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Abstract: This study analyzes factors affecting the price of South Korea’s Certified Emission Reduction
(CER) using statistical methods. CER refers to the transaction price for the amount of carbon emitted.
Analysis of results found a co-integration relationship among the price of South Korea’s CER, oil price
(WTI), and South Korea’s maximum electric power demand, which means that there is a long-term
relationship among the three variables. Based on this result, VECM (vector error correction model)
analysis, impulse response function, and variance decomposition were performed. As the oil price
(WTI) increases, the demand for gas in power generation in Korea declines while the demand for coal
increases. This leads to increased greenhouse gas (GHG; e.g., CO2) emissions and increased price of
South Korea’s CERs. In addition, rising oil prices (WTI) cause a decline in demand for oil products
such as kerosene, which results in an increase in South Korea’s maximum power demand.

Keywords: South Korea’s CER price; oil price (WTI); South Korea’s maximum power
demand; co-integration; VECM (vector error correction model); impulse response function;
variance decomposition

1. Introduction

Erratic weather phenomena caused by climate change threatens the survival of mankind.
According to UN reports on climate change, environmental disasters caused by climate change
can cause unexpected serious problems. In addition, climate change can cause economic, social,
as well as environmental problems [1–5]. The increase in GHGs (greenhouse gases) is a major cause
of global warming. In order to address global warming, climate change agreements such as the
Kyoto Protocol have been reached concerning GHG emissions [6–10]. In Korea, energy services are
variously explored [11–14] and related renewable energy policy is in action [15–20]. The Korean
government is making an effort to enhance the efficiency of electricity generation [21]. According to
Marques et al. [22], power generation using conventional fossil resources has shown a positive causal
relationship to Greek economic growth in the short term. However, the causal relationship between
power generation and economic growth using renewable electricity was not clear. In addition, Greece’s
economic growth is considered to be short-term causes of electricity generation using renewable
electricity. However, there was no causal relationship in the reverse. The Certified Emission Reduction
(CER) is the GHG reduction system as set out in Article 17 of the Kyoto Protocol, which establishes the
transaction price for the amount of carbon emitted. It allows governments to allocate annual emission
credits to companies emitting GHG. This is a system that permits business-to-business transactions
involving emission credits. South Korea’s emissions trading system has been in effect from 1 January
2015, in accordance with Article 46 of the “Low Carbon, Green Growth”, and has been listed on the
Korea Exchange.
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There have been studies regarding the factors affecting the price of the EU’s CER.
Mansanet-Battaller et al. [23] used the ratio of fossil energy price and power price as variables.
The coefficient of energy prices was found not statistically significant at the 1% level. The coefficient of
electricity price was statistically significant at the 5% level. The time-lagged Brent oil price and the
coefficient of electricity price were statistically significant at the 1% level. In addition, the price of CER
increased as energy prices increased. This supports the assumption that as the price of oil and gas
used for power rises, the demand for coal as an alternative fuel source increases, which results in an
increase in carbon emissions. Subsequently, the increase in carbon emissions causes an increase in
demand for carbon credits and an increase in the price of the CER. However, it is assumed that there is
a coupling relationship between the price of oil and gas.

Kim [16] analyzed the correlation between the price of the EU’s CER and the price of energy
utilizing daily and weekly data. Concerning the daily data analysis, the correlation between the
price of the EU’s CER and oil price was high, and the price difference between coal and gas was not
statistically significant. In addition, the relationship between electricity price and emission price was
not statistically significant. Regarding the weekly data analysis, the price of the EU’s CER was highly
correlated with oil price. However, electricity price was not statistically significant in correlation with
emission price. As a result, it was concluded that the volatility of oil prices could predict the volatility
in price of the EU’s CER.

Conversely, Park [24] used a linear regression model to define the price volatility of South Korea’s
CER. The closing price data of the KAU15 (Korea Allowance Unit) and the KCU15 (Korea Credit Unit)
were used for the price of South Korea’s CER. KAU 15 data was obtained from 12 January 2015–30
June 2015, and KCU 15 data included the period from 6 April 2015–30 June 2016. The explanatory
variables included energy price, temperature index, and economic outlook index.

It was found that the energy variables (oil and electricity) were not statistically significant in both
cases. Park [24] proposed that the government separately imposed the settlement of emission trading
costs because the price of emission credits was not reflected in the price of electricity. The temperature
index and the cooling index—which are associated with energy—were not affected by the price of
South Korea’s CER. Park [24] found that statistically valid pricing factors in prior studies are not valid
for South Korea’s CER market.

Based on theoretical principles and research experience, we conducted a time series analysis
using VECM (vector error correction model) with oil price (WTI) and maximum power demand
in South Korea to determine whether South Korea’s CER is consistent with findings in previous
studies. South Korea’s emissions trading system has been in effect since 1 January 2015. However,
the transaction volume has been small and has been evaluated as a nominal market. Additionally, there
is the limitation that the data for time series analysis is extremely short. However, it is meaningful to
conduct the time series analysis of South Korea’s CER, which has not been tested using time series
analysis with oil price (WTI) and South Korea’s maximum power demand prior.

2. Materials and Methodology

South Korea’s CER has been listed on the Korean exchange market since 2015. South Korea’s CER
can be divided into the KAU (Korean Allowance Unit), the KCU (Korean Credit Unit), and the KOC
(Korea Offset Credit). The KAU is the allowable amount of GHG emission allocated to companies.
At the beginning of each planning period, it is listed by classifying the transactions. The KCU is the
emission rights converted from external business GHG reductions by specific implementation year,
and the listing period is not specified and is flexible. The KOC is the government’s allowance of
GHG emissions that the business owners have reduced out of the businesses where they are assigned.
There are different types of CERs, including the KAU 16, KAU 17, KCU 16, and KCU 17. However, it
has not been long that a sufficient volume of transactions has occurred. The transaction volume has
increased since 16 June. This is because companies felt the need to deal with emissions trading as they
go through the implementation year of carbon emission rights.
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Meanwhile, there is no sufficient volume of transactions except for the KAU 16. Therefore,
the KAU 16 was chosen as the study data for South Korea’s CER. We collected the weekly price of
South Korea’s CER from the Korean exchange market from 13 June 2016 to 22 May 2017 as well as the
oil price (WTI) from the NYMEX, and South Korea’s maximum power demand from Korean Power
Exchange as data for analysis (Table 1).

Table 1. Used data and variables. CER: Certified Emission Reduction.

Data Name Reference

Price of South Korea’s CER EMI Korea exchange
Oil price (WTI) OIL NYMEX

Price of Maximum power demand ELEC Korean power exchange

This study conducted unit root tests for the price of South Korea’s CER (EMI), oil price (OIL),
and South Korea’s maximum power demand (ELEC). In the case that these tests found evidence of I(1)
(integrated of order one), the co-integration test was used to determine co-integration employing prior
research methods. Finally, the VECM (vector error correction model) was applied according to test
results [25–28].

Regarding the VECM analysis, the stability of the time series was verified through the unit root test,
and then the long-term relationship was examined through the co-integration test. Finally, estimation
of the short- and long-term causal relationship was conducted using the VECM. This is because VECM
uses raw data rather than first-order data, so it is possible to estimate the long-term causation as well
as short-term causal relationships that can be identified by a general Granger test [29–31].

Prior to conducting the time series methods, we must consider whether each dataset has a unit
root. Unit root makes the result invalid if they are not accounted for. However, in the analysis of
co-integration using the VECM, although each dataset has a unit root, they can be accounted for
through the co-integration test [32–35].

There are various stationary tests for testing the unit root. The augmented Dickey–Fuller test
and the Phillips and Perron test were used in this study because the insufficient data may produce
untrustworthy results using only one test.

∆Yt = α + βt + (ρ− 1)Y(t−1) +
n

∑
i=1

δ∆Yt−i + εi,

ρ = 1 → unstationary(= has a unit root)

If it is concluded that there is a unit root in the data, then the co-integration test can be applied.
The co-integration test is used to confirm the existence of a linear combination integrated of order zero.

A non-stationary time series which has unit roots and linear combination I(0) is called a
co-integration relation. The existence of co-integration means that if one variable is broken with another
variable in a co-integration relation, this state does not persist for long before returning to the previous
stable relationship. Therefore, there is a long-run equilibrium relation between variables [29,30].

While there are various co-integration tests, the Johansen co-integration test is used in this study.

EMIt = α + βOILt + γELECt,

zt = EMIt − α− βOILt − γELECt,

∗ z = Equilibrium error

If the co-integration relation is confirmed by way of the co-integration test, the short- and
long-term causality can be tested through the VECM as follows.
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Consider the equations below. β1, β2, and β3 represent the long-term causality. Therefore, if they
are meaningful, it can be concluded that long-term causality statistically exists for the data. These
terms are for short-term causality. So, if they are meaningful, it can be concluded that short-term
causality statistically exists for the data.

∆EMI = α1 + β1ECTt−1 +
n

∑
i=1

γli∆EMIt−i +
n

∑
i=1

δli∆OILt−i +
n

∑
i=1

ϑli∆ELECt−i + εlt

∆OIL = α2 + β2ECTt−1 +
n

∑
i=1

γyi∆EMIt−i +
n

∑
i=1

δyi∆OILt−i +
n

∑
i=1

ϑyi∆ELECt−i + εyt

∆ELEC = α3 + β3ECTt−1 +
n

∑
i=1

γui∆EMIt−i +
n

∑
i=1

δui∆OILt−i +
n

∑
i=1

ϑui∆ELECt−i + εut

In addition to the VECM analysis, we will show the meaningful methods used to analyze our
data. Impulse responses are required to understand results in the short term. The impulse response
function is a moving average model which shows how the variables in the model respond to shocks
over time, given the unexpected economic impacts. There is also the advantage that it is easy to check
conveniently through the graph. Finally, it is straightforward to grasp causal relationships between
the variables and to analyze the influence of variables [27–30].

Variance decomposition is also used to enhance the interpretation of results in the short term.
Variance decomposition is a method of describing the relational characteristics of variables with
impulse response analysis. The prediction error of a specific variable includes several impact factors of
other variables. The method of decomposing these factors is variance decomposition. In other words,
it is possible to analyze the relative importance of the endogenous variables in the error terms of the
vector autoregressive model through variance decomposition [27,30].

3. Results and Discussion

The results of the unit root tests show that in the case of the inclusion of trends, the null hypothesis
that the unit root exists at a significance level of 5% cannot be rejected for the price of South Korea’s CER
and South Korea’s maximum power demand. However, the augmented Dickey–Fuller (ADF) and Phillips
and Perron (PP) tests for the first difference show they have no unit root at the 5% significance level,
indicating that both the price of South Korea’s CER and South Korea’s maximum power demand are I(1).
In other words, each variable in the unstable time series is stabilized when the first difference is applied.

Conversely, the results of the unit root test for the price of oil differ. Therefore, careful judgment is
required. Regarding the price of oil’s unit root test, the null hypothesis is rejected at the 5% significance
level. This means that the price of oil does not have a unit root at the 5% significance level. This is
suspicious, because generally it is known that the price of oil has a unit root. This unexpected result
may be due to insufficient data. In the case of the Phillips and Perron test, it has a unit root. We accepted
the Phillips and Perron test (Table 2).

Table 2. Unit root test for variables.

Variables Methodology Integration Prob

EMI
ADF I(1) 0.3879
PP I(1) 0.5589

OIL
ADF I(0) 0.0486
PP I(1) 0.4074

ELEC
ADF I(1) 0.1221
PP I(1) 0.1216

Notes: Test: H0: Exist a unit root; Critic value: 5 and 1 percent (p = 0.05 dhe p = 0.01) to reject H0. If p > 0.05, we
accept H0. Methodology: ADF (augmented Dickey–Fuller), PP (Phillips and Perron). Lags: The number of lags is
determined by the information criteria: SIC—Schwartz information criteria.
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Since all variables are I(1), the co-integration test can be conducted to determine whether there is
a stable co-integration relation between variables. The Johansen co-integration test was used in this
study, and the optimal lag length was determined according to the results of the AIC and SIC analyses.

It is shown that each dataset has a unit root. Therefore, we can apply the co-integration test to
determine whether the linear combination is stationary.

According to the maximum value, it is rejected that it has no co-integration relationship, and it is
not rejected that it has at most 1 and 2 co-integration relationships at the 5% significance level. In short,
this means that the linear combination has one co-integration relationship. However, when it comes
to the trace value, there is no co-integration relationship at the 5% significance level. This is contrary
to the result for the maximum value. In this case, Johansen stated that we can base our choice on the
interpretability of the co-integrating relations. This study chose the maximum value. Therefore, there
is a long-term equilibrium relation between variables (Tables 3 and 4).

The trace statistic and the maximum eigenvalue statistic may yield conflicting results. For such
cases, we recommend that you examine the estimated co-integrating vector and base your choice on
the interpretability of the co-integrating relations; see Johansen [30] for an example.

Table 3. The estimation of co-integration vectors (trace).

Unrestricted Co-Integration Rank Test (Trace)

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critic Value Prob.

None 0.367605 28.32099 29.79707 0.0732
At most 1 0.079995 6.325442 15.49471 0.6571
At most 2 0.047251 2.323391 3.841466 0.1274

Notes: Included observations: 48 after adjustment. Trend assumption: Linear deterministic trend. Series: EMI OIL
ELEC. Lags interval (in first differences): 1 to 1. Trace test indicates no co-integrating eqn(s) at the 0.05 level.

Table 4. The estimation of co-integration vectors (maximum eigenvalue).

Unrestricted Co-integration Rank Test (Maximum Eigenvalue)

Hypothesized No. of CE(s) Eigenvalue Statistic Max-Eigen 0.05 Critic value Prob.

None 0.367605 21.99555 21.13162 0.0377
At most 1 0.079995 4.002051 14.26460 0.8591
At most 2 0.047251 2.323391 3.841466 0.1274

Notes: Max eigenvalue test indicates 1 co-integrating eqn(s) at the 0.05 level.

According to this result, VECM was performed. The optimal lag length was determined according
to the results of the AIC and SC analyses. The results of VECM found the ECT coefficient of the price
of South Korea’s CER was −0.14, statistically significant at 1% with an absolute value of t above 3.0.
This means that there is a long-term causal relationship between the price of oil and South Korea’s
maximum power demand with the price of South Korea’s CER. In addition, this means that deviating
part in the previous period will be recovered to this period from the long-term relationship. This is
consistent with previous research concerning the price of the EU’s CER.

On the other hand, the estimation results show the short-term coefficients γ, δ, and ϑ indicate a
short-term causal relationship. The differenced data of the price of South Korea’s CER is 0.636013 and
−0.149786. The shock in the previous period led to a rise in the current period, and the shock in the
period before the previous period led to a fall in this period.

The differenced data of the price of oil is 60.10426 and −160.7532. The shock in the previous
period led to a rise in the current period and the shock in two periods prior led to a fall in the current
period. However, the standard error is too high to trust.
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The differenced data of South Korea’s maximum power demand is −0.041627 and 0.005906.
The shock in the previous period led to a fall in the current period and the shock in two periods prior
led to a rise in the current period (Table 5).

Table 5. Error correction model for weekly level of Price of South Korea’s CER (EMI).

Error Correction D(EMI) D(OIL) D(ELEC)

ECT
−0.147551 0.000316 0.201911
(0.04805) (0.00014) (0.37144)

[−3.07077] [2.23168] [0.54359]

D(EMI(−1))
0.636013 3.64 × 10−5 0.758768
(0.14048) (0.00041) (1.08595)
[4.52736] [0.08811] [0.69871]

D(EMI(−2))
−0.149786 0.000153 0.230365
(0.13855) (0.00041) (1.07105)

[−1.08107] [0.37441] [0.21508]

D(OIL(−1))
60.10426 0.680669 −236.641
(49.0027) (0.14418) (378.800)
[1.22655] [4.72099] [−0.62483]

D(OIL(−2))
−160.7532 −0.221977 −85.00876
(62.0553) (0.18258) (479.699)

[−2.59048] [−1.21576] [−0.17721]

D(ELEC(−1))
−0.041627 1.57 × 10−5 −0.322728
(0.02289) (6.7 × 10−5) (0.17698)

[−1.81816] [0.23330] [−1.82351]

D(ELEC(−2))
0.005906 2.78 × 10−5 0.112199
(0.02157) (6.3 × 10−5) (0.16673)
[0.27382] [0.43737] [0.67292]

C
36.64206 0.044938 −121.8303
(71.6639) (0.21086) (553.976)
[0.51130] [0.21312] [−0.21992]

R-squared 0.483052 0.435760 0.180127

Adj. R-squared 0.390266 0.334486 0.032970

F-statistic 5.206104 4.302793 1.224046

Notes: Included observations: 48 after adjustment. [Calculated in E-Views v10]. Standard error in ( ) and t statistic
in [ ].

Regarding the impulse response function, the first graph indicates the response of the price
of South Korea’s CER to the price of oil’s one standard deviation. The price of South Korea’s CER
increased for 7 weeks following a shock in the price of oil.

The second graph indicates the response of South Korea’s maximum power demand to the price
of oil’s one standard deviation. Initially, it decreased for about 2 weeks, but subsequently increased
after 4 weeks. These results confirm previous research.

However, the last graph indicates the response of the price of South Korea’s CER to South Korea’s
maximum power demand is in contrast to previous studies. Insufficient and uncertainty in
data—especially in the price of South Korea’s CER—may have produced these unreliable results
(Figures 1–3).
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Korea’s CER was performed. The variance of the forecast error for South Korea’s CER is explained
by 86.1% by self in early stage (t = 3), the price of oil (12.3%), and the maximum power demand of
(1.5%). Following the 10th period (t = 10), the variance is explained by 56% by self, 43.7% by the price



Sustainability 2017, 9, 1768 8 of 10

of oil, and 0.34% by the maximum power demand in South Korea. It can be concluded that the price of
South Korea’s CER is heavily influenced by the price of oil. This is consistent with previous studies
that found the price of oil has a significant effect on the CER. However, the standard error was high
(Table 6).

Table 6. Variance decomposition of EMI.

Variance Decomposition of EMI

Period S.E. EMI OIL ELEC

1 483.1647 100.0000 0.000000 0.000000
2 924.0350 93.37108 4.883327 1.745591
3 1276.376 86.15791 12.35305 1.489036
4 1550.478 79.64978 19.18792 1.162301
5 1797.222 73.06902 26.05855 0.872421
6 2042.944 66.87084 32.45297 0.676193
7 2288.293 61.96318 37.49004 0.546780
8 2520.851 58.77664 40.76550 0.457858
9 2733.134 56.97780 42.62853 0.393677
10 2924.951 55.98047 43.67417 0.345367

4. Conclusions

This study conducted time series analysis by employing the VECM (vector error correction model).
We assessed oil price (WTI) and maximum power demand in South Korea using data from 13 June
2016–22 May 2017 to determine whether South Korea’s CER is consistent with previous studies. Since
all variables were I(1), the Johansen co-integration test was employed to determine whether there was
a stable co-integration relation between variables. The linear combination composed of each variable
had one co-integration relationship. Therefore, there was a long-term equilibrium relation between
variables. Results of VECM found the ECT coefficient of the price of South Korea’s CER was −0.14
and statistically significant at 1%, with an absolute value of t above 3.0.

There was a long-term causal relationship in the price of oil and South Korea’s maximum power
demand with the price of South Korea’s CER. Therefore, it can be concluded that deviating part in
the previous period will be recovered to this period from the long-term relationship. Conversely,
the estimation results showed some statistically significant coefficients in the short-term relationship
between variables. Concerning the impulse response function, as time passed, the response of the price
of South Korea’s CER increased by the price of oil’s one standard deviation. In addition, the response
of South Korea’s maximum power demand decreased for approximately 2 weeks, and subsequently
increased after 4 weeks by the price of oil’s one standard deviation. However, the response of the price
of South Korea’s CER to South Korea’s maximum power demand was contrary to the theory.

Oil price is closely related to the price of gas, as electric power companies will decrease the
demand for gas and increase the demand for coal in the case of higher price of oil. This leads to
increasing CO2 emissions. In the long term, the price of South Korea’s CER will increase. In other
words, as the oil price (WTI) rises, the demand for gas for power generation in South Korea decreases
while the demand for coal increases. This results in an increase in GHG emissions and a rise in the
price of South Korea’s CER. In addition, if the price of oil increases, the demand for oil products such
as kerosene decrease and subsequently, demand for electricity increases. Eventually, maximum power
demand increases.

Most results were consistent with previous studies. However, there were exceptions. First, we did
not obtain sufficient data for time series analysis. In particular, South Korea’s CER transaction volume
was limited in that it has been evaluated as a nominal market. Additionally, a limitation to this study
is that the data used for time series analysis was limited.

In Marques et al. [22], there were no major driving energy sources of economic growth in
Greece. Except for conventional fossil sources, energy sources have a limited impact on the industrial
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production index (IPI). From these results, Marques et al. [22] concluded that disturbance in economic
activity has a greater impact on fossil-based power generation than renewable.

However, it is meaningful to conduct time series analysis of South Korea’s CER, which has not
been attempted previously involving oil price (WTI) and South Korea’s maximum power demand.
The volume of trading and price was controlled and restricted by government. These factors can have
adverse effects on analysis results involving time series data.

The Korean government can use this result in the CERs policy making [36]. CERs’ prices are
closely related to oil price (WTI) and South Korea’s maximum electric power demand. Therefore, the
Korean government can approximately forecast price volatility and trade volume of CERs in the future.
As a result, the Korean government can assign the volume of the reduction target more scientifically.

In South Korea, certified emission reductions have been traded for one and half years. They
are very new data. Therefore, this paper can use only those periods of CERs data. Though the data
has some weakness in length, the data are a very new and original contribution of this research.
The authors can suggest future research in the use of longer series of Korea’s CERs data after three or
four years.
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