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Introduction

Aims and objectives

Aim: Develop robust and efficient electricity price forecasting (EPF)
techniques to support decision-making in power companies

Objectives:
1 Use regularization to identify the most relevant predictors [P1]
2 Develop a fully-automated approach to average a rich pool of

individual forecasts using regularization and PCA [P2]
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a b s t r a c t

We use a unique set of prices from the German EPEX market and take a closer look

at the fine structure
of intraday

markets for electricity
, with their continuou

s trading

for individua
l load periods up to 30 min before delivery.

We apply the least absolute

shrinkage
and selection

operator
(LASSO) i

n order to gain statistical
ly sound insights on

variable
selection

and provide recommendations
for very short-term

electricity
price

forecastin
g.
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1. In
trodu

ction

Since the deregulat
ion of government-contr

olled

power sectors in the 1990s and 2000s and the introduc-

tion of competitive markets in many countries
world-

wide, electricity
has been being traded under market

rules like any other commodity (Mayer & Trück, 20
18).

The workhorse
of power trading in Europe has been the

uniform
price auction conducte

d a day before delivery,

and the vast majority of research
studies and applica-

tions have concerne
d day-ahea

d (DA) electricity
prices

(Weron, 2014). However, the expansion
of renewable

generatio
n (mostly wind and solar), th

e modernizat
ion

of power grids (includin
g an increase

in interconn
ector

capacity)
and active demand-side

management (smart

meters, sm
art appliance

s) have made the electricity
de-

mand/supp
ly and prices more volatile and less predi

ctable

than ever befo
re (Hong & Fan, 2016

; Kiesel &
Kusterman,

2016). This has amplified the importance
of intraday

markets, which can be used to balance the deviation
s

resulting
from difference

s between positions
in day-ahea

d
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contracts
and the actual demand (Gianfred

a, Parisio
, &

Pelagatti,
2016; Märkle-Huß

, Feuerrieg
el, & Neumann,

2018; Zal
eski & Klimczak, 201

5). As a result, th
e last few

years have observed
a shifting of volum

e from the DA to

intraday
markets across Europe (EPEX, 20

18).

This article uses a unique set of prices
from the Ger-

man EPEX market and
takes a closer loo

k at the fine struc-

ture of intraday
markets, w

ith their continuou
s trading

for individua
l load periods up to 30 min before deliv-

ery. We apply the least absolute
shrinkage

and selection

operator
(LASSO)

of Tibshiran
i (1996) in order to gain

statistical
ly sound insights on variable selection

and pro-

vide recommendations
for very short-term

electricity
price

forecastin
g (EPF).

1 Given that the literature
on the fore-

casting of intrada
y prices in European

power markets is

very scarce — being limited, to the best of ou
r knowledge,

to only two papers dealing with Spanish data (Andrade
,

Filipe, Reis, & Bessa, 2017; Monteiro,
Ramirez-Rosa

do,

Fernande
z-Jimenez, & Conde, 20

16) — our study
is a ma-

jor step towards understan
ding the intraday

price dy-

namics and developin
g predictive

models that perform

1 We use EPF as the abbreviat
ion for both electricity

price fore-

casting and electricity
price forecast.

The plural form, i.e., fore
casts, is

abbreviat
ed EPFs.
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a b s t r a c t
This paper develops a novel, fully automated forecast averaging scheme which combines

LASSO estimation with principal component averaging (PCA). LASSO-PCA (LPCA) explores

a pool of predictions based on a single model but calibrated to windows of different

sizes. It uses information criteria to select tuning parameters and hence reduces the

impact of researchers’ ad hoc decisions. The method is applied to average predictions

of hourly day-ahead electricity prices over 650 point forecasts obtained with various

lengths of calibration windows. It is evaluated on four European and American markets

with an out-of-sample period of almost two and a half years and compared to other

semi- and fully automated methods, such as the simple mean, AW/WAW, LASSO, and

PCA. The results indicate that LASSO averaging is very efficient in terms of forecast error

reduction, whereas PCA is robust to the selection of the specification parameter. LPCA

inherits the advantages of both methods and outperforms other approaches in terms of

the mean absolute error, remaining insensitive to the choice of a tuning parameter.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of International Institute of

Forecasters. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Electricity price forecasting (EPF) is nowadays per-

ceived as fundamental for decision making in energy

markets. As short-term transactions provide a tool for ad-

justing long-term positions and a benchmark in over-the-

counter trading, the day-ahead, intraday, and balancing

prices play a key role in day-to-day operations (Kath &

Ziel, 2018; Maciejowska, Nitka, & Weron, 2019; Mayer

& Trück, 2018; Weron, 2014). In the last decades, the

market share of renewable energy sources has rapidly

increased. As a result, intermittent changes in the gen-

eration level and structure have become more likely. This

leads to an increase in market imbalances and electric-

ity price volatility (Gianfreda, Parisio, & Pelagatti, 2016;
⇤ Corresponding author.E-mail addresses: bartosz.uniejewski@pwr.edu.pl (B. Uniejewski),

katarzyna.maciejowska@pwr.edu.pl (K. Maciejowska).

Kowalska-Pyzalska, 2018; Maciejowska, 2020). Hence, re-

liable methods dedicated to EPF are essential for manag-

ing energy companies.One way to increase the prediction accuracy is to

combine forecasts obtained with different models. The

idea of forecast averaging started about half a century

ago. The pioneering papers of Bates and Granger (1969)

and Crane and Crotty (1967) inspired many authors to

develop new methods and contribute to the area. Since

the late 1960s, hundreds of papers have suggested the

superiority of forecast combinations over individual mod-

els (Nowotarski & Weron, 2016; Timmermann, 2006;

Wallis, 2011). Hibon and Evgeniou (2005) state that the

main advantage of combining forecasts is the fact that, in

practice, it is less risky to combine forecasts than to select

an individual forecasting method.
Recently, experts have paid more attention to the se-

lection of the calibration window used for model estima-

tion (see Pesaran & Timmermann, 2007). Marcos, Bunn,

Bello, and Reneses (2020) claim that in rapidly devel-

oping markets, such as an energy market, researchers

https://doi.org/10.1016/j.ijforecast.2022.09.004

0169-2070/© 2022 The Author(s). Published by Elsevier B.V. on behalf of International Institute of Forecasters. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Aims and objectives

Objectives:
3 Utilize quantile regression and regularization to construct more

accurate algorithms for probabilistic EPF [P3-P4]
4 Design a trading strategy to evaluate the economic value of

probabilistic forecasts [P4]
5 Conduct a critical review of EPF and provide an outlook for

future research in this area [P5]
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On the importance of the long-term seasonal component in
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Part II — Probabilistic forecasting

Bartosz Uniejewskia, b , Grzegorz Marcjasza, b , Rafał Werona, *

a Department of Operations Research, Faculty of Computer Science and Management, Wrocław University of Technology, Wrocław, Poland

b Faculty of Pure and Applied Mathematics, Wrocław University of Technology, Wrocław, Poland

A R T I C L E I N F O

Article history:

Received 6 May 2017

Received in revised form 9 January 2018

Accepted 16 February 2018

Available online 22 February 2018

JEL classification:

C14

C22

C51

C53

Q47

Keywords:

Electricity spot price

Long-term seasonal component

Seasonal Component AutoRegressive

(SCAR) model

Probabilistic forecasting

Risk management

Quantile Regression Averaging (QRA)

Pinball score

A B S T R A C T

A recent electricity price forecasting study has shown that the Seasonal Component AutoRegressive (SCAR)

modeling framework, which consists of decomposing a series of spot prices into a trend-seasonal and a

stochastic component, modeling them independently and then combining their forecasts, can yield more

accurate point predictions than an approach in which the same autoregressive model is calibrated to the

prices themselves. Here, we show that further accuracy gains can be achieved when the explanatory vari-

ables (load forecasts) are deseasonalized as well. More importantly, considering a novel extension of the

SCAR concept to probabilistic forecasting and applying two methods of combining predictive distributions,

we find that (i) SCAR-type models nearly always significantly outperform the autoregressive benchmark but

are in turn outperformed by combined SCAR forecasts, (ii) predictive distributions computed using Quantile

Regression Averaging (QRA) outperform those obtained from historical simulation and bootstrap methods,

and (iii) averaging over predictive distributions generally yields better probabilistic forecasts of electricity

spot prices than averaging over quantiles. Given that probabilistic forecasting is a concept closely related to

risk management, our study has important implications for risk officers and portfolio managers in the power

sector.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Most day-ahead electricity price forecasting (EPF) studies treat

the daily and weekly seasonalities as an inherent feature of any

EPF model, but ignore the long-term seasonal component (LTSC; also

called the trend-seasonal component, see Weron, 2014, for a recent

review). However, as Nowotarski and Weron (2016) have recently

shown, decomposing a series of spot prices into a LTSC and a stochas-

tic component, modeling them independently and then combining

their forecasts can yield more accurate point predictions than an

approach in which the same autoregressive model is calibrated to the

prices themselves. The authors have dubbed their approach/model

the Seasonal Component AutoRegressive (SCAR) model. They have also

* Corresponding author.

E-mail addresses: rafal.weron@pwr.edu.pl, rafal.weron@pwr.wroc.pl (R. Weron).

conjectured that by considering SCAR models with different LTSCs a

forecaster should be able to generate a pool of accurate, yet to a large

extent independent forecasts that could be combined to yield even

better predictions (an idea which is similar in spirit to combining

so-called sister forecasts in load forecasting, see Liu et al., 2017;

Nowotarski et al., 2016).

The main aim of this paper is to validate the latter conjecture

in the context of probabilistic forecasts. To this end we perform an

extensive empirical study which involves:

• two 1.5-year long, hourly resolution test periods from two

distinct power markets (GEFCom2014 and Nord Pool),

• a relatively well performing, parsimonious autoregressive

structure1 (denoted in the text by ARX), originally proposed

1 Since such models are built on some prior knowledge of experts, following

Uniejewski et al. (2016) and Ziel (2016), we refer to them as expert models.

https://doi.org/10.1016/j.eneco.2018.02.007

0140-9883/© 2018 Elsevier B.V. All rights reserved.
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Introduction

Day-ahead and intraday power markets

Day d-1 Day d

Hourly 
day-ahead 

auction (CH)

Hourly day-ahead coupled 
auction (AT, BE, DE, DK, FI, 

FR, NL, NO, PL, SE)
Auction

Auction

Continuous 
(24/7) trading up 

until delivery

15 min 
auction (AT, 
BE, DE, NL)

Continuous
(AT, BE, CH, 

DE, FR, NL, PL)

60 min 
auction

(CH)

30 min 
auction

(FR)

60 min 
auction

(CH)

11:00 12:00

15:00 16:30 17:00 11:15

Day-ahead market

Intraday market

Continuous
(DK, FI, NO, 

SE)

14:00
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Introduction

Importance of electricity price forecasting (EPF)

Price and load forecasting errors reduced by 1% → savings of
ca. $600,000 per year (for 1 GW peak load)

PGE (17.8 GW), ENEA (6.2), TAURON (6.1), Energa (1.4)

Source: Hong (2015, EnergyBiz)
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Introduction

EPF in Management and Quality Studies

Electricity price
forecasting

Predictive
analytics

Business 
analytics

Operations 
research

Management and 
Quality studies
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Contribution Objective 1: Variable selection

[P1] Variable selection (Intraday market)

International Journal of Forecasting 35 (2019) 1533–1547
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Understanding intraday electricitymarkets: Variable selection
and very short-term price forecasting using LASSO
Bartosz Uniejewski a,b, Grzegorz Marcjasz a,b, Rafa™ Weron a,⇤

a Department of Operations Research, Faculty of Computer Science and Management, Wroc™aw University of Science and
Technology, Wroc™aw, Poland
b Faculty of Pure and Applied Mathematics, Wroc™aw University of Science and Technology, Wroc™aw, Poland

a r t i c l e i n f o

Keywords:
Intraday electricity market
Variable selection
Price forecasting
LASSO
ARX model
Diebold-Mariano test
Trading strategy

a b s t r a c t

We use a unique set of prices from the German EPEX market and take a closer look
at the fine structure of intraday markets for electricity, with their continuous trading
for individual load periods up to 30 min before delivery. We apply the least absolute
shrinkage and selection operator (LASSO) in order to gain statistically sound insights on
variable selection and provide recommendations for very short-term electricity price
forecasting.
© 2019 International Institute of Forecasters. Published by Elsevier B.V. All rights reserved.

1. Introduction

Since the deregulation of government-controlled
power sectors in the 1990s and 2000s and the introduc-
tion of competitive markets in many countries world-
wide, electricity has been being traded under market
rules like any other commodity (Mayer & Trück, 2018).
The workhorse of power trading in Europe has been the
uniform price auction conducted a day before delivery,
and the vast majority of research studies and applica-
tions have concerned day-ahead (DA) electricity prices
(Weron, 2014). However, the expansion of renewable
generation (mostly wind and solar), the modernization
of power grids (including an increase in interconnector
capacity) and active demand-side management (smart
meters, smart appliances) have made the electricity de-
mand/supply and prices more volatile and less predictable
than ever before (Hong & Fan, 2016; Kiesel & Kusterman,
2016). This has amplified the importance of intraday
markets, which can be used to balance the deviations
resulting from differences between positions in day-ahead

⇤ Corresponding author.
E-mail addresses: uniejewskibartosz@gmail.com (B. Uniejewski),

gelusz@hotmail.co.uk (G. Marcjasz), rafal.weron@pwr.edu.pl
(R. Weron).

contracts and the actual demand (Gianfreda, Parisio, &
Pelagatti, 2016; Märkle-Huß, Feuerriegel, & Neumann,
2018; Zaleski & Klimczak, 2015). As a result, the last few
years have observed a shifting of volume from the DA to
intraday markets across Europe (EPEX, 2018).

This article uses a unique set of prices from the Ger-
man EPEX market and takes a closer look at the fine struc-
ture of intraday markets, with their continuous trading
for individual load periods up to 30 min before deliv-
ery. We apply the least absolute shrinkage and selection
operator (LASSO) of Tibshirani (1996) in order to gain
statistically sound insights on variable selection and pro-
vide recommendations for very short-term electricity price
forecasting (EPF).1 Given that the literature on the fore-
casting of intraday prices in European power markets is
very scarce — being limited, to the best of our knowledge,
to only two papers dealing with Spanish data (Andrade,
Filipe, Reis, & Bessa, 2017; Monteiro, Ramirez-Rosado,
Fernandez-Jimenez, & Conde, 2016) — our study is a ma-
jor step towards understanding the intraday price dy-
namics and developing predictive models that perform

1 We use EPF as the abbreviation for both electricity price fore-
casting and electricity price forecast. The plural form, i.e., forecasts, is
abbreviated EPFs.

https://doi.org/10.1016/j.ijforecast.2019.02.001
0169-2070/© 2019 International Institute of Forecasters. Published by Elsevier B.V. All rights reserved.
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Contribution Objective 1: Variable selection

Obj. 1: Variable selection
LASSO

Minimize the residual sum of
squares (RSS) + a penalty:

β̂ = argmin
βj

{
RSS + λ

n∑
j=1

|βj |
}

Allows designing sparse models

Easy to interpret

Fast estimation

Source: Jȩdrzejewski et al. (2022, IEEE PEM)
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Contribution Objective 1: Variable selection

Obj. 1: Variable selection
LASSO
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Contribution Objective 1: Variable selection

[P1] Contribution and conclusions

Major step forward towards understanding the intraday price
dynamics

LASSO significantly outperforms benchmarks

LASSO helps to identify the most important variables

MAE 5.0323 4.7234 5.2198 4.9454 4.7323 4.5728 4.4672 4.4135 4.4128 4.4680 4.5704 4.6928

RMSE 8.1098 7.6513 8.0331 7.6670 7.4196 7.2370 7.1122 7.0721 7.1095 7.2356 7.4416 7.6834

Naive ARX
LASSO

!" !# !$ !% !& !' !( !) !* !"+
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Contribution Objective 2: Automated forecast combination

[P2] Automated forecast combination

Please cite this article as: B. Uniejewski andK. Maciejowska, LASSOprincipal component averaging: A fully automated approach for point forecast pooling.
International Journal of Forecasting (2022), https://doi.org/10.1016/j.ijforecast.2022.09.004.
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LASSO principal component averaging: A fully automated
approach for point forecast pooling
Bartosz Uniejewski ⇤, Katarzyna Maciejowska
Department of Operations Research and Business Intelligence, Wroc™aw University of Science and
Technology, 50-370 Wroc™aw, Poland

a r t i c l e i n f o

Keywords:
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LASSO
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a b s t r a c t

This paper develops a novel, fully automated forecast averaging scheme which combines
LASSO estimation with principal component averaging (PCA). LASSO-PCA (LPCA) explores
a pool of predictions based on a single model but calibrated to windows of different
sizes. It uses information criteria to select tuning parameters and hence reduces the
impact of researchers’ ad hoc decisions. The method is applied to average predictions
of hourly day-ahead electricity prices over 650 point forecasts obtained with various
lengths of calibration windows. It is evaluated on four European and American markets
with an out-of-sample period of almost two and a half years and compared to other
semi- and fully automated methods, such as the simple mean, AW/WAW, LASSO, and
PCA. The results indicate that LASSO averaging is very efficient in terms of forecast error
reduction, whereas PCA is robust to the selection of the specification parameter. LPCA
inherits the advantages of both methods and outperforms other approaches in terms of
the mean absolute error, remaining insensitive to the choice of a tuning parameter.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of International Institute of
Forecasters. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Electricity price forecasting (EPF) is nowadays per-
ceived as fundamental for decision making in energy
markets. As short-term transactions provide a tool for ad-
justing long-term positions and a benchmark in over-the-
counter trading, the day-ahead, intraday, and balancing
prices play a key role in day-to-day operations (Kath &
Ziel, 2018; Maciejowska, Nitka, & Weron, 2019; Mayer
& Trück, 2018; Weron, 2014). In the last decades, the
market share of renewable energy sources has rapidly
increased. As a result, intermittent changes in the gen-
eration level and structure have become more likely. This
leads to an increase in market imbalances and electric-
ity price volatility (Gianfreda, Parisio, & Pelagatti, 2016;

⇤ Corresponding author.
E-mail addresses: bartosz.uniejewski@pwr.edu.pl (B. Uniejewski),

katarzyna.maciejowska@pwr.edu.pl (K. Maciejowska).

Kowalska-Pyzalska, 2018; Maciejowska, 2020). Hence, re-
liable methods dedicated to EPF are essential for manag-
ing energy companies.

One way to increase the prediction accuracy is to
combine forecasts obtained with different models. The
idea of forecast averaging started about half a century
ago. The pioneering papers of Bates and Granger (1969)
and Crane and Crotty (1967) inspired many authors to
develop new methods and contribute to the area. Since
the late 1960s, hundreds of papers have suggested the
superiority of forecast combinations over individual mod-
els (Nowotarski & Weron, 2016; Timmermann, 2006;
Wallis, 2011). Hibon and Evgeniou (2005) state that the
main advantage of combining forecasts is the fact that, in
practice, it is less risky to combine forecasts than to select
an individual forecasting method.

Recently, experts have paid more attention to the se-
lection of the calibration window used for model estima-
tion (see Pesaran & Timmermann, 2007). Marcos, Bunn,
Bello, and Reneses (2020) claim that in rapidly devel-
oping markets, such as an energy market, researchers

https://doi.org/10.1016/j.ijforecast.2022.09.004
0169-2070/© 2022 The Author(s). Published by Elsevier B.V. on behalf of International Institute of Forecasters. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Contribution Objective 2: Automated forecast combination

Obj. 2: Automated forecast combination
LASSO PCA

Improves forecast accuracy

Reduces the risk

Can cope with highly
correlated forecasts

Limited studies on using
regularization

Pool of 
point 

forecasts

• Standardize
• Estimate PCA

Principal 
components

• LASSO 
estimation

Average
forecasts
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Contribution Objective 2: Automated forecast combination

[P2] Contribution and conclusions

Averaging significantly improves forecast accuracy

LASSO PCA (LPCA) model outperforms competitors

BIC helps to select optimal model parameters

EPEX NP OMIE PJM
MAE % chng MAE % chng MAE % chng MAE % chng m.p.d.b.

728 5.88 - 2.24 - 3.26 - 3.31 - -
best 5.14 -12.53 2.16 -3.65 3.10 -5.04 3.30 -0.28 -5.37

simple average 5.27 -10.22 2.07 -7.71 3.02 -7.45 3.27 -1.15 -6.63
LASSO(BIC) 5.00 -14.81 1.99 -11.23 2.90 -11.21 3.26 -1.48 -9.68

PCA(BIC) 5.02 -14.59 1.99 -11.34 2.95 -9.54 3.25 -1.69 -9.29
LPCA(BIC) 4.92 -16.21 1.98 -11.69 2.92 -10.43 3.22 -2.76 -10.27

m.d.f.b. - mean deviation from the benchmark
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Contribution Objective 3: Probabilistic forecasting

[P3-P4] Probabilistic forecasting with LASSO & QR

Energy Economics 79 (2019) 171–182
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A B S T R A C T

A recent electricity price forecasting study has shown that the Seasonal Component AutoRegressive (SCAR)
modeling framework, which consists of decomposing a series of spot prices into a trend-seasonal and a
stochastic component, modeling them independently and then combining their forecasts, can yield more
accurate point predictions than an approach in which the same autoregressive model is calibrated to the
prices themselves. Here, we show that further accuracy gains can be achieved when the explanatory vari-
ables (load forecasts) are deseasonalized as well. More importantly, considering a novel extension of the
SCAR concept to probabilistic forecasting and applying two methods of combining predictive distributions,
we find that (i) SCAR-type models nearly always significantly outperform the autoregressive benchmark but
are in turn outperformed by combined SCAR forecasts, (ii) predictive distributions computed using Quantile
Regression Averaging (QRA) outperform those obtained from historical simulation and bootstrap methods,
and (iii) averaging over predictive distributions generally yields better probabilistic forecasts of electricity
spot prices than averaging over quantiles. Given that probabilistic forecasting is a concept closely related to
risk management, our study has important implications for risk officers and portfolio managers in the power
sector.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Most day-ahead electricity price forecasting (EPF) studies treat
the daily and weekly seasonalities as an inherent feature of any
EPF model, but ignore the long-term seasonal component (LTSC; also
called the trend-seasonal component, see Weron, 2014, for a recent
review). However, as Nowotarski and Weron (2016) have recently
shown, decomposing a series of spot prices into a LTSC and a stochas-
tic component, modeling them independently and then combining
their forecasts can yield more accurate point predictions than an
approach in which the same autoregressive model is calibrated to the
prices themselves. The authors have dubbed their approach/model
the Seasonal Component AutoRegressive (SCAR) model. They have also

* Corresponding author.
E-mail addresses: rafal.weron@pwr.edu.pl, rafal.weron@pwr.wroc.pl (R. Weron).

conjectured that by considering SCAR models with different LTSCs a
forecaster should be able to generate a pool of accurate, yet to a large
extent independent forecasts that could be combined to yield even
better predictions (an idea which is similar in spirit to combining
so-called sister forecasts in load forecasting, see Liu et al., 2017;
Nowotarski et al., 2016).

The main aim of this paper is to validate the latter conjecture
in the context of probabilistic forecasts. To this end we perform an
extensive empirical study which involves:

• two 1.5-year long, hourly resolution test periods from two
distinct power markets (GEFCom2014 and Nord Pool),

• a relatively well performing, parsimonious autoregressive
structure1 (denoted in the text by ARX), originally proposed

1 Since such models are built on some prior knowledge of experts, following
Uniejewski et al. (2016) and Ziel (2016), we refer to them as expert models.

https://doi.org/10.1016/j.eneco.2018.02.007
0140-9883/© 2018 Elsevier B.V. All rights reserved.
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Contribution Objective 3: Probabilistic forecasting

Obj. 3: Probabilistic forecasting

Provides much more information about the future price

Related to Value-at-Risk (VaR)

Provides better
ground for
decision-making

t0
t1

t2
t3

t4
t5

P0
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Contribution Objective 3: Probabilistic forecasting

[P3] LTSC and combining forecasts

SCAR-based models significantly
outperform the benchmarks

Forecast combination improves
reliability and sharpness of
probabilistic predictions
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Comparison

F-Ave

Q-Ave

Benchmarks & SCARX with HP filter (λ)
Naive ARX 108 5 · 108 109 5 · 109 1010 5 · 1010 1011 5 · 1011

Historical (H) 3.269 2.472 2.772 2.694 2.487 2.410 2.371 2.381 2.390 2.388
Bootstrap (B) - 2.468 2.998 2.810 2.526 2.425 2.368 2.380 2.386 2.372
QRA (Q) 3.189 2.431 2.702 2.615 2.420 2.349 2.313 2.333 2.366 2.343
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Contribution Objective 3: Probabilistic forecasting

[P4] LASSO QRA (LQRA)

LQRA significantly outperforms the standard QRA

in terms of reliability and sharpness
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Contribution Objective 4: Economic value of forecast

Obj. 4: Economic value of probabilistic forecasts
Trading strategy

The company owns a 1.25 MWh battery

it cannot be discharged below 0.25 MWh

Efficiency: 80% for a single charge-discharge cycle

We maximize trading profits
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Contribution Objective 4: Economic value of forecast

[P4] Decision based on probabilistic forecasts
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Contribution Objective 4: Economic value of forecast

[P4] Decision based on probabilistic forecasts
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Contribution Objective 4: Economic value of forecast

[P4] Contribution and conclusions

Probabilistic forecasts are an effective tool in decision-making

Better forecast = better decision

Strategy Profit
Naive (4am - 12pm) 33 065.29

Point forecasts-based 37 722.39

Quantile-based 1-99% 5-95% 10-90% 20-80% 25-75%

Q-Ave 41 317.92 43 328.89 43 432.31 43 289.09 43 033.88
F-Ave 39 848.26 43 369.44 44 052.04 44 088.11 43 130.34
QRM 41 163.29 43 054.28 43 124.12 43 731.54 42 240.25
LQRA(77) 42 360.05 44 135.49 44 713.52 44 684.40 43 624.65
LQRA(BIC) 42 886.10 43 993.23 44 502.81 45 396.21 42 741.57
LQRA(CV) 41 693.80 43 971.88 44 238.45 45 073.19 43 103.88
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Contribution Objective 5: Literature review

[P5] Review and outlook
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Contribution Objective 5: Literature review

[P5] Literature trends

1 From regression to statistical & machine learning [P1-P2, P4]

increase forecast accuracy
automated variable selection

2 From point to probabilistic forecasts [P3-P4]

more information about the future price
improves the decision-making process

3 From statistical to economic evaluation [P4]

assessing real value of forecasts
quantifying economic benefits
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Conclusions

Key findings

Regularization helps to understand the intraday price dynamics

Fully-automated averaging model improves forecast accuracy

Forecast combination improves prediction accuracy for
probabilistic EPF

Probabilistic forecasts are an effective tool in decision-making

Three trends are visible in the recent EPF literature
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Conclusions

Papers

1 Uniejewski, B., Marcjasz, G., Weron, R., 2019. Understanding intraday electricity
markets: Variable selection and very short-term price forecasting using LASSO.
International Journal of Forecasting [IF5Y =7.022, 140p MEiN]

2 Uniejewski, B., Maciejowska, K., 2023. LASSO principal component averaging – a fully
automated approach for point forecast pooling. International Journal of Forecasting
[IF5Y =7.022, 140p MEiN]

3 Uniejewski, B., Marcjasz, G., Weron, R., 2019. On the importance of the long-term
seasonal component in day-ahead electricity price forecasting: Part II – Probabilistic
forecasting. Energy Economics [IF5Y =9.252, 200p MEiN]

4 Uniejewski, B., Weron, R., 2021. Regularized quantile regression averaging for
probabilistic electricity price forecasting. Energy Economics [IF5Y =9.252, 200p MEiN]

5 Maciejowska, K., Uniejewski, B., Weron, R., 2023. Forecasting electricity prices. Oxford
Research Encyclopedia of Economics and Finance [75p MEiN]

8 more JCR-listed publications on energy forecasting

Scopus: 332 citations (excluding self-citations of all authors) and H-index = 11
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Replies to reviews

Replies to reviews
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Replies to reviews Reviewer: prof. Bogumi l Kamiński

1. Choice of transformation

The choice of the optimal transformation depends on the
forecasting framework and the considered dataset

Reference(s): Uniejewski, B., Weron, R., Ziel, F., 2018. Variance stabilizing transformations for
electricity spot price forecasting. IEEE Transactions on Power Systems
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Replies to reviews Reviewer: prof. Bogumi l Kamiński

2. Penalizing all parameters in LASSO

All parameters were penalized [P1-P2, P4]

Variables were centered [P1-P2]

An empirical study has been conducted to address this issue:
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Replies to reviews Reviewer: prof. Bogumi l Kamiński

3. LASSO vs. other regularization techniques

Easy to implement

Fast to estimate

’Only’ one additional
parameter

Reference(s): Uniejewski B., 2023.
Regularization in forecasting electricity
prices. Working paper

EPEX-DE OMIE
ARX full ARX full

OLS 7.67 7.05 5.24 5.20
Adaptive 8.14 6.71 5.28 4.88

Clipped 7.86 6.66 5.38 4.81
Concave 7.87 6.57 5.29 4.76

Elastic 7.84 6.57 5.27 4.74
FLASH 7.83 6.59 5.36 4.79
LASSO 7.86 6.56 5.28 4.76

LQ 7.82 6.57 5.26 4.74
MC 7.85 6.68 5.42 4.82

Ridge 7.74 6.63 5.26 4.77
SCAD 7.84 6.71 5.41 4.85
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Replies to reviews Reviewer: prof. S lawomir Śmiech

1. Human expertise vs. automated forecasting

More data and computational power – expert knowledge no
longer enough to handle them (Jȩdrzejewski et al., 2022)

Automated models yield more accurate forecasts

But ... all models use expert knowledge to some extent

Expert judgment improves forecast accuracy
(Maciejowska and Nowotarski, 2016)

Expert knowledge used by practitioners

Reference(s): Maciejowska, K., Nowotarski, J., 2016. A hybrid model for GEFCom2014
probabilistic electricity price forecasting. International Journal of Forecasting;
Jȩdrzejewski, A., Lago, J., Marcjasz, G., Weron, R., 2022. Electricity price forecasting: The
dawn of machine learning. IEEE Power & Energy Magazine
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Replies to reviews Reviewer: prof. S lawomir Śmiech

2. Meteorological data in EPF

Limited studies on using meteorological data in EPF

RES generation is derived from weather forecasts

Forecasts featuring meteorological data are 10–20% more
accurate (Sgarato and Ziel, 2023)

Reference(s): Sgarlato, R., and Ziel, F., 2022. The role of weather predictions in electricity
price forecasting beyond the day-ahead horizon. IEEE Transactions on Power Systems

Bartrosz Uniejewski (Wroc lawTECH) Forecasting electricity prices Wroc law, 13.06.2023 31 / 40



Replies to reviews Reviewer: prof. S lawomir Śmiech

3. Battery cost vs. profitability

Battery cost: ∼1250 PLN per kW or ∼1.25M PLN for 1MW

Profit: ∼20K PLN per year

Break even: ∼62 years

However ...
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Replies to reviews Reviewer: prof. S lawomir Śmiech

3. Battery cost vs. profitability

Battery cost: ∼300$ per kW or ∼1.25M PLN for 1MW

Profit: ∼360 PLN per day (∼130K PLN/year)

Break even: <10 years

Reference(s): Uniejewski B., 2023. Smoothing Quantile Regression Averaging: A new approach
to probabilistic forecasting of electricity prices. arXiv
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Replies to reviews Reviewer: prof. James W. Taylor

1. LPCA and probabilistic forecasting

Factors improve
forecast reliability

Kupiec test 80% 90% 98%
QRA 0 0 0
QRM 0 1 0

FQRA 0 1 4
FQRM 0 0 4
sFQRA 9 14 20
sFQRM 10 12 17

Factors
Combined

Point
Forecast

Z-score

Quantile
Regression

Quantile
Regression

Quantile
Regression

Factors

Z-score

Factors FQRA

FQRM

sFQRM

Combined
Point

Forecast

Quantile
Regression QRM

Point  
Forecasts

Quantile
Regression

Combined
Point

Forecast

Factors sFQRA 

Quantile
Regression QRA

Reference(s): Maciejowska K., Serafin T., Uniejewski B., 2023. Probabilistic forecasting with
Factor Quantile Regression: Application to electricity trading. arXiv
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Replies to reviews Reviewer: prof. James W. Taylor

Quantile crossing problem

Quantiles are sorted [P3-P4]

Fast and efficient

An empirical study has been conducted to address this issue:
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Replies to reviews Reviewer: prof. James W. Taylor

Number of inputs in LQRA

Problem of collinearity

Time consuming

An empirical study has been conducted to address this issue:
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Thank you!
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LASSO QRA (LQRA)

q(α|Xd ,h) = βαXd ,h

The estimator of βα is:

β̂ = argmin


∑
d ,h

(α− 1)(Pd ,h −
n∑

i=1

β i
αP̂

i
d ,h)︸ ︷︷ ︸

pinball score

+ λ
n∑

i=1

|β i
α|︸ ︷︷ ︸

LASSO penalty

 .

where P̂ i
d ,h – point forecast of price P i

d ,h obtained for model i
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LASSO: estimation vs. variable selection

Reference(s): Uniejewski, B., Weron, R., 2018. Efficient forecasting of electricity spot prices
with expert and LASSO models. Energies
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Bayesian Model Averaging

DA IDA ID m.p.d.f.b

Benchmarks MAE %chng MAE %chng MAE %chng %chng

56 5.412 7.348 % 9.270 22.232 % 6.464 29.953 % 19.845 %

364 5.312 5.380 % 7.641 0.753 % 5.047 1.455 % 2.529 %

728 5.560 10.297 % 7.770 2.444 % 4.974 0.000 % 4.247 %

Best 5.041 (95) – 7.584 (438) – 4.974 (728) – –

Averaging

AW(56:728) 5.062 0.422 % 7.437 -1.945 % 5.011 0.746 % -0.259 %

WAW(56:728) 5.053 0.239 % 7.440 -1.901 % 5.009 0.688 % -0.325 %

BMA(56:728) 5.126 1.685 % 7.540 -0.580% 4.999 0.498% 0.534%

AW(56.84.112.714.721.728) 4.875 -3.299 % 7.464 -1.590 % 5.135 3.232 % -0.552 %

WAW(56.84.112.714.721.728) 4.865 -3.484 % 7.450 -1.775 % 5.100 2.529 % -0.910 %

BMA(56.84.112.714.721.728) 5.224 3.633 % 7.789 2.698% 4.977 0.063% 2.131%

PCA(1) 4.888 -3.030 % 7.425 -2.097 % 5.004 0.597 % -1.510 %

PCA(2) 4.864 -3.515 % 7.466 -1.560 % 5.001 0.526 % -1.516 %

PCA(3) 4.852 -3.757 % 7.489 -1.261 % 4.996 0.436 % -1.527 %

PCA(4) 4.847 -3.841 % 7.487 -1.286 % 5.000 0.510 % -1.539 %

PCA(BIC) 4.858 -3.632 % 7.481 -1.367% 5,003 0.571% -1.476 %

Reference(s): Maciejowska, K., Uniejewski, B., Serafin, T., 2020. PCA forecast averaging –
predicting day-ahead and intraday electricity prices, Energies
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