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Intentions of local residents maintaining grasslands: A case study in the former
Shibokusa village
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Has FDI expanded air pollution in China?

Guanyu LU*

1. Introduction

Foreign direct investment (FDI) played a significant role in extending Chinese economic scale.
The Chinese government has created the favorable investment environment, which resulted in
China becoming one of the most attractive destinations for FDI in the world. Meanwhile, as the
pace of Chinese economic growth has been picking up, the air pollution gradually became a
non-negligible problem. Even though FDI is an essential driving force of Chinese economic
growth, it may have different effects on the environment. For example, investment to the
secondary industry by multinational companies not only promoted the economic development, but
also increased emissions of SO2 and NOX, resulting in further aggravated pollution in China. On
the other hand, as GDP per capita has been increasing in China, people’s requirements for
environmental quality have also gradually risen. At this time, multinational companies have to
invest in cleaner production technologies to produce goods and services with less environmental
burden, which may improve the environmental quality. Therefore, exploring how the FDI affects
pollution emissions under the different levels of GDP per capita is an important issue in China.
Simultaneously, the related literature pointed out, as GDP per capita increased, the pollution
emission showed a trend of rising first and then decreasing. To interpret the model fully, we
added the square of GDP per capita to explore whether there is such an inverted U-shaped

relationship in China.

2. Data and methodology

We investigated how FDI to China affected its emissions of SO2 and NOx using Chinese
province-level panel data over the period of 2007-2015 from National Bureau of Statistics of
China, based on threshold regression model. We decomposed pollution emissions into the scale
(in our model, the variable of GDP per capita), composition (Secondary industrial structure) and
technique effect (Government expenditure for environmental protection) to examine the impact of
economic activity on the environment. Due to Chinese regulatory changing every year, we
included year dummy variables into the estimation model. We also added the interaction term
between FDI and the secondary industry structure, which allowed us to investigate the impact of

FDI on the environment much further. Table 1 represents the results of threshold test showing a

G K R % F 72 B Graduate School of Economics, Waseda University
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single threshold effect in SO, and NOyx emissions model when GDP per capita is used as a
threshold variable. We divided the GDP per capita into high and low levels according to the

endogenous determination of sample through the threshold test, and then we discussed the impact

of FDI on the environment at the two levels of GDP per capita, separately.

Table 1. Threshold effects test (threshold variable: GDP per capita)
Threshold Estimate
Regressor Threshold level F-statistic P-value value
FDI Y1 single 21.38 0.095" 30741.00
Y21 double 7.62 0.395 28668.00
¥a2 35190.00
) ) Table 2. Threshold regression model
3. Results and discussion
Variable
Table 2 represents the result of threshold
i i 1.317
regression model showing that FDI GDP per capita
increases the pollution emissions in China. (0.67)
ag- . . _0.07**
Specifically, when the GDP per capita is GDP per capita squared
low, the effect of FDI on environmental (0.03)
deterioration is greater than the one in the . . 0.74"
Secondary industrial structure
high GDP per capita level. This result (0.40)
indicates that, as people's living standards Government expenditures for -0.06
improve, people are more willing to live in environment protection (0.04)
a better environment, which could force ) 0.31"
Interaction term
multinational companies to invest clean (0.09)
technologies. Or, in regions with the higher Year dummy variables®
level of GDP per capita, FDI would be more
invested into the third industry, so that the FDI 0.18
burden on the environment is lowered. Our (GDP per capita < 37041.00) (0.07)
evidence is also consistent with the FDI 0.15™
pollution haven hypothesis. Besides, as the (GDP per capita > 37041.00) (0.07)

GDP per capita increases, the trend of
pollution emissions experiences an increase
first and then turns to a decline, which
proves the environmental Kuznets curve in

our threshold regression model.

Notes: # Year dummy variables were included
year of 2008 to 2015, which are estimated
negative values in statistically significance at
1%. However, these estimation results are not
shown in this table. AIll variables are in
Standard are in

logarithmic form. errors

*kKk kK

parentheses. **, ™, and * indicate statistically

significance at the 1%, 5%, 10% level,

respectively.



Negawatt Trading and Energy Efficiency in Adjustment Markets

OYukihide Kurakawa*, Makoto Tanaka**

1. Introduction

Maintaining a balance between electricity generation and consumption at every
moment is a critical issue in the electric power industry because the imbalance may
cause large-scale blackouts in power systems. Increasing shares of renewable energy
sources in recent years would produce larger fluctuations in electricity supply, which
in turn makes it more difficult to maintain the supply-demand balance. Designing
flexible energy systems to respond to supply fluctuations is one of the major challenges
in the recent electricity industry. One of the ways to tackle this problem is to enhance
the demand-side flexibility and manage electricity consumption to respond to supply
fluctuations.

Although theoretical considerations suggest that energy use efficiency may affect
flexibility of electricity consumption, it has drawn little attention in the literature. If
energy use efficiency improves, electricity customers can obtain greater benefits with
equal or less consumption of electricity. On the other hand, marginal costs of demand
reduction (supplying negawatt) increase with a rise in energy efficiency, and may
induce a reduction in demand flexibility with a higher negawatt price in the
adjustment market. This paper examines the effects of energy use efficiency both on
baseline electricity usage and on the adjustment market with negawatt trading. We
investigate the trade-off relationship between these two effects and furthermore

explore the impact of implementation of a carbon tax.

2. Methods

Following Wirl (1995, 2015), we assume that the customer’s benefit depends on
energy service level s=6qg, where 6 and g represent energy use efficiency and
electricity consumption respectively. The customer determines the baseline demand of
electricity g, so as to maximize the net benefit u(s) —p.q.

We consider a situation where a supply shortage due to the fluctuations of

renewable energy sources (AQ) causes an imbalance between the prearranged baseline

This study is conducted as a part of the Project “Study on Markets and Policies in the Power System Reform”
undertaken at Research Institute of Economy, Trade and Industry (RIETI), and partly supported by JST
CREST Grant Number JPMJCR15K2.
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demand and supply. The system operator is in charge of achieving the supply-demand
balance, purchasing negawatts (g,) and electricity generated from fossil-fuels (qp) in
the adjustment market. In the adjustment phase, the customer determines the

negawatt supply (q;) taking the negawatt price (r) as given,

i 9 du(s)
qn = arg max {u(so) = peqo} + (pe + 1)qn — f 70 %4
n do—Aqn
To achieve the balance (qf+¢q,=AQ), the system operator determines a share
between negawatt and fossil-fuel power generation so as to minimize the total
adjustment cost {Cf(qf)+Cn(qn,6)}+tqf, where t represents a carbon tax imposed on
fossil fuels. The optimum energy efficiency level can be represented as 0°2(6,a) =

argméaxSW(H,S,a), where § 1s marginal external cost of fossil-fuel power generation,

and a denotes proportion of fossil-fuel power generation in the baseline demand.

3. Results

It is shown that improvement in energy efficiency increases consumer benefits in
energy usage, but on the other hand, raises negawatt cost and consequently lowers cost
efficiency in an adjustment market. In the presence of externality of fossil fuel power
generation, a declining proportion of fossil fuel generation in electricity for baseline
demand increases the relative impact of thermal generation in an adjustment market,
and decreases the optimum level of efficiency in energy usage. For the same reason,
higher external costs decrease the optimum level of energy efficiency if the rate of
fossil fuel generation for the baseline demand is sufficiently low. Finally, we find that

the level of energy efficiency is excessive if an optimal carbon tax is not implemented.

4 . Conclusion

Conventional arguments on energy efficiency have primarily focused on the effects
it has on energy usage; higher efficiency enables consumers to enjoy greater benefits
with equal or less energy consumption and leads to a reduction in carbon emissions. By
contrast, our study shed some light on another aspect; i.e., impacts on demand
flexibility. We demonstrate that an increase in energy use efficiency may increase
marginal costs of negawatts, which in turn reduces demand flexibility and increases
fossil-fuel power generation and total adjustment cost in the adjustment phase.
Consequently, it may induce a welfare loss in the adjustment market. This study
provides a broader policy perspective regarding the impact of energy efficiency on
adjustment markets, which is an important emerging issue in designing flexible and

efficient energy systems in the future.
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1. Introduction / Background

As the largest carbon emissions country in the world, China has also been a typical coal-dependent
country where coal resource accounts for a large percent over the years, which puts China under
enormous pressure by international community to reduce carbon emissions. Meanwhile, with the
environment deterioration, China has a strong desire to practice green development. Exploring the
environmental Kuznets curve (EKC) relationship with economic growth and urbanization, analyzing
the impact factors of the change of carbon emissions, and comparing the emissions between industrial
sectors, all of these would have some guides for China’s green development in the future.
2. Methodology

The present study adopts the dataset referred to a provincial panel of China spanning the period 2000—
2013.Within the Stochastic Impacts by Regression on Population, Affluence and Technology framework,
this is the first attempt to simultaneously explore the income/urbanization and disaggregated carbon
dioxide emissions nexus, using semi-parametric panel fixed effects regression. To decompose the
carbon emission and carbon emission intensity, respectively, the additive and multiplicative
decompositions of LMDI method are used to further reveal the motivations of dynamic change.
3. Results
3.1 Relationship between economic growth and industrial carbon emissions

Empirical results for testing income-industrial carbon emissions EKC hypothesis are listed in Table
1. According to the semi-parametric fixed effects regression estimators, partial fit for income-industrial
carbon emissions nexus is represented in Fig. 1.

Table 1 Estimates for income-carbon models in different industrial sectors

variable Mining Manufacturing Electricity and heat production
In EI 0.6322(0.215) 1.2442(0.218) 0.9092(0.170)
In UR 0.239(0.266) 0.329%(0.104) 0.019(0.107)

Note: Standard errors in parentheses. Superseripts “a” and "b" denote statistical significance at the 1% and 5%
levels, respectively.
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Fig. 1. Partial fits of income-industrial carbon emissions nexus.

curves represent fitted values for adjusted effects of the other explanatory variables in the model, and

95% confidence bands are indicated by shading
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3.2 Relationship between urbanization and industrial carbon emissions
With respect to urbanization-industrial carbon emissions EKC relationship across sectors, the estimation

results are shown in Table 2 and Fig. 2.

#% 2 Estimates for urbanization-carbon models in different industrial sectors

varable Mining Manufacturing Electricity and heat production
In EI 0.5932(0.213) 1.245%(0.289) 0.9632(0.176)
InA 0.407(0.751) 1.5222(0.362) 0.838%(0.120)

Note: Standard errors in parentheses. Superseripts “a” and "b" denote statistical significance at the 1% and 5%
levels, respectively.
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Fig. 2. Partial fits of urbanization-industrial carbon emissions nexus.
Note: Points in each graph are estimated partial residuals for industrial carbon emissions. The maroon
curves represent fitted values for adjusted effects of the other explanatory variables in the model, and
95% confidence bands are indicated by shading.

Table 3 Decomposition results of carbon emissions in China

Paiisd Energy structure Industrial structure Technological advance Economic scale
erio

mt % mt % mt % mt %
2000-2014 290.65 4.86 296.21 4.95 -1582.72 -26.45 6980.48 116.64

Table 4 Decomposition results of carbon emissions intensity in China

Period Energy structure Te;]:l]z-ilg 2@ 1 Industrial structure Sum of the effects
2000-2014 136615 053092 1.27990 092832

4 . Conclusions

We find evidence in support of an inverted U-shaped curve relationship between economic growth and
carbon emissions in the electricity and heat production sector, but a similar inference only for
urbanization and those emissions in the manufacturing sector. The heterogeneity in the EKC relationship
across industry sectors implies that there is urgent need to design more specific policies related to carbon
emissions reduction for various industrial sectors. According to the decomposition results, the
continuous expansion of economy is the most important driving force of the carbon emission growth,
and the adjustment of energy structure and the upgrading of industrial structure have a little impact on
emission, but the industrial structure effect is changing negative gradually. The technology effect
represented by the energy intensity inhibits the growth of carbon emissions to a certain extent.



The effect of negotiation costs on international environmental agreements:
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1. Introduction

The prevention of transboundary environmental problems, such as global warming and ozone
layer depletion, is an important global issue. However, there is no supranational authority to
resolve such problems. The abatement of the generation of such transboundary pollutants by a
country can affect other countries because a reduction in such pollutions generally has the
characteristics of public goods. Therefore, it is essential for countries to enter into negotiations
on emission reductions and conclude international environmental agreements (IEAS).

Several studies indicate that regional climate agreements could be an appropriate way to
address the difficulties emerging in environmental negotiations. This study shows the regional
cooperative approach is more effective than global cooperative approach by introducing the
negotiation costs which increase depending on agreement size. It is revealed that regional
cooperative approach achieves larger gains from cooperation than global cooperative approach
when the number of participants between both type of agreements is same. Additionally, a
reduction in abatement costs Third, the reduction in abatement costs can enhance the

effectiveness of regional IEAs with negotiation costs.

2. Model

Using a repeated game model, this study investigates the stability condition of the IEAs with
negotiation costs. We compare regional cooperative approach with global cooperative approach in
terms of global welfare and countries’ payoffs from emission abatement. To compare the
efficiency between both approaches, we adopt two strategies: Asheim et al.’s (2006) Regional
Penance for regional agreements and Froyn and Hovi’s (2008) Penance-m for a global agreement.
The equilibrium concept is called as weakly renegotiation-proof (WRP) equilibrium. We analyze
the condition that regional and global IEAs are sustained as WRP equilibrium, respectively.

Consider a world containing n=>2 identical countries. Each country and region is identical in
all relevant characteristics. In every period of the game, each country must choose to cooperate
(i.e., reduce emissions) or to defect (i.e., not reduce emissions). For i=1, .-, m, there are m
coalitions and the participants in coalition i are s; Therefore, the number of coalitions m is less
than the total number of countries n. This study assumes cooperating countries owe the

negotiation costs which depend on the agreement size.



There are Y;_;s; participating countries and n —Y,;_;s; non-participating countries. The

periodic payoff of each of the X;_;s; countries playing cooperate is

I
b| s; + E s; | —c—c's;,

JEi
where b is a parameter of abatement benefit and is a constant (b>0), c is a parameter of abatement

cost and is a constant (¢>0), and ¢’ is a parameter of transaction costs and a constant (¢’ >0).

3. Results

The main finding of this research is fivefold: (1) we obtain the condition of the number of
participants under which all participants cooperate in accordance with strategy; (2) the higher
bound of negotiation cost for stable regional IEAs is obtained; (3) the negotiation costs can relax
the condition for regional IEAs to be sustained as WRP; (4) we obtain the condition that regional
cooperative approach is more effective in improving global welfare than the global cooperative
approach; (5) a reduction in abatement cost relaxes the condition obtained as second and third
results. The third and last results overturns the pessimistic view of the effect of abatement costs

on IEAs considered in previous literatures.

4. Concluding remarks

Our result supports Finus’s (2008) claim that multiple agreements are effective in attaining
the aim of global agreement, i.e., multiple regional agreements can lead to more comprehensive
ones. Additionally, the conventional pessimistic view of the effect of cost reduction on IEA is
overturned if regional cooperative approach and negotiation costs are considered: our results for
the effectiveness of decreasing in abatement costs give optimistic view for international
environmental cooperation in the future where the abatement cost reduction by further

technological innovation.
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