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Traditionally, short-term electricity price forecasting has been essential for utilities and generation com-
panies. However, the deregulation of electricity markets created a competitive environment and the
introduction of new market participants, such as the retailers and aggregators, whose economic viability
and profitability highly depends on the spot market price patterns. The aim of this study is to examine
antificial neural network (ANN) based models for Day-ahead price forecasting. Specifically, the models
refer to the sole application of ANNs or to hybrid models, where the ANN is combined with clustering
algorithm. The training data are clustered in homogenous groups and for each cluster, a dedicated fore-
caster is employed. The proposed models are characterized by comprehensive operation and by high level
of flexibility; different inputs can be taken under consideration and different ANN topologies can be
examined. The models are tested on a data set that consists of atypical price patterns and many outliers.
This approach makes the price forecasting problem a more challenging task, providing evidence that the
proposed models can be considered as useful and robust forecasting tools to the actual needs of market
participants, including the traditional generation companies and self-producers, but also the retailers/-
suppliers and aggregators.

© 2016 Elsevier Ltd. All rights reserved.
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Living in an Era where Market Fundamentals Determine
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ABSTRACT
Crude oil price plays a crucial role in the trajectory of the economic activity. This

=P paper aims at quantifying the impact of the fundamental drivers of crude oil price.

- over the period 2008-2017 using monthly data. This period. with sharp fluctua-
tions of crude oil prices, has not been examined thoroughly in the literature. We

» apply regression analysis to examine the crude oil price drivers. concluding that
—=p-crude oil price follows mostly market fundamentals. such as consumption, OPEC

production. shale production and days ahead consumption for OECD stocks. Re-
\sults unveil the importance of both demand and supply factors to affect price. We

also find evidence on the considerable impact of S&P crude oil index. as a “paper
oil” market indicator. We do not find evidence from indicators measuring political
instability, such as the number of terrorists attacks on oil producing countries, but
as well the VIX volatility index. which -besides a market instability index- could
also perceived as an index incorporating political instability. The impact of po-
litical factors is not evident in our analysis. possibly because we do not consider
related dummy variables. Moreover. the paper applies bivariate VAR and GARCH
analysis to examine crude oil price volatility. not finding strong volatility trans-
mission with the examined market indices, namely the S&P crude oil and the VIX

MPOZOXH Trepiéxel Ko TV indices.

, , Keywords: Oil price. Shale oil. OPEC. Market fundamentals. Volatility
BlBAloypaclen ava@opa \ http://dx doi.org/10.5547/01956574.40 SI1 tper

1. INTRODUCTION

The crude oil price has shown considerable fluctuations over the last ten years. There is
a long-standing debate concerning the fundamentals of the crude oil price dynamics. The global
economic activity. the OPEC strategy. the shale oil revolution. geopolitical tensions in Middle East,
North Africa (MENA) and other regions raise the attention of researchers and decision makers. con-
cerning their influence on crude oil prices. The crude oil price now seems to follow a course mainly



2. DATAAND METHODOLOGY

Assouéva Crude oil price is the most liquid and traded commodity of global economy. As a con-
sequence, its price is the result of different factors. which include supply. demand. and political
factors. The paper aims at considering economic, market, political and financial factors. Therefore,
it uses several varia s from different sources. .& 1de oil prices are
taken frong’ MacroTrends data. pyovide -@ :
inal one to accov mfiation. In order to caprure the crude oil consumption course. we use the
interpolated world consumption by the Knoema database in thousand barrels per day. We fitted our
data in monthly value@n‘s (2009) global real ec@ index derived from
ocean freight rates. In order to capture market supply factors. we used several variables from Energy

Mepiéyen:
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14
3. MOV(’(SSC Information Administration (EIA). EIA’s OPEC crude oil production is provided in thousand barrels
7 0 a 7 per day. The US shale oil production is calculated after adding each’s region production and it is
4. lartt XPNOOTTOLOVVTAL AVTA T OTOLYELX also provided in thousand barrels per day. The last variable used by EIA concerns the days ahead
, , , of OECD consumption. that can be met by its crude oil stocks. We divided the EIA OECD total oil
5. H(n)(; Xpnowomou OY]K(XV (SXOUV HETaTPOITEL stocks by OECD consumption per day to derive the number of days. that the OECD oil stocks could
o€ (pUO'lKOII)Q AOY(’XplGHOUQ Y 'lT(ipoups TG meet OECD consumption. In order to incorporate the factor of “paper oil” trading. we used the
p p S&P GSCI Crude Oil index. A similar index. S&P GSCI Energy index. has been used as an energy
QAVTIOTOLYEG EANCTIKOTNTEG)
Table 1: Variable description and data sources
-'ariables\ Description Data source
WCP Monthly crude oil prices in real US dollars MacroTrends data
. 5 WCONS World o1l consumption interpolated by Kilian global Knoema database and http://www-personal.
6. HW“K“C PsTaB)ﬁ]T‘”V* N real economic activity index umich edu/~lkihan/reaupdate. txt
B OPECPRO OPEC production in thousand barrels per day EIA
SHALE Shale production in thousand barrels per day by the EIA
regions Anadarko, Appalachia, Bakken, Eagle,
— Haynesville, Niobrara and Permian.
OECDD Days the OECD oil stocks can last covering the OECD ~ EIA
consumption
- - SPGSCL S&P GSCI Crude O1l Index Standard and Poor’s

NINC Numbers of terronst attacks Global Terrorism Database




Aedopeva

KaAd sival va vrapyovv ypa@niuata ylo va
Seiyvouv Twg e€edicoovtal Ta Hey£on

Figure 1: Evolution of monthly values of real crude oil price over the period 2008-2017.
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Me0OodoAoyia

XpnGLHoToLloVE cav peBodoAroyla THV aTTAT] YpOHMMLIKT TaAtv8popunon (M€0080¢ eAayioTwVv

TETPAYWDV®V)

1. 'EAeyxo¢ oTtaotoTNTaS (OAa Ta 8ESO0MEVA TMPETEL VA ELVAL TOVAAYLGTOV GTAGIHA GTLC MPWTES
SwxgopécI(1) )

2. 'EAgyxog uvolokAnpwong (Cointegration). E@ocov vTapyxel MTTOpPOUHE VX TPOX®PT)GOVHE.

3. Mapovold{oVHE TA HOVTEAX £TGL OTTWG EXOVHE QVAPEPEL TIG HETABANTEG
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MeBododoyla-XTaoIpuoTnTA

'0OAeg ot petaBAntég etvan I(1) 3nAad1) oTaoHEG GTIG
TMPWTEG SLAPOPEG. AVAPEPOVHE TTAVTA TA TECT
OTAGLHOTNTAG KAl TO eMiMedo onpavtTikotntag (level of
significance). Aev {exvape va ava@épovHe Ta paper tTowv
teot ota references.

E@dcov 8ev elvatl oTacLpeg oL HeTafAnTEg (apa Sev £xouv
™V 8l p€on Ty Kot StakVhaven 6€ 0An TNV Stapkela
TNG MEPLOSOV) TMPETEL VA KAVOUHE TEGT GUVOAOKANPWOTG.

MPOXOXH: Ta StaypdpHata Hag 8{vouv TIG MEPLOGOTEPES
QPOPEC TO OWOTO aTMoTEAEOHA (£v8elEn) yia Thv
OTAGLHOTNTA TWV Se80HEVWV.

Table 2: Test for unit roots, Period 2008-2017

Level ADF Phillips-Perron ~ Furst difference ADF Phillips-Perron
WCp 057 -0.65* A(WCP) -5.68 -197
WCONS 1.26* 439 A(WCONS) -1.88° -1.95¢
OPECPRO 047 059" A(OPECPRO) -6.96 923
SHALE 4500 3918 A(SHALE) -381 -131
OECDD 0.65° 0.65* A(OECDD) -12.02 -20.72
SPGSCL 049 044 A(SPGSCL) -5.57 -740
VIX -0.78 -0.83 A(VIX) -1481 -17.16
NINC 0.16* 047 A(NINC) -16.63 -18.95

Notes: The null hypothests of the ADF and Phillips-Perron test 1s that a unit root exsts. The first difference of the seres 1s

indicated by A.

* Indicates acceptance of the null hypothesis at all levels (1%, 5% and 10%).

? Indicates acceptance of the null hypothesis at 1% and 5%.

 Indicates acceptance of the null hypothesis at 1%.

12



Me£0050A0yla—XuVOAOKAT)pwOT)

AVA@EPOUVHE HE TOLEG MAPAMETPOVGS EAEYXOVHE Y
GUVOAOKANPpwWGT). 'OTav £XOUVME GUVOAOKANPwWOT) TOTE

£XOVHE HLx HaKPOXPOVIX 6XE0T HETAEY TV HETABANTWOV

Hag. [Ipocoyt) XpNOHOTOLOVHE Ta S8oMéva oty
KQOVOVLKT] TOUG Hop@1] KoL OXL TIG MPWTE SLa@opEc.

Ava@épovpe Ta amoteAécHata Hag 1] ota Results 1) 6t0—nuv )

Appendix

Since our variables are I(1), we then test for cointegration. We conduct the Johansen cointe-

gration test with several specifications:

None data trend
No intercept no trend.
With intercept no trend.
Linear data trend
With mtercept no trend.
With mtercept and trend.
Quadratic data trend
With intercept and trend.

Table 3: Cointegration test for variables of Model 1

Johansen’s maximum likelithood method test for cointegration relationship
Linear deterministic trend (Lag intervals 1 to 3) Model 1

Null Hypothesis Alternative
Ho Hypothesis, H1 Eigen Value 0.05 critical value
Maximum eigenvalues
—0 77.03 46.23
=1 31.07 40.07
Trace statistics
—=0 173.80 125.61
=1 96.77 95.75
=<2 65.69 69 81

Notes: Maximum Eigen suggest 1 and Trace value indicate 2 CE at 0.05 level

Table 4: Cointegration test for variables of Model 2

Johansen’s maximum hkelihood method test for comntegration relationship
Linear deterministic trend (Lag intervals 1 to 3) Model 2

Null Hypothesis Alternative
Ho Hypothesis, H1 Eigen Value 0.05 critical value
Maximum eigenvalues

=0 £1.18 4523

=1 42.03 40.07

=<2 21.27 33.87
Trace statistics

=0 168.39 125.61

=1 106.21 95.75

<2 64.18 69 81

Notes: Maximum Eigen and Trace value indicate 2 CE at 0.05 level

Table 5: Cointegration test for variables of Model 3

Johansen’s maximum likelihood method test for cointegration relationship
Linear determmistic trend (Lag intervals 1 to 3) Model 3

Null Hypothesis Alternative
Ho Hypothesis, H1 Eigen Value 0.05 critical value
Maximum eigenvalues

=0 61.16 40.07

r=1 27.32 33.87
Trace statistics

=0 128.69 95.75

=<1 67.53 69.81

Notes: Maximum Eigen and Trace value indicate 1 CE at 0.05 level



Me0oSoAoyla-Movteda

I'pa@ovpe Ta HovTEda Hag wG HaBNHAaTIKOVG TUTOVG Kat Ta
OVOMalovMe

WCPt=WCONSt+ OPECPROt+ SHALEt+ OECDDt+ SPGSCLt+ NINCt (Model 1)
WCPt = WCONSt + OPECPROt + SHALEt + OECDDt + SPGSCLt + VIXt (Model 2)

WCPt =WCONSt + OPECPROt + SHALEt + OECDDt + SPGSCLt (Model 3)

14



AmotsAsopata-Results

Table 8: Estimation results for Model 3.

m y T }\ ’ Variable Coefficients Std. Error Probability Probability F Probabality Chi sq.
apovowz(ovpa TX XTMMOTEAEOMNATO — 55 o5t 20T
, , OPECPRO 13 0.57 0.017
KQL TOUG TUYXOV TTEPLOPLOPOVC TTOV  syarr 0.16 0.04 0.0005*
, OECDD 045 0.3 0.0547°
OUVQVTI|OOHE SPGSCL 128 040 0.0018*
- o e P, 035 0.38 0.3586
(correlation/heteroscedasticity ;. 016 009 00766
/ LM test 0.0778 0.0661
) KAl TWG TO AVTIHETOMICAME Breusch-Pagan-Godley 01155 0.1161
. AGjR 09391
ARMA, Huber/White method ). ... i

! Indicates significance at all levels (1%, 5% and 10%).
® Indicates significance at 5% and 10%.
¢ Indicates significance at 10%.



AmotsAsopata-Results

Table 8: Estimation results for Model 3.

¥ )\ y }\ Variable Coefficients Std. Error Probability Probability F Probabality Chi sq.
X0 l(XZOU ME TX XTMMOTEAEOMATO — 135 o5t 20T
, , , , OPECPRO 132 057 0.0217
H {ntnom £xeL eAacTIKN o)XEO SHALE 0.16 0.04 0.0005*
’ o ’ ’ OECDD 045 0.23 0.0547¢
KaBws 1% avinonc tn¢ 0a avénoet sesa 128 040 0.0018"
r y r P, .35 0.38 0.3586
Trlv ‘tlln] TOUL ‘lTs‘tps)\(XlOU KXTX MA 0.16 0.09 0.0766¢
[ r r LM test 0.0778 0.0661
1.35% ((')8't LKT] oX€0oT) (XKO)\OUOI] ME Breusch-Pagan-Godfrey 0.1155 0.1161
7 Ad R 09391
TTI Vv Bzw p L Durbin Watson 18771

* Indicates significance at all levels (1%, 5% and 10%).
® Indicates significance at 5% and 10%.

H mapaywyn tov OPEC £xeL
S'n'iOTlg SAQGTle] 0')(%’:0'1] (_1.32) * Indicates significance at 10%.

H auEPLKAVIKN AVTIGVHBATIKT)
Mapaywyn 8ev £xeL TV S1x
SUVaMT 6TO va HELWVEL TNV TLHN
(-0.16)



AmotsAsopata-Results

LX0ALA{OVHE TA AMOTEAECHATA

Ta amoféMata Sev eival Ikava va
HELWOOLVV SpACTIKA TIC TIMEG (-
0.45)

Evw o S&P index emmpzalst
ONMAVTIKA TIC TIHEG

Kaveig S€iKTNG Ao TIC MOALITIKEG
avatapaieic (aplOpog
TPOMOKPATIKWOV XTUTHATWYV,
meploy] MENA) kot 8eiktng
aotadziac otnv ayopa (VIX) dev
1) TOV ONHAVTIKOC

Table 8: Estimation results for Model 3.

Variable Coefficients Std. Error Probability Probability F Probabality Chi sq.
WCONS 1.35 0.54 0.0134°

OPECPRO -132 0.57 0.0217°

SHALE -0.16 0.04 0.0005

OECDD 045 023 0.0547¢

SPGSCL 128 0.40 0.0018

P, 035 0.38 0.3586

MA 0.16 0.09 0.0766¢

LM test 0.0778 0.0661
Breusch-Pagan-Godfrey 0.1155 0.1161
Ad R 09391

Durbin Watson 18771

* Indicates significance at all levels (1%, 5% and 10%).
® Indicates significance at 5% and 10%.

¢ Indicates significance at 10%.
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1.

Conclusions-Policy implications

H TaykooHwx {1t o1 auviavel oNHAVTIKA TIG TIMEG TOV METPEAALOV AOY® TG sMsulmc;
VTTOKATAGTAGTG METAEY TWV EVEPYELXKW®V TIMYWV ELSIKA 0TIC AVASVOMEVEG aryopEC. Apa
dev Oa vrapieL ypryyopn evepyelakt) HeTaBao.

0 OPEC Trapapével Suvatog MaikTnG 6TV SLIAHOP@P®OoT] TOV TIH®V 0V KAL EXEL XAOTEL
dUvapn oe ox£on e to MapeABov. Otav o OPEC apvnfnke va HeLwoeL TV Tapaywyt ot
TIMEC KaTappevoav. To 2016 vmeypagn 1 cvhH@wvia Declaration of Cooperation ywx va
avinBsel n T kot avindnke (emPefaiwon TwV YEYOVOTOV OO TA XTMOTEAECHATA HOG )
H avticuppatikn AHepikavikt) apaywyn (shale) kot ta amofépata tov 0AXA (OECD)
dev £xouvv TV 8La emiSpacn 6TV SLAHOPpPwON TWV TIH®WV OTTwG 0 OPEC. MUAdME yix
marginal production ywx to shale oil.

H xpnHatiotikomoinon twv epmopsvHatwv (financialization) emrmpealet Tig TipEg

SnHvpywvtac pua svvapn (paper oil) mov MpopyeTal Kot Ao TIC EIKACILES
(speculation). Apa Ta ypnuatioTpla Maiovv KAMOL0 GNHAVTIKO pOAo.

18



Conclusm S- PO|IC¥ lications
[MapoAda ow‘r(x 1 T TV TEAE ‘tawc SeKaETIX AKOAOVOEL TNV TMPOCPOPA KL TNV

(mmon (fundamentals)

H TyHoAOYN 01 £XEL HELVEL AVETMPEACTI) XTTO MOALTIKEC XOCTAOELEC KL
TPOMOKPATIKA XTUTMHATA OTIC XWPEC Tapaywync. (ApaBikn avoién, IcAapiko
Kpatog). 7
O xwpec Tov OPEC propovv va cuveyiocovy va eATI{ovv o€ auinMEva KEPSN
KaBOTL 8ev O VITAPEEL VTTOKATAGTACT) TOV METPEANALOV GUVTOMA KL HTTOPOUV
va kaBopicovv TV TIHY).

H §vvapn va kaBopilet tnv Ty (OPEC) tovu Sivel To SikalwMa yia
ovvepyaciec katL pe U MEAN (OPEC+ Declaration of Cooperation)

H.auepKavikn Tapaywyn Voot eilel TV TIMOAOYN 0T BACEL TWV OEHEALWS WV

Heye0wv. Ka@ott marginal producers sivat svaiocOntol 6tic aAday£g TV

TIH®WV. 19



Conclusions-Policy implications

Me TIC GUVONKEC MOV EMKPATOVV OTNV AYOPA ETMNPEACOVTAL KXl AAAEC AYOPEC
OTWC AVTEC TOV (PUOLKOV AEPLOV TTOV X PN GLHOTIOLOVV TV TIH1] TOV METPEAALOV YA
TNV TLMOAOYTN 61 TOVUGC. Apd MPEMEL VX AKOAOVONO0VV TOALTIKEG MOV TMPETMEL VX
QMEAEVOEPWDOGOVV TIMOAOYN O] QTTO TNV TN Tov TeTpeAaiov (gas hubs ktl)

20



Conclusions-Policy implications

5.

TUyKkpLon
QATMOTEAECHATWV ME
MPONYOUHEVA
BipAoypagia

—_— — —

vast o1l producing areas for several years. The results of this paper are in accordance with MacAvoy
(1982) who finds that oil price can be explained by macroeconomic fundamentals. However, as
mentioned above the mcorporation of dummies could unveil the importance of political factors. We
agree with Kaufmann et al. (2004) on the importance of crude oil stocks for oil price fluctuations
and Kaufmann and Ullman (2009) on the response to the fundamentals. The low production costs of
unconventional oil production may verify Loutia’s et al. (2016) result, as even low price levels may
be high enough for this kind of production to restrain OPEC’s infiuence. But OPEC remain an actor
in the global oil market, affecting considerably crude ol price, even the WTI with strong presence
of shale oil producers, with its volumes. The impact of OPEC production is much higher than that
of shale oil, which have proved to be a game changer in international markets but vulnerable. being
the marginal producer. The increased role of OPEC is highlighted by the recent developments, since
OPEC refused to curtail production driving prices downwards. in order to push shale producers out
of the market. We had an upward price course from the moment that OPEC decided to put the hand
on the pump.

21



“EAMTi(oVME VX
Bononocap

-
-

T

2




