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Introduction

'THE WORLD IS CHANGING - ..
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Introduction

The power markets are changing ...
Here: 2007 vs. 2017 vs. 2021/22 average daily EPEX prices for Germany
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Introduction

... in particular due to increased wind
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... and solar penetration

I Who gets the bill?

California, electricity load requirement Anincrease of 10.9GW
Typical spring day, gigawatts over three hours
(February 1st 2016)

/ 28
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Source: California IS0, Economist.com
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Germany 2010: No ducks
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Germany 2019: ‘Duck curve’ (or ‘peak shaving')
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But the (Academic) Empire
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Introduction

Load, price, wind & solar forecasting™
(Hong, Pinson, Wang, Weron, Yang & Zareipour, 2020, IEEE OAJPE)
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Introduction

Percentage of energy forecasting publications™®
(Hong, Pinson, Wang, Weron, Yang & Zareipour, 2020, IEEE OAJPE)
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Agenda

o

@ Model evolution
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o Models and frameworks
o Regularization
e Going deep
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Why forecast electricity spot prices?

@ Risk is managed against recourse to the spot markets

@ Forward prices are assessed based on spot price forecasts,
adjusted by risk premia

o Electricity is non-storable — no physical cost-of-carry theory

@ The workhorse of European trading is the day-ahead market

4 \
ee) EPEXSPOT TSO
DERIVATIVES DAY-AHEAD > INTRADAY BALANCING
Ye <1 hour
sefore delivery before delivery Real-time
Price variations are Optimization of Valuation of Ensuring
HEDGED GENERATION FLEXIBILITY SYSTEM SECURITY
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2. Model evolution What are we modeling?

The workhorse of European power trading
The day-ahead market (> 90% of papers)
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PR V(Y IRCVI [Tl \What are we modeling?

Day-ahead point forecasting: Univariate ...
(Ziel & Weron, 2018, ENEECO)
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(VYA RSVI[Tidl Ml \What are we modeling?

... multivariate ...

I
S
!

Price at hour h

Price at hour h
- now
=] (=] (=]
P

=9

- oW B
s S & 3
! ! ! !

Price at hour h

=24
IS
S

L

304

Price at hour h

=
S S
! !

D-6

e

D-5

D-3

P SR, S U S

D-2 D-1

D D+1

fat Weron (Wroctaw, Poland)

EPF in the

2020s

6121824 6 120824 6 121824 6 121824 6 121824 6 121824 6 121824 6 12 18 24

6-10.6.2022 ICCF, Wuppertal

15/ 44



PR V(Y IRCVI [Tl \What are we modeling?

... or functional (data analysis)?
(Chen & Li, 2017, JBES; Chen et al., 2019, Ann.Appl.Stat.)
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Smoothed electricity log price curves 5 July 1999--11 June 2000

iz
Time(hours)

1-step ahead forecast: Date 29 May 2000

Novag
Sep9 Dates

22
24 Juig9

iz
Time(nours)

Rafat Weron (Wroctaw, Poland) EPF in the 2020s 6-10.6.2022 ICCF, Wuppertal 16 / 44



2. Model evolution Early EPF models

Which modeling framework?
(Jedrzejewski, Lago, Marcjasz & Weron, 2022, IEEE-PEM)

(a) (b)

)

model inputs model output model inputs hidden layer model output

Early EPF models: (@) linear regression and (b) a single-output shallow neural network
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2. Model evolution Early EPF models

Why nonlinear?
(Jedrzejewski, Lago, Marcjasz & Weron, 2022, IEEE-PEM)

Nord Pool, 2017
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Shrinking redundant features
LASSO-Estimated AR (LEAR)

(Uniejewski et al., 2016; Ziel, 2016; Ziel & Weron, 2018; Jedrzejewski et al., 2022)

Minimize the residual sum of y
squares (RSS) + a penalty:
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2. Model evolution Deeper and deeper

Multi-output and deep neural networks (DNNs)
(Lago et al., 2021, APEN; Jedrzejewski et al., 2022, IEEE-PEM)

(a) (b)

model inputs hidden layer model outputs model inputs hidden layer 1 hidden layer 2 model outputs

.\ ul =z \uzv‘ \
Pa-7 uz Pd,2 Pd-7 Uu1,2 u2,2 Pd,2
. - / - /

Multi-output NN architectures: (a) shallow and (b) deep with 2 hidden layers
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Model evolution Deeper and deeper

What about performance?

Applied Energy 203 (2021) 116983
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2. Model evolution Deeper and deeper

Interpretable NNs: NBEATSx

(Olivares, Challu, Marcjasz, Weron & Dubrawski, 2022, |JF)
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© Calibration windows
e Averaging

afat Weron (Wroctaw, Poland)

Identifying breakpoints
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3. Calibration windows

Searching for the optimal calibration window

'S
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@ Which window length is optimal?

e 728-day, 182-day, 56-day, ...
o Longer — better reflect trends and yield more stable parameters
e Shorter — adapt quicker to changes in the price behavior

o EPF literature: Typically selected ad-hoc
e Ranging from 10 days to 6 years
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Averaging across calibration windows
Averaging across calibration windows

Structural breaks: Pesaran, Pick (2011, JBES);

MAE

EPF: Hubicka et al

. (2019, IEEE-TSE)
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Averaging across calibration windows
Detection of change/breakpoints

(de Marcos, Bunn, Bello & Reneses, 2020, Energies; Nasiadka, Nitka & Weron, ICCS 2022)

Breakpoints (blue) split the calibration window into similar (black) and
remaining (= left out; ) subperiods:
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o

]
("]
© Beyond point forecasts
o Probabilistic
o Path (ensemble)
o

afat Weron (Wroctaw, Poland)
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4. Beyond point forecasts Probabilistic and path (ensemble) forecasting

Point — probabilistic — path forecasting
(< 10% of EPF papers)
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LRV N R ICIEE M Averaging/combining forecasts

Point forecast averaging: The idea

®

forecast

(7]
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© N

(S — -
g @ \ k- Zl e
S W_elghjcs :
o estimation

S
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£

@ Dates back to the 1960s and the works of Bates, Crane, Crotty & Granger
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CRNEEVNC NGNS CIEE S QRA and its variants

Quantile Regression Averaging: The idea
(Nowotarski & Weron, 2015, COST)

Quantile regression:

X o= rcn) 08
t
. X, = 1Y Vel
Bq - vector of parameters Combined interval
/ forecast, e.g., for
q=0.05&0.95

Individual point forecasts
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CRNEEVNC NGNS CIEE S QRA and its variants

Quantile regression
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CRNEEVNC NGNS CIEE S QRA and its variants

FQRA: When the number of predictors is large

(Maciejowska, Nowotarski & Weron, 2016, IJF)

Combined interval

Xe=[Lfue
forecast, e.g., for
4 q=0.05&0.95
k < m factors

extracted from a panel
of point forecasts

Individual point forecasts
L ]
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CRNEEVNC NGNS CIEE S QRA and its variants

LQRA: When the number of predictors is large

(Uniejewski & Weron, 2021, ENEECO) ~ 5% improvement over QRA

Individual point forecasts

QR with LASSO penalty:
\ p Yy

IT‘}LH [Z (q - 1vt<x,p,,) (Y. — X:By) + AZV’?q']
° t

° X, = [1‘ ?l,tr @) ?m,t]
Bapaecioioinaaieters Combined interval

/ forecast, e.g., for
q=0.05&0.95
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LQRA: Aggregate Pinball

(Uniejewski & Weron, 2021, ENEECO)
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Probabilistic neural nets
(Jedrzejewski et al., 2022, IEEE-PEM; Marcjasz, Narajewski, Weron & Ziel, 2022, WP)

model inputs hidden layer 1 hidden layer 2 distribution layer model output

Pd—1

ui,1 U2,2

u2,1

Xa

Vs

Ui,n U2,m

V4
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4. Beyond point forecasts Probabilistic neural nets

Perform surprisingly well ... after averaging

(Marcjasz, Narajewski, Weron & Ziel, 2022, WP)
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5. Financial evaluation

Quantile-based trading strategies
(Uniejewski & Weron, 2021, ENEECO)

Simultaneously bid day-ahead:

29 Sept 2017 1
@ buy 1 MW for P ™ at hour hy

300
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5. Financial evaluation

Quantile-based trading strategies: Results
(Uniejewski & Weron, 2021, ENEECO)

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 4343231 43289.09 43033.88
F-Ave 39 848.26 43 369.44 44 052.04 44 088.11 43 130.34
QRM 41 163.29 43 054.28 4312412 43 731.54 42 240.25
LQRA(77) 42 360.05 44 13549 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 43971.88 44 238.45 45073.19 43 103.88
- -—s o el
I
I
I
I
I I
- -— v -— v
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5. Financial evaluation

Prediction bands-based trading strategies
(Serafin, Marcjasz & Weron, 2021, WP)
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Profits: Selling 1 MW every hour for 200 days

(Serafin, Marcjasz & Weron, 2021, WP)
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