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Introduction

Electricity markets in Europe
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Introduction

... in North America and Australia
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Introduction

Day-ahead market and the ‘spot’ price
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Source: Weron (2014, Int. J. Forecasting)
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Introduction

Construction of the spot price
Supply and demand, renewables and negative prices

Source: Ziel & Steinert (2016, Energy Economics)
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Introduction

Electricity price time series
Seasonality, mean-reversion and price spikes
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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 capacity):

Savings = Load× ( PDA
d ,h︸︷︷︸

no forecasts

− min(PDA
d ,h ,P

RT
d ,h )︸ ︷︷ ︸

relation DA–RT known

)

Source: Hong (2015, EnergyBiz)
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Introduction

New trends in EPF: forecast averaging

Forecast averaging introduced in late 1960s
(Bates & Granger, 1969; Crane & Crotty, 1967)
In electricity markets

In load forecasting
– since mid 1980s (Bunn, 1985; Bunn & Farmer, 1985; Smith,
1989), also applied recently (Loland et al., 2012; Taylor, 2010;
Taylor & Majithia, 2000)
First EPF papers appeared only in 2013:
Bordignon et al. (2013), Nowotarski et al. (2014),
Weron (2014), Raviv et al. (2015)
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Introduction

New trends in EPF: probabilistic forecasting

Prediction intervals or density forecasts include more
comprehensive information
Can be used by managers in planning and decision making
(Chatfield, 2000; Gneiting & Katzfuss, 2014)

t0

t1

t2

t3

t4

t5

P0

Jakub Nowotarski Forecast averaging as a method... Wrocław, 01.06.2017 13 / 37



Introduction

Aims and objectives

Aim: develop efficient and robust forecasting techniques for spot
prices in day-ahead electricity markets

Objectives:
1 Verification of whether a forecast combination may improve the

quality [P1, P2-P3]
2 Development of new approaches to probabilistic forecasting
[P2, P3-P4]

3 Presenting guidelines for the rigorous use of methods, measures
and tests for probabilistic price forecast evaluation [P5]
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Objective 1 Point forecasts

[P1] Forecast averaging (point forecasts)
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Objective 1 Point forecasts

[P1] What is forecast averaging?
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Objective 1 Point forecasts

[P1] Results

Empirical ‘evidence’ that forecast averaging works for electricity
spot prices

Improvements statistically significant
(Diebold-Mariano test)

Nord Pool, 2010
Week Simple OLS LAD PW CLS IRMSE BMA BI ARX

Summary statistics
WMAE 8.25 9.58 7.80 8.58 8.57 8.26 9.54 8.50 9.42
# better than AR 27 17 26 19 27 27 17 22 –
# better than BI 15 8 21 14 14 15 8 – –
# best 1 2 13 5 1 4 0 4 –
m.d.f.b. 1.07 2.40 0.62 1.39 1.39 1.07 2.36 1.31 2.24
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Objectives 1 and 2 Probabilistic forecasts

[P2-4] Forecast averaging (probabilistic forecasts)
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Objectives 1 and 2 Probabilistic forecasts

[P2] Quantile Regression Averaging (QRA)
Point forecasts used for constructing probabilistic forecasts

…

Quantile regression:
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Objectives 1 and 2 Probabilistic forecasts

[P3] Factor QRA (FQRA)
QRA for a large number of individual forecasts

…

Quantile
regression:…
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Objective 2 Probabilistic forecasts

[P4] QRA in GEFCom2014
1st and 2nd place for QRA!
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Objective 3 Guidelines for the use of methods, measures and tests

[P5] Guidelines for the use of methods, measures
and tests
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Objective 3 Guidelines for the use of methods, measures and tests

[P5] Probabilistic forecast evaluation

Nontrivial – we forecast a distribution but observe only one value
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Objective 3 Guidelines for the use of methods, measures and tests

[P5] Probabilistic forecast evaluation

A critical review of methods with recommendations

Empirical analysis with practical examples
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Summary

Key results

1 Forecast averaging is more accurate and less uncertain than the
best ex-ante selected method [P1, P2-P3]

2 Quantile Regression Averaging (QRA) – a new, highly
accurate method for probabilistic forecasting which merges
forecast averaging and quantile regression [P2, P3-P4]

3 Original set of guidelines for use of probabilistic forecast
evaluation [P5]
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Replies to reviews
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Replies to reviews Prof. Bunn’s comments

1. Contributions to decision making

Electricity price forecasts are used as an input to decision making
models (Conejo et al., 2010; Shahidehpour et al., 2002):

DA vs RT/balancing market bidding (arbitrage) strategy
Bidding strategy of a wind producer (additional wind
uncertainty)
Risk management for a wind producer with a penalty applied to
a risk measure

More accurate model inputs lead to better decisions

References:
Conejo et al. (2010) Decision Making Under Uncertainty in Electricity Markets, Springer
Shahidehpour et al. (2002) Market operations in electric power systems, Wiley
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Replies to reviews Prof. Bunn’s comments

2. Financial impact of accurate forecasting

Hong (2015): back-of-the-envelope calculation (assumes
knowing the relation between DA and RT prices)
⇒ $600,000 annual savings
Zareipour et al. (2010): relative cost difference between
optimizations with real and forecasted prices

Up to 0.35% cost reductions per 1% of MAPE
Based on Forecast Inaccuracy Economic Impact:

Cost(Forecasted Price) - Cost(Actual Price)
Cost(Forecasted Price)

· 100%

References:
Hong (2015) Crystal ball lessons in predictive analytics, EnergyBiz Magazine
Zareipour et al. (2010) Economic impact of electricity market price forecasting errors:
A demand-side analysis, IEEE Transactions on Power Systems
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Replies to reviews Prof. Bunn’s comments

2. Financial impact of accurate forecasting cont.

Boomsmaa et al. (2014): 14% gain with forecasting and a
specific optimization scheme

Reference:
Boomsmaa et al. (2014) Bidding in sequential electricity markets: The Nordic case, European
Journal of Operational Research
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Replies to reviews Prof. Bunn’s comments

3. When are the forecasts actually made?

Most of the datasets assume forecasting 12-36 hours ahead

GEFCom2014’s source has not been revealed

Exogenous variables: real temperatures, forecasted temperatures,
forecasted loads

Reason: compromise between complexity and data availability
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Replies to reviews Prof. Bunn’s comments

4. Simplicity of individual models

Linear relationship may not capture all dependence

Full diagnostics is nontrivial (→ other explanatory variables)

Neural networks do not outperform ARX (Marcjasz et al., 2017)

Reference:
Marcjasz et al. (2017) Importance of the long-term seasonal component in day-ahead electricity
price forecasting revisited: Statistical vs. neural network models, Working Paper
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Replies to reviews Prof. Śmiech’s comments

1. Title: Is mentioning risk management relevant?

Suggested titles also reflect the content well, but ...

Timmermann (2006): “[in forecasting] uncertainty is reflected in
the forecast error and the source of risk reflects incomplete
information about the target variable”

Bunn (1985): Using forecast averaging may mitigate this risk

References:
Timmermann (2006) Forecast combinations, Handbook of Economic Forecasting
Bunn (1985) Statistical efficiency in the linear combination of forecasts, Int. J. Forecasting
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Replies to reviews Prof. Śmiech’s comments

2. Properties of the underlying time series ...

Hyndman & Athanasopoulos (2014): predictability of an event or
a quantity depends on:

How well we understand the factors that contribute to it
(bidding strategies, demand for electricity, weather)
How much data are available
Whether the forecasts can affect the thing we are trying to
forecast

Load forecasts satisfy all three conditions ...

... but price forecasts not really

Reference:
Hyndman & Athanasopoulos (2014) Forecasting: principles and practice, OTexts
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Replies to reviews Prof. Śmiech’s comments

2. ... and combined forecast accuracy

Empirical evidence shown in diverse areas
The advantages of forecast combinations were listed by
Timmermann (2006):

The full information set underlying the individual forecasts is
unobserved
Individual forecasts may be differently affected by
non-stationarities

Reference:
Timmermann (2006) Forecast combinations, Handbook of Economic Forecasting

Jakub Nowotarski Forecast averaging as a method... Wrocław, 01.06.2017 35 / 37



Replies to reviews Prof. Śmiech’s comments

3. The best averaging scheme for all datasets

One of the goals in [P1]
Backtesting exercise recommended to identify the preferred
forecast averaging method

Some studies consider even combining combinations
... but simple average is robust and hard to beat

Genre et al. (2013, IJF) Combining expert forecasts: Can
anything beat the simple average?
DeMiguel et al. (2007, RFS) Optimal versus naive
diversification: How inefficient is the 1/N portfolio strategy?
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Replies to reviews Prof. Śmiech’s comments

4. Theoretical properties of QRA

QRA falls into a general class of asymmetric loss functions

Elliott & Timmermann (2004) provide theoretical results
Under some assumptions QRA is equivalent a 2-step procedure:
1 Estimate weights using OLS
2 Use the residuals from step 1 to estimate the constant in QRA
⇒ Accuracy of QRA related to the accuracy of point forecast
combination

Theoretical properties of quantile regression hold as well
(Koenker, 2005)

References:
Elliott & Timmermann (2004) Optimal forecast combinations under general loss functions and
forecast error distributions, Journal of Econometrics
Koenker (2005) Quantile regression, Cambridge University Press
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