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POTENTIAL REDUCTION OF CO, EMISSIONS IN G20 COUNTRIES:
THE PRODUCTION-EFFICIENCY APPROACH

This paper attempts to develop a CO, emissions performance index and potential CO, emissions

reduction index based on the production efficiency point of view. An empirical study is conducted to
assess carbon performance of G20 countries. The results demonstrate that developed countries in
Europe, North America, and Japan, which enjoy the highest level of economic development, also
evidence the best carbon performance. The potential level of carbon emission reduction is estimat-
ed. Tobit regression is used to identify the influence factors of carbon performance. Some policy
implications are suggested.
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FOnpok Yoii

MOTEHIIVIHE 3HVZKEHHS BUKWU/IIB CO, B KPATHAX "BEJIMKO1
IBATIATKN": TIIXII 10 EOEKTUBHOTO BUPOBHMIITBA

Y cmammi 3pobaeno cnpoly eukopucmosysamu nokasHuxu axocmi euxudie CO, i
nomenuitino2o 3uuxcenna euxudie CO, 3 mouku 30py eghexmugHo2o eupobHuymea é Kpainax

"6eauroi deaduamiu". Pezyabmamu noxasaau, w0 Kpainu 3 6UCOKUM DIi6HEM eKOHOMIYHO20
po3sumky, maki ax Kpainu €eponu, Iligniunoi Amepuxu i SInonis, noxaszyromo eucoxuil pieeno
eupobaenns eyeaeuro. Ouineno nomenuiinuil pieenv 3nudxcennsn euxuodie CO,. Buxopucmano

mob6im-peepecito 0aa usHaueHHa enaugy “unnukie eupobaenna CO,. Hadano pexomendauii 3
PO3po0OKu 6i0nosioHoi noaimuxu.
Karouosi caosa: kpainu "seauxoi deadusmru”, ananiz cepedosuuya QyHKUIOHY8aAHHS, SUKUOU
CO,, epexmuéne eupoOHUYMEO.
Dop. 12. Tab. 4. Puc. 1. Jlim. 26.
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IHOTEHIUAJIBHOE CHNZKEHUE BbIBPOCOB CO, B CTPAHAX

"BOJIBIIIOW JIBAIIIATKH": TIOJIXO/] K D®®EKTUBHOMY
IIPOU3BOJACTBY

B cmamve cdeaana nonvimka ucnoavzogamv nokazameau xawecrmea 6vtopocoe CO, u
nomenyuaabHo20 cHudicenus 6vibpocoe CO, c mouxu 3penusa s¢ppexmuenozo npouzeodcmea 6
cmpanax "Goavwoti deaduamru”. Pezyasbmamol noxazaiu, 4mo cmpaHvl ¢ 6bICOKUM YPOGHEM
IKOHOMUMECKO020 pazeumusi, maxue kax cmpansvt Eeponvt, Ceseproii Amepuku u SInonus, maxyce
nokazvlearom 6vlcoKuil ypoeeHv evipabomku yeaepoda. Ouenen nOmMeHUUAabHbLL YPOBEHD
cHuxcenus eviopocos CO,. Hcnoavzoeana mobum-peepeccus 04: onpedeaeHus GAUAHUA
dakmopoe svipabomxu CO,. [anot pexomendauuu no paspabomke coomeemcmeyiouiei
noaumuxu.

Karoueesvie caosa: cmpannvt "601vwoil dsadyamku”, anaius cpeovl QYHKUUOHUPOBAHUS, 8blOPOCHL
CO,, appexmugroe npou3zeo0cmeo.
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I. Introduction. Carbon dioxide (CO,) emissions are currently a growing con-
cern in the context of climate change theory. Many organizations and governments
have introduced special measures to reduce the effects of climate change, including
GHG reporting programs, carbon taxes, and emissions trading schemes (ETS).
These measures emphasize the urgent need for understanding and assessing eco-
nomic performance with carbon emissions in different countries, both developed
and developing. One of the most outstanding efforts is the Kyoto protocol. 38 coun-
tries participating in the Kyoto protocol in Annex I have made efforts to cut their
levels of carbon emission to 5.2% below the baseline year of 1990, on average, for
2008-2012.

Depending on the efforts by participating countries, the CO, emission trends
varied markedly between 2008 and 2009. The CO, emissions of non-Annex I coun-
tries grew by 6%, while those of the Annex I countries decreased by 2%; as a result,
the aggregate emissions of developing countries have overtaken those of developed
countries during this period. 2/3 of the world emissions originated just from 10 top
level countries in 2009, with the shares contributed by China and the United States
far outstripping those of all the others. Combined, these 2 countries alone generated
12.1 Gt of CO2, corresponding to approximately 41% of the world CO, emissions
(IEA, 2011).

However, it is somewhat difficult for these countries to lower their CO, emis-
sions levels because of the trade-off between the level of CO, emissions and eco-
nomic performance. As a result of this trade-off, the United States withdrew from
the Kyoto protocol in 2001, even though they account for a significant portion of
the global CO, emissions. Not only the United States, but many other countries,
including non-Annex-1 countries, are reluctant to extend or renew the Kyoto pro-
tocol in 2012. Since global warming is a global concern, the G20 summit has taken
a leading role in ameliorating the environmental crisis as well. In response to the
proposal by Korean government, the G20 agreed to establish the Global Green
Growth Institute (GGGI) to take appropriate measures to understand, assess, and
mitigate the effects of CO, emissions globally. The objective of GGGI is not to
avoid the environmental crisis, but to use new opportunities to develop renewable
energies and meet new challenges in environmental protection.

For the sustainable, eco-friendly development several indicators have been
developed to assess CO, performance. For instance, Mielnik and Goldemberg (1999)
introduced a carbon factor (level of CO, emissions per unit of energy consumption)

to evaluate the effects of climate change in developing countries. Ang (1999) demon-
strated that energy intensity (energy consumption per unit of GDP) is a useful tool to
study climate changes. Tol et al. (2009) demonstrated that both energy intensity and
carbon emission per person can prove to be useful information. However, each of
these indicators only provides partially useful information. Therefore, it is necessary
to use a multiple-factors model to correctly assess the total factor productivity of low
carbon economy (Zhou et al., 2010). The principal objective of this paper is to empir-
ically utilize the data envelopment analysis (DEA) to deal with these multi-factorial
inputs and outputs to determine the implications and suggestions for the G20 coun-
tries.
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I1. Methodology. Data envelope analysis (DEA) is a widely used methodolog-
ical approach for measuring total factor productivity (TFP) at the macroeconom-
ic level. It generates a synthetic productivity index with multiple inputs and out-
puts. As global climate change attracts serious concerns regarding sustainable
economy, DEA approaches may provide a platform for the assessment of diverse
inputs and outputs, even in the cases in which they contraindicate each other to
suggest some important implications. A variety of methods have been proposed to
incorporate undesirable carbon outputs into DEA models, as demonstrated by
Zhou et al. (2008a) in their survey study. Generally, these methods can be divided
into 2 groups.

The first method treats undesirable outputs as inputs in the traditional DEA
model; it assumes they have the same characteristics of "the less the better" in the pro-
duction process (Hu and Lee, 2008; Zhang, 2008). Hu and Lee (2008) used the
DEA-CCR model to estimate the total factor productivity of Chinese industrial sec-
tor. However, undesirable output is not an input during the production process, but
rather a by-product of production. Thus, this method is too simple to be considered
reflective of the actual production process.

The second method of disposing the undesirable output is based on the simple
data translation and the use of traditional DEA models. Lovell et al. (1995) took the
reciprocals of the undesirable outputs, and then treated them as normal outputs.
Seiford and Zhu (2002) developed a radial undesirable output DEA model; in their
model, negative signs were assigned to all undesirable outputs and were applied to a
suitable transition vector by linear programming. Yeh et al. (2010) evaluated the total
factor efficiency of energy utilization with GHG emissions. They treated undesirable
GHG emissions via the methods devised by Seiford and Zhu (2002). The weakness of
this method is that the original data is changed in the way that would never arise from
actual economic activity.

Almost all of these studies adhere to the concept of the radial DEA model, which
has a weak discriminating power in ranking and comparing decision-making units
(DMUs) when many DM Us have the same efficient score of 1. Additionally, the radi-
al model adjusts all undesirable outputs and inputs by the same proportion to the effi-
cient target, which may not be preferred by decision makers (Choi and Zhang, 2011).
The principal concern regarding carbon reduction adjustment is not based on labor
or capital reduction issues. Under these circumstances, our approach may fill the gaps
of previous studies by introducing a carbon-adjustment focused framework based on
the slack measures, which are directly constructed from the slack variables in inputs
and outputs with a high degree of discriminating power.

Another limitation of the previous literature derives from carbon performance
in different countries. Most studies have focused on the high-income OECD or
developed countries. In this paper, however, we consider G20 countries that also
include developing countries. Together, these countries constitute almost 80% of
the world's total CO2 emissions, and thus will convey the generally applicable
implications.

In this section, our objective is to develop a framework that can estimate the
potential carbon reductions (PCR) and carbon efficiency (CE) of different countries.
DEA frameworks are used because it is based on the slacks-based measure (SBM),
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developed by Tone (2001), upgraded by Zhou et al. (2006), and utilized by Lozano
and Gutierrez (2011) considering the undesirable factors.

The SBM-DEA is a non-radial and non-oriented model, and directly employs
input and output slacks to produce an efficiency measure. We assume that producing
more outputs relative to less input resources is a criterion for efficiency. In the pres-
ence of undesirable outputs, technologies with more good (desirable) outputs and less
bad (undesirable) outputs relative to less input resources should be recognized as effi-
cient. Suppose that there are # countries and that each has 3 factors-inputs, good out-
puts, and carbon emissions which are denoted by 3 vectors:

xeR™ Ye RS'and ceR 31, respectively. Define the matrices Y, C, and X as

by F b
C= EU]: [C1,...,C,,]€ R,
X = e E by x, e R,

respectively. The production possibility set (PPS) is as follows:
P(x)=4y.c)/x produce (y,c) x> X\, y <YA,c>CAA>0} (D

where A is the non-negative intensity vector, indicating that the above definition
corresponds to the constant returns to scale (CRS) situation. Our objective is to esti-
mate the potential carbon reduction and carbon performance.

The undesirable outputs SBM-DEA model can be measured as follows:

1§
. m = X;o
Po =min
1 51 Sy S2 SC
1+ 2A+2A
51+So r=1 Yro r=1 CrO
S.T.
Xo =XA+Sg
y (2)
Yo =YA-5]
Co=CA+s§

$020,5§ 20,55 20,A>0

The vector s” denotes the shortage of good outputs, whereas vectors s” and s° cor-
respond to excesses of inputs and CO, outputs, respectively. The DMU is efficient in
the presence of undesirable outputs if p"=1, indicating that all the slacks variables are
0, (s=0, s"=0, s°=0) but the object model (2) is not a linear function. Using the trans-
formation suggested by Tone (2001), we can establish an equivalent linear program-
ming for ¢, ¢, s, s and §” as follows:

* . 1 m S;
ro =mint-—y " 20
m - XIO

S.T.
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=g [231 i+Z.s'ﬁ]
$1+5; r=t Yro = Cro
Xot =Xo+Sg 3)
Yot =Yo-Sg
Cot =Co+S§

S, 20,54 20,55 20,¢=0,t>0

Let the optimal solution of linear programming model (3) be (£, ¢*, S, S and
S7%), where

- . y*
p =t ,A="-5 = sV =5

from model (2). Model (3) can guarantee the solution of (', ¢*, S, S, S*) with #">0.
A similar LP solution idea of solving undesirable SBM-DEA can be found in Zhou et
al. (2006), and Lozano and Gutierrez (2011). The potential carbon reduction (PCR)
of each country is estimated by the slack variable s,, indicating the excess of carbon

emissions, and the carbon efficiency (CE) of each country is estimated as:
o o Cot-S§
CE= (Target carbon emission/Real carbon emission) = Tod
0

This "Target carbon emission per real carbon emission” idea was introduced by
Hu and Wang (2006) in "Target energy input per real energy input” to estimate ener-
gy efficiency, and developed by Zhou and Ang (2008) for undesirable carbon outputs.

II1. Empirical results.

1. Data collection. Choi et al. (2010) used 3 indicators to assess economic per-
formance: gross domestic product (GDP), industrial value added, and the employ-
ment rate. According to Choi et al. (2010), the real GDP is selected, based on the year
2000 constant price to represent the only desirable output. In fact, this number has also
been selected in a variety of previous studies (Hu and Wang, 2006; Bian and Yang,
2010; Yeh et al., 2010). Labor and capital are selected as 2 basic non-resource inputs
and all types of energy consumption as the resource inputs. CO, emissions are the only
bad output in the model. Data on GDP, labor, and capital stock are collected from
World Development Indicators 2011. The data regarding energy consumption and
CO, emissions were gathered from the BP Statistical Review of World Energy (2011).
Table 1 shows the descriptive statistics of the data. The variables fluctuate substantial-
ly. Thus, it will be good to see whether large inputs are relevant to carbon performance.

Table 1. Descriptive statistics of inputs and outputs in 2010 (n = 20)

Units Minimum Maximum Mean

GDP bln US$ 193.9 14564.2 2368.7
Labor force mln workers 9.56 873.16 154.95
fixed capital bln US$ 0.07 1961.24 426.60
Energy min TOE 72.31 2081.03 506.06
CO, mln tons 67.75 7718.46 1308.8

aTOE means tons of cil equivalents.
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Table 2 shows the correlation matrix of outputs and inputs. It clearly demon-
strates that the correlation coefficients are all significantly positive and this indicates
that when inputs are added, the outputs will also increase.

Table 2. Correlation matrices for inputs and outputs

GDP LF CS EC CE
GDP 1.000
LF 0.263* 1.000
CS 0.936* 0.499* 1.000
EC 0.787* 0.676* 0.901* 1.000
CE 0.715* 0.782* 0.856* 0.985* 1.000

* represents the significance at the 5% level.

2. Results and discussion. From the countries' perspectives in Table 3, Australia,
the US, Japan and Italy show the highest efficient carbon efficiency score, while
Russia had the lowest carbon efficiency scores of 0.10. China and South Africa had
the low carbon efficiency scores at 0.15. South Korea evidenced a carbon efficiency
of 0.44, indicating a 56% reduction potential of CO,.

Table 3. Potential carbon reduction, carbon efficiency, and target carbon

DMU PCR CE TC
Australia 0.00 1.00 68.75
United States 0.00 1.00 5941.87

Japan 0.00 1.00 1222.07
Ttaly 0.00 1.00 434.84
Germany 24.59 0.97 771.01
Argentina 8.73 0.95 155.50
France 29.09 0.93 369.59
European Union 350.12 091 3715.77
United Kingdom 62.70 0.88 466.35
Mexico 180.79 0.59 256.03
Brazil 269.65 0.55 333.03
Canada 271.80 0.55 330.90
Turkey 124.37 0.53 139.69
South Korea 369.17 0.44 29417
Indonesia 287.47 0.26 101.01
India 1193.07 0.22 345.98
Saudi Arabia 439.74 0.18 97.86
China 6370.61 0.15 1147.84
South Africa 397.47 0.15 71.09
Russia 1379.84 0.10 155.50

(Unit: MT CO,, %)

The results also demonstrate that China should reduce about 6,370.61 mln tons
of CO, emission potentially to become a carbon-efficient country. For India, 1,193

min tones of CO, should be potentially reduced. The potential carbon reduction in

all G20 countries will be 11,759 mln tons in total.

In order to evaluate the influence factors of carbon efficiency, we employ the
tobit regression model as many researchers did for the relations between carbon effi-
ciency, capital intensity (capital/GDP), energy intensity (energy/GDP), and GDP.
The graphical illustration in Figurel and Table 4 shows that the capital intensity and
energy intensity exert a significant negative impact on carbon efficiency, whereas the
role of GDP is not significant.
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Figure 1. Tobit regression results
Table 4. Tobit regression results
Variables coefficient Std. Error P-value
Carbon intensity -1.17 0.577 0.06
Energy intensity -0.59 0.143 0.00
GDP 2.44E-05 1.49E-05 0.12
Constant 1.06 0.132 0.00

IV. Conclusions. This study presents a new carbon-adjustment DEA approach -
specifically, a non-radial measurement — to estimate carbon emission performance and
potential carbon emission reductions in G20 economies. The results demonstrate that
Australia, Japan, Italy, and the US evidenced the highest carbon efficiency score of 1,
whereas Russia had the lowest carbon efficiency scores of 0.10. Most developing coun-
tries, including China, India, South Africa, and South Korea, have relatively lower car-
bon efficiency scores. This implies that sustainable development could be attained with-
out imposing arbitrary measures. That is, the higher economic performance a country
achieves, the lower the carbon emissions it yields. However, this conclusion should be
drawn with caution, as the eco-friendly final assembling may be carried out in devel-
oped countries with a public inefficiency burden transferring to developing ones under
the conditions of interdependent intra-firm international trade. Therefore, economic
support should be provided for "green growth" in developing countries, because of this
unfair collaboration across the countries. It should be the vision of G20 countries to
promote the mutual benefit of eco-friendly sustainable development.

The potential carbon reduction in all G20 countries will be 11,759 mlIn tons in
total. Tobit regression demonstrated that capital intensity and energy intensity have a
significant negative impact on carbon efficiency, whereas the GDP's role is not sig-
nificant. This suggests that energy intensity should be significantly reduced, while its
efficiency should be increased simultaneously. This was the main theme of the Global
Green Growth Summit 2012 in Seoul hosted by OECD and Korean government. As
proposed on that conference, now is the time for more than just discussion; decisive
actions should be taken to secure a better, more sustainable future.
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