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Fluctuation analysis and risk measurement of electricity pricing
using TGARCH and VineCopula
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Abstract: In a market-oriented transaction, risk measurement of electricity price fluctuation contributes to conduct risk
management for market stakeholders. This paper proposes a new method for analyzing electricity price fluctuation and
measure risk. It combines TGARCH and Vinecopula. This method applies TGARCH to establish the margin distribution of
day-ahead, real-time and ancillary service transaction electricity prices, and uses Vinecopula to fit the multi-dimensional
dependent structure of each transaction electricity price. Based on the Kendall rank correlation and tail correlation
calculated from the method, the dynamic fluctuation characteristic between each transaction price is analyzed, and its risk
is measured. Empirical analysis shows that this method can not only capture the change of price fluctuation under the
combined action of load/capacity ratio and renewable energy penetration rate, but can also accurately describe the
nonlinear correlation structure of each transaction price. This can capture the dynamic fluctuation characteristics of
day-ahead, real-time and ancillary service transaction price. Also, it can more effectively reduce portfolio volatility risk in
comparison to other methods.
This work is supported by the National Key Research and Development Program of China (No. 2018YFB0905204).
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Attached Table 1 Estimation of marginal distribution model coefficients of 0~23 hrs DMP
0 1 2 3 4 5 6 7 8 9 10 11
WA 54
a 0.31 0.12 0.10 0.09 0.08 0.10 0.08 0.08 0.10 0.16 0.06 0.05
B 0.09 0.78 0.90 0.90 0.92 0.83 0.92 0.92 0.85 0.26 0.94 0.95
7 (1.00) (1.00) (1.00) (0.99) (0.58) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00)
¢ 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i, il =058, i2=0.06
12 13 14 15 16 17 18 19 20 21 22 23
WA A
a 0.06 0.11 0.06 0.24 0.27 0.19 0.13 0.15 0.16 0.17 0.32 0.27
B 0.94 0.76 0.94 0.72 0.00 0.27 0.83 0.85 0.84 0.83 0.10 0.08
2 (0.99) (1.00) (1.00) (1.00) (0.56) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00)
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i, i =058 i2=0.11
Miz 2 0~23 h RMP F3lia% s 8 R4 it
Attached Table 2 Estimation of marginal distribution model coefficients of 0~23 hrs RMP
0 1 2 3 4 5 6 7 8 9 10 11
A M
a 0.35 0.65 0.30 0.25 0.27 0.10 0.49 0.20 0.08 0.28 0.97 0.68
B 0.03 0.06 0.70 0.71 0.57 0.88 0.51 0.7 0.86 0.00 0.00 0.32
7 (1.00) (1.00) (0.70) (0.76) (0.14) (0.85) (0.62) (1.00) (0.99) (1.00) (0.48) (0.07)
¢ 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i, it=058i2=011
12 13 14 15 16 17 18 19 20 21 22 23
At A
a 0.23 0.03 0.04 0.03 0.48 0.41 0.47 0.50 0.30 0.16 0.64 0.34
B 0.77 0.97 0.96 0.85 0.00 0.42 0.12 0.50 0.70 0.81 0.15 0.66
7 (0.74) (1.00) (1.00) (0.94) (1.00) (1.00) (0.81) (1.00) (1.00) (1.00) (1.00) (1.00)
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i, it=058 i2=011
iz 3 0~23 h RC FIlAG N HREL R E AT
Attached Table 3 Estimation of marginal distribution model coefficients of 0~23 hrs RC
0 1 2 3 4 5 6 7 8 9 10 11
TWIEZS 5 1
a 0.06 0.04 0.05 0.50 0.49 0.40 0.19 0.03 0.02 0.07 0.08 0.10
B 0.02 0.85 0.87 0.50 0.51 0.60 0.72 0.87 0.98 0.87 0.72 0.90
2 (1.00) 1.00 0.61 (0.78) (0.78) (0.46) (1.00) 1.00 (1.00) (1.00) (0.86) (0.80)
¢ 0.00 0.00 0.00 0.05 0.05 0.69 0.00 0.00 0.00 0.00 0.41 0.33
i, it =058, i =0.06
12 13 14 15 16 17 18 19 20 21 22 23
W IEZS 53 A1
a 0.09 0.00 0.05 0.05 0.03 0.01 0.00 0.00 0.20 0.20 0.14 0.02
B 0.90 0.59 0.91 0.90 0.90 0.99 0.00 0.96 0.80 0.80 0.00 0.16
7 (1.00) 0.25 0.02 0.27 1.00 (1.00) (1.00) (1.00) 0.79 0.79 (1.00) (1.00)
¢ 1.54 0.00 0.00 0.00 0.00 0.00 0.00 1.88 0.00 0.00 0.00 0.00

-
=

i =058 i2=0.06
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Mizk 4 0~23 h RP A miRB R & it
Attached Table 4 Estimation of marginal distribution model coefficients of 0~23 hrs RP
0 1 2 3 4 5 6 7 8 9 10 11
A A IE& S A EEATyiil
a 0.36 0.43 0.64 (0.90) 0.33 0.10 0.27 0.18 0.27 0.21 0.09 0.00
B 0.60 0.29 0.36 (0.06) 0.57 0.84 0.63 0.72 0.40 0.79 0.89 1.00
7 0.28 0.06 (0.09) (0.37) 0.41 0.81 0.25 (0.25) (0.02) (0.21) 0.48 1.00
¢ 0.00 0.03 0.00 0.00 0.00 0.06 0.00 0.02 0.40 0.00 0.00 0.00
i, it=058i2=011
12 13 14 15 16 17 18 19 20 21 22 23
AR IERSHi A A
a 0.15 0.25 0.03 0.04 0.02 0.07 0.03 0.91 0.90 1.00 0.38 0.40
B 0.81 0.41 0.94 0.87 0.89 0.90 0.87 0.08 0.10 0.19 0.50 0.35
7 (1.00) (0.49) (0.82) 1.00 1.00 0.02 (1.00) (0.35) (0.24) (0.15) (0.03) (0.23)
¢ 0.00 0.01 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.00
i, it=058 i2=011
Mizk 5 0723 h MR FF5ih & Fa iR B A ¥l it
Attached Table 5 Estimation of marginal distribution model coefficients of 0~23 hrs MR
0 1 2 3 4 5 6 7 8 9 10 11
E& 5 A
a 0.05 0.05 0.00 0.01 0.56 0.00 0.05 0.05 0.02 0.33 0.00 0.00
B 0.95 0.95 0.97 0.96 0.12 0.99 0.95 0.95 0.98 0.15 1.00 0.95
7 (0.87) 1.00 0.19 (0.90) 0.73 0.54 (0.10) 1.00 1.00 (0.35) 1.00 (1.00)
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i, it =058 i2=0.06
12 13 14 15 16 17 18 19 20 21 22 23
TRIEZS IE& A
a 0.15 0.00 0.10 0.02 1.00 0.00 0.02 0.06 0.01 0.00 0.04 0.07
B 0.81 1.00 0.92 0.97 0.83 0.96 0.98 0.94 0.99 0.99 0.95 0.93
7 (1.00) (0.15) 0.86 (1.00) 1.00 0.64 (1.00) (0.06) 1.00 (1.00) (1.00) (1.00)
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00
i, it =0.58; i2=0.06
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