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Two classes on electricity price forecasting

historical data based models P
> electricity price is modeled dependent & éE :W.fi“: = i
on its own past E 8 I i
» econometric/statistical/data mining ?;; 81
approaches z°]
e.g. time series, ANN, etc i 1
sometimes fundamental related T -

regressors, like load, wind power Time, Year: 2012
production are used

» most popular approach, esp. in
short-term forecasting
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» economically motivated
» electricity price is intersection of

B biomass B lignite — net demand = 56000 M
m hydo @ coal
B wind @ gas
O solar ® oil
B nuclear

60 80 100 120
L

40
L

Marginal Costs/Price in EUR/MWh
20
L

supply and demand e
» more popular for long-term T
. . . 20000 40000 60000 80000
forecasting, policy making Volume in Mw

Florian Ziel | House of Energy Markets and Finance, University Duisburg-Essen | December, 2017



House of UNIVERSITAT

Energy Markets [DACEATLE

] Electricity price forecasting using sale and purchase curves: The X-Model | Energy Finance Christmas Workshop E & Finance
Offen im Denken

Electricity prices and derivative markets

relationship between spot and future products studied in
detail, e.g. [Carmona and Coulon, 2014] or [Benth and Paraschiv, 2017]

risk premium relationship:

RP[,T — E[P'I[‘|I[] - Fth

E[Pr]|l;] is the expected electricity price of delivery period T
information set /; at time t < T for T € T

T delivery period e.g. T = [T', T3]

future price at time ¢

Musiela parameterization [Musiela, 1993]:
ﬁ,m = Ft,min('ﬂ‘)ft
for T = [Ty, T,] we have f; ,, = Fr 7,
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Electricity price and derivative markets

German Future products traded at EPEX on working days
different products available:

day, weekend, week, month, quarter and annual

base, peak (8:00-19:59), [off-peak]
cash settlement based on EPEX day-ahead electricity price
for DE+AT+LU

general idea:

use future data to forecast day-ahead electricity prices
as we are interest in E[Pr|l;| rem.:(E[Pr|l] = RP,x + F,.r)

future data should contain relevant market information,

e.g. meteorologic updates, availability of conventional power plans, demand
forecasts, etc.
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» Spot prices and future products traded at the end of

29.07.2016
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Day-ahead electricity price model for Y, ;, (for all hours £)

24 Ky Kday Kyeek

Yan =2 Buja¥ain+ Z Brass piofiem+ O O Bpwes g mfaSim

j=1 k=1 k=0 m=1 k=0 mEMy
spot prices base day futures base week futures
Kykend
2 § kend th
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base weekend futures base month future
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7
kend, month
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k=0 mEMyy k=1

peak weekend futures

» depends on past spot prices, (past) futures prices and dummies
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Day-ahead electricity price model for Y, ,

» complex data structure (underlyings and non-trading days)
require adjustments

» overview of used future products

‘ Day Base | Day Peak | Week Base | Week Peak | Weekend Base | Weekend Peak ‘ Month Base | Month Peak
flay flavp sk feckp fkend fkend.p fmonth fmonth.p
Current Values 1 1 1 1 1 1 1 1
Historic Values 7 7 3 3 1 1 0 0
Number of Mat. 6 6 4 4 10 5 1 1
Overall # of param. | 48=1+7)x6 | 48=(147)x6 | 16=(1+3)x4 16=(1+3)x4 20=1+1)x10 10=01+1)x5 1=a+0)x1 1=1+0)x1

» 335 parameters in total
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Day-ahead electricity price model for Y, ,

335 parameters, 365 observations for estimation
estimated using 1asso (shrinkage estimation method)

on scaled OLS problem:
Ph
/6}1 = argmlnz Yan — XanB)? + M Z IeA
BERPH

selection of tuning parameter A > 0 via BIC (Baysian

information criterion)

estimation using coordinate descent, [Friedman et al., 2016]
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3 Benchmark models

For model comparison we introduce three extremely
competitive benchmarks, the

AR(p) with AIC-selection, [Ziel et al., 2015]
AR-HoW(p) with AIC-selection, [Ziel and Weron, 2016]
AR24(p) with lasso and BIC-selection, [Ziel, 2016]

14
ARP): Y =+ ) AV p) +e
k=1

V4
AR-HOW(D): ¥ =Yuow, + D B(¥ik — Yiow,) + &
k=1
24 Ky

AR24(p): Yan Z Zﬂn,, wYa_rn + Z B, DoWi + €41

j=1 k=1

with univariate price series: Yo4—1)+n = Yan
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Forecasting study design

Rolling estimation window :

n=1 I 365 days 28 days
i
n=3 . 365 days

365 days E

Electricity price forecasting using sale and purchase curves: The X-Model | Energy Finance Christmas Workshop E
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Remaining data
only for comparison
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Time

> 1 year in-sample, forecasting horizon 28 days
» evaluation measures (4 = horizon, ):

1 &
5> [l
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n=1
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MAE;

MAE | (k1) /24+1] jmod 2441

K
1
MMAEx = kz_; MAE;
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Results

| Future-Model | AR(p) | AR-HoW(p) | AR24(p)
MMAEg, | 719 | 780 | 806 | 83l

Table: MMAE for a forecast of four weeks for the final model and every benchmark
model

Future-Model superior to other models,
esp. to nested AR24(p)
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== Future-Mode!
ARp)
= AR24(p)
AR-HoW(p)
[
oJ

115 31 47 63 79 95 114 135 156 177 198 219 240 261 262 303 324 345 306 387 408 429 450 471 492 513 534 555 576 507 618 639 660 681 702 723 744 765 766 807 628

Figure: Stacked bar chart of MAE,, sorted by best model.

» Clear improvement on peak hours of day 2 and 3

» At forecasting horizon of 3 weeks substantial accuracy gain
in peak hours
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Multivariate Diebol-Marioano tests, see [Ziel and Weron, 2016]
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Figure: p-Values of the DM-Test for every day of the first 28 days of forecasting.
Blue dots show days for which the future model was significantly better than the
competing model.
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Variable selection of future model for Y, ,: Spot prices

dahllagl
dah2lagl
dah3lagl
dahdlagl
dahilagl
dahflagl
dahThgl
dah8lagl
dah9lagl
dah10lag 1
dah1llagl
dah12lag1
dah 13 lag

1 EEEE]
duh gl

dh 15 lag 1
i 16ag 1 Ny NN
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dabi18lag 1
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dahBlagl I 8048 518
dah2lagl 6

dnh 2 gl [ 23842
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> Yesterdays electricity price at same hour Y, ; only for evening hours relevant

> Yesterdays last electricity price Y;—1 4 for night hours relevant
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selection of future model for Yy ,: Day futures

TL05 5925 T0.78 7148

38.98 6193 7319 4L55

2L
35.92 3619 ATT2 040 4987 6351

» Day futures of matching maturity relevant (mat 2 lag 0, mat 3 lag 1, mat 4 lag 2)

» For evening hours matur. of following day are relevant (mat 3 lag 0, mat 4 lag 1)
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Variable selection of future model for Y, ,: Dummies + Weekend

Su

whend mat 1
whend mat 2
whend wat 3
whend mat 4
whend mat §
whend mat 8
whend wat §

vkend
wkend
vhend

dmat 10

met 11
mat 12

whend gl mat |

whead hag
whend lag
whend lag
whend lag
whend lag
whead hg
whend lag]
whend lag]
whend lag]

1 wat 2
Lt 3
1 uat 4
1 at §
L mat§
L uat
met 10
met 11
met 12
month

9 AT .

029 348 339
08 3L90

D7 5952 619 BLi %%
022 1L T8 ST CAMp A0 6558

6381 [ 7882 7024 4826 $H86 B12 6105 6438 6007 3898

469 .99
.75 4531
5282 5898 6005 M50 T3 HLG) 484

346 4987 | 3164
949 9.1

» Dummies ’lose’ impact, esp. Saturday dummy is hardly relevant

> Weekend futures ’take over’ at least partially

Florian Ziel | House of Energy Markets and Finance, University Duisburg-Essen | December, 2017

UNIVERSITAT

DEUS [ sSEBNU RG

Offen im Denken



House of UNIVERSITAT
] icity price f - E Energy Markets [LHTEEATEN
Electricity price forecasting using sale and purchase curves: The X-Model | Energy Finance Christmas Workshop & Fimance

Offen im Denken

Summary and conclusion

considering future data for forecasting day-ahead prices can
substantially improve the forecasts

relevant dependency structure of selection algorithm makes
sense

more effort needed:
improvement if external regressors are considered
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