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Introduction
[bookmark: _Hlk161398645]Achieving carbon neutrality necessitates the phasing out of coal power generation, a major source of global temperature increases. The shift towards renewable energy sources emerges as a critical strategy to curb global warming, necessitating a significant reduction in fossil fuel usage (Welsby et al., 2021). Coal's dominant role in CO2 emissions has placed it at the centre of international climate change mitigation efforts. At the COP26 summit, over 40 national governments pledged to eliminate unabated coal power by 2040. Notably, major coal consumers such as China, Japan, the U.S., and other significant users did not join this commitment (COP26, 2021). The transition away from coal, however, presents considerable socio-economic challenges and impacts across economies. This chapter explores the extensive economic challenges associated with coal power phase-out in three East Asian nations—China, Japan, and South Korea—which collectively represent 58% of global coal power capacity.
Even amid international initiatives to shift towards more sustainable energy alternatives, coal remains a pivotal component in worldwide energy production and electricity generation. The cost-effectiveness and widespread availability of coal contribute to its persistent utilization across various regions. In 2022, coal accounts for 27% of the world total primary energy consumption, second only to oil’s share of 32% (Energy Institute, 2023).  The International Energy Agency (IEA) projects that the worldwide consumption of coal in 2022 will exceed 8 billion metric tons (IEA, 2022). The Energy Information Administration (EIA) delineates that of this consumption, approximately one billion tons are attributed to metallurgical coal, utilized primarily in steel production, with the remaining 7 billion tons being thermal coal, used for generating electricity.
Coal is a major source of electricity worldwide, contributing to 35% of global electricity output, thereby making it the predominant method for generating electricity (Energy Institute, 2023). Despite its widespread use, the reliance on coal varies significantly from one country to another. For example, the share of electricity generated from coal in 2022 was 61% in China, 74% in India, but only 20% in the US and 1% in France (Energy Institute, 2023). 
Coal's position in the energy landscape faces growing scrutiny amid rising concerns over climate change and the worldwide movement towards decarbonization. The combustion of coal presents significant challenges due to its considerable environmental and health repercussions, notably through the emission of greenhouse gases and the release of pollutants into the air. Therefore, numerous nations are implementing strategies to lessen their reliance on coal, turning instead to renewable sources like wind, solar, and hydroelectric power for energy. Global initiatives aim to phase out coal from the electricity sector to align with the 1.5°C target of the Paris Agreement. (Climate Analytics, 2015) emphasizes the importance of phasing out coal rapidly to meet the Paris Agreement objectives. However, while some countries have initiated the process of coal phase-out, others continue to depend on it as a primary electricity source. Moreover, certain areas are even considering expanding their coal power capabilities to address increasing energy needs (Global Energy Monitor, 2024). This contrast underscores the intricate phase of transition that the global energy sector is navigating.
[bookmark: _Hlk161398674]The transition away from fossil fuels and coal towards more sustainable energy sources is a complex process with profound economic, emission, and social implications. Transitioning away from fossil fuels has both direct and indirect economic impacts. On one hand, it involves initial costs related to the development and deployment of renewable energy technologies and the phasing out of existing fossil fuel infrastructure. On the other hand, it offers long-term economic benefits through the creation of new jobs, reduction in healthcare costs due to improved air quality, and mitigation of the adverse economic impacts of climate change. (Garrett-Peltier, 2017) found that investments in renewable energy and energy efficiency create more jobs per million dollars spent compared to fossil fuels, indicating a net positive impact on employment from the energy transition​​. 
Phase-out fossil fuels also has social implications such as effects on public health, environmental justice, and social equity. (Perera, 2018) highlighted the detrimental impact of fossil fuel combustion on global pediatric health, emphasizing the urgent need for transition to cleaner energy sources to mitigate these effects​​. (Rauner et al., 2020) demonstrates that eliminating coal from the energy mix leads to significant local environmental and health improvements, which surpass the immediate costs associated with reduced energy availability. They suggest that discontinuing coal use is a universally beneficial approach for the majority of global regions. This holds true even when considering only the local impacts and disregarding the worldwide advantages of mitigating climate change.
Due to the complexed and dynamic consequences of coal phase out, phasing out coal, despite urgently needed, is not necessarily linear. For example, as the aftermath of the nationwide power crunch in the second half of 2021, the Chinese government reversed its previous coal de‑capacity policy and demanded an increase in the clean and efficient use of coal (Xinhua News Agency, 2022). Germany announced in early 2022 that it plans to use more coal power to enhance its energy security as a response to the Ukrainian conflict (Bloomberg, 2022). Overall, despite global efforts to phase out coal, China's new coal plant additions in 2022 offset progress elsewhere (France24, 2023).  A more complex situation is that new coal users emerge while the prevailing major coal users treat (Shi et al., 2021). Therefore, recurrently examining and updating the economic impact of coal phase out have practical meaning.  
[bookmark: _Hlk159701062]The literature on the implications of phasing out coal power explores various dimensions, including the impact on CO2 emissions, economic growth, employment, public health, and social equity, little has been conducted for East Asia. We contribute to the literature by studying the coal power phase out in East Asia countries. China alone accounts for 53% of the global total capacity for coal power generation, while Japan and Korea account for 2.59% and 1.88%, respectively (Figure 1). 
In this book chapter, we use the GTAP-E model to quantify the impact of coal power phase-out in East Asia, comprising China, Japan and South Korea. In September 2020 Chinese President Xi Jinping announced China’s commitment to achieving carbon neutrality by 2060, with plans to implement more robust policies and measures to peak emissions before 2030. Similarly, Japan and South Korea both pledged to reach a net zero target by 2050 in October 2020. The International Energy Agency (IEA) has emphasized that “All scenarios that meet climate goals feature a rapid decline in coal use” (IEA, 2021). As major coal users, phasing our coal in China, Japan and Korea will be crucial for them to achieve carbon neutrality. For instance, in South Korea, the power sector is currently the largest emitter of CO2, and coal is the single biggest source of CO2 emissions, as it is the backbone of many electricity systems (IEA, 2023). However, a substantial reduction in coal usage will necessitate a dramatic change in the energy structure, which will have significant implications for a country's economy as well as its trading partners' economies.

[bookmark: _Ref159688116]Figure 1  Coal Plants by Country (MW) that accounts for at least 1% of world’s total power generation.
Source:(Global Energy Monitor, 2024)

Methodology, data and scenarios

Methodology
[bookmark: _Hlk161398630]Using a global computable general equilibrium model – GTAP-E which features detailed energy and carbon emission accounts, and energy nesting, this chapter aims to assess the economic implications of phasing out coal usage in power generation within China, Japan, and Korea, on the major economies of East Asia and ASEAN. The focus lies on simulating the effects of this transition on various economic indicators such as real GDP, capital stock, international trade, and industrial output across these three countries, as well as others in East Asia and Southeast Asia. Additionally, we will analyze the impact of this transition on carbon emissions.
GTAP-E is an energy-environmental version of the standard GTAP model. It allows for inter-fuel and inter-factor substitution in the production structure of firms and in the consumption behaviour of private households and the government sector (Burniaux and Truong, 2002). It also include carbon dioxide accounting, taxation and emission trading. 
In contrast to the standard GTAP model where energy inputs are treated as intermediate inputs separate from the value-added nest, the GTAP-E model integrates energy directly into the value-added nest. Here, energy inputs are amalgamated with capital to form an energy-capital composite. This composite is then combined with other primary inputs within a value-added-energy nest utilizing a CES function (Figure 2).
The GTAP-E model integrates energy into the value-added nest through two distinct steps. First, energy commodities are segregated into 'electricity' and 'non-electricity' groups, where a substitution elasticity operates using a CES function. Subsequently, the nonelectric group is further divided into coal and non-coal using a CES function, and the non-coal category is subdivided into gas, oil, and petrol products, employing another CES function.
In the second step, the energy composite combines with capital to generate the energy-capital composite, which is then assimilated into the value-added nest.
However, the GTAP-E model does not disaggregate the electricity sector. As discussed earlier in this chapter, coal-fired power generation produced more than 10 Gigatons of CO2 emissions, accounts for one third of the world total (IEA, 2020). A critical strategy for achieving carbon neutrality involves adopting cleaner energy sources such as wind, solar power, and bioenergy to replace coal-fired power. In this study, we employ capital increase to signify the augmented utilization of renewable energy, replacing coal in electricity generation.
Figure 2: Production structure in GTAP-E model
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Source:(Burniaux and Truong, 2002)                                                                         
Data
The database utilized for this study is the recently released GTAP11-E database, comprising 2017 data for 160 regions and 65 sectors. To align with the research objectives, the original 160 regions in the database will be aggregated into 16 regions. These regions are Australia (AUS), China (CHN), Japan (JPN), South Korea (KOR), Mongolia (MNG), Indonesia (IDN), Singapore (SGP), Thailand (THA), Vietnam (VNM), India (IND), United States of America (USA), Russia (RUS), the rest of East Asia (REA), the rest of South-East Asia (RSEA), the European Union (REU), and the rest of the world (ROW).
The aggregation of regions in this manner is based on the purpose of our study, which aims to investigate the economic implications of phasing out coal-fired power generation in China, Japan, and South Korea on these three countries, as well as other countries in East Asia, South East Asia, and the rest of the world. Therefore, China, Japan, and South Korea are maintained as individual regions. Mongolia, Indonesia, Russia, and Australia are retained as individual regions due to their significant roles as coal exporters in the international market. Likewise, the USA, India, and Vietnam, being major coal importers, are treated as individual regions. Thailand and Singapore, as significant economies in South East Asia, are also kept as individual regions. The remaining regions in East Asia, South East Asia, and the European Union are aggregated into three grouped regions. Subsequently, the remaining regions are consolidated into one region: the rest of the world (ROW).
Scenario and closure design
(Climate Analytics, 2015) emphasizes the importance of phasing out coal rapidly to meet the Paris Agreement objectives. However, the effectiveness of transitioning away from coal power significantly hinges on the affordability of alternative energy sources. Currently, there's a gap in reliable forecasts regarding the cost of non-fossil fuel-based, particularly renewable, energy production. A notable challenge is the expense associated with integrating these systems into our current infrastructure, largely due to the unknown costs of long-term storage solutions. (I am not sure whether this information is suitable here: In 2020, the IEA calculated that coal was the most expensive power source in the U.S., with an estimated cost of $110 per megawatt-hour (MWh). Natural gas cost $45/MWh, while nuclear cost $75/MWh and utility-scale solar power cost $44/MWh.) 
Given this backdrop, to exam the economic implications of phasing out coal power in China, Japan and South Korea, explore this issue, we designed two policy scenarios. Under the Cost Neutral Scenario (CNS), we assume the cost of alternative energy sources matches that of existing coal power. This scenario relies heavily on advancements in storage technology, making renewable energy economically viable for consumers. Alternatively, under the Renewable Premium Scenario (RPS), renewable energy costs are projected to be 50% higher than coal power for consumers. It's important to note that the production cost of renewable energy is already lower than that of coal. The premium, therefore, arises from the additional costs of integrating renewable sources into the grid to address their intermittent nature, which remains difficult to precisely quantify.
In both scenarios we assume that coal use in the electricity generation is reduced by 100%. Since this is a comparative static study and phasing out coal power use is a long term action, 

Given China's status as the world's second-largest economy and its role as the largest trading partner for many countries, the phase-out of coal power in China is poised to bring about significant changes to its energy structure. These changes may reverberate throughout China's economy and subsequently impact the economies of other countries. To comprehensively investigate the economic implications of China's independent phase-out of coal power, we further consider two cases: only China phasing out coal power and China, Japan and South Korea (CJK) phasing out coal power simultaneously and end up to the following four scenarios (Table 1):
Table 1   Scenario setting
	
	Basic setting
	Only China phasing out coal power
	CJK phasing out coal power simultaneously

	CNS: Cost Neutral Scenario
	cost of alternative energy sources matches that of existing coal power
	CNS1
	CNS2

	RPS: Renewable Premium Scenario 
	renewable energy costs are projected to be 50% higher than coal power for consumers
	RPS1
	RPS2



As this study adopts a comparative static approach and phasing out coal power is a long-term action, we establish a long run simulation closure. In this closure, we assume that land, natural resources, and employment in each region are fixed, while the prices of land, natural resources and real wages can adjust. Here we have to point out that in long term, employment is treated as an exogenous variable because employment is determined by a region’s population growth. Additionally, capital is endogenous and can adjust in accordance with changes in the rates of return on capital. 
Simulation results
Macro results
Table 2 displays the regional impact of phasing out coal on real GDP across four alternative scenarios.
Cost Neutral Scenario
The effects on China, Japan and South Korea
[bookmark: _Hlk161398406]We notice that under the cost neutral scenarios CNS1 and CNS2, phasing out coal power generation in China, Japan and South Kore will yield mild positive effect on their respective economies. Real GDP will be 1.3%, 0.42% and 0.78% higher for China, Japan and South Korea, respectively, than the base case scenario (Table 2). 
This outcome may come as a surprise to many observers. Conventionally, the phase-out of coal power is often associated with downward pressure on a country's economy. As discussed earlier in this chapter, coal has historically played a dominant role in electricity generation since the industrial revolution. Therefore, phasing out coal power generation signifies a significant shift in a country's energy structure, posing substantial challenges to its economy. This viewpoint holds true when considering the costs associated with energy transition resulting from the phase-out of coal power, as illustrated in the last two columns of Table 2.
However, under the assumption of cost neutrality—where the costs of replacing coal power are offset by technological improvements, substantial investments in renewable energy, and the availability of cheaper renewable energy sources—our simulation results demonstrate that the discontinuation  of coal power in these three countries can actually benefit the overall economy, albeit marginally. This positive outcome is primarily attributed to structural effects and the strong assumption that renewable electricity is as cheap as coal power and the intermittency of renewables will not cause problem. 
The phase-out of coal power will lead to a considerable contraction of the coal sector, triggering a significant structural transformation across the entire economy, particularly in China. Given the substantial proportion of coal imports by these three Asian economies, as depicted in Figure 1, the cessation of coal power will reduce the import price of coal dramatically, which will drag down the aggregate import price index in these countries. Moreover, while the lowered coal prices may also depress the export price index of these nations, the reduction in import prices will be dominant, resulting in an improvement of terms of trade[footnoteRef:1] for these countries. Table 3 shows that the terms of trade will be 0.06 higher in China and 0.38% higher in both Japan and South Korea than the base case scenario.[footnoteRef:2] [1:  Terms of trade is defined as the price index of exports/price index of imports. ]  [2:  The comparatively smaller change in terms of trade observed in China compared to Japan and South Korea can be attributed to the relatively larger decline in export prices experienced in China. Unlike Japan and South Korea, which rely almost entirely on coal imports for their coal power industries, China produces a significant amount of coal domestically. Consequently, the phase-out of coal power also adversely affects the domestic coal production industry in China. This leads to more pronounced drops in the prices of coal and related products within China compared to Japan and South Korea, putting more downward pressure on their export prices, ultimately resulting in a lesser change in terms of trade for China.] 

Table 2: Impact on real GDP (deviation from the baseline scenario %)
	
	Cost Neutral Scenario
	Renewable Premium Scenario

	Regions
	CNS1
	CNS2
	RPS1
	RPS2

	Australia
	-0.31
	-0.76
	-0.34
	-0.88

	China
	1.25
	1.26
	-3.00
	-3.21

	Japan
	0.03
	0.43
	0.03
	-3.13

	South Korea
	0.06
	0.77
	-0.05
	-2.77

	Mongolia
	-6.22
	-6.54
	-8.07
	-8.65

	Indonesia 
	-0.27
	-0.48
	-0.32
	-0.60

	Singapore
	0.02
	0.01
	-0.07
	-0.14

	Thailand
	0.06
	0.07
	-0.13
	-0.36

	Vietnam
	0.06
	0.03
	-0.25
	-0.50

	India
	0.01
	0.03
	0.03
	0.05

	USA
	0.00
	-0.01
	-0.01
	-0.02

	Russia
	-0.06
	-0.13
	-0.08
	-0.18

	Rest of East Asia
	0.05
	0.09
	-0.21
	-0.25

	Rest of South East Asia
	0.06
	0.10
	-0.13
	-0.15

	European Union
	0.01
	0.01
	0.00
	0.01

	Rest of world
	-0.01
	-0.02
	-0.04
	-0.08


                 Source: GRAP-E simulation results
The larger decline in import prices implies an increase in the volume of imports relative to the volume of exports, resulting in a decline in the real balance of trade[footnoteRef:3]. According to the GDP identity[footnoteRef:4], a decrease in the balance of trade (X-M) corresponds to an increase in C+I if the real GDP (Y) remains positive or unchanged. Under cost neutral scenarios (CNS1 and CNS2), positive results are observed for real GDPs in all three countries, as illustrated in Tables 2 and 3. With an increase in Y and a decline in (X-M), it follows that C + I must increase.  [3:  We assume that the ratio of trade balance to regional GDP is fixed in the long run simulation. ]  [4:  Y=C+I +X-M is the GDP identity, if we ignore the government expenditure here. C represents household consumption, I represents investment, X represents the volume of exports and M is the volume of imports).] 

We anticipate an increase in investment (I). This can be attributed to two main factors: firstly, in our simulations, we augment the capital stock to facilitate the transition to renewable energy and replace coal power in the electricity sector. This is expected to spur investment not only in the electricity sector but also in its upstream and downstream sectors. Secondly, the structural effects stemming from the contraction of the coal industry will stimulate investment in other sectors. However, the extent of the increase in investment will vary depending on the significance of the coal sector and the economic structure of each country. Subsequently, the increase or decrease in household consumption (C) will be determined as a residual in the GDP identity.
Table 3:  Investment, household consumption, terms of Trade and Saving under CNS2 (%)
	Regions
	Investment
	Household consumption
	Terms of trade
	Saving

	Australia
	-1.82
	-2.09
	-1.45
	-1.51

	China
	3.35
	-0.22
	0.06
	3.14

	Japan
	0.87
	0.68
	0.38
	0.96

	South Korea
	1.63
	0.95
	0.38
	1.31

	Mongolia
	-10.44
	-11.63
	-4.58
	-9.7

	Indonesia 
	-0.82
	-1.32
	-0.97
	-0.63

	Singapore
	0.04
	0.02
	0.01
	0.09

	Thailand
	0.16
	0.08
	0.04
	0.15

	Vietnam
	0.09
	0.03
	0.02
	0.17

	India
	0.09
	0.02
	0.13
	0.17

	USA
	0.02
	-0.02
	-0.02
	0.18

	Russia
	-0.18
	-0.48
	-0.32
	-0.13

	Rest of East Asia
	0.22
	0.2
	0.1
	0.3

	Rest of South East Asia
	0.21
	0.14
	0.08
	0.23

	European Union
	0.07
	0.02
	0.02
	0.39

	Rest of world
	0.01
	-0.04
	-0.03
	-0.03


      Source: GRAP-E simulation results
Table 3 illustrates that China will experience a comparatively greater increase in investment than Japan and South Korea under CNS2. This difference primarily stems from China's substantial domestic coal industry, unlike Japan and South Korea, which heavily rely on coal imports to fuel their coal power generation. In addition to coal imports, China produces a significant amount of coal domestically (55% of coal products from domestic coal industry consumed by the electricity sector in 2017). The cessation of coal power generation will significantly impact the domestic coal industry. As Table 7 in Section 3.2 shows that output of coal will be reduced by more than 50%. Consequently, the cost of transitioning away from coal power in China is much higher than in Japan and South Korea. Under the assumption of cost neutrality, this necessitates a considerably higher level of investment in China to facilitate the transition. To finance this substantial increase in investment, China must save more compared to Japan and South Korea (as indicated in the "Saving" column in Table 3), leading to a decline in household consumption. As depicted in Table 3, household consumption is projected to be 0.22% higher compared to the base case scenario in China, while it is expected to be 0.68% and 0.95% higher in Japan and South Korea, respectively[footnoteRef:5].  [5:  The larger improvement of the terms of trade in Japan and South Korea is also one of the reason for the increase in the household consumption. ] 

The increase in investment will result in an increase in capital stock. As shown in Figure 3, the capital stock will be 3.32%, 0.83%, and 1.61% higher than their respective base case scenarios for China, Japan, and South Korea. The increase in capital stock will lead to higher GDP levels, as indicated by CNS1 and CNS2 in Table 2 and Figure 3.
Figure 3: Capital stock and real GDP in CNS2 (deviation from baseline scenario %)

                  Source: GRAP-E simulation results
The effects on other regions
We notice that phasing out of coal power in aforementioned three countries will have very modest positive effects on Singapore, Thailand, Vietnam, India, U.S. A., the rest of East Asia, the rest of South East Asia and the Europe Unions (Table 2 and Figure 3). This is attributed to their lesser reliance on coal, diversified economic structures, and close trading relationships with these three countries under the overall assumed technology advancement.



Table 4: Share of coal export to destination countries in 2017 (%)
	Export of coal  to
	From Australia
	From Indonesia
	From Mongolia
	From Vietnam
	
	From Russia
	From ROW

	Australia
	0
	0
	0
	0.00
	
	0
	0.00

	China
	0.23
	0.28
	0.96
	0.08
	
	0.13
	0.04

	Japan
	0.28
	0.11
	0.01
	0.42
	
	0.09
	0.08

	South Korea
	0.12
	0.09
	0.00
	0.10
	
	0.14
	0.10

	Mongolia
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00

	Indonesia 
	0.00
	0.00
	0.00
	0.02
	
	0.00
	0.00

	Singapore
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00

	Thailand
	0.01
	0.05
	0.00
	0.09
	
	0.01
	0.00

	Vietnam
	0.01
	0.01
	0.00
	0.00
	
	0.01
	0.01

	India
	0.15
	0.25
	0.00
	0.10
	
	0.02
	0.17

	USA
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.02

	Russia
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.06

	Rest of East Asia
	0.08
	0.06
	0.01
	0.05
	
	0.05
	0.04

	Rest of South East Asia
	0.02
	0.12
	0.00
	0.13
	
	0.01
	0.00

	European Union
	0.06
	0.02
	0.00
	0.00
	
	0.32
	0.17

	Rest of world
	0.03
	0.02
	0.03
	0.01
	
	0.21
	0.32

	Total
	1
	1
	1
	1
	
	1
	1


Source: GRAP-E 11 database
Conversely, the rest of the world are expected to experience slight negative effects under CNS2. The relatively larger negative impacts on Australia, Indonesia, and Russia stem from the fact that these countries export large quantities of coal to China, Japan, and South Korea (as shown in Table 4), and their coal imports are anticipated to significantly decline following the phase-out of coal power generation (as depicted in Table 5).
We notice that Mongolia’s economy will be the most affected among all regions when China, Japan, and South Korea phase out coal power generation. Mongolia's real GDP will be more than 6% lower than the base case scenario (refer to CNS1 and CSN2 in Table 2 and Figure 3). Several factors contribute to this significant impact:
1) Coal constitutes the largest export commodity in Mongolia, accounting for 37% of its total exports based on the GTAP 2017 database.
2) The value-added production of the coal industry represents 17.6% of Mongolia's GDP in 2017, making it the largest industry in the Mongolian economy.
3) Mongolia exported 96% of its coal to China and 1% to Japan in 2017 (Table 4). 
4) Terms of trade will deteriorate significantly (4.58% lower than in the base case scenario shown in Table 3).
The phase-out of coal power in these three countries results in a substantial decline in their coal imports, as depicted in Table 5, significantly impacting Mongolia's exports. Mongolia's coal exports are projected to decrease by around 40% in both CNS1 and CNS2 (illustrated by the left two bars in Figure 4). This sharp decline in coal exports will have a detrimental effect on the Mongolian economy. Coal output is expected to decline by more than 36% in both cost-neutral scenarios (shown by the left two bars in Figure 4). Its capital stock is forecasted to decrease by more than 10% compared to the base case scenario, resulting in a more than 6% decline in real GDP (refer to Table 2 and Figure 3) and more than 11% decline in household consumption in both CNS1 and CNS2 (Table 3). The larger decline in household consumption than in real GDP is due to the large deterioration of its terms of trade.
Table 5:  Change of coal imports by regions 
     (Deviations from base case scenario %)
	Regions
	CNS1
	CNS2
	RPS1
	RPS2

	Australia
	-2.78
	-9.89
	-2.14
	-8.93

	China
	-62.89
	-61.09
	-60.93
	-58.02

	Japan
	0.59
	-55.63
	0.75
	-56.01

	South Korea
	0.52
	-65.66
	0.71
	-65.96

	Mongolia
	-22.12
	-22.2
	-21.85
	-21.1

	Indonesia 
	0.8
	3.85
	1.07
	3.95

	Singapore
	0.98
	1.86
	1.21
	2.25

	Thailand
	1.39
	2.96
	1.26
	2.39

	Vietnam
	2.91
	7.05
	2.41
	5.61

	India
	2.63
	6.57
	2.93
	6.78

	USA
	0.81
	2.15
	0.85
	2.13

	Russia
	-1.21
	-2.7
	-0.8
	-2.07

	Rest of East Asia
	0.65
	1.93
	1.62
	3.08

	Rest of South East Asia
	1.21
	2.94
	1.8
	3.4

	European Union
	0.81
	2.29
	0.98
	2.46

	Rest of world
	0.64
	1.46
	0.85
	1.66


               Source: GRAP-E simulation results
Figure 4: Volume of export and output of coal in Mongolia
(% deviation from base case scenario)

                   Source: GRAP-E simulation results
Comparison of CNS1 and CNS2
When comparing the results of CNS1 (only China phasing out coal power) and CNS2 (China, Japan and South Korea phasing out coal power), we notice that the macro economic effects on real GDP for Singapore, Thailand, Vietnam, India, U.S.A, the Rest of East Asia, the Rest of South East Asia, European Union and the Rest of World are very similar (as shown in Table 2)[footnoteRef:6].  [6:  Here we would like to point out that for Vietnam, which primarily exports coal to Japan, the slightly positive changes in real GDP (0.06% as shown in Table 2) are halved under CNS2 when both China and Japan plus South Korea phases out coal power (0.03% as shown in Table 2).
] 

However, the economic effects on countries heavily reliant on coal exports, such as Australia, Indonesia, Mongolia and Russia, vary between the two cost-neutral scenarios.
For instance, Australia's real GDP will be 0.31% lower under CNS1, whereas it will be -0.76% lower under CNS2. This disparity is due to Australia's significant coal exports not only to China but also to both Japan and South Korea (as illustrated in Table 5). A wider scope of phase out will both reduce the quantity and prices of exported coal. Similar trends are observed for Indonesia and Russia.
Renewable Premium Scenario
If we assume that the costs of renewable energy are 50% higher than those of coal power for consumers, then phasing out coal power in China, Japan and South Korea will have a significantly impact on their economies. This assumption can be justified by the significant expenses associated with managing the intermittency of variable renewable energies, such as the need for storage solutions and grid adjustments to ensure reliable power supply, which add considerable costs to renewable energy systems. 
[bookmark: _Hlk161398251]Real GDP will be more than 3% lower in both China and Japan, and nearly 3% lower in South Korea under RPS2 (as indicated in the last two columns in Table 2). The increased expenses associated with renewable energy will not only reduce the production of electricity but also elevate the production costs across various sectors in these countries. Consequently, this will lead to a lower investment (Table 6), resulting in a decrease in the capital stock for these economies (Figure 5) and ultimately leading to a lower real GDP (the last two columns in Table 2 and Figure 5) and household consumption (it will be 3.5% in China and 1.7% and 1.8% lower in Japan and South Korea, respectively, as shown in Table 6).
The phase-out of coal power in these three countries under RPS2 will also adversely affect other regions, with the exception of India and the European Union (as outlined in Table 2 and Figure 5). Similar to CNS1 and CNS2, Mongolia's economy will be hit hardest for reasons elucidated in section 3.1.1.2. However, it is noteworthy that with a 50% increase in the cost of replacing coal power, the negative impacts will become larger than in CNS2. Likewise, other coal-exporting countries such as Australia, Indonesia, Vietnam and Russia will also experience amplified adverse effects.
Furthermore, countries with less reliance on coal and more diversified economic structures, such as Singapore, Thailand, the Rest of East Asia, the Rest of Southeast Asia and the Rest of the World, will also face negative repercussions due to their trade relations with these three economies (last two columns in Table 2 and Figure 5). 

Figure 5: Capital stock and real GDP in RPS2 (deviation from baseline scenario %)

                  Source: GRAP-E simulation results

Table 6:  Change of investment and household consumption under RPS2 (%)
	Regions
	Investment
	Household consumption
	Saving

	Australia
	-2.42
	-1.92
	-3.07

	China
	-2.08
	-3.5
	-2.5

	Japan
	-2.97
	-1.73
	-3.63

	South Korea
	-2.26
	-1.8
	-2.51

	Mongolia
	-13.27
	-13.35
	-12.54

	Indonesia 
	-1.4
	-0.83
	-2.28

	Singapore
	-0.45
	0.21
	-0.81

	Thailand
	-0.92
	0.2
	-1.12

	Vietnam
	-1.34
	-0.64
	-1.57

	India
	-0.12
	0.7
	-0.58

	USA
	-0.32
	0.54
	-1.43

	Russia
	-0.65
	0.14
	-1.11

	Rest of East Asia
	-0.8
	0.08
	-1.39

	Rest of South East Asia
	-0.51
	0.24
	-0.73

	European Union
	-0.39
	0.7
	-2.7

	Rest of world
	-0.45
	0.32
	-0.2


              Source: GRAP-E simulation results
[bookmark: _Hlk161398196]Indian and the rest of world (ROW) are the only two regions which will benefit mildly under RPS2. With phasing out coal power in China, Japan, and South Korea, coal prices are anticipated to decrease substantially (Figure 6), leading to an increase in coal imports across most regions. Notably, India, as an important coal importer, is expected to experience the most significant increase in coal imports. As illustrated in the left two columns in Table 5, its coal imports are expected to rise by 6.78% compared to the base case scenario under RPS2. Given the important role of coal as an energy resource in India, the resultant reduction in production costs attributable to cheaper coal is expected to have a favourable impact on its economy.

Figure 6: Change of price index for coal imports in each region  
(Deviation from base case scenario %)

           Source: GRAP-E simulation results

We have to point out that we do not consider the carbon leakage problem in our simulations. When China, Japan and South Korea phasing out coal power, accompanied by a 50% increase in the cost of renewable energy, the resultant rise in electricity production costs will drive domestic producers to seek cheaper alternatives from countries without similar coal phase-out policies. While there is a notable increase in the electricity imports for these three countries (Figure 7), the proportions of electricity imports for these countries in the database are very small. Consequently, the carbon leakage from electricity sector itself appears to be negligible. However, the input-output linkages of the electricity sector will inevitably lead to another carbon leakage issue. Specifically, under RPS1, using China as an example, we notice an increase in imports from its upstream industry[footnoteRef:7] and its downstream industries such as nfm (Non-Ferrous Metals), bph (Manufacture of pharmaceuticals, medicinal chemical and botanical products), i_s (Iron & Steel), nmm (Manufacture of other non-metallic mineral products), fmp (Manufacture of fabricated metal products) and chm (Manufacture of chemicals and chemical products), all of which are energy-intensive industries (Figure 7).   [7:  Coal is the largest upstream industry for the electricity sector. Phasing out coal power generation in China will reduce the coal imports in this sector directly. Electricity is also one of largest upstream industry for electricity sector itself. The 50% increase of electricity generation will of course increase the import of electricity directly (Figure 7).] 


Figure 7: Imports from China by commodities under RPS1 
(% deviation from base case scenario)

               Source: GRAP-E simulation results
Industry results
The coal industry will suffer most across four scenarios outlined. According to Table 7, coal production will decline across all regions. This is unsurprising, particularly as major coal consumers in East Asia transition away from its usage. The phasing out coal power not only affects the coal production of those countries but also reverberates throughout the global community. China is expected to experience the most substantial decline in coal output, with reductions exceeding 50% across all scenarios (Table 7 and the blue bar in Figure 8). This trend is followed by Mongolia (over 30% decrease), Japan (over 30% decrease in CNS2 and nearly 30% in RPS2, though Japan has near zero production), the Rest of East Asia (approximately 30% decrease), Australia (more than 26% decrease in CNS2 and RPS2), Indonesia (over 20% decrease in CNS2 and RPS2), and Russia (around 14% decrease in CNS2 and RPS2).
For other industries, under the cost neutral scenarios (CNS1 and CNS2), their output changes are generally mild across most countries, aligning with the macroeconomic results indicated by real GDP in Table 2, except for Mongolia as we previously discussed. In the renewable premium scenarios (RPS1 and RPS2), the outputs for most industries, with the exception of  China, Japan, South Korea and Mongolia, India and the Rest of World, show mild negative trends across most countries, which are also consistent with the changes in  real GDP as presented in Table 2.
Figure 8 illustrates the output changes across all industries in China under CNS1 and RPS1 as an example. We notice that under CNS1, most industries experience marginal benefit, as indicated by blue bars in Figure 8. Particularly noteworthy is the construction industry, which stands to gain the most. This is attributed to the increase in investment necessary to facilitate the expansion of renewable energy in the electricity sector, which stimulates its upstream industry—the construction sector—which primarily provides investment goods. As a labour intensive sector, the expansion of construction creates more job opportunities and absorbs some of the labour force displaced from the electricity sector due to the phase-out of coal power (as depicted in Figure 9). The growth of the construction sector further stimulates its upstream industries, such as the Iron & Steel industry (i-s) and the Manufacture of other non-metallic mineral products industry (nmm).
Table 8: Output of coal industry (% deviation from base case scenario)
	Regions
	CNS1
	CNS2
	RPS1
	RPS2

	Australia
	-11.42
	-27.45
	-10.41
	-26.33

	China
	-50.34
	-50.8
	-50.22
	-50.87

	Japan
	-2.65
	-30.21
	-2.38
	-27.1

	South Korea
	-2.79
	-8.39
	-2.17
	-7.15

	Mongolia
	-36
	-37.97
	-34.59
	-35.58

	Indonesia 
	-12.76
	-22.47
	-12.26
	-21.92

	Singapore
	-3.09
	-5.91
	-2.71
	-5.17

	Thailand
	-2.32
	-4.96
	-2.26
	-4.87

	Vietnam
	-1.35
	-3.94
	-1.34
	-4

	India
	-1.04
	-2.56
	-0.87
	-2.11

	USA
	-1.13
	-3.64
	-1.01
	-3.51

	Russia
	-5.55
	-14.04
	-5.33
	-13.83

	Rest of East Asia
	-28.52
	-30.89
	-27.17
	-29.39

	Rest of South East Asia
	-9.3
	-12.15
	-8.45
	-11.19

	European Union
	-0.76
	-2.08
	-0.63
	-1.84

	Rest of world
	-2.4
	-7.8
	-2.1
	-7.41


           Source: GRAP-E simulation results
The output increase observed in the Manufacture of chemicals and chemical products (chm), and Manufacture of pharmaceuticals, medicinal chemical and botanical products (bph), both of which are energy-intensive industries, is due to their increased utilization of coal as downstream industries of the coal sector. As we mentioned in preceding section, coal becomes significantly cheaper as a consequence of the discontinuation of coal usage in power generation. This serves as another contributing factor to the positive outcome observed in the i-s and nmm industries as well.
The labour released from electricity, coal and related sectors will be redirected towards these expanding industries as shown in blue bars in Figure 9.
However, with a 50% cost increase of the electricity in RPS2, phasing out coal power will increase production cost for most sectors and therefore result in output decline in most sectors (orange bars in Figure 8), with coal and electricity sectors suffer most. 





Figure 8: Industry output in China under CNS1 and RPS1 
(% deviation from base case scenario)

                  Source: GRAP-E simulation results
Figure 9: changes of labour and capital by industries in China under CNS1 (deviation from base case scenario %)

Source: GRAP-E simulation results
0. Carbon dioxide emissions results
[bookmark: _Hlk161398069]Phasing out coal power in China, Japan and South Korea will significantly reduce the CO2 emissions in these countries under CNS2. Table 9 shows that CO2 emissions will be more than 40% lower than the base case scenario in China under all alternative scenarios. The CO2 emissions in Japan will be more than 20% lower under both CNS2 and RPS2 and more than 30% lower for South Korea under CNS2 and RPS2. Changes of CO2 emissions are very mild in other countries except for Mongolia where CO2 will be more than 3% lower than in all alternative scenarios. For the whole world, phasing out coal power in these three major economies in East Asia will help reduce the world CO2 emissions by more than 12% under the cost neutral scenarios (CNS1 and CNS2) and more than 13% under the renewable premium scenarios (RPS1 and RSP2). We notice that under CNS1 and RPS1 with only China phases out coal power, CO2 emissions in both Japan and South Korea will increase slightly. This is because both countries with increase the coal usage responding to the significant drop of coal price.
Table 9: Carbon emissions (% deviations from base case scenario)
	Regions
	CNS1
	CNS2
	RPS1
	RPS2

	Australia
	-0.19
	-0.25
	0.5
	0.44

	China
	-43.36
	-43.34
	-43.33
	-43.41

	Japan
	0.34
	-22.89
	0.44
	-25.72

	South Korea
	0.38
	-36.25
	0.4
	-38.37

	Mongolia
	-3.19
	-3.25
	-3.36
	-3.86

	Indonesia 
	0.37
	0.7
	0.47
	0.84

	Singapore
	0.03
	-0.06
	-0.26
	-0.41

	Thailand
	0.13
	0.22
	-0.05
	-0.27

	Vietnam
	0.16
	0.23
	-0.21
	-0.49

	India
	0.12
	0.31
	0.33
	0.68

	USA
	0.03
	0.06
	0.06
	0.12

	Russia
	0
	0.01
	0.18
	0.32

	Rest of East Asia
	0.68
	1.22
	1
	1.52

	Rest of South East Asia
	0.39
	0.62
	0.54
	0.74

	European Union
	0.05
	0.1
	0.11
	0.21

	Rest of world
	0.03
	0.06
	0.09
	0.16

	World total
	-12.22
	-13.64
	-12.15
	-13.71


 Source: GRAP-E simulation results
We decompose the change of CO2 emissions by fuel type for CNS2 and RPS2 for these three East Asian countries in Table 10. We notice show that 
1) In both scenarios, phasing out coal power in these three East Asian countries will not only reduce the CO2 emissions from coal but also from oil and gas. 
2) CO2 emissions from oil products under CNS2 will also decline in China and South Korea, but it will have a minor increase in Japan. Under RPS2 CO2 emission from oil products will decline in these three countries. 
3) The reduction in CO2 emissions from oil, gas, and oil products in these three countries will be significantly greater under RPS2 than under CNS2. One reason for this is the 50% increase in electricity prices under RPS2, which decreases the demand for electricity. The decrease in electricity output subsequently reduces the demand for all of its intermediate inputs, including oil products and gas. The decreased demand for oil products consequently leads to a decline in oil consumption.
                 Table 10: Changes of CO2 emissions (% deviation from base case scenario)
	Regions
	CNS2

	
	Coal
	Oil
	Gas
	Oil products

	China
	-65.87
	-1.5
	-2.12
	-1.73

	Japan
	-85.54
	-1.22
	-0.63
	0.26

	South Korea
	-90.9
	-0.68
	-1.1
	-0.3

	
	RPS2

	China
	-65.18
	-3.43
	-5.94
	-2.79

	Japan
	-84.89
	-15.22
	-9.18
	-1.85

	South Korea
	-90.41
	-3.47
	-5.78
	-3.77


           Source: GRAP-E simulation results
[bookmark: _Hlk161398137]Phasing out coal power will not only reduce the coal consumption dramatically but also cause a drop of other energy consumption in these three countries (Tables 11 and 12) and Mongolia, except a minor increase in the consumption of oil, oil products in Japan and an slight increase in electricity consumption in both Japan and South Korea under CNS2.
Table 11: Quantity change of energy consumption under CNS2 
(% deviations from base case scenario)
	Regions
	Coal
	Oil
	Gas
	Oil products
	Electricity

	Australia
	1.55
	-1.68
	-0.1
	-1.96
	0.14

	China
	-53.69
	-0.06
	-4.94
	-0.58
	-0.04

	Japan
	-55
	0.32
	-0.58
	0.42
	0.24

	South Korea
	-65.06
	-0.47
	-1.03
	-0.13
	0.09

	Mongolia
	-2.09
	-14.5
	-2.74
	-7.59
	-1.79

	Indonesia 
	2.05
	-0.35
	1.17
	-0.51
	0.57

	Singapore
	1.75
	-0.93
	0.26
	-0.37
	0.16

	Thailand
	1.83
	-0.15
	0.1
	0.1
	0.27

	Vietnam
	0.99
	-0.3
	-0.06
	0.25
	0.08

	India
	0.94
	0.06
	0.21
	0.16
	0.28

	USA
	0.14
	-0.1
	0
	0.05
	0.01

	Russia
	0.36
	-0.02
	0
	-0.11
	0.04

	Rest of East Asia
	2.03
	0.3
	0.49
	0.44
	0.71

	Rest of South East Asia
	1.83
	-0.38
	0.21
	0.23
	0.54

	European Union
	0.32
	0
	0.1
	0.05
	0.04

	Rest of world
	0.31
	-0.15
	-0.03
	0.02
	0.01


 Source: GRAP-E simulation results
Other regions are expected to increase their coal consumption, albeit marginally, under both CNS2 and RPS2 due to the considerably cheaper coal prices. Additionally, most regions are anticipated to increase their electricity consumption. However, the changes in oil, gas, and oil products consumption across these regions will vary.
Table 12: Quantity change of energy consumption under RPS2 
(% deviations from base case scenario)
	Regions
	Coal
	Oil
	Gas
	Oil products
	Electricity

	Australia
	2.83
	-0.91
	1.46
	-2.2
	1.28

	China
	-53.14
	-1.87
	-4.97
	-1.39
	-27.92

	Japan
	-55.31
	-2.45
	-8.84
	-1.16
	-29.16

	South Korea
	-65.36
	-3.03
	-5.6
	-2.79
	-28.42

	Mongolia
	-2.27
	-16.74
	-4.7
	-9.75
	-6.04

	Indonesia 
	2.25
	0.1
	1.87
	-0.46
	0.75

	Singapore
	2.15
	0.38
	0.68
	0.22
	0.4

	Thailand
	1.35
	0.2
	0.05
	0.1
	-0.06

	Vietnam
	0.44
	-0.35
	-0.01
	-0.99
	-0.53

	India
	1.31
	0.42
	0.66
	0.46
	0.49

	USA
	0.22
	0.15
	0.19
	0.12
	0.08

	Russia
	0.69
	0.39
	0.33
	0.23
	0.27

	Rest of East Asia
	3.12
	1.59
	1.63
	0.59
	0.27

	Rest of South East Asia
	2.36
	0.16
	1.11
	-0.24
	0.56

	European Union
	0.52
	0.21
	0.37
	0.17
	0.21

	Rest of world
	0.58
	0.18
	0.23
	0.02
	0.18


 Source: GRAP-E simulation results
Conclusions and policy implications
The drive towards carbon neutrality mandates the elimination of coal-based energy production, a principal contributor to global warming. Transitioning from coal and other fossil fuels to renewable energy sources involves intricate challenges that encompass economic, environmental, and societal dimensions. While some studies have examined the implications of phasing out coal power, research specifically focusing on East Asia is scarce. China, the world's second-largest economy and the largest consumer of coal, along with Japan, the fourth-largest economy, and South Korea, ranked tenth globally, have all committed to achieving carbon neutrality. Phasing out coal power in these three major economies will undoubtedly have significant implications not only for their own economies but also for neighboring countries and regions. Quantifying the economic impact of such an energy transition will offer valuable guidance for policymakers as they navigate the path towards achieving net-zero emissions.
This chapter utilized the GTAP-E model, equipped with the latest comprehensive energy, carbon emissions data, and energy structuring, to evaluate the economic consequences of phasing out coal use in electricity generation within China, Japan, and Korea, focusing on the broader impacts on East Asian and ASEAN economies. It explored how such a shift influences key economic metrics like real GDP, capital stocks, trade, and industrial production in these regions, along with carbon emissions repercussions.
Our findings reveal that in scenarios where renewable energy costs are equivalent to coal (CNS1 and CNS2), phasing out coal power in China, Japan, and Korea slightly benefits their economies, with slight GDP increases observed. However, when renewable energies are presumed to be 50% more expensive, a notable economic downturn is predicted for these countries, negatively impacting other regions except for India and the European Union. This transition is also expected to significantly lower global CO2 emissions by over 12% in cost-neutral scenarios and 13% in scenarios with higher renewable costs. 
We also recognize that countries reliant on coal exports, such as Mongolia, Australia, Russia, and Indonesia, will inevitably face challenges regardless of whether phasing out coal power proves to be cost-neutral or costly. These nations must proactively seek avenues to diversify their economic structures and mitigate the adverse effects of the energy transition on greenhouse gas emission reduction efforts.
Basing on our analyses enlighten policy and strategies for policymakers and other stakeholders: first, policymakers should develop robust frameworks to mitigate the economic impacts of transitioning from coal to renewable energies, especially under scenarios where renewable costs are higher. Financial incentives, subsidies for renewable energies, and economic diversification plans could be vital. In addition, policies that stimulate the development and adoption of technologies that reduce the premium of renewable energy are always desirable.
Second, strengthening international collaboration to share technological innovations, financial resources, and best practices in renewable energy deployment is crucial. This cooperation can help reduce the cost of renewable energy, making the transition more economically feasible. Additionally, international cooperation that minimizes carbon leakage and fairly distributes the costs is also required to promote coal phase-out.
Lastly, targeted support for regions and industries most affected by the transition, such as Mongolia and the coal industry, is necessary to manage economic and social challenges. Given that some coal users are less developed countries or regions, an inter-regional transfer of benefits would also be necessary.
There are several limitations in our study. Firstly, we did not introduce a carbon tax into our simulations. Carbon tax has been proven to be an effective means of reducing coal consumption. In our simulations, we observed that phasing out coal power in these three counties could lead to a decrease in coal prices, thus potentially increasing coal usage in other sectors reliant on it within these countries. Additionally, we noted that coal-importing countries might increase their coal usage due to the significant drop in coal prices, resulting in a carbon leakage issue. Implementing a global carbon tax or carbon border adjustment mechanisms could mitigate this problem to some extent. Furthermore, the exploration of carbon trading could be valuable when introducing carbon tax into the simulations.
Secondly, the assumption that the costs of renewable energy costs are 50% higher than those of coal power for consumers is illustrative. Given the complexity of the issues, such as rapid technological progress, it is almost impossible to get a precise estimation. The economic implications of the Renewable Premium Scenario in our study therefore serve as an indication of the potential effects of replacing coal power. Consequently, the simulation results of this scenario must be used cautiously.
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CNS1	1 pdr	2 wht	3 gro	4 v_f	5 osd	6 c_b	7 pfb	8 ocr	9 ctl	10 oap	11 rmk	12 wol	13 frs	14 fsh	15 coal	16 oil	17 gas	18 oxt	19 cmt	20 omt	21 vol	22 mil	23 pcr	24 sgr	25 ofd	26 b_t	27 tex	28 wap	29 lea	30 lum	31 ppp	32 oil_pcts	33 chm	34 bph	35 rpp	36 nmm	37 i_s	38 nfm	39 fmp	40 ele	41 eeq	42 ome	43 mvh	44 otn	45 omf	46 electricity	47 wtr	48 cns	49 trd	50 afs	51 otp	52 wtp	53 atp	54 whs	55 cmn	56 ofi	57 ins	58 rsa	59 obs	60 ros	61 osg	62 edu	63 hht	64 dwe	0.09	-0.03	0.02	0.06	-0.14000000000000001	0.05	-0.08	-0.08	-0.05	0.13	-0.16	-7.0000000000000007E-2	0.78	-7.0000000000000007E-2	-50.34	-0.12	1.29	1.46	-0.22	-0.23	0	-0.2	-0.06	-0.08	-0.08	0.18	-0.08	-0.2	-0.33	0.27	0.51	-0.16	0.74	0.33	0.77	2.59	1.66	1.07	1.02	0.11	0.8	1.31	1.61	1.48	0.46	-0.05	0.28999999999999998	3.24	0.7	0.12	0.55000000000000004	0.24	0.44	0.4	0.44	0.21	0	1.76	0.96	-0.11	0.22	-0.42	-0.32	-7.0000000000000007E-2	RPS1	1 pdr	2 wht	3 gro	4 v_f	5 osd	6 c_b	7 pfb	8 ocr	9 ctl	10 oap	11 rmk	12 wol	13 frs	14 fsh	15 coal	16 oil	17 gas	18 oxt	19 cmt	20 omt	21 vol	22 mil	23 pcr	24 sgr	25 ofd	26 b_t	27 tex	28 wap	29 lea	30 lum	31 ppp	32 oil_pcts	33 chm	34 bph	35 rpp	36 nmm	37 i_s	38 nfm	39 fmp	40 ele	41 eeq	42 ome	43 mvh	44 otn	45 omf	46 electricity	47 wtr	48 cns	49 trd	50 afs	51 otp	52 wtp	53 atp	54 whs	55 cmn	56 ofi	57 ins	58 rsa	59 obs	60 ros	61 osg	62 edu	63 hht	64 dwe	-2.0099999999999998	-1.64	-1.85	-1.71	-0.16	-2.35	-3.22	-0.08	-1.89	-1.71	-2.02	-0.56999999999999995	-2.2799999999999998	-1.66	-50.22	-2.63	0.43	-5.83	-1.64	-0.93	-2.75	-2.04	-1.51	-1.8	-1.74	-3.51	-3.54	-2.78	1.25	-3.15	-4.1399999999999997	-2.41	-5.77	-5.87	-4.2300000000000004	-2.63	-4.49	-12.19	-5.04	-1.51	-4.45	-4.07	-3.28	-3.54	-1.8	-26.35	-5.5	-1.79	-3.76	-3.38	-3.86	-2.94	-2.82	-3.6	-3.64	-4.76	-3.47	-2.84	-3.26	-4.1399999999999997	-3.12	-2.92	-4.46	-4.2	



2 UnSkLab	1 pdr	2 wht	3 gro	4 v_f	5 osd	6 c_b	7 pfb	8 ocr	9 ctl	10 oap	11 rmk	12 wol	13 frs	14 fsh	16 oil	17 gas	18 oxt	19 cmt	20 omt	21 vol	22 mil	23 pcr	24 sgr	25 ofd	26 b_t	27 tex	28 wap	29 lea	30 lum	31 ppp	32 oil_pcts	33 chm	34 bph	35 rpp	36 nmm	37 i_s	38 nfm	39 fmp	40 ele	41 eeq	42 ome	43 mvh	44 otn	45 omf	47 wtr	48 cns	49 trd	50 afs	51 otp	52 wtp	53 atp	54 whs	55 cmn	56 ofi	57 ins	58 rsa	59 obs	60 ros	61 osg	62 edu	63 hht	64 dwe	7.0000000000000007E-2	-0.06	-0.01	0.03	-0.18	0.03	-0.12	-0.12	-0.08	0.12	-0.25	-0.1	0.87	-0.14000000000000001	-0.31	1.29	1.64	-0.44	-0.44	-0.28999999999999998	-0.39	-0.34	-0.51	-0.35	-0.1	-0.44	-0.39	-0.49	-0.01	0.09	-2.2799999999999998	-0.11	-0.56999999999999995	0.45	1.48	0.53	0.28999999999999998	0.71	-0.01	0.57999999999999996	1.0900000000000001	1.35	1.26	0.24	-0.16	3.12	0.54	-0.06	0.11	-0.51	-0.25	0.14000000000000001	0.22	0.04	-0.13	1.5	0.83	-0.23	0.12	-0.52	-0.44	-0.32	3 SkLab	1 pdr	2 wht	3 gro	4 v_f	5 osd	6 c_b	7 pfb	8 ocr	9 ctl	10 oap	11 rmk	12 wol	13 frs	14 fsh	16 oil	17 gas	18 oxt	19 cmt	20 omt	21 vol	22 mil	23 pcr	24 sgr	25 ofd	26 b_t	27 tex	28 wap	29 lea	30 lum	31 ppp	32 oil_pcts	33 chm	34 bph	35 rpp	36 nmm	37 i_s	38 nfm	39 fmp	40 ele	41 eeq	42 ome	43 mvh	44 otn	45 omf	47 wtr	48 cns	49 trd	50 afs	51 otp	52 wtp	53 atp	54 whs	55 cmn	56 ofi	57 ins	58 rsa	59 obs	60 ros	61 osg	62 edu	63 hht	64 dwe	0.06	-7.0000000000000007E-2	-0.02	0.03	-0.18	0.02	-0.13	-0.13	-0.09	0.11	-0.26	-0.11	0.86	-0.15	-0.32	1.29	1.63	-0.47	-0.47	-0.32	-0.43	-0.37	-0.54	-0.38	-0.13	-0.48	-0.42	-0.52	-0.05	0.06	-2.31	-0.14000000000000001	-0.6	0.41	1.44	0.5	0.26	0.67	-0.04	0.55000000000000004	1.06	1.31	1.22	0.2	-0.19	3.08	0.5	-0.09	0.08	-0.54	-0.28000000000000003	0.1	0.19	0	-0.16	1.46	0.79	-0.27	0.08	-0.55000000000000004	-0.47	-0.35	4 Capital	1 pdr	2 wht	3 gro	4 v_f	5 osd	6 c_b	7 pfb	8 ocr	9 ctl	10 oap	11 rmk	12 wol	13 frs	14 fsh	16 oil	17 gas	18 oxt	19 cmt	20 omt	21 vol	22 mil	23 pcr	24 sgr	25 ofd	26 b_t	27 tex	28 wap	29 lea	30 lum	31 ppp	32 oil_pcts	33 chm	34 bph	35 rpp	36 nmm	37 i_s	38 nfm	39 fmp	40 ele	41 eeq	42 ome	43 mvh	44 otn	45 omf	47 wtr	48 cns	49 trd	50 afs	51 otp	52 wtp	53 atp	54 whs	55 cmn	56 ofi	57 ins	58 rsa	59 obs	60 ros	61 osg	62 edu	63 hht	64 dwe	0.1	-0.03	0.02	7.0000000000000007E-2	-0.14000000000000001	7.0000000000000007E-2	-0.08	-0.08	-0.03	0.17	-0.36	-0.06	0.73	-0.27	-0.16	1.3	1.58	-7.0000000000000007E-2	-0.08	0.08	-0.03	0.05	-0.05	7.0000000000000007E-2	0.27	0.12	0.03	-0.12	0.44	0.69	-0.1	0.72	0.28999999999999998	0.95	2.64	1.51	1.06	1.22	0.36	0.96	1.52	1.73	1.74	0.59	0.44	3.51	0.88	0.31	0.66	0.22	0.47	0.7	0.57999999999999996	0.37	0.19	1.82	1.22	0.21	0.53	-0.12	0.05	0	
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