
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

The inevitable role of El Niño: a fresh insight into
the oil market

Meng Qin, Lian-Hong Qiu, Ran Tao, Muhammad Umar, Chi-Wei Su & Wen
Jiao

To cite this article: Meng Qin, Lian-Hong Qiu, Ran Tao, Muhammad Umar, Chi-Wei Su & Wen
Jiao (2020) The inevitable role of El Niño: a fresh insight into the oil market, Economic Research-
Ekonomska Istraživanja, 33:1, 1943-1962, DOI: 10.1080/1331677X.2020.1768428

To link to this article:  https://doi.org/10.1080/1331677X.2020.1768428

© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 22 May 2020.

Submit your article to this journal 

Article views: 495

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2020.1768428
https://doi.org/10.1080/1331677X.2020.1768428
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2020.1768428
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2020.1768428
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2020.1768428&domain=pdf&date_stamp=2020-05-22
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2020.1768428&domain=pdf&date_stamp=2020-05-22


The inevitable role of El Ni~no: a fresh insight into the
oil market

Meng Qina, Lian-Hong Qiua, Ran Taob, Muhammad Umarc, Chi-Wei Sud and
Wen Jiaod

aGraduate Academy, Party School of the Central Committee of the Communist Party of China
(National Academy of Governance), Beijing, China; bDepartment of Non-communicable Chronic
Disease, Qingdao Municipal Center for Disease Control & Preventation, Qingdao, China; cSchool of
Business, Qingdao University, Qingdao, China; dSchool of Economics, Qingdao University,
Qingdao, China

ABSTRACT
This paper explores the time-varying interaction between El Ni~no
phenomenon and the oil market by applying the wavelet analysis.
Few studies have explored the time-varying interrelationship
between El Ni~no phenomenon and oil price (also the prices of
petroleum products) by considering the time and frequency
domains, and this paper will fill the above gaps. The empirical
results reveal that El Ni~no index (NINO) which reflects the
strength of El Ni~no phenomenon has a negative influence on oil
price (OP) in the long run, but this view does not hold in the
short and medium terms. These results are not consistent with
the intertemporal capital asset pricing model (ICAPM), which indi-
cates that there is a positive influence from NINO to OP. In turn,
OP positively affects NINO in the medium term. Through compar-
ing the five petroleum products, we can conclude that heating oil
price (HOP) is the most relevant to NINO, while gasoline price
(GOP) and diesel fuel price (DOP) have relatively weak relation-
ships with it. Understanding the interactions between El Ni~no
phenomenon and the oil market can provide insights for the
investors, oil enterprises and related authorities.
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1. Introduction

The main purpose of this paper is to investigate the mutual influence between EL
Ni~no phenomenon and the oil market. El Ni~no phenomenon mainly refers to the
abnormally warming of the sea temperature in the tropical oceans of the Eastern and
Central Pacific Ocean (Rensch et al., 2015). Then, the global climate pattern is
changed by El Ni~no phenomenon (Martin et al., 2013; Staupe-Delgado et al., 2018;
Rojas et al., 2019), which affects the demand and supply in the oil market, as well as
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the fluctuations in its price (Changnon, 1999; Cruz & Krausmann, 2013; Cashin
et al., 2017). In general, the occurrence of El Ni~no phenomenon brings high tempera-
tures (Fan et al., 2017), which is reflected in several periods with super El Ni~no phe-
nomenon (e.g., in 1925–1926, 1997–1998, 2014–2016). As a heating fuel, the
occurrences of El Ni~no phenomena and high temperatures lead the demand for oil
and its price to fall. In addition, El Ni~no phenomenon can cause severe natural disas-
ters, such as droughts, floods and hurricanes (Cane, 2004; Alajo et al., 2006;
Miyakawa et al., 2017; Hu & Fedorov, 2019). On the one hand, it makes countries be
worried about the ecological environment. The governments implement policies to
reduce the pollutant emissions which will aggravate the negative impact of El Ni~no
phenomenon, such as the Paris Climate Agreement (Jacobs, 2016). The burn and
leakage of oil also have a huge negative impact on the global ecology, such as the
Gulf of Mexico oil spill in 2010 (Lavrova & Kostianoy, 2011). Thus, the decrease of
oil consumption is an inevitable measure to achieve sustainable development, which
causes oil price to decline. On the other hand, bad weather adversely affects oil
exploration, refining and transportation, which leads to a decline in supply and an
increase in oil price (Behravesh, 2005). For instance, hurricane Harvey has swept
across the Gulf Coast in 2017, which forces the refinery in this region to stop produc-
tion. More importantly, the most intuitive impact of El Ni~no phenomenon is reflected
in the agriculture (Adams et al., 2003; Reyes & David, 2009; Gelcer et al., 2013;
Salcedo et al., 2019), which results in a decline in the output of some agricultural
products (e.g., wheat, white sugar and palm oil). The income of large agricultural
production countries (e.g., India and Australia) has decreased, which makes the abil-
ity to purchase oil decline. Also, the decrease in agricultural products leads to a
reduction in the use of oil in the processing chain, then there is a decline in the
demand for oil and its price.

In turn, the development of the global economy is closely related to the oil con-
sumption (Nel & Cooper, 2008; Al-Mulali, 2011; Saboori et al., 2017; Lahiani et al.,
2019). The rise in oil demand leads to an increase in the carbon dioxide emissions,
which causes to the global warming (Ramanathan, 2006; Alkhathlan & Javid, 2015;
Agbanike et al., 2019; Kashif & Nimra, 2019). Under this condition, the warming of
the ocean surface is faster than the subsurface, which may induce the occurrences of
El Ni~no phenomena (Cai et al., 2014). The National Oceanic and Atmospheric
Management Climate Prediction Center states that global warming makes the extreme
weather more severe, including an increase in the frequency of super El Ni~no phe-
nomenon. Therefore, there may be a close relationship between El Ni~no phenomenon
and oil market. However, after the oil is mined from the ground, it cannot be directly
used except for fuel. Thus, in order to provide enough energy support for various
demands, oil needs to refine petroleum products with different characteristics
(Borenstein et al., 1997; Indjehagopian et al., 2000; Coetzer et al., 2018). Since diverse
petroleum products have different characteristics, interactions between their prices
and the strength of El Ni~no phenomenon may have some differences (Fink et al.,
2010). Then, we choose gasoline, heating oil, diesel fuel, jet fuel and propane to
explore the relationships between El Ni~no phenomenon and petroleum product mar-
ket. Also, we can conclude which petroleum product price is the most relevant to the

1944 M. QIN ET AL.



El Ni~no phenomenon. The above explorations can help investors to optimize
asset allocation and avoid investment risks, and assist oil enterprises to reduce their
costs and control pollutant emissions, as well as provide insights for countries to pro-
mote the agricultural stable production, citizen’s personal safety and healthy eco-
nomic development.

There are several marginal contributions to this paper. Firstly, most of the previous
studies are based on the theoretical analysis and event research method to explore the
impacts of El Ni~no phenomenon to the oil market. They hardly consider the quanti-
tative analyses and the different strengths of various El Ni~no phenomena, so we
choose the El Ni~no index developed by U.S. National Weather Service to conduct our
analysis. Secondly, previous studies mostly explore the influences from El Ni~no phe-
nomenon to oil price or vice versa. However, there are rare studies explore the
mutual influence between these two variables. Also, we choose five petroleum prod-
ucts, in order to investigate which kind of price is the most relevant to El Ni~no phe-
nomenon. The empirical results are not consistent with the hypothesis in the
intertemporal capital asset pricing model, which highlights that the occurrence of El
Ni~no phenomenon drives oil price to increase. With this exploration, our results can
give insights to investors, they can grasp the trend of oil price based on the El Ni~no
phenomenon, in order to adjust their investment decisions and maintain their wealth.
Energy enterprises can redeploy oil production, delivery and disposal strategies to
avoid losses from the fluctuations in oil price and reduce pollutant emissions while
pursuing profit maximization. Also, these results provide implications for countries to
readjust the energy pattern and minimize the adverse impacts of El Ni~no phenom-
enon to the oil market, as well as ensure that agricultural production, citizens,
national economy and sustainable development are not suffering huge damages.
Thirdly, this paper is a pioneering effort to explore the time-varying relationship
between the El Ni~no phenomenon and oil market (also petroleum product market).
The traditional methods must ensure that there is no unit root in the time series,
which is hard to satisfy in reality. Also, the interaction between these two variables
may not be constant, which is ignored by the existing studies. In this paper, we
employ the wavelet analysis, which does not limit the stationarity of the selected vari-
ables, to improve the accuracy of our results (Roueff & Sachs, 2011). By considering
the time and frequency domain, we can investigate the time-varying interaction
between the El Ni~no phenomenon and oil market (also petroleum product market).

The structure of the rest of this paper is organized as follows: Section 2 reveals the
related studies about this topic. Section 3 introduces the intertemporal capital asset
pricing model between El Ni~no phenomenon and oil market. Section 4 performs the
method of wavelet analysis. Section 5 describes the data. Section 6 analyzes the
empirical results. Section 7 summarizes the study of this paper.

2. Literature review

The question of whether the EL Ni~no phenomenon affects the oil market has
attracted attention over the past decades. Changnon (1999) reveals that EL Ni~no phe-
nomenon leads to crop damages and major economic losses, as well as the decline in
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heating oil demand and its price. Cruz & Krausmann suggest that hurricanes Katrina
and Rita which are related to El Ni~no phenomenon hit the centre of the U.S. petro-
chemical industry, which leads to the reduction in oil supply and drives its price to
increase. This view is also supported by Behravesh (2005). Cruz and Krausmann (2013)
indicate that a changing climate and more frequent extreme weather events pose threats
to oil extraction, transportation, processing and delivery, which is related to oil price.
Cashin et al. (2017) use oil price as a proxy for fuel prices, and point out that the occur-
rence of El Ni~no phenomenon has a significant and positive influence to oil price in
short term due to the increasing demand from several major economies (e.g., China, the
U.S. and the European countries). El Ni~no phenomenon can cause severe natural disas-
ters (Cane, 2004; Alajo et al., 2006; Miyakawa et al., 2017; Hu & Fedorov, 2019), Riza
et al. (2018) evidence that the West Texas Intermediate (WTI) oil returns and volatility
can be obviously influenced by the rare disaster-risks, which can effectively predict oil
price. Rojas et al. (2019) state that EL Ni~no phenomenon brings potential damages to
every sector of the society, such as agriculture, fishery and energy.

In turn, the increasing oil demand leads to high carbon dioxide emissions and glo-
bal warming (Ramanathan, 2006; Alkhathlan & Javid, 2015; Agbanike et al., 2019;
Kashif & Nimra, 2019), Collins et al. (2010) prove that under the influence of global
warming, the characteristics of El Ni~no phenomenon will probably be modified.
Ciprian-Beniamin and Adrian (2012) suggest that the past and present pattern of oil
consumption have negative influences on the environment and climate changes,
which may cause EL Ni~no phenomenon. Cai et al. (2014) present climate modelling
to evidence that there is a doubling in the occurrences of the extreme El Ni~no phe-
nomenon in the future as the response to global warming. Shaeri et al. (2016) indi-
cate that among the non-financial subsectors, airlines has the largest negative oil
price risk exposures. This sector may related to the oil demand, which may indirectly
affect the occurrences of the EL Ni~no phenomenon. Salcedo et al. (2019) announce
that extreme weather events, such as El Ni~no phenomenon, influence society through
different ways particularly under the condition of global warming. In addition, oil
price also has significant impacts on the macroeconomic field (Sodeyfi & Katircioglu,
2016; Shaeri & Katircio�glu, 2018; Su et al., 2019b; Qin et al., 2020), but the economic
growth is based on the increased consumption of energy (Batrancea et al., 2019),
which may cause to the changes in the global environment and climate.

The previous studies have mainly investigated a one-way influence from El Ni~no
phenomenon to oil price or vice versa, but few studies explore the interaction
between these two variables. Also, the time-varying interrelationship between El Ni~no
phenomenon and oil price by considering the time and frequency domains is hardly
identified in the existing studies. Thus, this paper employs the wavelet analysis
method to analyze the noisy and complicated time series (Roueff & Sachs, 2011; Su
et al., 2019a; Qin et al., 2020). Then, we can obtain the global and local time-fre-
quency relationship between El Ni~no phenomenon and oil price, as well as the lead-
ing and lagging effects of these two variables. More importantly, the different
interactions between El Ni~no phenomenon and the prices of petroleum products are
ignored by the existing studies, and this article tries to fill the gaps in previous
researches on this topic.
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3. The intertemporal capital asset pricing model

Cifarelli and Paladino (2010) develop the intertemporal capital asset pricing model
(ICAPM), in order to analyze the influences of systemic risks to asset price, which
are represented by EL Nino index (NINO) and oil price (OP) in this paper. There are
two assumptions in our theoretical model. First, the oil market has two kinds of
investors: informed traders who account for the systemic risk-return and feedback
traders who consider the previous OP while investing. Second, the systemic risks can-
not be removed by optimizing asset allocation in the oil market, which is represented
by NINO, an index to measure the abnormal weather phenomenon. The informed
traders will reasonably predict OP according to NINO, and then they decide the
amount of oil to store. The oil demand of this group can be obtained by Equation
(1):

ODi
t ¼

Et�1ðOPtÞ�OPf

lðNINOtÞ (1)

where ODi
t is the proportion of the oil stored by informed traders at time t.

lðNINOtÞ>0 indicates that its value is positive, and l0ðNINOtÞ>0 reveals that the
increase in NINO will lead lðNINOtÞ to rising. OPf is the return of oil, which means
that there is no El Ni~no phenomenon occurred. At time t-1, the conditional expect-
ation of OP can be represented by Et�1ðOPtÞ: OPt is an ex-post OP at time t. If oil
market only has informed traders, the value of ODi

t is 1, then Equation (1) can be
rewritten as Equation (2), which is actually the standard capital asset pricing model
(Sharpe, 1964). Thus, we can conclude that the increase in NINO will drive OP to
rise, and vice versa. Also, the occurrence of El Ni~no phenomenon affects the oil mar-
ket.

Et�1ðOPtÞ ¼ OPf þ lðNINOtÞ (2)

Then, we consider feedback traders, another group of oil investors. They will
determine the amount of oil to invest currently by considering the previous OP, and
their proportion of the oil demand (ODf

t ) can be written as Equation (3):

ODf
t ¼ kOPt�1 (3)

where k>0 indicates that if the change of OP at time t-1 is positive (or negative), the
oil demand of feedback traders will increase (or decrease) at time t. ODi

t ¼ 1�ODf
t if

there are both informed and feedback traders in the oil market. Then, Equation (1)
can be rewritten as follow:

Et�1ðOPtÞ ¼ OPf þ lðNINOtÞ�klðNINOtÞOPt�1 (4)

By comparing to Equation (2), Equation (4) adds a new term: �klðNINOtÞOPt�1,
which indicates that the behaviour of feedback traders will have some influences on
the oil market. The coefficient of lðNINOtÞ is 1�kOPt�1, and it is a positive value
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since kOPt�1 ¼ ODf
t<1: Therefore, there is a positive influence from NINO to OP,

whether there are feedback traders in the oil market or not. The rise in NINO indi-
cates the occurrence of the El Ni~no phenomenon, and OP will increase in order to
compensate for the systemic risk of the abnormal weather, and vice versa. From the
ICAPM, we can conclude that the El Ni~no phenomenon will have certain influences
on the oil market, NINO and OP move in the same direction.

4. Wavelet analysis

The Fourier analysis is the basis of the modern time-frequency approach, which is
the origin of the wavelet analysis. The wavelet method has two advantages over the
Fourier analysis: it can apply natural local analysis (Aguiar-Conraria & Soares, 2011b)
and include an estimation of spectral properties as a function of time (Aguiar-
Conraria et al., 2008). In addition, the wavelet analysis can investigate the time-vary-
ing interactions between the selected variables, which based on the results from the
time and frequency domain. There exist two types of wavelets, discrete wavelet trans-
form (DWT) and continuous wavelet transform (CWT). DWT is appropriate to the
de-noising and decomposing time series and mostly applied to analyze the economic
variables (Crowley, 2007). However, CWT is useful for extracting information and
detecting the self-similarity and appropriates to analyze the time series with noisy
and complicated. Furthermore, we explore the relationship between NINO (not an
economic variable) and OP (not a de-noising time series), so CWT is more suitable
than DWT in this paper (Aguiar-Conraria & Soares, 2011a, Aguiar-Conraria &
Soares, 2011b). In fact, most of the variables (e.g., OP) have unit roots, but CWT
needs not perform the unit root and cointegration tests. Thus, the wavelet analysis
can accurately investigate the mutual influences between the non-stationary variables
(Roueff & Sachs, 2011).

3.1. The continuous wavelet transform (CWT)

We consider a time series xðtÞ 2 L2ðRÞ, which can be obtained by Equation (5):

xðtÞ ¼ 1
Cw

ðþ1

0

ðþ1

�1

1ffiffi
s

p w
t�u
s

� �
Wx u, sð Þdu

" #
ds
s2
s > 0 (5)

where Cw should satisfy the so-called admissibility condition, that is 0<Cw ¼Ðþ1
0

ð wðf Þj j2Þ
f df<þ1 and wðf Þ is the Fourier transform of a specific wavelet wð:Þ:

This condition allows the reconstruction of xðtÞ from the CWT Wxðu, sÞ, which can
be written as Equation (6):

Wx u, sð Þ ¼
ðþ1

�1
xðtÞw�

u, sðtÞdt ¼
1ffiffi
s

p
ðþ1

�1
xðtÞw� t�u

s

� �
dt (6)

where � means the application of complex conjugation; s and u indicate the scaling
and the location parameters, respectively. Moreover, the CWT preserves the power of
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xðtÞ, which is shown in Equation (7). We use this characteristic to define the wavelet
coherence, which can weigh the size of the local interactions between NINO and OP.

|x|2 ¼ 1
Cw

ðþ1

0

ðþ1

�1
Wx u, sð Þ
�� ��2du

" #
ds
s2

s > 0 (7)

3.2. Wavelet coherence

Through the cross wavelet transform and power, we can evaluate the wavelet coher-
ency (Torrence & Webster, 1999). Following the method of Torrence and Compo
(1998), the cross wavelet transform of OP and NINO can be defined as Equation (8):

WOP,NINO u, sð Þ ¼ WOP u, sð ÞW�
NINO u, sð Þ (8)

where � indicates complex conjugation. WOPðu, sÞ and WNINOðu, sÞ mean the CWT of
OP and NINO, respectively. The cross wavelet power is WOP,NINOðu, sÞj j, which
reveals areas in the time-frequency space where the variables show a high common
power. However, the wavelet coherency indicates the region where the variables co-
move, and may not have high common power. The squared wavelet coherence coeffi-
cient can be written as follow (Torrence & Webster, 1999), and S indicates the
smoothing operator.

R2
OP,NINO u, sð Þ ¼ S s�1WOP,NINO u, sð Þ

� ��� ��2
S s�1 WOP u, sð Þ

�� ��2� 	
S s�1 WNINO u, sð Þ

�� ��2� 	 (9)

3.3. Partial wavelet coherence and phase difference

Due to OP is denominated in the U.S. dollar, which may have effects on the inter-
action between OP and NINO (Sun et al., 2017; Wen et al., 2018; Mcleod &
Haughton, 2018; Anjum, 2019). Thus, we choose the U.S. dollar index (USDX) as a
control variable, Equation (10) points out the squared partial wavelet coherency
(Aguiar-Conraria & Soares, 2014).

R2
OP,NINOjUSDX u, sð Þ ¼ ROP,NINO u, sð Þ � ROP,USDX u, sð ÞR�

NINO,USDX u, sð Þ
�� ��2
1� ROP,USDX u, sð Þð Þ2
� �

1� RNINO,USDX u, sð Þð Þ2
� � (10)

where ROP,NINO USDX2ðu, sÞ2 0, 1½ �j which is obtained by the time and frequency scales.
This value close to 1 indicates that the correlation between OP and NINO is strong,
and vice versa. The theoretical distribution for the wavelet coherence can not be iden-
tified, so we employ Monte Carlo methods to test the significance (Torrence &
Compo, 1998; Grinsted et al., 2004). The phase difference, which can be defined as
Equation (11), reveals the leading or lagging relationship between OP and NINO, and
the direction of their influence can also be obtained.
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/OP,NINOjUSDX u, sð Þ ¼ tan �1 IðqOP,NINOjUSDX u, sð ÞÞ
R qOP,NINOjUSDX u, sð Þ� �
 !

(11)

where qOP,NINO USDXðl, sÞj indicates the complex partial wavelet coherency; I and R

denote the theoretical and real portion of CWT. /OP,NINO USDXðu, sÞ2 �p, p½ �j refers to the

association between NINO and OP, under the control of USDX. When
/OP,NINO USDXðu, sÞ¼0j NINO and OP move in the same direction. If

/
OP,NINO USDXðu, sÞ2 0, p2ð Þ,

�� OP positively influences NINO; if /
OP,NINO USDXðu, sÞ2 p

2, pð Þ,
��

NINO negatively impacts OP; and vice versa.

5. Data

In this study, we use monthly data, covering the period from 1997:M1 to 2019:M8, to
investigate the influence of El Ni~no phenomenon on oil market. During the period of
1997–1998, there is a super El Ni~no phenomenon occurred, which has a significant
impact on the tropical atmospheric circulation and subsequently affects the changes
in the atmospheric circulation at the middle and high latitudes. Since the abnormal
changes in these atmospheric circulations, global climate anomalies have occurred,
and the temperature has risen sharply, which sets an average temperature record. In
1997, the global average temperature is 14.46 �C, which is 0.37 �C higher than the 30-
year average temperature from 1961 to 1990. We choose the EL Ni~no index (NINO)
to represent the strength of the El Ni~no phenomenon, which is compiled by the U.S.
National Weather Service. The higher NINO means the El Ni~no phenomenon is
stronger and severer, and vice versa. Affected by the insufficient demand, inter-
national oil price has plummeted in 1997. We use the West Texas Intermediate
(WTI) crude oil price (OP) to reflect the international oil market (Chiroma et al.,
2015), which is published by the U.S. Energy Information Administration. Then, gas-
oline price (GOP), heating oil price (HOP), diesel fuel price (DOP), jet fuel price
(JOP) and propane price (POP) are also applied in this paper, in order to explore the
relationships between these prices and NINO. In 2019, NINO has experienced cliff-
like fluctuations, which may affect the demand for oil and OP (also GOP, HOP,
DOP, JOP and POP). Thus, we can believe that EL Ni~no phenomenon may have
some interactions with oil market, and we use NINO and OP to investigate whether
the occurrence of El Ni~no phenomenon is always accompanied by a fluctuation in
the prices of oil. Also, we can explore which kind of petroleum product price (GOP,
HOP, DOP, JOP or POP) is the most relevant to NINO.

Figure 1 indicates the trends of NINO, OP, GOP, HOP, DOP, JOP and POP. In
general, when the El Ni~no phenomenon occurs, the change in demand for oil and
OP is a long-term process. Therefore, the negative impact of increasing NINO on OP
is shown in the long-term, while there may be a positive relationship in the short and
medium terms. This view is reflected in several periods with high NINO, such as
1997–1998, 2002–2003, 2006–2007, 2015–2016. Similarly, after the end of El Ni~no
phenomenon, NINO decreases but OP may have certain inertia and will not immedi-
ately change in the opposite direction. Hence, the influence of decreasing NINO to
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OP is also a long-term process. However, there are differences in the effects of NINO
on OP. Although NINO in 2007–2008 is lower than 1997–1998, the degree of the
decrease in OP is even higher. Therefore, the interaction between El Ni~no phenom-
enon and oil market is complicated and time-varying. Since OP is denominated in
the U.S. dollar, which has a negative influence on the prices of oil. The depreciation
of the U.S. dollar (e.g. U.S. quantitative easing policies) will drive OP to increase,
while an appreciation of it (e.g. U.S. interest rates hikes) may cause to the decline in
OP. Therefore, the value of the U.S. dollar may affect the relationship between NINO
and OP. In order to ensure the accuracy and responsibility of the results, we choose
the USDX as a control variable. For different petroleum products, the trends of GOP,
HOP, DOP, JOP and POP are similar to OP, but the fluctuation of POP is smaller
than others. In addition, the relationships between the prices of petroleum products
and NINO also change with time. Then, we employ the wavelet analysis to capture
the mutual influences between NINO and OP (also GOP, HOP, DOP, JOP and POP)
by considering the time and frequency domain.

6. Empirical results

Table 1 presents descriptive statistics. The means of NINO, OP, GOP, HOP, DOP,
JOP and POP indicate that their series is concentrated at the -0.013, 56.051, 1.610,
1.636, 1.750, 1.655 and 0.785, respectively. The standard deviation indicates the fluc-
tuation of time series, and OP has the largest volatility, followed by NINO, and the
smallest is POP. The positive skewness shows that these seven variables are right-
skewed distribution. The kurtosis of NINO is more than 3, thereby demonstrating
leptokurtic distributions. Meanwhile, OP, GOP, HOP, DOP, JOP and POP satisfy the
platykurtic distributions, since the kurtoses are less than 31. Moreover, the Jarque-
Bera test evidence that these seven variables are significantly non-normally distributed
at 1% level.

Figure 2 highlights the partial wavelet coherency and the phase difference between
NINO and OP. In the long term, NINO negatively leads OP in 1997–2016, with an

Figure 1.. The trends of NINO, OP, GOP, HOP, DOP, JOP and POP.
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average partial wavelet coherency of 0.8. There are five strong El Ni~no phenomena
with high NINO occurred during this period, which can be observed in Figure 1. In
1997–1998, the super El Ni~no phenomenon, which has lasted for 14months
(1997:M4-1998:M5), leads to the highest global average temperature ever. Also, it
affects the global climate pattern (e.g., South America and East Africa have heavy
rains and floods, South Africa and Central America have experienced high tempera-
ture and drought), which causes more than 20,000 deaths and $34 billion economic
losses (Cane, 2004; Miyakawa et al., 2017). The El Ni~no phenomenon in 2002–2003
causes the global average temperature higher than that in 1999–2001. During this
period, there are lots of disasters around the world (Alajo et al., 2006). For instance,

Figure 2. The partial wavelet coherency and the phase difference between NINO and OP.
Note: (a) presents the partial wavelet coherency between NINO and OP, with USDX as a control variable; and (b) - (c)
present the partial phase difference between NINO and OP. The black contour presents the 5% significance level
which is obtained by applying the Monte-Carlo-simulations with the iterations of 10000. On the right side, the colour
bar evidences the strength of the correlation.

Table 1. Descriptive statistics for NINO, OP, GOP, HOP, DOP, JOP and POP.
NINO OP GOP HOP DOP JOP POP

Mean �0.013 56.051 1.610 1.636 1.750 1.655 0.785
Median �0.100 53.130 1.576 1.622 1.748 1.654 0.746
Maximum 2.600 133.880 3.292 3.801 3.894 3.886 1.862
Minimum �1.700 11.350 0.307 0.304 0.391 0.304 0.209
Standard Deviation 0.903 28.720 0.804 0.870 0.870 0.889 0.369
Skewness 0.560 0.379 0.258 0.344 0.298 0.353 0.550
Kurtosis 3.343 2.174 1.975 2.093 2.068 2.100 2.567
Jarque-Bera 15.525��� 14.248��� 14.921��� 14.686��� 13.869��� 14.846��� 15.853���
Note:���denotes significance at the 1% level.
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Australia has experienced the worst drought ever, with a sharp decline in wheat pro-
duction and its processed products, which has a negative effect on the economy. In
2006–2007, the global average temperature is also at a high level, which causes
extreme weather and low agricultural output (e.g., wheat, white sugar and palm oil).
In 2009–2010, except for the significant increase in temperature in 2009–2010 com-
pared to 2008, this El Ni~no phenomenon also triggers global climate anomalies (e.g.,
storms in the U.K. and persistent droughts in Africa and Asia). In addition, droughts
in Bolivia, Argentina, Northern China and inland in South America, have a major
impact on food and water supply, also on the global supply and demand for agricul-
tural products. In 2014–2016, the global average temperature reaches new high during
the period of this supper El Ni~no phenomenon. In the winter of 2015, the eastern
part of North America is unusually warm, Brazil suffers the worst drought ever and
Central South America experiences the strongest rainfall for decades. In 2016,
Australia and Southeast Asia (e.g. Thailand and Vietnam) experience severe heat and
drought (Hu & Fedorov, 2019). From the above phenomena, we can sum up the
three main effects of the El Ni~no phenomenon during the period of 1997–2016: the
rise in global temperature, frequent natural disasters and agricultural crises
(Trenberth et al., 2002; Reyes & David, 2009; Shultz et al., 2014; Staupe-Delgado
et al., 2018). Thus, there are three transmission paths to explain the negative influ-
ence of NINO to OP. Firstly, the El Ni~no phenomenon causes global temperature to
increase, which makes winter warmer and reduces the use of fuel for heating. As an
important fuel in the heating system, the demand for oil decreases, which in turn
causes OP to fall. Secondly, the El Ni~no phenomenon has led to frequent climate dis-
asters, which results in human deaths and huge economic losses (Ogallo, 2010; Yeh
et al., 2009). The combustion of fossil energy produces carbon dioxide emissions
(Ramanathan, 2006; Alkhathlan & Javid, 2015; Agbanike et al., 2019; Kashif & Nimra,
2019), which worsens the negative impact of the El Ni~no phenomenon. In order to
protect the ecological environment and maintain sustainable development, most
countries have taken measures to reduce carbon dioxide emissions and fossil energy
use (e.g., the Paris Climate Conference has reached an agreement to control the car-
bon dioxide emissions). Coupled with the rapid increase in the consumption of clean
energy, the demand for oil and OP are falling (Obama, 2017). Thirdly, the agricul-
tural crises caused by El Ni~no phenomenon have two way to impact OP. On the one
hand, the decline in income of large agricultural producing countries (e.g., India)
leads to a decrease in the purchasing power of oil (Collier et al., 2009). On the other
hand, the decline in agricultural production has led to a reduction in the oil demand
for its processed products, which also causes OP to fall. Although the El Ni~no phe-
nomenon may hinder oil extraction which affects oil supply, it does not obviously
reflect in the long term. The impact of NINO on oil demand is a long-term process,
and this influence is generated through the above transmission paths. Thus, in the
long run, the negative impact of NINO on OP depends more on the demand side. In
turn, the mechanism of the impact of low NINO on OP can be similarly explained.
Therefore, NINO has a negative influence on OP in the long term during the period
of 1997–2016. This result is not supported by the ICAPM, which points out that high
NINO leads OP to increase.
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In the medium term, OP positively affects NINO in 2005–2006, and NINO posi-
tively leads OP in 2007–2011, with an average partial wavelet coherency of 0.8. In
2005, hurricane Katrina has reduced oil production in the Gulf of Mexico, which
causes the decrease in oil supply (Behravesh, 2005). More than 8% of the gross world
product (GWP) growth is inseparable from the contribution of oil consumption,
which leads the demand for oil to rise (Nel & Cooper, 2008; Al-Mulali, 2011; Saboori
et al., 2017; Lahiani et al., 2019). Then, OP increases due to the effects of supply and
demand sides. Also, the rise in oil demand has led to an increase in carbon dioxide
emissions (Ramanathan, 2006; Alkhathlan & Javid, 2015; Agbanike et al., 2019; Kashif
& Nimra, 2019), which is one of the important reasons to exacerbate the El Ni~no
phenomenon, then it makes NINO higher. Therefore, the positive influence from OP
to NINO in the medium term during the period of 2005–2006 can be proved. There
are three reasons to explain the positive effect of 2007–2011. Firstly, through the
demand side, the negative impact of NINO on OP is reflected in the long-term, but
it does not appear in the medium term. Thus, the effect of NINO on oil demand is a
long-term process, and this entire conduction process takes a long time. Secondly, the
price of oil has inertia (An et al., 2014), that is when NINO rises or falls, OP does
not change immediately. After the end of El Ni~no phenomenon, NINO decreases and
OP continues to move with the previous trend, so there may be a movement in the
same direction between NINO and OP in the medium term. Thirdly, the outbreak of
the global financial crisis has caused the value of the U.S. dollar to fluctuate (Rose &
Spiegel, 2012). Since OP is denominated in U.S. dollar, OP presents an opposite trend
of USDX (Sun et al., 2017; Wen et al., 2018; Mcleod & Haughton, 2018; Anjum,
2019). In addition, the Gulf of Mexico oil spill has caused a decline in oil supply,
which further drives OP to increase. After this global financial crisis, U.S. has imple-
mented the quantitative easing policy to revive the economy, which causes the fall in
USDX and the rise in OP. Then, as the changes of U.S. dollar value, the fluctuations
of OP may just be in the same direction with NINO in the medium term. Therefore,
the positive effect of NINO on OP in the medium term during the period of
2007–2011 can be evidenced.

In the short term, NINO positively leads OP in 2015–2016, with an average partial
wavelet coherency of 0.8. The positive influence from NINO to OP in 2015–2016 can
also be explained by three reasons of medium-term (2007–2011): the negative impact
of NINO on OP is not fully reflected in the short term, the characteristic of inertia in
OP and the negative linkage between USDX and OP. Furthermore, the El Ni~no phe-
nomenon has caused global climate turmoil (Ogallo, 2010; Yeh et al., 2009), which is
also associated with the Atlantic and Pacific hurricane seasons in 2015. Hurricanes
threaten the refinery facilities and pipeline systems, then weaken the supply of oil
and drive OP to increase. Through the supply side, the positive impact of NINO on
OP can be observed in the short term, while the influence from the demand side
does not reflect completely. Therefore, we can prove that NINO has a positive impact
on OP in the short term during the period of 2015–2016.

In order to clearly compare the interactions between the El Ni~no phenomenon
and petroleum products, Table 2 reveals the time-varying relationships between
NINO and OP, GOP, HOP, DOP, JOP, POP and Figure 3 establish the partial
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wavelet coherency and the phase difference. Since petroleum products are made from
crude oil, their relationships with NINO have some similarities to Figure 2. However,
as the various features, the differences between them can also be obviously observed.
HOP has the strongest correlation with NINO, which can be explained in two ways.
On the one hand, heating oil is a refined oil that is commonly used to heat buildings
and keep warm in winter. The El Ni~no phenomenon causes a rise in global tempera-
ture, which means a warm winter (Trenberth et al., 2002; Shultz et al., 2014). Then,
the decrease in heating oil demand leads HOP to fall. On the other hand, heating
with oil will increase carbon dioxide emissions (Ramanathan, 2006; Alkhathlan &
Javid, 2015; Agbanike et al., 2019; Kashif & Nimra, 2019), which increases the nega-
tive impact of the El Ni~no phenomenon. In order to reduce environmental pollution,
heating oil has gradually replaced by clean energy, so the demand and HOP decrease
(Obama, 2017). Therefore, the heating capacity promotes HOP to have closest rela-
tionship with NINO. JOP is another variable that is highly correlated with NINO. Jet
fuel can meet the requirements of oil flow in cold and low-temperature areas and
high-altitude flights, and it can be used for the aircraft engines (Coetzer et al., 2018).
The El Ni~no phenomenon makes the anomalous climate increase, the bad weather is
not conducive to aircraft flight (Theodore & Caracena, 1977). Thus, the demand for
jet fuel drops significantly, which causes JOP to decline. Also, the aircraft has a huge
fuel consumption and emits exhaust gas at high altitudes which pollutes the environ-
ment (Moore et al., 2015). The replacement of the traditional jet fuel with bio-avi-
ation kerosene is an inevitable trend for sustainable development, which further leads
to a fall in JOP. Thus, the characteristic of fueling the aircraft makes the relationship
between NINO and JOP be close. The consumption of clean energy can reduce envir-
onmental pollution, and it is an important measure to solve the global ecological
problems (Obama, 2017). As a clean fuel, in recent years, the role of propane in
engines, barbecue foods and home heating systems has become more prominent. The

Table 2. Relationships between NINO and OP, GOP, HOP, DOP, JOP, POP.
Variables Terms of relationship Time period Lead-lag relationship

NINO OP Long term 1997-2016 NINO leads OP (－)
Medium term 2005-2006 OP leads NINO (＋)
Medium term 2007-2011 NINO leads OP (＋)
Short term 2015-2016 NINO leads OP (＋)

NINO GOP Long term 2004-2011 NINO leads GOP (－)
Medium term 2005-2006 GOP leads NINO (＋)
Short term 2014-2016 GOP leads NINO (＋)

NINO HOP Long term 2004-2014 NINO leads HOP (－)
Medium term 2005-2007 HOP leads NINO (＋)
Medium term 2008-2011 NINO leads HOP (＋)
Short term 2014-2016 HOP leads NINO (＋)

NINO DOP Long term 2004-2010 NINO leads DOP (－)
Medium term 2005-2008 DOP leads NINO (＋)
Medium term 2009-2011 NINO leads DOP (＋)
Short term 2014-2016 DOP leads NINO (＋)

NINO JOP Long term 2004-2014 NINO leads JOP (－)
Medium term 2005-2008 JOP leads NINO (＋)
Medium term 2009-2010 NINO leads JOP (＋)
Short term 2014-2016 JOP leads NINO (＋)

NINO POP Long term 2005-2017 NINO leads POP (－)
Medium term 2005-2006 POP leads NINO (＋)
Medium term 2007-2008 NINO leads POP (＋)
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El Ni~no phenomenon makes the weather warmer, which has a significant impact on
POP recently. Therefore, the clean feature makes this negative effect from NINO to
POP continues until 2017. Since gasoline and diesel fuel are the main fuels for auto-
mobile engines, and they do not have the above three properties: heating capacity,

Figure 3. The partial wavelet coherency and the phase difference between NINO and GOP, HOP,
DOP, JOP, POP.
Note: (a) presents the partial wavelet coherency between NINO and the prices of petroleum products (GOP, HOP,
DOP, JOP and POP), with USDX as a control variable; and (b) - (c) present the partial phase difference between NINO
and the prices of petroleum products. The black contour presents the 5% significance level which is obtained by
applying the Monte-Carlo-simulations with the iterations of 10000. On the right side, the colour bar evidences the
strength of the correlation.
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fueling the aircraft and clean feature. Therefore, the relationship between NINO and
GOP (also, NINO and DOP) is relatively weak. However, after Donald J. Trump
becomes the U.S. President, the relationships between NINO and OP (also GOP,
HOP, DOP, JOP and POP) are not significant. The U.S. has withdrawn from the
Paris Climate Agreement, which has made the U.S. no longer targets carbon reduc-
tion, and the demand for fossil fuels increases (Bordoff, 2017). The success of the
U.S. shale oil revolution has accelerated the growth of oil supply and demand (Kilian,
2016), which means that oil consumption is less affected by the fluctuations in
NINO. In addition, U.S. sanctions against Iran and the control of oil production in
Saudi Arabia have caused OP to fluctuate. Since the U.S. has launched global trade
wars, even if El Ni~no phenomenon affects agricultural output, its prices are more
affected by trade factors. Therefore, after Trump becomes the U.S. President, NINO
and OP no longer have significant interaction.

To sum up, it can be observed from the trends of NINO, OP, GOP, HOP, DOP,
JOP and POP, the relationship between the El Ni~no phenomenon and the oil market
is not static. The wavelet analysis is applied to obtain the time-varying relationship
between NINO and OP (also GOP, HOP, DOP, JOP and POP) by considering the
time and frequency domain. NINO has a negative influence on OP in the long term,
which is mainly caused by changes in oil demand. However, there is a positive effect
of NINO to OP in the short and medium terms, which can be explained from the
impact of demand-side is reflected in the long term, the characteristic of inertia in
OP and the negative relationship between USDX and OP, as well as the effect from
supply aspect. These results are not consistent with the ICAPM, which highlights that
NINO has a positive influence on OP. In turn, OP has a positive impact on NINO,
since the carbon dioxide emissions from oil consumption is an important contributor
to deteriorate the negative effects of the El Ni~no phenomenon. By comparing the five
petroleum products, we can observe that HOP is the most relevant to NINO due to
the heating capacity. Also, JOP and POP are highly related to NINO as fueling the
aircraft and having clean feature, while GOP and DOP have relatively weak relation-
ships with NINO. After Trump becomes the U.S. President, the mutual influence
between NINO and OP (also GOP, HOP, DOP, JOP and POP) is not significant.
Through the above results, we can evidence that NINO has an impact on OP but not
always established, and various petroleum products have different interactions
with NINO.

6. Conclusion

This paper investigates the interaction mechanism between the El Ni~no phenomenon
and oil market, in order to solve the problem whether NINO matters for OP and
which kind of petroleum product price (GOP, HOP, DOP, JOP and POP) has the
closest relationship with NINO. Since the features in different variables are various,
we apply the wavelet analysis to evidence the time-varying relationship between
NINO and OP (also GOP, HOP, DOP, JOP and POP). In the long term, NINO has a
negative influence on OP, but this view does not hold in the short and medium
terms. These results are not supported by the ICAPM, which states that there is a
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positive impact from NINO to OP. In turn, OP has a positive influence on NINO,
since the carbon dioxide emissions from oil consumption can exacerbate the El Ni~no
phenomenon. By comparing the five petroleum products, we can conclude that HOP
is the most relevant to NINO due to the heating capacity, and JOP and POP are also
highly related to it, while GOP and DOP have relatively weak relationships with it.
However, after Trump becomes the U.S. President, the interaction between NINO
and OP (also GOP, HOP, DOP, JOP and POP) can not be obviously observed.

Under the background of the significant relationship between the El Ni~no phenom-
enon and oil market, investors, energy enterprises and authorities can learn from this
interaction to predict the trend of OP and avoid losses caused by El Ni~no phenom-
enon. The effects of NINO to OP are negative in the long run, and positive in the
short and medium terms. Investors can predict the trend of OP based on the NINO.
Then, they can adjust their investment decisions and optimize asset allocation, sell oil-
related products in the long run and buy them in the short and medium terms, in
order to avoid risks and maintain wealth. Energy enterprises can redeploy oil produc-
tion, delivery and disposal strategies, in order to avoid losses from the fluctuations in
OP and maximize their profits. Authorities need to readjust the energy pattern and
take protective measures timely, as well as minimize the adverse impacts of NINO to
the oil market, in order to avoid the public panic and stabilize the national economy.
The positive impact from OP to NINO means that the carbon dioxide emissions from
oil consumption deteriorate the negative effects of the El Ni~no phenomenon. Energy
enterprises should reduce pollutant emissions while pursuing profit maximization,
which can reduce the damages to the ecological environment. At the same time, the
protective measures must be issued in advance to prevent the damages of refinery
facilities and pipeline systems, as well as reduce the enterprises’ costs. Related author-
ities should encourage the research and development of new energy, reduce carbon
dioxide emissions and promote global sustainable development. Also, when NINO is
expected to be high, preventive measures should be taken in advance to ensure that
agricultural production, citizens and national economy are not subject to huge losses.
Since different petroleum products have various relationships with NINO, they must
pay attention and make new investment decisions, enterprise development plans and
national energy policies to achieve the decentralized investments, efficient operation
and stable oil market. Although the relationship between NINO and OP is not signifi-
cant after Trump becomes the U.S. President, El Ni~no phenomenon is also an import-
ant factor to oil market which cannot be ignored. In the future researches, we will
explore which factors (economic, political or natural) has the best influence on OP.
Moreover, we will predict OP more accurately by considering the above factors, thereby
new predictive models (e.g., generalized autoregressive conditional heteroskedast-mixed
data sampling model) should be taken into account.

Note

1. The leptokurtic distribution shows a much higher peak around the mean value, and fat
tails, or higher densities of values at the extreme ends of the probability curve. The
platykurtic distribution is exactly the opposite.
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