025 was observed. Regionally, this trend was observed'in Asia and Middle
East/Africa region. In mitigation scenarios up to 2100, significant differences were observed in the
amounts of energy supply from biomass and CO2 removal across Asia and Middle East/Africa region,
depending on the calibration period for the energy coefficients<Biomass/can be used to provide low-
emission liquid and gaseous fuels and to remove CO2 in combination with CO2 capture and storage.
Due to their relatively high costs, these measures are implemented after the widespread adoption of
inexpensive renewable energy sources such as solar and'wind power, and the electrification of energy-
consuming sectors. Therefore, biomass energy.supply changed significantly in response to shifts in
energy demand driven by changes in the calibration,period. When using CGE models to analyze the
impacts of mitigation measures on food/production and ecosystems, it is essential to update energy
data and the assumption of autonomeus improvements in energy efficiency. Furthermore, changes in
socioeconomic systems driven by ecenomic growth and trade may explain differences in energy
demand across calibration periods. Accurate analysis of these changes would require updating the
SAMs. In the OECD+EU.tegion,-calibration to a more recent year showed a decrease in energy
demand and a reduction in GDP loss due to emissions reduction. Part of the results is due to the
reflection of recent mitigation efforts in this region.

In this draft, [updated only the energy data and compared the results, focusing on energy-related
variables. Inthe future work, I plan to update the parameters related to economy and conduct analyses
focusing on economic indicators such as commodity prices and household consumption. I then plan
to eompare the results from updating only energy data with those from updating both energy data and
the SAMs.
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