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A2 statistic, see under statistic
‘energy only’ market, see under market
‘free lunch’, see under arbitrage
‘hockey stick’ dependence, 74, 75
‘one price only’ market, see under market
‘sinusoidal’ approach, 33
Absolute Percentage Error (APE), 90
additive model, see under model
Akaike’s Final Prediction Error (FPE), see under

information criterion
Alberta Electric System Operator (AESO), 22
Alberta Watt Exchange (Watt-Ex), 22
Amsterdam Power Exchange (APX), 4
ancillary services market, see under market
Anderson-Darling (A2) statistic, see under

statistic
ANN, see under artificial neural network
anti-persistence, 43, 50, 52
APX Group, 10

AR, see under autoregressive model
AR-GARCH, see under autoregressive GARCH

model
arbitrage, 148
area spot price, see under zonal price
ARFIMA, see under AutoRegressive

Fractionally Integrated Moving Average
model

ARIMA, see under autoregressive integrated
moving average model

arithmetic Brownian motion (ABM), see under
Brownian motion

arithmetic Ornstein-Uhlenbeck process, see under
mean-reverting diffusion

ARMA, see under autoregressive moving
average model

ARMAX, 96–98, 111–113
transfer function form, 97

artificial intelligence-based (AI-based) model, see
under price forecasting

artificial neural network (ANN), 68, 75–76, 78
back propagation, 76
supervised learning, 76

auction
discriminatory, 5, 10
marginal, 5
one-sided, 4
pay-as-bid, 5, 10
two-sided, 5, 11
uniform-price, 5, 11, 15, 32

auction trading, 13
Australian National Electricity Market (NEM), 1,

22, 23
Management Company (NEMMCO), 22
price cap, 32
South Australia, 23

autocorrelation function (ACF), 36, 84
decreasing, 37

autocovariance function (ACVF), 36
AutoRegressive Conditional Heteroskedastic

(ARCH) model, 113
AutoRegressive Fractionally Integrated Moving

Average (ARFIMA) model, 110
Markov regime-switching, 131

autoregressive GARCH model, 113–114
autoregressive integrated moving average model

(ARIMA), 43, 80, 95–96, 109–111, 118
seasonal (SARIMA), 95

autoregressive model, 82–83
characteristic polynomial, 82
Two-Level Seasonal AR (TLSAR), 83

autoregressive moving average model, 83–86, 88,
109–111

calibration, 84
exogenous variable, see under ARMAX
identification, 84
input variable, see under ARMAX
invertible, 83
residual, 89
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backward shift operator, see under seasonal
decomposition

balancing market, see under market
base load, 29, see under load
basis function, 47
Bayesian Information Criterion (BIC), see under

information criterion
Bera-Jarque test, 45, 140, 142
bias-corrected Akaike’s Information Criterion

(AICC), see under information criterion
bid/ask stack, 12
bidding strategy, 32
bilateral market, see under market
bottleneck, see under grid congestion
Box-Jenkins model, see under autoregressive

integrated moving average model
(ARIMA)

Box-Tiao model, see under ARMAX
Brownian motion, 37, 64

arithmetic (ABM), 137
geometric (GBM), 137

Burg algorithm, 85

CAISO, see under California Independent System
Operator

California Independent System Operator
(CAISO), 20, 21

day-ahead forecast, 83
system-wide load, 40, 47, 72, 114

California Power Exchange (CalPX), 4, 6, 20, 21,
37, 38

spot price, 43
system price, 54, 114

California-Oregon Border (COB), 18, 28
CalPX, see under California Power Exchange
capacity market, see under market
capacity payment, 2, 15
Cauchy distribution, see under distribution
Census I method, see under seasonal

decomposition
Central Limit Theorem, 57

generalized, 57
characteristic function, 57
CHP, see under power plant
Cinergy, 18, 28
CO2 emissions allowance, 9, 11, 16
COB, see under California-Oregon Border
combined heat and power plant (CHP), see under

power plant
Compania Operadora del Mercado Español de

Electricidad (OMEL), 14
complete market, 148
compound Poisson process, see under Poisson

process
conditional characteristic function (CCF), 139
confidence interval (CI), 136, 154

conjectural variation, 102, 103, 154
contract

financial, 7
for differences (CfD), 10, 11
futures, 8
option, 8
physical, 7
Power Purchasing Agreement (PPA), 8, 27
vesting, 8

contract for differences (CfD), see under contract
convenience yield, 148
correlogram, 37, 43
cost-based (production-cost) model, see under

price forecasting
cost-of-carry, 148
Council for Mutual Economic Aid (CMEA), 16
covariance matrix, 36
covariance stationarity, see under stationarity
credit risk, 28
cumulative distribution function (CDF), 57, 60
cycle, 39

Daily Root Mean Square Error (DRMSE), 108
data preprocessing, 69, 70

filtering, see under filtering
day-ahead market, see under market
demand curve, 4, 5, 30
denoising, 45
derivative, 147
Detrended Fluctuation Analysis, see under

statistic
DFA analysis, see under statistic
diagnostic check, 85

difference-sign test, 85
minimum AICC AR model test, 85
portmanteau test, 85
rank test, 86
sample ACF/PACF test, 85
turning point test, 85

diagnostic checking, 87
differencing, see under seasonal decomposition
differencing parameter, 53
Directive 96/92/EC, 13
discrete wavelet transform (DWT), 47
discriminatory auction, see under auction
distribution

Cauchy, 59
Gaussian, 57, 59, 62, 145

log-density, 58
tail, 57, 59

generalized hyperbolic, 58
generalized inverse Gaussian (GIG), 58
heavy-tailed, 56
hyperbolic, 58–60, 62, 83, 90

log-density, 58
PDF, 58
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leptokurtic, 56, 57, 114
log-normal, 145
NIG, 60, 62

tail, 59
normal-inverse Gaussian (NIG), 58
PDF, 58
Pareto, 57, 145
stable, 56, 60, 62, 114

characteristic function, 57
estimation, 57
simulation, 57
tail, 57, 59

Subbotin, 56
variance-gamma, 58

Dow Jones Industrial Average (DJIA), 55
DR, see under dynamic regression (DR) model
dynamic regression (DR) model, 111, 112, 118

see under ARMAX

Eastern Interconnected System, 18
econometric (quantitative) model, see under price

forecasting
economic pool, see under power pool
EEX, see under European Energy Exchange
emissions, see under CO2 emissions allowance
emissions trading scheme (ETS), 9
empirical distribution function (EDF), 60, 65
Energy Policy Act (EPAct), 18
England and Wales Electricity Pool, 9

pool purchase price (PPP), 9
pool selling price (PSP), 9

Entergy, 18
on-peak price, 54

equilibrium model, see under price forecasting
equilibrium point, see under market cross
equilibrium trading, see under auction trading
European Energy Exchange (EEX), 15

Phelix index, 16, 59
system price, 54, 59

evolutionary programming (EP), 98
exogenous variable

humidity, 72
precipitation, 72
social event, 74
solar radiation, 72
temperature, 71, 72
time factors, 71
weather conditions, 71

ensemble approach, 72
Expectation-Maximization (EM) algorithm, 132

smoothed inferences, 132
expert system, 76–77
Exponential GARCH (EGARCH), 112
exponential smoothing, 79–80

double seasonal, 76, 80
Holt’s method, 79

modified Holt’s method, 79
modified Holt-Winter’s method, 79
simple, 79
Winter’s method, 79

FARIMA, 53
fat-tailed (heavy-tailed) distribution, see under

distribution
father wavelet, see under wavelet
filtering, 45, 49, 59, 69
filter bands, 69

holiday, 71
lowpass, 49
missing data, 70
running median, 69
similar-day method, 70

fixed transmission rights (FTR), 20
forecasting

interval, 136
load, see under load forecasting
price, see under price forecasting

forward curve, 33
forward premium, 104
forward price, 104, 148
forward price model, 105
Fourier decomposition, 36
Fourier frequency, 39, 53
Fourier transform, 47
Fractional ARIMA (FARIMA), see under

ARFIMA
function

MacDonald, 58
modified Bessel, 58

fundamental model, see under price forecasting
fuzzy logic, 77–78

defuzzification process, 77

game theoretic (equilibrium) model, see under
price forecasting

Generalized AutoRegressive Conditional
Heteroskedastic (GARCH) model, 113

Generalized Method of Moments (GMM), 143
generating capacity market, see under market
generation pool, see under power pool
genetic algorithm (GA), 77
geometric Brownian motion (GBM), see under

Brownian motion
Girsanov theorem, 151
goodness-of-fit statistic, see under statistic
grid congestion, 13

Hannan-Rissanen algorithm, 85
harmonic analysis, 39
harmonics, see under spectral analysis
heavy-tailed distribution, see under distribution
hedging, 147
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heteroscedasticity, 138
heteroskedastity, 113
Holt’s method, see under exponential smoothing
homogeneous Poisson process (HPP), see under

Poisson process
homoscedasticity, 113
hourly Ontario energy price (HOEP), 22
HPP, see under Poisson process
Hurst exponent, 50, 51, 53, 54, 56
hybrid model, 143–144
hyperbolic distribution, see under distribution

implied volatility, 151, 155
independent and identically distributed (i.i.d.)

noise, see under noise
Independent Electricity Market Operator (IMO),

22
Independent Electricity System Operator (IESO),

22
independent power producer (IPP), 18
independent system operator (ISO), 18
indicator function, 128
information criterion, 84

AICC, 84
BIC, 84
FPE, 84

innovations algorithm, 85
installed capacity (ICAP), 2
installed capacity (ICAP) market, 2
instrumental variables method, 97
IntercontinentalExchange (ICE), 10
International Petroleum Exchange (IPE),

10
interrupted time series model, see under

ARMAX
interval forecasting, 136, 154
intervention model, see under ARMAX

jump-diffusion model, 137–140
calibration, 139

Kolmogorov(-Smirnov) statistic, see under
statistic

lag-h differencing operator, see under seasonal
decomposition

least squares, 132
least squares method, 81, 97

recursive, 84
Leipzig Power Exchange (LPX), 15
leptokurtic distribution, see under distribution
leverage effect, 112
Lévy motion, 64
levy system, 8
liberalization, 1
linear multiple regression, 39

load
base, 78
normal, 78
special event component, 78
weather sensitive part, 78
weather-normalized, 67, 78

load forecasting, 67
artificial intelligence-based (AI-based,

non-parametric) approach, 68
long-term (LTLF), 67
medium-term (MTLF), 67
short-term (STLF), 67, 71
statistical approach, 68

locational marginal price (LMP), see under nodal
price

log-return, 26, 47
logistic smooth transition autoregressive model

(LSTAR), 128
long memory, 50
long-range dependence, 50, 54
long-tailed (heavy-tailed) distribution, see under

distribution
lowpass filtering, 45, 49
LSTAR, see under logistic smooth transition

autoregressive model
LTLF, see under load forecasting
LTPF, see under price forecasting

MA, see under moving average model
MacDonald function, see under function
marginal cost, 29
market

‘energy only’, 2, 3, 23
‘one price only’, 3
ancillary services, 7, 19, 21
balancing, 7
bilateral, 7
capacity, 2, 15, 19
day-ahead, 7
financial transmission entitlements, 19
generating capacity, 7
installed capacity (ICAP), 2
over-the-counter (OTC), 7, 54
real-time, 7
transmission, 21
transmission capacity, 7

market clearing price (MCP), 4–7, 15, 20, 22
market clearing volume (MCV), 4
market cross, 13
market power, 3, 13, 30
market price of risk, 149, 151
market risk, 147
Markov chain Monte Carlo (MCMC), 129
Markov regime-switching (MRS) model, 129
maximum likelihood (ML), 97, 139

estimator, 85
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Mean Absolute Error (MAE), 107, 121
Mean Absolute Percentage Error (MAPE), 90,

108
Mean Daily Error (MDE), 108, 118
mean reversion, 49, 50
Mean Weekly Error (MWE), 108
mean-reversion

level, 138
rate, 138

mean-reverting diffusion, 137
geometric, 137

Median Daily Error (MeDE), 108, 118
Median Weekly Error (MeWE), 108
MIBEL, 14
missing value, 69
model

additive, 78
multiplicative, 78

modified Bessel function, see under function
modified Holt’s method, see under exponential

smoothing
modified Holt-Winter’s method, see under

exponential smoothing
mother wavelet, see under wavelet
moving average model (MA), 83

invertible, 83
moving average technique, see under seasonal

decomposition
MRS, see under Markov regime-switching

model
MTLF, see under load forecasting
MTPF, see under price forecasting
multiple regression, 81–82
multiplicative model, see under model

naive method, see under similar-day method
NEM, see under Australian National Electricity

Market
New Electricity Trading Arrangements (NETA),

4, 6, 10
NHPP, see under Poisson process
nodal price, 6, 20
noise

independent and identically distributed (i.i.d.),
36, 109

white, 36, 43, 50, 52, 88
confidence interval, 37

non-homogeneous Poisson process (NHPP), see
under Poisson process

Nord Pool, 3, 4, 9, 11–13, 27
Asian-style option (AEO), 150
Elbas, 11
Elspot, 11, 12, 26

block bidding, 12
flexible hourly bidding, 12
hourly bidding, 12

Eltermin, 11
Elweb, 12
European-style option (EEO), 150
price cap, 32
system price, 33, 40, 49, 54, 55

normal (Gaussian) distribution, see under
distribution

normal load, see under load
normal-inverse Gaussian (NIG) distribution, see

under distribution
North American Electric Reliability Council

(NERC), 18

OMEL, see under Compania Operadora del
Mercado Español de Electricidad

OMIE, see under Operador del Mercado
Ibérico de Energia – Polo Español
(OMIE)

on-peak hour, 26
Operador del Mercado Ibérico de Energia – Polo

Español (OMIE), 14
outlier, 69
over-the-counter (OTC) market, see under

market

Pacific Gas & Electric (PG&E), 20
Palo Verde, 18
partial autocorrelation function (ACF), 84
partial autocorrelation function (PACF), 37, 38
partial maximum likelihood (PML), 139
particle swarm optimization (PSO), 98
pay-as-bid auction, see under auction
peak-demand, 29
Pennsylvania-New Jersey-Maryland (PJM), 1, 18,

19
spot price, 74

Periodic Autoregressive Moving-Average
(PARMA) model, 116

periodic correlation, 116, 154
periodogram, 39–41, 53

sensitivity, 40
periodogram regression (GPH), see under

statistic, 53
persistence, 50, 52, 56
Physical Electricity Index (Phelix), see under

EEX,
PJM, see under Pennsylvania-New

Jersey-Maryland
Platforma Obrotu Energi ¸ a Elektryczn ¸ a

(POEE), 17, 28
POEE, see under Platforma Obrotu Energi ¸ a

Elektryczn ¸ a
Poisson process

compound, 137, 142
homogeneous (HPP), 137
non-homogeneous (NHPP), 139
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Polish Power Exchange (PolPX), 16, 17, 28
PolPX, see under Polish Power Exchange
pool purchase price (PPP), see under England and

Wales Electricity Pool
pool selling price (PSP), see under England and

Wales Electricity Pool
Power Company of America (PCA), 28
power exchange (PX), 3, 4

bankruptcy, 21
power plant

combined heat and power plant (CHP), 18
fossil-fired, 30
hydro, 30
natural-gas-fired, 30
nuclear, 30
Open Cycle Gas Turbine (OCGT), 23

power pool, 3
economic, 4
generation, 3
technical, 3

Power Pool of Alberta, 22
Power Purchasing Agreement (PPA), see under

contract
prediction error method, 97, 132
price cap, 23, 32
price forecasting, 102

artificial intelligence-based (AI-based) model,
106

equilibrium model, 102
Cournot-Nash framework, 103
supply function, 103

exogenous factor, 106
forecasted load, 107
fuel price, 107
historical load, 107
seasonal pattern, 107

fundamental model, 103
long-term (LTPF), 101
medium-term (MTPF), 101
production-cost (PCM) model, 102, 154
quantitative model, 104
short-term (STPF), 101
statistical model, 105
strategic production-cost (SPCM) model, 102,

154
price risk, 147
price spike, 3, 25, 28

definition, 32
Principal Component Analysis (PCA), 33
probability density function (PDF), 57
probability measure

‘risky’, 148
risk-neutral, 148

process
self-affine, 53

production-cost model (PCM), see under price
forecasting

Public Utilities Regulatory Policies Act
(PURPA), 18

quantitative model, see under price forecasting
quasi-maximum likelihood (QML), 139

R/S analysis, see under statistic
R/S statistic, see under statistic
real-time market, see under market
reduced form (quantitative) model, see under

price forecasting
regime, 129
regime-switching model, 127–132, 144
regional transmission organization (RTO), 19
rescaled range analysis, see under statistic
residual, 84, 85, 89, 90, 114, 118
return, 26, 32, 37, 45, 60
risk, 147
risk premium, 104, 149, 151
risk-adjusted measure, 151
risk-neutral measure, 151
rolling volatility, 45, 47
rolling volatility technique, see under seasonal

decomposition

San Diego Gas and Electric (SDG&E), 20
SARIMA, 83
seasonal ARIMA (SARIMA), see under

ARIMA
seasonal component, see under seasonal

decomposition
seasonal decomposition, 41

additive, 41, 78
backward shift operator, 42, 95, 109
Census I method, 41
differencing, 37, 42, 45, 95, 109
differencing-smoothing, 86
lag-h differencing operator, 42
lag-1 differencing operator, 95
mean week, 44
median week, 44
moving average technique, 36, 44, 45, 60, 74,

86, 141
multiplicative, 41, 78
rolling volatility technique, 45, 46, 86
seasonal component, 41, 44, 78
stochastic component, 41, 43, 44, 47, 78
trend component, 41, 48, 78
trend-cycle component, 41, 78

seasonality, 32
‘double peak structure’, 33

self exciting threshold autoregressive model
(SETAR), 128
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self-affine process, see under process
self-similarity parameter, see under Hurst

exponent
serial correlation, 36
SETAR, see under self exciting threshold

autoregressive model
similar-day method, 70, 79, 107, 126
simultaneous price setting, see under auction

trading
sinosoidal wave, 47
smooth transition autoregressive model (STAR),

128
smoothing, 43, 49
Southern California Edison (SCE),

20
spectral analysis, 39, 47

harmonics, 40
spectral decomposition, 44
spectral density, 53
spectrum, 36
spike preprocessing, 107

damping spikes, 126
limiting spikes, 126
similar-day method, 126

spot price, 7
spot price model, 105
stable (α-stable) distribution, see under

distribution
standard frequency, see under Fourier

frequency
STAR, see under smooth transition autoregressive

model
stationarity, 42, 47, 82, 83

covariance, 82
second-order, 82
weak, 82, 95, 109

statistic
AWC, 51, 54, 56
DFA, 51, 52, 54
goodness-of-fit, 60, 84

A2, 62
Kolmogorov(-Smirnov), 60

GPH, 51, 53, 54
asymptotic distribution, 53

R/S, 50–52
R/S-AL, 51, 52, 54

statistical model, see under price forecasting
STLF, see under load forecasting
stochastic (quantitative) model, see under price

forecasting
stochastic component, see under seasonal

decomposition
stochastic differential equation (SDE), 138,

149
STPF, see under price forecasting

stranded
assets, 8
costs, 8, 14
investments, 8

structural (fundamental) model, see under price
forecasting

sum of absolute errors, 80
supply curve, 4, 5
supply stack, 29, 30
support vector machine (SVM), 78
system marginal price (SMP), 9, 22
system operator (SO), 7, 18

TAR, see under threshold autoregressive model,
128, 132

threshold level, 133
threshold variable, 133

TARX, 128, 132
technical pool, see under power pool
temperature-humidity index (THI), 72
Texas Interconnected System, 18
TF, see under transfer function (TF) model
third-party access (TPA), 3

negotiated (nTPA), 15
regulated (rTPA), 3

threshold autoregressive model, 128, 132
thresholding, 49
tolling margin, 107
Towarowa Gielda Energii SA (TGE), see under

PolPX
transfer function (TF) model, 106, 111, 112, 118

see under ARMAX
transmission capacity market, see under market
transmission system operator (TSO)
trend component, see under seasonal

decomposition
trend-cycle component, see under seasonal

decomposition
two-sided auction, see under auction

UK Automated Power Exchange (APX UK), 10
UK Power Exchange (UKPX), 10
unbundling, 1, 3
unforced capacity (UCAP), 3
uniform-price auction, see under auction
unit root, 82, 88

Value-at-Risk, 64
variance-gamma distribution, see under

distribution
vesting contract, see under contract
volatility, 25, 28
volumetric risk, 67, 75

wave frequency, 39
wavelength, 39
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wavelet, 47
decomposition, 45, 47–49
family, 47
father, 47
mother, 47
transform, 47, 53

weak stationarity, see under stationarity
weather-normalized load, see under load
Weekly Root Mean Square Error (WRMSE),

108
Western Interconnected System, 18
white noise, see under noise

Wiener process, see under Brownian motion
WIG20 Warsaw Stock Exchange index, 55
wind chill index (WCI), 72
Winter’s method, see under exponential

smoothing
wired company, 18

Yule-Walker algorithm, 85

zonal market clearing price (ZMCP), see under
zonal price

zonal price, 6, 13, 131


