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Two classes on electricity price forecasting

1. historical data based models
I electricity price is modeled dependent

on its own past
I econometric/statistical/data mining

approaches
I e.g. time series, ANN, etc
I sometimes fundamental related

regressors, like load, wind power
production are used

I most popular approach, esp. in
short-term forecasting

2. fundamental/structural/multi-
agent models

I economically motivated
I electricity price is intersection of

supply and demand
I more popular for long-term

forecasting, policy making
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Electricity prices and derivative markets

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

I risk premium relationship:

RPt,T = E[PT|It]− Ft,T

I E[PT|It] is the expected electricity price of delivery period T
I information set It at time t < T for T ∈ T
I T delivery period e.g. T = [T1, T2]
I future price at time t

I Musiela parameterization [Musiela, 1993]:

ft,m = Ft,min(T)−t

for T = [T1,T2] we have ft,m = Ft,T1−t

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

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

I day, weekend, week, month, quarter and annual
I base, peak (8:00-19:59), [off-peak]

I cash settlement based on EPEX day-ahead electricity price
for DE+AT+LU

I general idea:
use future data to forecast day-ahead electricity prices
as we are interest in E[PT|It] rem.:(E[PT|It] = RPt,T + Ft,T)

I future data should contain relevant market information,
e.g. meteorologic updates, availability of conventional power plans, demand
forecasts, etc.

Florian Ziel | House of Energy Markets and Finance, University Duisburg-Essen | December, 2017
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Observed Day−Ahead Price
Historic Day−Ahead Price
Unknown Day−Ahead Price
Day Base Future
Day Peak Future
Week Base Future
Week Peak Future
Weekend Base Future
Weekend Peak Future
Month Base Future
Month Peak Future

●

●

●

Observed Day−Ahead Price
Historic Day−Ahead Price
Unknown Day−Ahead Price
Day Base Future
Day Peak Future
Week Base Future
Week Peak Future
Weekend Base Future
Weekend Peak Future
Month Base Future
Month Peak Future

I Spot prices and future products traded at the end of
29.07.2016
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Day-ahead electricity price model for Yd,h (for all hours h)

Yd,h =
24∑

j=1

KY∑
k=1

βh,j,kYd−k,h︸ ︷︷ ︸
spot prices

+

Kday∑
k=0

6∑
m=1

βf day,h,k,mf day
d−k,m︸ ︷︷ ︸

base day futures

+

Kweek∑
k=0

∑
m∈Mw

βf week,h,k,mf week
d−7k,m︸ ︷︷ ︸

base week futures

+

Kwkend∑
k=0

∑
m∈Mwk

βf wkend,h,k,mf wkend
d−7k,m︸ ︷︷ ︸

base weekend futures

+βf month,hf month
d,1︸ ︷︷ ︸

base month future

+

Kday∑
k=0

6∑
m=1

βf day,p,h,k,mf day,p
d−k,m︸ ︷︷ ︸

peak day futures

+

Kweek∑
k=0

∑
m∈Mw

βf week,p,h,k,mf week,p
d−7k,m︸ ︷︷ ︸

peak week futures

+

Kwkend∑
k=0

∑
m∈Mwk,p

βf wkend,p,h,k,mf wkend,p
d−7k,m︸ ︷︷ ︸

peak weekend futures

+βf month,p,hf month,p
d,1︸ ︷︷ ︸

peak month future

+
7∑

k=1

βk,hDoWk︸ ︷︷ ︸
weekdays

+εd,h

I depends on past spot prices, (past) futures prices and dummies
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Day-ahead electricity price model for Yd,h

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

I overview of used future products
Day Base Day Peak Week Base Week Peak Weekend Base Weekend Peak Month Base Month Peak

f day f day,p f week f week,p f wkend f wkend,p f month f month,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)×6 48=(1+7)×6 16=(1+3)×4 16=(1+3)×4 20=(1+1)×10 10=(1+1)×5 1=(1+0)×1 1=(1+0)×1

I 335 parameters in total
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Day-ahead electricity price model for Yd,h

I 335 parameters, 365 observations for estimation
I estimated using lasso (shrinkage estimation method)

on scaled OLS problem:

̂̃
βh = arg min

β∈Rph

n∑
d=1

(Ỹd,h − X̃d,hβ)
2 + λh

ph∑
j=1

|βj|

I selection of tuning parameter λ ≥ 0 via BIC (Baysian

information criterion)

I 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

I AR(p) with AIC-selection, [Ziel et al., 2015]

I AR-HoW(p) with AIC-selection, [Ziel and Weron, 2016]

I AR24(p) with lasso and BIC-selection, [Ziel, 2016]

AR(p) : Yt = µ+

p∑
k=1

βk(Yt−k − µ) + εt

AR-HoW(p) : Yt = YHoW,t +

p∑
k=1

βk(Yt−k − YHoW,t) + εt

AR24(p) : Yd,h =

24∑
j=1

KY∑
k=1

βh,j,kYd−k,h +

7∑
k=1

βk,hDoWk + εd,h

I with univariate price series: Y24(d−1)+h = Yd,h
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Forecasting study design

365 days 28 days 338 days 28 days

Unused old
data Rolling estimation window

Forecasting
period Remaining data for estimation

Remaining data
only for comparison

365 days 28 days 337 days 28 days

365 days 28 days 336 days 28 days

365 days 28 days

Time

. . . . . .

n = 1

n = 2

n = 3

. . .

n = N

I 1 year in-sample, forecasting horizon 28 days
I evaluation measures (h = horizon, ):

MAEc,h =
1
N

N∑
n=1

|ε̂c,h,n| (1)

MAEk = MAEb(k−1)/24+1c,k mod 24+1 (2)

MMAEK =
1
K

K∑
k=1

MAEk (3)
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Results

Future-Model AR(p) AR-HoW(p) AR24(p)
MMAE672 7.19 7.80 8.06 8.31

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

I Future-Model superior to other models,
esp. to nested AR24(p)
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Figure: Stacked bar chart of MAEh, sorted by best model.

I Clear improvement on peak hours of day 2 and 3
I 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 Yd,h: Spot prices

I Yesterdays electricity price at same hour Yd−1,h only for evening hours relevant
I Yesterdays last electricity price Yd−1,24 for night hours relevant
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Variable selection of future model for Yd,h: Day futures

I Day futures of matching maturity relevant (mat 2 lag 0, mat 3 lag 1, mat 4 lag 2)
I 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 Yd,h: Dummies + Weekend

I Dummies ’lose’ impact, esp. Saturday dummy is hardly relevant
I Weekend futures ’take over’ at least partially
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Summary and conclusion

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

I relevant dependency structure of selection algorithm makes
sense

I more effort needed:
improvement if external regressors are considered
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