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Motivation & Data

m Understanding European Allowances (EUA) dynamics is
important for several fields:

m Portfolio & Risk Management,
m Sustainability Planing,

m Political decisions,

...

® How can the dynamics be characterized?
m On their own, EUA prices are 'just’ a random walk.
m The first differences are stationary and heteroskedastic.

m Autoregressive Volatility modeling (ARCH, GARCH, ...) is
sensible!
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EUA prices are obviously connected to the energy market
Chevallier (2019),

But what is the exact form of the connection?

We consider multivariate autoregressive (VAR) and
cointegrating (VECM) relations for mean modeling.

m We further consider copulas for contemporaneous stochastic
dependence structure modeling.
In total our model is a VECM-Copula-GARCH model.

The model generalizes the copula-GARCH model, Aloui et al.
(2013), Jondeau & Rockinger (2006), Hu (2006).
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Statistical Methods

m Let X; = (Xi4,...,X4,) be ad-variate time series,
m Let the conditional joint distribution of X;|7;_; be denoted by

Fxtl}-tfl’
® The conditional marginal distributions of X, ;|7;_; are denoted

by FXi,t\}—t—l'
m Then by Sklars Theorem, Sklar (1959),

Fx, 7, (@lFi-1) = C[Fx, 7_,(a1; p1e, 01, 01), - - - (1)

Fy, 7o_1(ad; pats oap Va); Et, O]
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m The model is specified by its marginal specifications
Fy, 7 (ai; piy, 0it,9;) and dependence structure C.
m The following is comprised of descriptions of
= Marginal distribution Fx, , 7,
mean modeling p; s,
volatility modeling o; 4,
dependence structure C' and
time varying dependence parameters =,.
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Marginal Specification

m We choose the generalized t-distribution, Theodossiou (1998),
tuon,» @S marginal distribution,

m Reparametrize such that ;1 «++ mean and o2 < variance.

m ) and v can be interpreted as skewness and heavy-tailedness.
m Mean and Variance are modeled time varying

m Skewness and heavy-tailedness are assumed to be constant.
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Mean modeling

m The means are modeled with a vector error correction model
(VECM),

Aﬂt = Axy = a1 + TAxy_q. (2)

m where IT = af with a, 8 € R¥" and r is the cointegration rank.

m 3 comprises the cointegrating relations, hence fx;_1 is
stationary.

®m o determines the speed of adjustment to the equilibrium.

m The model accounts for autoregressive influences with
I' € R4 as well as long term relations with II.
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Volatility Modeling

m The volatility is modeled in a univariate manner,

m Each time series volatility is modeled by a leverage GARCH
process,

U?,t:“’iJFO‘ (e 1) +oy (6;1)2’ (3)

m Negative shocks can have stronger/weaker influences on the
volatility.

m For o) = o; the usual GARCH is recovered.
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Dependence Modeling

m In this work we choose the t-copula Demarta & McNeil (2005),
as dependence structure, C' = C*.

m The t-copula allows for linear and heavy-tailed dependence,
m It is constructed using the multivariate t-distribution,

Ct[uly--wud] :tz,ﬁ(t;]-(ul)7'"’tle(ud)) (4)

m The lower the degree of freedom &, the heavier the tails,
increasing the coincidence of extreme events.
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Time Varying Dependence

®m The matrix governing the linear dependence is allowed to be
time-varying, ¥ = 3,

X =A(pt) (5)
Pijt =N0,i5 + M,ijPijit—1 + N2, %it—1%5,1—1 (6)

m where A is a suitable link function assuring that ; is positive
semi-definite,

m z;;—1 is the standardized residual from time series 1,
ie{l,...,d}attimet—1,
Tit—1 — Mit—1 ()

Zit—1 = P
2,t—

INREC 2022 — Statistical Methods w32



technische universitat
dortmund

m Several models are nested by the VECM-Copula-GARCH model:
B =0,I1=0— RWI"

ncp,lev’

BEl=0,lI=0,a"=0,aa” =0,8=0— RW**

ncp,lev?
u a+:0704_:OaﬂZO»V%OOanlzoan2:0,
K — oo, nep = 1, — VECM?7*
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Estimation

m The model (and all nested models) are estimated in a one-step
procedure with maximum likelihood estimation.

m Hence there is no transmission of estimation errors.

m Also, features of the data are attributed to the correct model
component.
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Forecasting Study

m We compare the model and nested models forecasting
performance,

m Further we include an exponential smoothing (ETS) model.

m 1-30 day-ahead forecasts are examined in a rolling window
forecasting study.

m The forecasts are approximated by Monte-Carlo simulations.
m The window size is 1000,
m Forecasts are conducted from 250 observations.
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m Point forecasts are evaluated by the RMSE,
® univariate probabilistic forecasts are evaluated by the CRPS,

m Temporal as well as cross-sectional multivariate forecasts are
evaluated by the Energy Score

1 &
RMSE =, | - ;(ac — )2, (8)
CRPS — / (B (1) — F(1))?, (9)
ES :%EFHX—X’H _EAlIX — x|l (10)
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Results
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Model EstL, ESPUA ESOL EsNGas psfeal g g psalt
RW7* 1.11 0.37 0.39 0.71 047 004 011 028
RWLE 0.59 0.43  -0.24
RW 52 020  -0.26
RW:P 2020 -0.23
RW7ur -0.24  -0.10
VECM"0:7:+ 0.16
VECM] 7%
VECM; 2 0.67  -1.91
VECM™70# 2232 -1.53
VECM™:0:p
ETS”

Coloring w.r.t. test statistic: - . . - -1 01 . . . -
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CRPS EUA NGas oil Coal

Model HI H5 H30 HI H5 H30 H1 H5 H30 HlI H5 H30
RWe# 001 004 008 00l 003 009 003 007 017 001 003 012
RW/o2 0.67 0.4 300 242 004 104 1.06 -0.75
RW7EPe 117 058 3.34 242 025 125 090 -0.74
RW7L? 136 021 069 313 220 075 1090 099 -0.64
RW7er: 119 025 082 318 227 064 099 087 -0.56
VECM™77 003 100 039 -153 -0.79 -049 -0.91 -060 0.13 -051 -0.26 | 0.67
VECMpL7# 045 -0.43 049 -0.38 =TT 114 004 053
VECMo7 -0.01 1.74 -0.32 -112 -1.32 -227 -0.72 -1.87 059 -0.20 -1.00
VECM™#¢f 007 155 -6.70 0.09 -041 -100 046 0.02 0.63 -0.15 -0.89
VECM"™o# 043 -157 -0.05 -149 -1.81 -437 -1.13 -3.26 041 049 -3.99
ETS” 007 069 492 218 -035 019 163 -0.70 006 -1.02 -2.79
Coloring w.r.t. test statistic: - - - -2 -1 01 2 . . -
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RMSE EUA NQCas Oil Coal
Model HI H5 H30 HI Hs H30 HI H5 H30 HI H5 H30
RW%# 0.03 0.07 0.14 0.03 0.07 018 0.05 0.13 031  0.03 0.07 0.22
R\V;’ﬂ‘fncp -0.17 0.02 0.07  -0.51 -0.07 002 -0.15 -0.32 0.13 0.05 0.02 012
R\V;’év’fr‘mp 0.18 0.12 -0.01 -0.14 0.00 -0.13 -0.09 -0.53 -0.30 033 -0.12 0.02
R\VZ;}‘,’ 0.27 0.03 0.15 -0.21 -0.07 0.21 -0.11 -0.10 -0.12 -0.05 0.30 0.12
R\-’V,’::;" -0.08 0.15 015 -0.26 -0.10 -0.15 -0.27 -0.15 -0.03 -0.35 0.15 -0.07

VECM™?#  0.26  0.69 065 -146 056 -003 001 -1.03 032 005 -040 003
VECMILT?  -145 -0.66 | -7.84 -0.78 -0.85 JEBISE] -0.34 -1.65 548 -0.64 032 259
VECMLZZ# 017 1.25 -0.66 -1.33 -203 -272 0.82 -195 | 855 -0.17 0.16 134
VECM™77 051 070 822 -1.16 -1.50 -1.14 -0.18 -1.46 -1324 001 -058 174
VECM™77 041 000 -10.01 -154 258 -330 0.63 -240 [-1685 -0.03 0.88 2.90
ETS? 0.52 090 470 -069 0.65 0.48 020 -1.15 -291 0.60 -4.18 -11.68

Coloring w.r.t. test statistic:- 43 -2 -1 0123 .-
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m The best performing model is RWyi7 .,

= The temporal evolution of volatilities o7, gives information
about the evolution of uncertainties in the market.

m The linear dependencies A(p;;) give information about the
connection between markets.
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Discussion & Outlook
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Conclusion

m For the log-prices cointegration is not important for
forecasting,

m Leverage volatility modeling enhances performance,

m Time varying dependence parameters also improve
multivariate forecast.

m Leverage and skewness are also important.
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m Since the beginning of the russian invasion of Ukraine,
volatility increases,

m The linear dependence between EUA - NGas drops during the
beginning of the war,

m The dependence relaxes shortly afterwards.
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Outlook

m Repeat analysis in levels,

m Use other transformations beforehand.

m Consider other copula models (e.g. Vine copulas)
m Use more/other data.
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