Petroleum Science (2018) 15:432-450
https://doi.org/10.1007/s12182-018-0228-z

ORIGINAL PAPER

@ CrossMark

Economics, fundamentals, technology, finance, speculation
and geopolitics of crude oil prices: an econometric analysis
and forecast based on data from 1990 to 2017

Hai-Ling Zhang'? - Chang-Xin Liu' - Meng-Zhen Zhao'? - Yi Sun’

Received: 11 July 2017 /Published online: 6 April 2018
© The Author(s) 2018

Abstract

It is of real and direct significance for China to cope with oil price fluctuations and ensure oil security. This paper aims to
quantitatively analyze the specific contribution ratios of the complex factors influencing international crude oil prices and
to establish crude oil price models to forecast long-term international crude oil prices. Six explanatory influential variables,
namely Dow Jones Indexes, the Organization for Economic Cooperation and Development oil stocks, US rotary rig count,
US dollar index, total open interest, which is the total number of outstanding contracts that are held by market participants
at the end of each day, and geopolitical instability are specified, and the samples, from January 1990 to August 2017, are
divided into six sub-periods. Moreover, the co-integration relationship among variables shows that the contribution ratios
of all the variables influencing Brent crude oil prices are in accordance with the corresponding qualitative analysis.
Furthermore, from September 2017 to December 2022 outside of the sample, the Vector Autoregressive forecasts show that
annually averaged Brent crude oil prices for 2017-2022 would be $53.0, $61.3, $74.4, $90.0, $105.5, and $120.7 per barrel,
respectively. The Vector Error Correction forecasts show that annual average Brent crude oil prices for 2017-2022 would
be $53.0, $56.5, $58.5, $60.7, $63.0 and $65.4 per barrel, respectively.

Keywords International crude oil prices - Fundamental and non-fundamental factors - Co-integration theory -
Vector autoregressive (VAR) - Vector error correction (VEC)

1 Introduction

Petroleum is the pillar of the bulk commodities. In addition
to its basic commodity attributes, petroleum has strong
special financial and political attributes. In past decades,
international crude oil prices experienced significant ups
and downs and attracted extensive attention across the
academic and industrial communities (Wu and Zhang
2014). The drastic fluctuations of international crude oil
prices could have played an important role in national
economic power (Han et al. 2017; Yao et al. 2017,
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Timilsina 2015; Yu et al. 2015; Wang and Zhang 2014;
Zhang 2011; Wei et al. 2008; Jiang and Jiang 2005),
inflation and unemployment (Du et al. 2010; Uri 1996),
stock markets (Cong et al. 2008), fundamental industries
(Jiao et al. 2012), financial markets (Zhang 2013; Zhang
and Wang 2013), political situation, military strength
(Jianwei et al. 2017) and national security (An et al. 2014).
Moreover, with the rapid development of China’s econ-
omy, it has become the second largest oil consumer and the
third highest oil-importing country in the world. Its
dependence on imported oil exceeds 65% (Wu and Zhang
2014). Therefore, it is necessary to make a comprehensive
and systematic review and qualitative and quantitative
analysis of all factors affecting the international oil price
fluctuation and to forecast crude oil price as accurately as
possible. It is of real and direct significance for the China
Petroleum and Chemical Corporation (Sinopec) to be able
to cope with the fluctuation of international crude oil prices
and to ensure oil security and procurement.
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As shown in Fig. 1, in August 1990, due to the Iraqi
invasion of Kuwait, the United Nations put a total embargo
of oil exports from Iraq and Kuwait. The outbreak of Gulf
War and the United Nations embargo led directly to a
reduction in crude oil supply by 4.7 million barrels/day in
the international oil market, which was 7% of the global
aggregate demand at that time (Yan 2012). Following this,
the international Brent oil price rose from $19.59 per barrel
in February 1990 to $35.03 per barrel in October 1990.
However, thanks to the timely increased production in
OPEC countries, the supply shortage of 3 million barrels
per day in this oil crisis was quickly supplemented. So,
compared with the previous two crises, the fluctuation of
international oil price brought by this oil crisis didn’t last
too long and didn’t have a substantial impact on the world
economy. After this crisis, oil prices fell back to the low
level of before the war, i.e., $19.22 per barrel. From 1997
to 1998, the strong impact of the Asian financial crisis on
world economy (according to IMF, the economic growth in
1998 was only 2.8%) and oil demand in 1997, the inter-
national Brent oil price dropped continuously and fell to
$10 per barrel, historically low levels, in December 1998.
Afterward, due to the three times underproduction imple-
mented by OPEC, the international oil price quickly rose to
around $25 per barrel at the end of the year 1999.
Throughout 1990s, oil prices fluctuated smoothly, which
basically maintained the range from $10.19 per barrel to
$35.03 per barrel.

In the 21st century, there were some new features in the
international crude oil market, including the increasing
globalization of the oil market, the rapid growth of oil

demand in non-OECD countries and the strengthening in
the financial attributes of petroleum. The international
crude oil prices showed large fluctuations and upward
shocks. They fell from $25.22 per barrel in January 2000 to
$19.06 per barrel in December 2001 due to the weakening
of the US and global economies and the slowdown in oil
demand caused by the “911” attacks and then continually
went up to $32.18 per barrel in February 2003, the eve of
the outbreak of the Iraq war. From 2000 to 2004, the
economic resurgence brought a rapid increase in crude oil
demand. Oil demand in OECD and Asia rose by 0.6% and
4.8% annually, respectively (IEA). Since 2005, the oil
prices gradually entered into a high-level stage and
increased to a record high in July 2008, i.e., $134.56 per
barrel. Not only the Iraq war, Venezuela and Nigeria
strikes and the hurricanes (Ivan, Katrina and Rita), but also
the rapid growth in the global economy, the tight supply—
demand balance, high spirits in speculations from other
finance and commodity trading markets into oil market and
the devaluation of US dollar caused by the reduction of
interest rates of Fed pushed up oil prices. Afterward,
because of the global financial crisis, world oil demand was
slashed and oil price dramatically slumped toward about
$43.05 per barrel in December 2008. Since February 2009,
however, the oil price has experienced short-term low-level
fluctuations and then rebounded continuously. In February
2011, oil price exceeded $100 per barrel again in just five
months, i.e., $104.03 per barrel. From January 2011 to June
2014, the oil price remained volatile at a high level with a
slight upward trend (Wu and Zhang 2014). However, high
oil prices led to a significant increase in shale oil
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Fig. 1 Historical path of international Brent oil price fluctuation in 1990.01-2017.08
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production in the USA. The transition from tight supply—
demand to loose supply—demand dominated the interna-
tional oil prices, which basically fluctuated within the
range of $95-$130 per barrel. From the second half of
2014, oil production in USA had been growing rapidly,
driven by the breakthrough in shale oil technology and the
repeal of the 40-year-old US oil export embargo in
December 8, 2015. In addition, the substantial growth in
OPEC oil supply, weak oil demand, stronger US dollars
and the increase in speculation caused oil prices to descend
again to $31.93 per barrel in January 2016. Subsequently,
oil prices have been slowly shored up above $50 per barrel
because OPEC and non-OPEC producers reached an
agreement on production reductions for the first time in
November 30 and December 8, 2016, respectively.

Some scholars believe the international oil price
depends mainly on the supply and demand balance (Bunn
et al. 2017; Mi et al. 2017; Zhang et al. 2015, 2017). Based
on the above detailed reviews of the historical international
oil market and oil price, it is demonstrated that the deter-
minants influencing oil price fluctuations at different stages
are not only the fundamental factors of supply and demand
like other bulk commodities, but also many other invisible
and complex factors such as the influence of dollar
exchange rate fluctuation, opportunistic practices in the
futures market, geopolitical instability and emergencies,
the security of the oil traffic path (Zhang and Yao 2016;
Zhang and Zhang 2015). Therefore, which factors play a
leading role in the fluctuation of international oil prices at
different stages and what are the relative contributions of
the main factors? And how will the international oil market
and the trend of international oil prices develop in the
future? It is hoped that the answers to the above questions
will be helpful for the relevant oil investors to analyze and
forecast international crude oil prices, and for policy
makers to monitor and regulate the crude oil market.

To accommodate the multitude of factors that poten-
tially determine oil prices, six groups of full explanatory
factors in this study can be classified as possible contrib-
utors to the development of crude oil prices: Economics,
Fundamentals, Technology, Finance, Speculation and
Geopolitics. And all the influential factor groups don’t
necessarily contradict, but rather may complement one
another. This paper attempts to divide the whole fluctuation
range of international crude oil prices from January 1990 to
August 2017 into several sub-periods and examine differ-
ent variables relating to each of these six groups. Fur-
thermore, we investigated the long-term relationship
between international crude oil prices and selected deter-
minants by using co-integration theory to quantitatively
analyze the contribution of different factors to international
crude oil prices at different stages. Then, we examined
whether the empirical results are in accordance with the
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corresponding qualitative characteristics of the historical
oil market and the fluctuation of oil prices. Subsequently,
we established the oil price forecast models, VAR (Vector
Autoregressive) model and VEC (Vector Error Correction)
model, to make predictions of international oil prices from
January 1990 to August 2017 inside of the sample and from
September 2017 to December 2022 outside of the sample.

The remainder of this paper is organized as follows.
Section 2 proposes the related literature review, and
Sect. 3 describes the data definitions and econometric
methodologies, namely VAR and VEC models. Section 4
provides the empirical results and analyses, and Sect. 5
puts forward main conclusions as well as policy
implications.

2 Literature review

It is hardly surprising that oil price determinants have
become a popular area of research. Some previous studies
have already looked at the interacting relationships
between international crude oil prices and the factors
influencing them. On the Economic factor side, the fall in
oil prices has positive real output effects for the global
economy and lower oil prices have been good for the US
economy since the 2008 financial crisis (Mohaddes and
Pesaran 2017; Ratti and Vespignani 2016). On the Fun-
damental factor side, a change in market structure could
have contributed to OPEC exercising its market power, and
demand response to crude oil prices has almost doubled
during the crisis (Genc 2017). On the Oil Exploration
Technology factor side, the US total oil rigs and total gas
rigs variables provide an approximate indication of the
current level of US production. Most notably, the number
of US oil rigs has increased significantly over the last ten
years, while the rise in the number of gas rigs has been less
pronounced (Breitenfellner et al. 2009). On the Financial
factor side, the relationship between oil price shocks and
the bilateral exchange rate of the US dollar against cur-
rencies in 16 OECD countries was investigated (Chen et al.
2016a, b). Empirical results show evidence of a long-run
equilibrium relationship between oil price and exchange
rate, especially for currencies of the key oil-exporting
countries (Mensah et al. 2017). On the Speculation factor
side, it is demonstrated that the impact mechanisms of
investor attention have significant negative impacts on oil
prices during 2004-2016 and contributes 15% to the long-
run fluctuation of oil prices (Yao et al. 2017). The instan-
taneous feedback of speculators on crude oil price proves
significant. The speculators’ impact on oil price has strong
linearity but weak nonlinearity. The linear influence is
symmetric when oil price goes up or down. When the oil
price is highly volatile, speculation has a clear linear
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impact on it (Zhang 2013). On the Geopolitical Instability
factor side, when analyzing the impacts of China’s oil
imports on international oil prices, the unexplained fluc-
tuations of oil prices may result from the geopolitical
events. (Wu and Zhang 2014). However, geopolitical
indicators are not easy to quantify. The present studies
mainly adopted qualitative methods to describe the impacts
of political events on oil price fluctuation, and compara-
tively fewer studies have quantitatively estimated the
impact of political instability on the oil prices. The first
quantitative assessment of the influence of political event
on oil prices may have originated from the publications
about OPEC and world crude oil markets from 1973 to
1994 (Coleman 2012; Alhajji and Huettner 2000). The
previous quantitative researches can be divided into three
categories (Chen et al. 2016a, b). One of the three cate-
gories is that the occurrence time of the political events as
the basis for division of the study period and the break-
points are often regarded as 0O—1 dummy variables. In
2000-2015, this category was applied at the time point of
major oil events (Zhou 2016). In addition to the research
into a single influential factor of international crude oil
prices, some scholars have investigated the comprehensive
indicators affecting the oil prices (Miao et al. 2017; Wang
and Sun 2017; Zhu et al. 2015; Yan 2012; Breitenfellner
et al. 2009). Nevertheless, according to the historical fea-
tures of international oil market and oil prices of each sub-
period, the present research does not quantitatively analyze
the specific contribution of the various influential factors to
international crude oil prices, which is one innovative
aspect in this paper.

Considering the econometric methodologies of investi-
gating the relationship among international crude oil prices
and their influencing variables, VAR and VEC models have
been widely used. The transmission and feedback mecha-
nisms between international crude oil prices and China’s
refined oil prices for the time span from January 2011 to
November 2015 are based on VAR and VEC models (Han
et al. 2017). An empirical study on the relationship between
prices of crude oil and retail refined oil based on VAR model
is currently unavailable (Jiang 2013). However, VAR and
VEC models have been less applied to statistically forecast
long-term international crude oil prices in current literature.
This is another innovative aspect of this paper.

3 Data and econometric methodology

3.1 Variable combination selection and data
specifications

International Brent crude oil covers 80% of the world crude
oil trading volume. The Brent price is specified as a proxy

for the international crude oil price level. Understanding
the factors driving crude oil price development is essential
for assessing their effects. In order to pick out the appro-
priate influential variables, this paper examines a total of
some 25 potential variables relating to each of the six
groups previously outlined (Economics, Fundamentals,
Technology, Financial factors, Speculation and Geopoliti-
cal instability). Table 1 presents the set of variables and
detailed descriptions which are used as potential covariates.
The variables are measured at monthly frequency, and they
represent different oil supply and demand factors, as well
as factors related to financial markets and the structure of
the market for oil. Then, the criteria of variable selection
are as follows: (1) Examine the correlation coefficients on
the international crude oil prices and each individual
indicator of the six groups to determine if they are eco-
nomically significant. The variable satisfying this condition
and with the largest correlation coefficient in each factor
group is the proxy for each influential factor group of
international Brent crude oil prices. (2) According to the
fluctuation characteristics of the international oil market
and Brent oil prices previously reviewed, compared with
the previous two crises before 1990, the ability of OPEC to
resist oil disruptions and soaring oil prices has improved
substantially. Thus, the research scope starts from the
outbreak of Gulf War in January 1990 to August 2017. The
data availability of individual indicators is one of the cri-
teria of variable selection.

The results in Table 1 show that in the economic factor
group, all of the examined variables satisfy the first crite-
rion. But considering the second criterion, DJI, the most
representative barometer of the American economy and
worldwide mature stock market, is the most appropriate. In
the fundamental market factor group, non-OECD oil
demand, worldwide oil demand, OECD oil stocks and
OPEC surplus oil production capacity have economic sig-
nificance on the international Brent crude oil prices. OECD
oil stocks is the most appropriate factor, because in some
sense, the difference between oil supply and oil demand
has reflected the change in oil stocks and these two types,
which represent the fundamental variables, cannot be used
simultaneously. Besides, compared to OPEC surplus oil
production capacity, OECD oil stocks are more negatively
related to the Brent oil prices. In the oil exploration tech-
nology group, we select the US rotary rig count, highly
positively related to Brent oil prices. In the financial market
factor group, US dollar index (USD), as an aggregative
indicator of the weighted average value of six major cur-
rencies against US dollars, reflects the exchange rate of US
dollars in the international foreign exchange market and
measures the exchange rate of the US dollars against a
basket of currencies. USD has a strong negative correlation
coefficient on Brent oil prices. In oil exploration
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Table 1 Time series data and correlation coefficients for individual crude oil price indicators

Factor group  Individual Description Periodicity Period covered Source Correlation
factor coefficients
Crude oil Brent ICE Benchmark crude oil price: Brent Monthly 1990.01-2017.08  Thomson
price region, North Sea (USD per barrel) Reuters
Economics GDP, US dollars, billions Annually 1980-2017 IMF 0.86
worldwide
GDP, USA US dollars, billions Annually  1990-2017 IMF 0.77
GDP, USA Billions of chained 2009 dollars Monthly 1997.01-2017.08  Bureau of 0.67
(seasonally adjusted annual rate) economic
analysis/global
insight
DJI Dow Jones industrial Average. DJI, one of Monthly 1990.01-2017.08  Thomson 0.60
the three major indicators of the US Reuters
stock market, is the most representative
barometer of the American economy
NASDAQ One of the three major indicators of the Monthly 1990.01-2017.08  https://cn. 0.47
US stock market investing.com/
S&P 500 One of the three major indicators of the =~ Monthly 1997.10-2017.08  https://cn. 0.24
US stock market investing.com/
Fundamental  Oil supply, OPEC-12 petroleum production(million Monthly 1997.01-2017.08  EIA 0.71
market OPEC barrel per day)
Oil supply, Non-OPEC petroleum production(million ~ Monthly 1997.01-2017.08 EIA 0.54
non-OPEC barrel per day)
Oil supply, Crude oil production: total USA (million =~ Monthly 1997.01-2017.08  EIA 0.07
USA barrel per day)
Oil supply, Total world petroleum production(million Monthly 1997.01-2017.08  EIA 0.64
worldwide barrel per day)
Oil demand,  Total OECD Petroleum Monthly 1997.01-2017.08 EIA —0.34
OECD Consumption(million barrel per day)
Oil demand,  Total non-OECD petroleum Monthly 1997.01-2017.08 EIA 0.68
non-OECD consumption(million barrel per day)
Oil demand,  Total world petroleum Monthly 1997.01-2017.08  EIA 0.66
world wide consumption(million barrels per day)
Oil stocks, Total commercial petroleum stocks (crude Monthly 1997.01-2017.08; EIA; 0.11;
USA. oil and total products) (million barrels, 1990.01-2017.08  PIRA energy 0.16:
end month) group 0.06;
0.16
Oil stocks, Total commercial petroleum stocks (crude Monthly 1997.01-2017.08; EIA; — 0.06;
OECD oil and total products) of USA, Europe 1990.01-2017.08  PIRA energy — 0.26;
and Japan (million barrels, end month) group _007:
Oil OPEC total crude oil production capacity ~Monthly 1997.01-2017.08  EIA 0.64
production (million barrels per day)
capacity,
OPEC
Oil surplus OPEC total surplus crude oil production ~ Monthly 1997.01-2017.08  EIA —0.25
production capacity (million barrels per day)
capacity,
OPEC
Exploration US rotary rig  Oil, gas and misc. Monthly 1990.01-2017.08  Baker Hughes 0.70
technology count
Financial USD USD reflects the dollar’s exchange rate at Monthly 1990.01-2017.08  Thomson — 0.61
market the international exchange market Reuters
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Table 1 (continued)
Factor group  Individual Description Periodicity Period covered Source Correlation
factor coefficients
Speculation Net positions, Total large traders includes other Monthly 1990.01-2017.08  PIRA energy 0.59
large traders reportables and managed money (long group
positions minus short positions) (1
hand = 1000 barrels)
Net positions, Net position = equals Long position—short Monthly 2006.06-2017.08  PIRA energy 0.27
managed position (1 hand = 1000 barrels) group
money
Net positions, Total commercial traders include Monthly 1990.01-2017.08  PIRA energy - 0.59
commercial producer/merchant and swap dealer group
traders (long positions minus short positions) (1
hand = 1000 barrels)
Net positions, Non reportables. (long positions minus Monthly 1990.01-2017.08  PIRA energy 0.30
small short positions) (1 hand = 1000 barrels) group
traders
TOI Total open interest (1 hand = 1000 Monthly 1990.01-2017.08  PIRA energy 0.79
barrels) group
Geopolitical ~ Gulf War Dummy variable for Iraq invaded Kuwait 1990.08.02-1991.4.11 0.36
instability 9171 attack Dummy variable for US 9/11 attack 2001.09.11
Venezuela Dummy variable for oil worker strike at PDVSA, 2002.12.02
Venezuela
Iraq War Dummy variable for US—Iraq War 2002.03-2002.05
Hurricane Dummy variable for Hurricane Ivan, Atlantic (Category 2004.09.02-2004.09.24
Ivan 5 Hurricane (SSHWYS))
Hurricane Dummy variable for Hurricane Katrina, Louisiana, New 2005.08.23-2005.08.31
Katrina Orleans, USA (Category 5 Hurricane (SSHWS))
Hurricane Dummy variable for Hurricane Rita, Atlantic (Category 2005.09.18-2005.09.26
Rita 5 Hurricane (SSHWS))
Nigeria Dummy variable for Nigeria oil supply attack 2006.01-2006.07
Libya War Dummy variable for Libya War 2011.03-2011.11
Japan Dummy variable for strong earthquake and nuclear

leakage in Japan

2011.03

The bold data represent the correlation coefficient between the variable and curde oil price is the largest and is the appropriate variable in each

factor group

(1) DJI Dow Jones Index; EIA Energy Information Administration; /CE intercontinental exchange; IMF International Monetary Fund; NASDAQ
National Association of Securities Dealers Automated Quotations; OECD Organization For Economic Cooperation And Development; OPEC

Organization of Petroleum Exporting Countries; 70! total open interest

(2) 0.11, 0.16, 0.06 and 0.16 are the coefficients of the petroleum commercial stock, USA (EIA), the petroleum commercial stock, USA (PIRA),
the crude oil commercial stock, USA (EIA) and the crude oil commercial stock, USA (PIRA), respectively. — 0.06, — 0.26 and — 0.07 are the
coefficients of the petroleum commercial stock, OECD (EIA), the petroleum commercial stock, OECD (PIRA) and the crude oil commercial

stock, OECD (PIRA), respectively

technology, we select the US rotary oil rig count as a
proxy. In the speculation factor group, the net positions of
Large traders, Managed money and Small traders have
economic significance for Brent oil prices. TOI, however,
has a more positive relationship on Brent oil prices.
Important geopolitical and historical events (e.g., the Sec-
ond Gulf War from August 1990 to April 1991 and the Iraq
War in 2002) are also accounted for by using 0—1 dummy
variables.

In addition to the explained variable, international Brent
oil prices, six explanatory variables are eventually specified
for each influential factor groups: DJI, OECD oil stocks,

US rotary rig count, US dollar index, TOI, Geopolitical
instability, which are quoted as pbrent, dji, oeoi, rig, usdx,
toi, gpo. Since variable units are not uniform, normalized
units of pbrent, oeoi and toi are USD/barrel, barrel and
barrel, respectively. The diagrams in Fig. 2 illustrate the
relationship between these six influential variables and
international Brent crude oil prices. All data are on a
monthly basis and are transformed into logarithmic values
before further investigation, which does not change the
original co-integration relation between variables (Sun
2013) and can linearize the trends and eliminate the
heteroscedasticity in the time series. The logarithmic

@ Springer



438 Petroleum Science (2018) 15:432-450
() 25000 160 (b) 2800 160
DJI (LHS) OECD petroleum inventory (LHS)
Brent crude oil prices (RHS) - 140 = 2700 4 — Brent crude oil prices (RHS) - 140
20000 - s} ;
@ @ E 2600 120 @
5 £ £ s
S R0 E L100 2O
T 15000 =2 £ 2500 =2
£ (Sl g 8 ° ®
2 02 D 2 2400 7 80 g
S E 2 [SiRe] 23
= 10000 63 D = 2300 60 G 3
£ = o= =
o [9) [m)] [)
[a] & O 2200 - 40 &
5000 L
O 2100 20
0 T T T T T T T T T T T T T 0 2000 T T T T T T T T T T T T T 0
o o < © 0 O o <t © © o N v N~ o N < © 0 O N < © o O « 0 ~
D O O O O O O O O O w T T = D O W OO O O O 9O T T T 9=
D O o O O O O O O O o o o o oo OO O O O O O O O o O O O o
~— ~— -~ - N « N N N N N N N -~ - -~ ~— N N N N N N N N N
Yearly Yearly
1800 160 130 160
(C) — U.S.oil rig count (LHS) (d) — U.S.dollar index (LHS)
_ 1600 Brent crude oil prices (RHS) 140 120 A Brent crude oil prices (RHS) 140
[} . .
2 1400 L120 B 110 1 120 @
5 kel % ke
1200 S _ ) S _
= 10 &9 2 100 r100 2 o
S 1000 o 5 o
8 rs0 g2 = 90 Lso @ L
o © a [e) © =)
o 800 25 S =
=2 r60 C 3 o5 807 60 S5
= 600 = ) =
° = 2 40 9
B 400 0 5 70 o
o]
200 1 20 60 7 F20
0 — T T — 11— 17— 170 50 —T—7—7—— 77— 11— m—m—+0
(=2 <t © © O N & © 0o O « nw ~ o o < © O O o <t © © o ™M 0 N~
D YOO O O O O = = = 9= D OO OO O O O 9O T = =
o O O O O O O O O O O O O o o o O o O O O O O O o O o o
- - ~— N N N N N N N N N — -~ - N N N N N N N N N
Yearly Yearly
(e) 2500 160 (H 12 — 160
——— Total open interest (LHS) I Geopolitical instability (LHS)
Brent crude oil prices (RHS) 140 Brent crude oil prices (RHS) 140
1.0
2000 - 5
— L120 & 2 L120 &
e Q 3 L
3 100 S._ < 0.8 100 5.—
2 £ 1500 10 =g ® R
£ g o g £ o g
= 80 [} T 0.6 80 O©
25 g A S =xa
O = 1000 590 = 50
2= L60 G 3 5 60 © 3
T = - a 04 \Iﬁ‘ —
B 5 g o
= Lao 2 o] 40 £
500 o o 02 - o
L 20 : \/ﬂM - 20
0 T T T T T T T T T T T T 0 0 - T T T T T T T T T 0
o o <t © 0 O N « © o O « wn ~ o N ¥ © 0 O N « © O O N w1 ~
D O W YOO O O O O T T T 9= D O O MO O O O O T T T
oo O O O O O O O O o O o o o [} o O O O O O O o O O o o o
~— - - ~— N N N N N N N N N - - - — N N N N N N N N N
Yearly Yearly

Fig. 2 The relationship between influential variables and international Brent oil prices (a dji, b oeoi, ¢ rig, d usdx, e toi, f gpo)

variables are denoted as Ipbrent, ldji, loeoi, lrig, lusdx, ltoi
and gpo, respectively.

The whole sample, January 1990 to August 2017, is
divided into the six sub-periods January 1990 to December
1996, January 1997 to December 2002, January 2003 to
December 2006, January 2007 to December 2008, January
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2009 to June 2014 and July 2014 to August 2017. The
breakdown by decades is useful in that it proxies phases of
key international Brent oil prices development: The Asian
financial crisis in 1997; the outbreak of the Iraq war in
2003; the tight supply—demand, the devaluation of US
dollar and high spirits in speculations from 2007 to the
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outbreak of the global financial crisis in 2008; the oil price
boom in 2009 after the global financial crisis until volatility
on a high level with a slight upward trend from 2011 to
June 2014; oil price descent again after June 2014 and a
slight upwards from January 2016 to August 2017.

3.2 VAR and VEC models based on co-
integration theory

3.2.1 Co-integration theory

The co-integration method studied by Engle and Granger (Ford
and Dickinson 2010) facilitates the analysis of non-stationary
time series. If the linear combination of these non-stationary
variables can form a stationary time series, the resulting linear
combination is called a co-integration equation, which means
these variables exhibit a co-integration relationship.

In this paper, the Johansen multivariate co-integration test
method (Engle and Granger 1987; Bondia et al. 2016; Ouyang
and Lin 2015; Johansen 1988; Johansen and Juselius 1990;
Moore and Copeland 1995) is used to carry out the co-integra-
tion test. The Johansen co-integration test is based on VAR. The
original time series variables must be guaranteed to be in the
same order sequence. The basic principle of the Johansen co-
integration test is to analyze the rank of the matrix I7 in Eq. (1).

p—1
Ay, :Hy:—l +ZFiAyz—i+Bxi+8z (1)
=1
P
[I=> 4 -1 (2)
=1

ri=- z,,: A;. (3)

j=it

If the rank of IT is equal to n, y; is a stationary variable.
If the rank of II is equal to O, there is no long-run co-
integration relationship existing between the variables. If
the rank of II in the range of O~ n, there are r long-term
co-integration relationships existing between the variables.

The Johansen co-integration test has two test statistics:
the trace test statistic Ayace and the maximum eigenvalue
test statistic Amax, Which are shown in Eq. (4) and Eq. (5).

Jtrace = — T zg: ln<1 — //:,) (4)

i=r+1

(7 4+ 1) = —Tln(l —I,+l). (5)

3.2.2 VAR and VEC models

VAR and VEC models are commonly used in systems
forecasting interrelated time series and analyzing the

dynamic impact of random disturbances on a system of
variables (Ghysels 2016; Park et al. 2011).

VAR is an unstructured model, which means the rela-
tionship between variables is not based on economic the-
ory. VAR constructs the model by treating every
endogenous variable in the system as a function of lagged
values of all of the endogenous variables in the system. The
most general mathematical expression of VAR is:

Vi =A1y—1 +Ay o +Apyt—p + Box; + -+ + Byxi—,
+ &

(6)

where y, is a k-dimensional vector of endogenous vari-
ables; y,_;=(i=0,1,...,p) is a lagged endogenous
variable vector; x,_;, = (i =0, 1,...,r) is a d-dimensional
vector of exogenous variables or a vector of lagged
exogenous variables; P, r are the lag order of endogenous
variables and an exogenous variables; k x k dimensional
matrix A; and k X d dimensional matrix B; are the coeffi-
cient matrices to be estimated. ¢; is a k-dimensional random
disturbance vector.
VEC is actually a vector autoregressive model with co-
integration constraints on the basis of time series variables
and only applicable to modeling of non-stationary time
series variables with long-term co-integration relations.
The first-order difference time series variables obtained by
the error correction method are almost orthogonal, which
can eliminate the multiple collinearity between the time
series variables and improve the explanatory strength of
model equations. If k variables of I(1) have a co-integra-
tion relationship in y;, Eq. (6) without exogenous variables
can be written as Eqgs. (7) and (8):
p—1

Ay, = «ECM,_; + ZFiA)’tfi + & (7)
i=1

ECM,_; = 'y, (8)

where ECM,_, is an error correction term. Each equation in
Eq. (8) is an error correction model. The error correction
term reflects the long-run equilibrium relations among the
variables (co-integration relationship), which means devi-
ations from the long-run equilibrium can be corrected by a
series of partial short-term adjustments. « is the coefficient
vector of the error correction term and represents the
adjustment speed to the long-term equilibrium state, when
the balanced relationship between variables deviates from
the long-term equilibrium. I'; is the coefficient of the lag
difference term Ay, ; of each explanatory variable and
reflects the effects of short-term fluctuations of each vari-
able on Ay;.

Without imposing theoretical restrictions on endogene-
ity among variables, VAR and VEC models can be
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appropriate to establish the dynamics between the inter-
national Brent crude oil prices and all the influential vari-
ables. The quantitative analysis software, Eviews6.0, is
used in this study to carry out the analysis.

4 Empirical analysis and forecast

4.1 Contributions of influential factors to Brent
oil price

4.1.1 Optimal lag order determination

First of all, it is necessary to conduct the optimal lag order
analysis, which can reduce and eliminate the autocorrela-
tion between variables in residuals and reflect the dynamic
characteristics of the model (Ng and Perron 2001). How-
ever, the longer the optimal lag order is, the more the value
of the parameter to be estimated and the less the freedom in
the model. This will directly affect the validity of the
model estimation. When the optimal lag order is too small,
residual autocorrelation problems may be present, which
can result in inconsistencies of parameter estimation. So, it
is necessary to balance between the optimal lag order and
freedom.

To analyze the optimal lag order, there are five evalu-
ation criteria, namely Likelihood Ratio (LR), Final Pre-
diction Error (FPE), Akaike Information Criterion (AIC),
Schwarz Information Criterion (SC) (Pedroni 2008) and
Hannan—Quinn Information Criterion (HQ). Taking the
third sub-period in January 2003 to December 2006 as an
example, results for the lag order are given in Table 2,
which shows that the lag order selected by the 3 criteria
LR, SC and HQ is 1. The optimal lag order analysis of
other five sub-periods is the same as that of the first sub-
period. Ultimately, the optimal lag order of each sub-period
is 2,2, 1, 1, 1 and 2, respectively.

4.1.2 ADF unit root test for stationary tests

Because of the spurious regression problems, non-station-
ary variables should not be directly used in the regression
model. Otherwise, the direct use of non-stationary vari-
ables for regression analysis leads to a high output value

and a very significant ¢ value, but the estimation and
analysis of the model doesn’t have any substantive sig-
nificance (Granger and Newbold 1974). It is necessary to
implement a stationary test, namely the unit root test,
before establishing VAR and VEC models (Xu and Lin
2016; Blanco et al. 2013). The Augmented Dickey—Fuller
(ADF) of the unit root test method is commonly applied to
check sequence stationary (Dickey and Fuller 1979; Jans-
son and Nielsen 2012; Gavaliere 2014). The test models of
the ADF unit root test method are as follows.

m

Ayi=(p—Dyi1+ > iy i+e )
pa
Ayr =B+ (p = Dy1 + ZéiA)’H‘ +é& (10)
i-1

Ay = By + Baot + (p = 1)yi-s +Z@‘A}’t—i+3t (11)

i=1

where ¢; is a random disturbance term; A is a differential
operator. Equation (9) represents the model with no inter-
cept and no trend. Equation (10) represents the model with
intercept and no trend. Equation (11) represents the model
with intercept and trend. The specific test starts with
Eq. (11), then Egs. (10) and (9). Only when the final test is
done, we can know whether the original time series has a
unit root. Table 3 provides the results of the ADF unit root
tests for the time series of the third sub-period in January
2003 to December 2006. It can be found that the ADF unit
root test statistics of these seven variables are greater than
1%, 5% and 10% test critical values. That is, the null
hypothesis of a unit root cannot be rejected at the 1%, 5%
and 10% significance level, which means all the variables
are non-stationary sequence. Then, the stationary test of all
the variables in the first-order difference is conducted. The
ADF unit root tests indicate that the test statistics of these
seven variables are lower than 1%, 5% and 10% critical
values. That is, the null hypothesis of a unit root in the first-
order difference can be rejected for all the variables at the
1%, 5% and 10% significance level, which means all the
variables form a stationary sequence.

After the ADF unit root test for all the variables in the
whole sub-periods, it can be concluded that all the

Table 2 VAR lag order

selection criteria of the third Lag Log likelihood LR FPE AIC S¢ HQ
sub-period in January 2003 to 0 359.87 NA 3.64E—16 — 15.68 — 1540 — 15.58
December 2006
1 628.00 440.92%* 2.21E-20 — 2542 — 23.17* — 24.58%
2 676.67 64.91 2.62E-20 — 2541 —21.19 — 23.84
3 740.24 64.98 2.16E—-20* — 26.06* —19.87 — 2375

*Indicates the lag order selected by the criterion
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Table 3 ADF unit root test of the third sub-period in January 2003 to December 2006
Variables Test form (c,t,n) ADEF test statistic Test critical Test critical value (5% level) Test critical value Prob.* Conclusions
value (1% level) (10% level)
Ipbrent (c,0,1) —0.812 — 3.578 — 2925 — 2.6007 0.807  Unstable
ldji (c,0,1) — 0.904 — 3.578 —2.925 — 2.6007 0.778  Unstable
loeoi (c,0,1) — 1.936 — 3.578 —2.925 — 2.6007 0.313  Unstable
Irig (c,0,1) — 1.010 — 3.578 —2.925 — 2.6007 0.743  Unstable
lusdx (c,0,1) — 2.327 — 3.581 —2.927 — 2.6014 0.168  Unstable
Itoi (c,0,1) 0.284 — 3.578 —2.925 — 2.6007 0.975  Unstable
gpo (c,0,1) — 1.010 — 3.578 —2.925 — 2.6007 0.743  Unstable
Alpbrent  (c,0,0) —6.593 — 3.581 —2.927 — 2.6014 0.000  Stable
Aldji (c,0,0) — 6914 — 3.581 —2.927 — 2.6014 0.000  Stable
Aloeoi (c,0,0) — 8.053 — 3.581 —2.927 — 2.6014 0.000  Stable
Alrig (c,0,0) — 5.481 — 3.581 —2.927 — 2.6014 0.000  Stable
Alusdx (c,0,0) — 5.026 — 3.581 —2.927 — 2.6014 0.0001 Stable
Altoi (c,0,0) —5.283 — 3.581 —2.927 — 2.6014 0.0001 Stable
Agpo (c,0,0) — 5481 — 3.581 —2.927 — 2.6014 0.000  Stable

A is first-order difference; ¢ is the intercept term; ¢ is the trend term; n is the optimal lag order; a Prob. less than 0.05 means that ADF unit root
test statistic is less than 1%, 5% and 10% test critical values and the null hypothesis of a unit root is rejected at the 1%, 5% and 10% significance

level
*MacKinnon (1996) one-sided p values

variables are stationary in the first-order difference and can
be conducted with a co-integration test.

4.1.3 Johansen co-integration test

The Johansen co-integration test method previously intro-
duced in Sect. 3.2.1 is used to carry out the co-integration
test to examine whether there is a long-term stable rela-
tionship between variables (Engle and Granger 1987;
Bondia et al. 2016; Ouyang and Lin 2015; Johansen 1988;
Johansen and Juselius 1990; Moore and Copeland 1995).
According to the co-integration theory Egs. (1)—(3), the
results are shown in Table 4. The trace statistic of “no co-
integration relationship” is equal to 143.77, which is
greater than the 0.05 critical value, so it can reject the
original hypothesis Hy that there is no co-integration rela-
tionship. The trace statistic of “at most one co-integration
relationship” equals to 90.99, which is smaller than the
corresponding 0.05 critical value, so it cannot reject the
alternative hypothesis H; that there is one co-integration
relationship. The Max-Eigen statistic of “no co-integration
relationship” and “at most one co-integration relationship”
is equal to 52.77 and 41.21, respectively, which are greater
than the 0.05 critical value, so it can reject the original
hypothesis Hy and the alternative hypothesis H;. The Max-
Eigen statistic of “at most two co-integration relationship”
is equal to 24.97, which is smaller than the corresponding

0.05 critical value, so it cannot reject the alternative
hypothesis H,. In other words, there is at least one long-
term stable equilibrium relationship between international
Brent crude oil prices and influential variables at the 0.05
level. After the Johansen co-integration tests for all the
variables of the whole sub-periods, it can be concluded that
there is one long-term stable equilibrium relationship
between the international Brent crude oil prices and influ-
ential variables at the 0.05 level.

Inverse roots of the AR characteristic polynomial of the
co-integration relationship are shown in Fig. 3. The VAR
stability condition check is shown in Table 5. It can be
seen that no root lies outside the unit circle and VAR (1)
satisfies the stability condition.

The co-integration relationship of the third sub-period
from January 2003 to December 2006 is shown in Table 6.

According the Table 6, the long-term co-integration
equation between the international Brent crude oil prices
and influential variables is shown in Eq. (12).

CE3 = Ipbrent — 10.771dji 4+ 2.90loeoi + 1.791rig
+ 0.491usdx — 5.591toi — 0.35tpo + ;. (12)

From Eq. (12), it can be seen that the elasticity coeffi-
cients of the impacts of Ipbrent, ldji, loeoi, Irig, lusdx, ltoi
and gpo on Ipbrent are 10.77, — 2.90, — 1.79, — 0.49, 5.59
and 0.35, respectively. Thus, the contribution ratios of the
six explanatory variables to the explained variable Ipbrent
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Table 4 Johansen co-

Q] 3 q q Q ] 111 skok
integration tests of the third sub- Hypothesized no. of CE(s) Eigenvalue Trace statistic 5% critical value Prob.
period of January 2003 to Trace statistic
December 2006

None* 0.68 143.77 125.62 0.002
At most 1 0.59 90.99 95.75 0.10
At most 2 0.42 49.78 69.82 0.65
At most 3 0.25 24.81 47.86 0.92
At most 4 0.14 11.68 29.80 0.94
At most 5 0.08 4.92 15.49 0.82
Hypothesized no. of CE(s) Eigenvalue Max-Eigen statistic 5% critical value Prob.**
Maximum eigenvalue statistic
None* 0.68 52.77 46.23 0.009
At most 1* 0.59 41.21 40.08 0.04
At most 2 0.42 24.97 33.88 0.39
At most 3 0.25 13.13 27.58 0.88
At most 4 0.14 6.76 21.13 0.96
At most 5 0.08 3.89 14.26 0.87
Max-eigenvalue test indicates 2 co-integrating eqn(s) at the 5% level
Trace test indicates 1 co-integrating eqn(s) at the 5% level
*Denotes rejection of the hypothesis at the 5% level
**Mackinnon—Haug—Michelis (1999) P values
15 Table 5 VAR stability condi- Root Modulus
tion check
£ 0.97 — 0.06i 0.97
g M 0.97 + 0.06i 0.97
S 0.777 — 0.16 0.79
;U%) 05 4 0.777 + 0.16i 0.79
5 . 0.72 — 0.30i 0.78
8 . 0.72 + 0.30i 0.78
© 0 4 . hd
5 . 0.33 0.33
o R R .
f_i ° No root lies outside the unit
8 05 circle
§ VAR satisfies the stability
Py condition
(2]
B -1.0
>
£
Table 6 Normalized co-integrating coefficients (standard error in
-15 T T T T T parentheses) from January 2003 to December 2006
-15 -1.0 -0.5 0 0.5 1.0 15

Inverse roots of AR characteristic polynomial

Fig. 3 Inverse roots of AR characteristic polynomial of the co-
integration relationship of the third sub-period from January 2003 to
December 2006

are 49.2%,
respectively.

On the whole, the long-term co-integration relationships
between the international Brent crude oil prices and all the

13.3%, 82%, 22%, 255% and 1.6%,

@ Springer

Ipbrent  Ildji loeoi Ilrig lusdx  Itoi gpo
1.0000 — 10.77 2.90 1.79 049 —-559 —-035
(1.81) (2.38) (0.46) (1.70) (0.73) (1.81)

influential variables of each sub-period can be calculated as
follows from Eqgs. (13)-(17).

CE, = lpbrent — 0.96ldji 4 8.70loeoi + 1.07lrig

+ 3.56lusdx — 1.40lt0i — 0.28tpo + &, (13)



Petroleum Science (2018) 15:432-450

443

CE, = Ipbrent — 1.90ldji 4+ 15.55loeoi — 1.63lrig

+ 5.51lusdx — 6.971toi — 0.72tpo + & (14)
CE4 = Ipbrent — 2.371dji 4+ 6.36loeoi — 0.21lrig

+ 7. 72lusdx — 2.671toi — 0.40tpo + ¢, (15)
CEs = Ipbrent — 0.651dji + 1.55loeoi — 0.31lrig

+ 0.40lusdx — 0.441toi — 0.161po + & (16)
CE¢ = Ipbrent — 1.10ldji 4+ 1.95loeoi — 0.88lrig

+ 2.61lusdx — 1.951toi — 0.34tpo + ¢;. (17)

4.1.4 Comprehensive quantitative and qualitative analysis

From Egs. (12)—(17), in terms of the co-integration rela-
tionships between international Brent crude oil prices and
all the influential variables of each sub-period, the com-
prehensive contribution ratios can be eventually calculated
in Table 7. Besides, the results in Table 7 can be graphed
in Fig. 4 for comprehensively quantitative and qualitative
analysis. Then, from the perspective of the whole sub-pe-
riods and all the influential variables, examine whether the
quantitative results are in accordance with the corre-
sponding qualitative characteristics of historical oil market
and the fluctuation of oil prices.

ey

From the perspective of all the whole sub-periods. In
the first sub-period from January 1990 to December
1996, after the outbreak of Gulf War in 1990, the
first comprehensive international energy cooperation
was conducted. In addition to Iran, OPEC agreed to
increase their oil production in order to make up for
the supply shortage in the international oil market
due to the embargo of the United Nations on Iraq.
Thus, the fundamental factor plays a leading role in
the fluctuations of international crude oil prices. The
contribution ratio of loeoi is above 50.0%. In the
second sub-period from January 1997 to December
2002, after the strong impact of the Asian financial
crisis on the world economy and oil demand, OPEC
conducted a reduction of output three times. The
fundamental factor remained the strong role in
leading oil price fluctuations. The contribution ratio
of loeoi is 48.2%. In the third sub-period from
January 2003 to December 2006, the effect of loeoi,
the proxy of fundamental factor group, on the
international Brent oil prices diminished to 13.3%.
The rapid growth in the global economy, the
devaluation of the US dollar and high spirits of
speculators in the crude oil market are the main

Table 7 Contribution ratios of all the influential variables on international Brent oil price of each sub-period

Variables  1990.01-1996.12,  1997.01-2002.12,  2003.01-2006.12,  2007.01-2008.12,  2009.01-2014.06,  2014.07-2017.05,
% % % % % %
Idji 6.0 59 492 12.0 18.5 12.5
loeoi 545 482 133 322 44.1 2.1
Irig 6.7 5.0 8.2 1.1 9.0 10.0
lusdx 223 17.1 22 39.1 113 296
ltoi 8.8 21.6 25.5 135 12,5 22.1
gpo 1.8 22 1.6 2.0 46 3.8

M /dji (Economics)
M Jusdx (Financial market)

100 7
90 1
80 1
70 1
60 -
50 A
40 A
30 1
20 1
10 A

Contribution ratios of influential
variables, %

M /oeoi (Fundamental market)
M /toi (Speculation)

W Irig (Exploration teconology)
W tpo (Geopolitics)

1990.01-1996.12 1997.01-2002.12

2003.01-2006.12

2007.01-2008.12

2009.01-2014.06 2014.07-2017.08

Six sub-periods monthly

Fig. 4 Contribution ratios of all the influential variables to international Brent crude oil prices of each sub-period
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drivers pushing up the international Brent crude oil
prices. The effects of Idji and Ifoi, the proxies of the
economic factor group and speculation factor group,
account for 49.2% and 25.5%, respectively. In the
fourth sub-period from January 2007 to December
2008, after the global financial crisis, the interna-
tional Brent crude oil prices dropped mainly because
of the declines in oil demand and speculations and
the stronger US dollar. The main influential factors
affecting the fluctuations of Brent crude oil prices
returned from the speculations to the fundamental
factor. The effects of loeoi, ldji and Itoi account for
32.3%, 39.1% and 13.5%, respectively. In the fifth
sub-period from January 2009 to June 2014, the
economic factor, the fundamental factor and geopo-
litical instability are the main influential factors of
Brent crude oil prices, which account for 18.5%,
44.1% and 4.6%. In the sixth sub-period from July
2014 to August 2017, oil production in US had been
growing rapidly, driven by the breakthrough in shale
oil technology and the cessation of the 40-year oil-
exporting embargo in December 8, 2015. Iran oil
exports lifted in January 16, 2016. Many factors
work together on oil prices. The loeoi, Irig, lusdx and
[toi account for 22.1%, 10.0%, 29.6% and 22.1%.

(2) From the perspective of all the influential variables.
From all the influential variables, overall, loeoi, the
proxy of the fundamental factor, has a major effect
on international Brent crude oil prices. /dji mainly
reflects impacts of the stock market, market expec-
tations and economic factors on crude oil prices. The
greater impacts in 20032006 are attributable to the
expansion in supply and demand and to the econ-
omy. [rig reflects the oil exploration and develop-
ment techniques, with greater impacts in 2009-2017.
lusdx reflects the impacts of asset pricing on oil
prices, with greater impacts in 2007-2008 and
2014-2017, which mainly because rapid devaluation
and revaluation of the US dollar pushed up the
international Brent crude oil price. The more signif-
icant period of [toi spans in 2003-2006 because the
relaxation of capital regulations in 2003 permitted
banks to participate in investment banking and
commodity trading.

The overall quantitative analysis results show that the
impacts of all the influential variables at the whole sub-
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periods on the international Brent crude oil prices are
consistent with the qualitative analysis results of the
characteristics of the fluctuations of international crude oil
markets and Brent crude oil prices. This illustrates that the
co-integration relationships between international Brent
crude oil prices and all the influential variables at each sub-
periods have strong explanatory power.

4.2 Forecasts for Brent oil prices
inside and outside of the sample

After a quantitative analysis of the contribution ratios of
each influential explanatory variable on the international
Brent crude oil prices, we established the oil price forecast
VAR and VEC models in the whole sample from January
1990 to August 2017. Similarly, we determined the optimal
lag order. The test results show that the optimal lag order is
2. Secondly, the ADF unit root test is used to examine if
each variable is stationary. The test results indicate that the
original time series of all the influential variables, namely
Ipbrent, ldji, loeoi, Irig, lusdx, ltoi and gpo, are unstable,
while the first-order difference time series of each variable
are stable. It can be concluded that all the variables are
stationary in the first-order difference and can be conducted
with a co-integration test. Thirdly, the Johansen co-inte-
gration test is used to determine the co-integration rela-
tionships between the international Brent crude oil prices
and all the influential variables. The test results that the
trace statistic and the Max-Eigen statistic of the original
hypothesis “no co-integration relationship” are greater
than the 0.05 critical value. The trace statistic and the Max-
Eigen statistic of the alternative hypothesis “at most one
co-integration relationship” are less than the 0.05 critical
value. This indicates there is a long-term stable co-inte-
gration equilibrium relationship between international
Brent crude oil prices and all the influential variables at the
5% significant level. All of the inverse roots of AR char-
acteristic polynomials are located within the unit circle.
The VAR(2) satisfies the stability condition. VAR and
VEC models can be further established to make forecasts
of Brent oil prices from January 1990 to August 2017
inside of the sample and from September 2017 to
December 2022 outside of the sample. Combined with the
future international oil market situation, we compared the
forecast effects of VAR and VEC models.
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4.2.1 Establishment of oil price forecast model VAR

According to Eq. (6), we established the VAR (2) of all the
influential variables Ipbrent, ldji, loeoi, Irig, lusdx, ltoi and
gpo. According to the parameter estimation results of VAR
model, the specific form is shown in Eq. (18).

Ipbrent
ldji
loeoi
Irig
lusdx
ltoi

8po '

4.2.2 Establishment of oil price forecast model VEC

According to Egs. (7) and (8), establish the VEC (1) model
of all the influential variables [pbrent, ldji, loeoi, lIrig,
lusdx, Itoi and gpo. According to the parameter estimation

4.52 1.24 0.14 -080 —-0.12 -037 —-0.14
0.32 - 003 1.14 —0.14 0.05 —0.07 0.02
2.13 0.01 —0.04 1.01 0.01 0.02 0.004
— 151 [ +] 025 —0.05 029 1.44 0.12 —0.05
—0.19 —0.02 0.02 0.12 —-0.02 124 —0.01
—3.80 —0.01 0.25 —-043 —-0.10 0.24 1.08
12.51 —0.63 0.02 0.36 0.32 —194 0.12
—030 —0.17 054 0.09 0.35 0.23 0.02
0.01 —0.15 0.12 - 005 0.04 0.004 0.01
—0.02 0.03 —0.13 —0.003 0.003 0.01 0.0002
- 021 0.04 -020 —-046 —0.11 0.04 0.02
0.02 0.004 —0.08 0.03 - 031 —0.01 -0.0002
0.03 —-0.22 0.64 0.09 - 030 —-0.12 -0.003
0.68 —-002 —-095 —-029 205 —0.16 0.25

—0.01
0.01

— 0.001
—0.03
— 0.003
0.01
0.59
Ipbrent
Idji

loeoi

lrig
lusdx

ltoi
8po

Ipbrent
ldji
loeoi
lrig
lusdx
ltoi

&po

=2

(18)

The results of VAR estimates and model diagnostic tests
are shown in Table 8. The VAR are fitted well, and the
overall effect of the model is good.

A(lpbrent)
Idji))

>

loeoi)

(

(

(
A(lrig)

(

(

(

>

lusdx)
ltoi)

gpo)

0.003
0.005
0.0004
0.001

— 0.0001
0.004
0.002
—0.05
—0.02
—0.01
+ | 0.02
0.01
0.02
0.04

0.33
—0.01
0.02
+ | 0.24
—0.03
—0.02
—-0.72

CointEql

0.18
0.19
—0.04
—0.11
0.03
0.24
—0.12

—0.57
—0.09
0.11
0.17
0.05
—0.61
0.48

results of VEC model,
Eq. (19).

—0.10
0.03
0.01
0.49
—0.03
—0.11
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—0.08 —0.01
0.02 —0.02
0.08 —0.02
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—0.02
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— 0.002
—0.02
0.001
0.008
—0.31

the specific form is shown in

t—1
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Table 8 The results of VAR estimates and model diagnostic tests

Variables R-squared Adjusted R-squared F statistic
Ipbrent 0.989 0.988 1936.50
Idji 0.997 0.996 6496.39
loeoi 0.910 0.906 226.45
Irig 0.993 0.993 343222
lusdx 0.975 0.974 865.27
Itoi 0.996 0.995 5165.01
8po 0.689 0.676 49.941
where

CointEql = Ipbrent,_; + 0.96ldji,_ + 6.55loeoi;_;
— 0.04lrig;—1 — 1.70lusdx;—; — 1.71ltoi,_,
— 0.30tpo,_, — 110.67
(20)

The results of VEC estimates and model diagnostic tests
are shown in Table 9. The overall fitting effect of the VEC
model is not superior to VAR.

4.2.3 Brent crude oil price forecasts for 1990-2017
inside of the sample

With the dynamic solution and static solution, we used the
above VAR and VEC models to forecast the international
Brent crude oil prices from January 1990 to August 2017
inside the sample. The dynamic solution uses the predictive
value of each sequence rather than actual observation to
iteratively calculate and can forecast the future variables
outside of the sample. Although it can’t show short-term
fluctuations in prices, it can reflect the price trends better.
Thus, it is suited to long-term forecasts. The static solution
uses the actual observation value of the lag period of each
sequence to determine the next forecast value. However, it
can only predict the future values of one period outside of
the sample. This solution can better show short-term

Table 9 The results of VEC estimates and model diagnostic tests

Variables R-squared Adjusted R-squared F statistic
Ipbrent 0.174 0.154 8.48
Idji 0.061 0.037 2.59
loeoi 0.060 0.037 2.57
Irig 0.377 0.361 24.27
lusdx 0.149 0.128 7.02
Itoi 0.123 0.101 5.63
gpo 0.159 0.138 7.58

@ Springer

fluctuations than long-term trends of prices. Thus, it is
suited to short-term forecasts. For dynamic solution and
static solution of VAR and VEC models, a set of sequences
containing the original sequence Ipbrent and the analog
sequence Ipbrent (Baseline) can be established, which are
shown in Fig. 5. It can be seen that compared to the
dynamic solution, the static solution results of VAR and
VEC models are closer to the actual international Brent
crude oil prices. For the static solution results inside of the
sample, the absolute error of VEC is a slight larger than
that of VAR. The forecast effect of VAR is better than
VEC.

4.2.4 Brent crude oil price forecasts for 2017-2022 outside
of the sample

In order to ensure the accuracy of the model prediction, the
static solution of VAR and VEC is applied to predict the
monthly international Brent crude oil prices from
September 2017 to December 2022 outside of the sample.
The forecast results are shown in Fig. 6. It can be seen that
the forecast results of VAR show that annually averaged
Brent crude oil prices outside of the sample from 2017 to
2022 are $53.0, $61.3, $74.4, $90.0, $105.5, and $120.7 per
barrel, respectively. The forecast results of VEC show that
annually average Brent crude oil prices outside of the
sample from 2017 to 2022 are $53.0, $56.5, $58.5, $60.7,
$63.0 and $65.4 per barrel, respectively.

The latest report IEA Market Report Series: Oil 2017
provides clear trends to guide our view about the oil market
of the next five years. The Oil 2017 report, which provides
market analysis and forecasts to 2022, sets the scene for
what promises to be a transformative period in the history
of oil. The downturn in investment will lead to a worldwide
supply shortage of crude oil after 2020. (1) Oil demand is
expected to grow strongly at least to 2022 with the main
developing economies leading the way. (2) The need for
more production capacity becomes apparent by the end of
the decade, even if supply appears plentiful today. (3) It is
not clear that upstream projects will be completed in time
given the unprecedented two-year fall in investment in
2015 and 2016 although major reductions in costs will
help. (4) There is a risk of prices rising more sharply by
2022 if the spare production cushion is eroded. The global
oil market is likely to fall into a quagmire of supply
shortages.

From the point of view of IEA, obviously, the funda-
mental factor is still a big driver influencing the fluctua-
tions of international Brent crude oil prices. Two scenarios
can be set up to analyze the development of oil prices: low
development scenario and high development scenario. The
high reservoir development scenario means that if new oil
projects are to be launched, worries about low reserve oil



Petroleum Science (2018) 15:432-450

447

(a) 50

Dynamic solution of VAR
w w » »
o (9] o (9]

N
o
1

——— Ipbrent

——— Ipbrent (base line)

2.0
1990

1995

2000

2005

Yearly

2010

2015

—
(2)

—
o
o

b
o
L

3.0 A

Dynamic solution of VEC

2.5 A1

2.0

——— Ipbrent

——— Ipbrent (base line)

1990

1995

2000

2005

Yearly

T
2010

2015

(b)50
45
4.0
35

3.0

Static solution of VAR

2.0

—— Ipbrent

——— Ipbrent (base line)

1990

1995

2005

Yearly

2010

2015

—_
Q.
~
o
o

b
)

4.0

3.5

3.0

Static solution of VEC

2.0

——— Ipbrent

——— Ipbrent (base line)

1990

1995

2000

2005

Yearly

2010

2015

Fig. 5 Brent crude oil price forecasts from January 1990 to August 2017 inside the sample. a Dynamic solution of VAR; b Static solution of
VAR; ¢ Dynamic solution of VEC; d Static solution of VEC

160 q

L% — VARM  —— VECM Forecast

@ 2 140 -

m!—

38

ga 120 A High scenario

= ?

8 = 100 ~

o~

a O

— w80 A

c >

22 60-

2 © Low scenario

Oéﬁ( 40 A

[

o2 20

m O
0 T T T LI T T T T T T T T LI T T T T T T T T T T T T T T T T T T T T T
~— ~ (2] N~ Yo ™ -~ ~ (] N~ w [s2) -~ ~ () N~ Yo} ™ ~— ~—
S - &9 9 S @ 9 = S g9 S 9o = S 9o 9 9 o -
o o o o o o o o o o o o o o o o o o o o
N N N N N N N N N N N N N N N N N N N N

Monthly

Fig. 6 Brent crude oil price forecasts of VAR and VEC from September 2017 to December 2022 outside of the sample

@ Springer



448

Petroleum Science (2018) 15:432-450

production capacity will be eased, and the crude oil futures
curve will be more resilient. Thus, the international Brent
crude oil prices will slowly rise along the forecast results of
VEC. The low reservoir development scenario means that
if new oil projects continue to be blocked, the reserve crude
oil production capacity will further reduce. Thus, the
increased fluctuations of oil prices will accelerate along the
forecast results of VAR. Overall, from the forecast trends
of international Brent crude oil prices from September
2017 to December 2022, both VAR and VEC models have
good forecast effects, which are coincide with the possible
future developments in the international oil market and the
international oil prices.

5 Conclusions and policy implications

This paper attempts to divide the whole fluctuation range of
international crude oil prices from January 1990 to August
2017 into several sub-periods and examine different vari-
ables relating to each of these six groups: Economics,
Fundamentals, Technology, Finance, Speculation and
Geopolitics. Furthermore, we investigated the long-term
relationship between international crude oil prices and
selected determinants by using co-integration theory to
quantitatively analyze the contribution degree of different
factors to international crude oil price at different stages.
Finally, we established the oil price forecast models VAR
and VEC to make predictions of international oil price
from January 1990 to August 2017 inside of the sample and
from September 2017 to December 2022 outside of the
sample.

It is demonstrated that in addition to the explained
variable, international Brent oil prices, six explanatory
variables are eventually specified for each influential factor
groups: DJI, Oil stocks of OECD, US rotary rig count, US
dollar index, TOI, Geopolitical instability, which are quo-
ted at pbrent, dji, oeoi, rig, usdx, toi, gpo. The whole
sample, January 1990 to August 2017, is divided into the 6
sub-periods January 1990 to December 1996, January 1997
to December 2002, January 2003 to December 2006, Jan-
uary 2007 to December 2008, January 2009 to June 2014
and July 2014 to August 2017. The breakdown is useful in
that it proxies phases of key international Brent oil price
developments. Secondly, after the Johansen co-integration
tests for all the variables of the whole sub-periods, it can be
concluded that there is one long-term stable equilibrium
relationship between the international Brent crude oil pri-
ces and influential variables at the 0.05 level. In addition,
from the perspective of the whole sub-periods and all the
influential variables, the contribution ratios of all the
influential variables to Brent crude oil prices are in
accordance  with  the corresponding  qualitative

@ Springer

characteristics of the historical oil market and the fluctua-
tion of oil prices. The established co-integration relation
equations present stronger explanatory power. Further-
more, based on the co-integration theory, we established
the oil price forecast models VAR and VEC. From January
1990 to August 2017 inside of the sample, both the static
simulation results of VAR and VEC are close to the actual
international Brent crude oil prices. However, the forecasts
effect of VAR is better than VEC. From September 2017 to
December 2022 outside of the sample, the forecast results
of VAR show that annually average Brent crude oil prices
for 2017-2022 are $53.0, $61.3, $74.4, $90.0, $105.5, and
$120.7 per barrel, respectively. The forecast results of VEC
show that annually average Brent crude oil prices for
2017-2022 are $53.0, $56.5, $58.5, $60.7, $63.0 and $65.4
per barrel, respectively. According to the market analysis
and forecasts to 2022 of IEA, the downturn in investment
will lead to a worldwide supply shortage of crude oil after
2020. In some sense, the forecast results of VAR and VEC
are corresponding to a low reservoir development scenario
and a high reservoir development of possible future
developments in the international oil market and the
international crude oil prices.

The drastic fluctuation of international oil price will
have a significant impact on China, the second largest oil
consumer and the third oil-importing country in the world.
Supported by the favorable economic situation, substantial
growth in petrochemical production and strong demand for
car ownership, it is expected that China’s oil demand will
increase by 1.8 million barrels per day in 20162022, with
an average annual growth rate of about 2.4%. In addition,
the pattern of international crude oil trade will also change.
China, India and Southeast Asia will jointly push the
international crude oil flow from the west to the east. In the
next 5 years, China’s net daily imports of crude oil will
reach 9.5 million barrels, which is next only to the United
States’ record of 10 million barrels per day in the beginning
of this century. Firstly, in the process of strengthening
international cooperation, China should make effective use
of foreign resources to ensure energy security. Secondly,
the trend of the international crude oil price is needed for
our country’s refined oil price adjustment. At present,
China’s dependence on foreign crude oil and gas is more
than 65% and 30%. The import price of crude oil in China
is greatly affected by the price of international commodity
futures market. With this background, China should con-
tinue to increase investment, accelerate the national
strategic crude oil reserve facilities, increase enterprise
reserves infrastructure, enhance the commercial crude oil
storage capacity and reduce the impact of the international
energy market volatility on China’s economy. Thirdly,
China will strengthen cooperation with the “One Belt and
One Road” initiative along the country’s energy field,
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which can enrich China’s imports of energy sources to deal
with future complicated geopolitical situations.
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