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Abstract An empirical research was made on the carbon market risk measurement of the European Union
emissions trading scheme. Based on the analyses of carbon price volatility, the conditional variance and extreme
value theory were incorporated into the VaR framework to develop an integrated GARCH-EVT-VaR model for the
carbon market. It is applied to estimate market risks of the EU ETS, and empirical results indicate that the
GARCH-EVT-VaR model makes more accurate risk measurement of the carbon market than the traditional model.
The EUA (Europe Union Allowance) and CER (Certificated Emission Reduction) are exposed to the same level of
market price, in spite of differencesin their policy risk, legal risk and credit risk. Market risks of EUA and CER are
significant correlated, which can be used to make risk management strategies for the carbon market.
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Table 1 Characterizations and related risk presentations
of the carbon market and theoretical model
used to investigate these conditions
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Fig. 1 Logarithmic loss rate of the EUA spot (EUAS) and CER spot (CERS) with daily frequency

0.25
0.20 — EUAF CERF |
) 0.15 ‘
ﬁ 0.104 |
ngMHd“ﬂw b ‘
= O-‘f‘u t\ ”W‘M U‘ﬁ;i‘\'iuh,n\“w\\Ji\ﬁ)\“‘,ﬁ “ i\ M\MW it g M/M ’Ku'\, w k %,
—o.os-‘w | U' W “ ‘ !
—0.10-
—0.15 T : : : : . . . . . . ;
AV NI Y S SN S SV D S NG Y
R P AT I PRV I AN
%Qo’ S N N N AN (\9@ N (\9\\ N %Q\\ N Q¥
HH#A

E 2 EUA 1 CER HSMEH B HRKEFT
Fig. 2 Logarithmic loss rate of the EUA future (EUAF) and CER future (CERF) with daily frequency
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Table2 Descriptive statistics and testing results

PR BAECR M R L1ES 63 Jarque-Bera  ADF r-Statistic  O(5) 0(10) 0%45) 0%10)

EUAS 907 -0.0014  0.0274 0.0243 5.4345 812.664*** -28.2864***  13.993** 19.178**  109.05***  197.36***
CERS 907 -0.0019  0.0274 0.0553 5.5922 930.504***  —285157*** 8.712 16.367* 304.67***  443.65***
EUAF 817 -0.0010  0.0243 0.0124 4.9783 2077.278*** -247037***  22.615***  26.628***  96.26***  140.89***
CERF 817 -0.0015  0.0265 0.0369 5.2457 2064.436*** -24.9301***  22.961***  33.362*** 183.51***  200.38***
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Table3 Estimation results of ARMA -GARCH model for EUAS and CERS series
with innovations assumed to be generalized error distribution

EUAS CERS
A
B4 z-Statistic Prob. B34 z-Statistic Prob.
" 161x10™ 0.256 0.798
AR(1) 0.905 14.049 0.000 0.916 12.256 0.000
MA(1) -0.921 -15.179 0.000 -0.918 -12.236 0.000
w 1.01x10°° 1.951 0.051 1.36x10°° 2.760 0.006
ARCH(1) 0.134 4.366 0.000 0.119 4.154 0.000
GARCH(1) 0.852 25.520 0.000 0.852 28.307 0.000
aNc o0 sz
BIC -4.931 -5.020
L-K 1705.906 1739.841
%4 EUA 7 CER #i#t ARMA(2,1)-GARCH(1,1)#1 ARMA(1,2)-GARCH(1, )#E & S fh i+ 45 R
Table4 Estimation results of the ARMA -GARCH model for the EUAF and CERF series
with innovations assumed to be generalized error distribution
EUAF CERF
ES 4 z-Statistic Prob. ES 4 z-Statistic Prob.
i 251x 107 3623 0.043
AR(2) 0.650 11.378 0.000 0.786 13.352 0.000
AR(2) -0.021 -1.179 0.010
MA(2) -0.193 -3.563 0.003 -0.218 -9.236 0.000
MA(2) -0.062 -5.322 0.006
w -0.001 -1.974 0.030 341x107* 2.870 0.001
ARCH(1) 0.0050 —0.016** 0.000 0.156 5.670 0.000
GARCH(1) 0.852 25.520 0.000 0.763 25.307 0.000
Cac Tsae2 se9
BIC -5.221 -5.329
L-K 1932.200 1810.956
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Table 5 Fitted values of GPD parameters and GARCH-EVT
and GARCH based quantiles

- R Zogo
P £
GARCH-EVT GARCH
EUAS 0.0840 0.0788 2.5837 2.4862
CERS 0.6078 0.0035 2.6438 24339
EUAF 0.4376 0.0059 2.0051 1.8996
CERF 0.5962 0.0530 2.4639 2.2950
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Table6 Summary results of back test for the GARCH-EV T-
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TE P& LRy LRiiq LR
EVT 0.0017 0.1087 0.1064 0.2323
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EUA F ok okk
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EVT 00043  1.1087 1.8060 2.3650
CERF 3. * KKK ok
14  0.0045  7.5608 9.2546 11.7698
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