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ABSTRACT
The study investigates the time-varying correlation between El Ni~no
phenomenon and agricultural commodity markets by employing
the bootstrap full- and sub-sample rolling-window Granger causal-
ity tests. We find that the El Ni~no index (ENI) which measures the
intensity of El Ni~no phenomenon, has both positive and negative
impacts on agricultural commodity prices (ACP). The positive
impact indicates that El Ni~no phenomenon may reduce the output
of agriculture commodities, resulting in supply shortages and price
increases. However, the negative impact suggests that affected by
external uncertainties, ENI does not always cause ACP to change in
the same direction. Conversely, we find ACP has negative impact on
ENI, showing that agricultural commodity markets can reflect the
extreme climate conditions globally in advance. The analyses can
assist investors to adjust investment decisions and optimize
asset allocation. Additionally, countries can improve the abnormal
climate monitoring system to mitigate losses, and consider the
impact of external uncertainties on agricultural commodity markets
and ensure food security.
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1. Introduction

The aim of the study is to analyze whether the El Ni~no phenomenon is really related to
the agricultural commodity market. El Ni~no is a natural phenomenon, referring to the
abnormal warming of the sea surface temperature in the central and eastern equatorial
Pacific Ocean (Hove & Kambanje, 2019). It has a significant impact on regional climates
across the globe, influencing seasonal temperatures and precipitation in many areas
(Peri, 2017). While El Ni~no phenomenon brings heavy rains to south-eastern South
America, western North America and eastern Africa, it creates droughts in Australia, and
other Southeast Asian (Lefkovitz, 2013; Gutierrez, 2017). The global climate condition
has changed due to the occurrence of El Ni~no, which significantly affects the agricultural
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commodity market with related effects on prices (Peri, 2015; Ubilava, 2018). This shows
that agricultural commodity prices (ACP) will necessarily be sensitive to extreme weather
shocks (Ubilava & Holt, 2013). On the one hand, the El Ni~no phenomenon adversely
affects agricultural production, leading to a reduction in the supply of agricultural com-
modities, then driving up ACP (Marpaunga et al., 2019). More precisely, the El Ni~no phe-
nomenon is usually linked with lower agricultural production growth rates and higher
ACP (Salcedo et al., 2019). The drought-induced by El Ni~no phenomenon is also respon-
sible for the majority of losses in agriculture production (Dawe et al., 2009; Gelcer et al.,
2013), and it puts upward on ACP through supply shocks (Fajri et al., 2019). Besides, El
Ni~no phenomenon brings other climatic conditions, including floods or hurricanes and
tsunamis, which adversely influence agricultural production, resulting in a rise in ACP
(Rojas et al., 2014; Abdolrahimi, 2016). On the other hand, the El Ni~no phenomenon
maybe increase the supply of agricultural commodities and reduce its prices. For
instance, rice production in most of the countries (comprising 38% of global production)
is positively affected by the El Ni~no phenomenon (Villoria & Ubilava, 2012). The produc-
tion of maize and sorghum has also increased during El Ni~no episodes in Pampas,
Argentine (Podest�a et al., 1999). Additionally, the El Ni~no phenomenon may increase the
average global soybean production by 2.1-5.4% (Iizumi et al., 2014). We can conclude
that the potential effect of climatic conditions on agricultural commodity markets is typ-
ically achieved through production shocks, which is a crucial link connecting El Ni~no
phenomenon to ACP (Ubilava, 2018). Consequently, it can be expected that there will be
different degrees and directions of correlation from the El Ni~no phenomenon to ACP. In
turn, agricultural activities are directly or indirectly related to the occurrence of the El
Ni~no phenomenon. Agriculture is a major source of greenhouse gas (GHG) emissions
globally (Reay et al., 2012; Vetter et al., 2017; Tongwane & Moeletsi, 2018), which causes
rising average sea level and increasing extreme climate events (Zou et al., 2015). With the
increasing emissions of GHG, the occurrences of extreme climate, including drought,
flood, heat wave and cold injury, are significantly frequent (Qin et al., 2023). Carbon
emissions are slowing down, but the decarbonization process remains sluggish (�Skare &
Porada-Rocho�n, 2023). Specifically, globalization has led to a constant evolution of the
skills required for personal and professional development (�Skare et al., 2022). The overall
increase in global food demand, intensification of agricultural production with additions
of more inputs of synthetic fertilizer, and expanding agricultural lands are the major fac-
tors causing GHG emissions (Tongwane & Moeletsi, 2018). Besides, these gas emissions
may occur indirectly during the transportation of agricultural commodities (Wood &
Cowie, 2004). The burning of fossil fuels emits GHG that contribute to climate change
and global warming (Su et al., 2023a). Oil is a very important input in the transportation
and production process of agricultural commodities (Zhang & Qu, 2015; Su et al.,
2019b), but the consumption of oil can increase GHG emissions, resulting in global
warming (Qin et al., 2020). Affected by these factors, the greenhouse effect can accelerate
the rise in sea surface temperatures, leading to a significant increase in the frequency of
El Ni~no phenomenon (Collins et al., 2010; Cai et al., 2018). Thus, there is a correlation
between the El Ni~no phenomenon and agricultural commodity markets.

We apply the monthly data, covering the period from January 1997 to October 2022,
to explore the interrelationship between the El Ni~no phenomenon and agricultural
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commodity markets by performing the full- and sub-sample tests. We find that the El
Ni~no index (ENI), which measures the intensity of El Ni~no phenomenon, can signifi-
cantly and positively affect ACP, this shows the El Ni~no phenomenon typically has an
adverse impact on the output of agriculture commodities, thus resulting in a shortage
of supply and price increases. However, this view can not be held by a negative impact
from ENI to ACP. Affected by other external uncertainties, ENI does not always cause
ACP to change in the same direction. In turn, ACP has a negative effect on ENI, sug-
gesting that the role of agricultural markets in reflecting extreme global weather events
cannot be ignored. The empirical results do not always support the Inter-temporal
Capital Asset Pricing Model, which indicates that a positive influence from the El Ni~no
phenomenon to ACP. In addition, these analyses provide revelations for the investor,
they can grasp ACP changes in advance according to the El Ni~no phenomenon to con-
duct trading activities and avoid investment losses. The agricultural-related sector can
understand the inter-linkages between the El Ni~no phenomenon and agricultural com-
modity markets, thereby reducing pollutant emissions while ensuring agricultural pro-
duction. Also, our results offer implications for countries (especially for developing
countries) and help them improve preventive climate risk management policies to cope
with El Ni~no shocks to agricultural production and strengthen food security.

This paper makes several contributions. To begin with, the extant literature mostly
investigates the positive impact of the El Ni~no phenomenon on ACP. The empirical evi-
dence shows that El Ni~no phenomenon tends to reduce the production of agricultural
commodities, and thus pushing up ACP. However, the El Ni~no phenomenon may also
lead to an oversupply of agricultural production, which causes ACP to decline. Thus,
there may be a causal relationship of different directions from El Ni~no phenomenon to
ACP. This paper expands the literature by exploring the negative impact of the El Ni~no
phenomenon on ACP. Secondly, the previous studies focus on a unidirectional causality
between the El Ni~no phenomenon and ACP, but explorations of the mutual influence
are relatively limited. On the contrary, this paper tries to analyze the inter-linkages
between the two variables. Moreover, this study attempts to explore whether the El
Ni~no phenomenon has an impact on the broader ACP from a global perspective, which
distinguishes our analysis from previous studies. Thirdly, the causality between the El
Ni~no phenomenon and ACP could be non-constant. The previous literature has not
examined if a structural change could affect this causality. This paper identifies the
non-constant interaction between the El Ni~no phenomenon and agricultural commod-
ity markets by performing a sub-sample rolling-window causality test.

The paper has been arranged as follows：First, section 2 gives an overview of the
relevant studies. We illustrate the Inter-temporal Capital Asset Pricing Model in sec-
tion 3, and then reveal the causality test method in section 4. Next, section 5 presents
the data used in the study. Section 6 explains our results. To conclude, section 7 pro-
vides conclusive remarks.

2. Literature review

There is substantial evidence of causal linkages among El Ni~no, agricultural production
and commodity prices. Many studies support the positive effect of the El Ni~no

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 3



phenomenon on ACP. Brunner (2002) shows that global ACP is strongly affected by the
El Ni~no phenomenon, with prices for food commodities and agricultural raw materials
being influenced more than any other commodity. Ubilava (2012) reveals that the El
Ni~no phenomenon has a short-term positive impact on coffee prices. Ubilava and Holt
(2013) prove that the El Ni~no phenomenon leads to price increases in palm oil, soy oil
and other vegetable oils. Rahman et al. (2013) argue that during El Ni~no episodes, the
supply of palm oil has reduced, causing its price to be on an upward trend. Iizumi et al.
(2014) show a significant adverse impact of El Ni~no phenomenon on the wheat yields in
parts of China, the U.S., Australia, Mexico and parts of Europe, leading to an increase in
wheat prices. Peri (2015) highlights that corn and soybeans prices are affected by
extreme climate events, and tend to increase with El Ni~no phenomenon. Regan (2019)
denotes that there is a positive significant relationship between the El Ni~no phenom-
enon and crop yield as well as its price. Cao et al. (2023) show that El Ni~no reduced glo-
bal-mean crop yield by 1.32%, 1.33%, and 0.37% for wheat, rice, and maize, respectively,
but increased it for soybean by 1.9%. Cheng et al. (2023) argue that food markets are
more strongly affected in the case of extreme temperature anomalies. In contrast, several
studies have confirmed that ACP is negatively affected by the El Ni~no phenomenon.
Liao et al. (2010) indicate that the El Ni~no phenomenon has a negative effect on soybean
prices. Ubilava (2017) asserts that wheat prices show a downward trend during the El
Ni~no period. Bastianin et al. (2018) hold that El Ni~no phenomenon may be conducive
to production and reduce coffee prices. However, the causal link between El Ni~no phe-
nomenon and ACP is not always supported. Letson and Mccullough (2001) examine the
relationship between soybean prices and the El Ni~no phenomenon, but no meaningful
connection is found. Laosuthi and Selover (2007) state that there is no causal relation-
ship between the El Ni~no phenomenon and coffee prices. Oostdam (2017) suggests that
the prices of selected agricultural commodities (e.g. cocoa, coffee, rice, and soybeans)
are not affected by the El Ni~no phenomenon.

Conversely, the causal effect of agricultural commodity markets on the El Ni~no phe-
nomenon have expounded by certain studies. GHG is considered one of the primary
sources of the rise in global warming, carbon dioxide (CO2) emissions constitute a large
proportion of the GHG (Su et al., 2023b). The production and transportation of agricul-
tural commodities contribute to GHG emissions, which can increase the sea surface
temperature, and then trigger the El Ni~no phenomenon. Tilman et al. (2011) show that
agricultural activities, such as land clearing, soil cultivation, and the use of nitrogen fer-
tilizer all emit GHG. Reay et al. (2012) illustrate that agriculture has caused a huge per-
turbation to the global nitrogen cycle, and significantly increased nitrous oxide
emissions. Nwani (2017) points out oil consumption during the transportation of agri-
cultural commodities also generates carbon dioxide, which contributes to GHG emis-
sions. More importantly, the global climate has undergone significant changes due to
the emission of GHG into the atmosphere (Tongwane et al., 2016). Collins et al. (2010)
highlight that the frequency of El Ni~no phenomenon changes with the acceleration of
global warming. Subsequently, Cai et al. (2014) indicate that affected by global warming,
the El Ni~no phenomenon is likely to increase frequently. Salcedo et al. (2019) denote
that in recent years, strong El Ni~no phenomenon has occurred in the global warming
context.
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The impact of the El Ni~no phenomenon on ACP has been studied in the existing lit-
erature. However, they focus on a small number of agricultural commodities and cer-
tain areas thought to be significantly affected by the El Ni~no phenomenon. There is no
specific time-series analysis exploring the clear causal impact of El Ni~no events on agri-
cultural commodity markets from a global perceptive. Thus, we cannot obtain from
these studies whether El Ni~no phenomenon has impacts for broader ACP. The study
tries to fill this gap by exploring the impact of the El Ni~no phenomenon on global ACP.
Furthermore, prior studies have mainly investigated the positive causal effect of the El
Ni~no phenomenon on ACP, but the negative impact has been largely ignored. In gen-
eral, El Ni~no phenomenon induced weather conditions can have different magnitudes
of impact on regions across the globe. El Ni~no phenomenon can adversely affect agri-
cultural production and result in an increase in ACP. Similarly, it may also lead to an
oversupply of agricultural production and cause ACP to decline. There may be correla-
tions of different directions from El Ni~no phenomenon to ACP. Besides, the existing lit-
erature may not consider structural mutations and ignore unstable parameters in
Granger causality test, which is not possible to analyze time-varying interaction between
El Ni~no phenomenon and ACP. Therefore, we apply the bootstrap sub-sample rolling-
window test to improve the accuracy of the outcomes and obtain the interrelationship
between the two variables.

3. The inter-temporal capital asset pricing model

Cifarelli and Paladino (2010) investigate the effect of systemic risks on asset prices by
constructing the Inter-temporal Capital Asset Pricing Model (ICAPM). In the study, we
use the El Ni~no index (ENI) and ACP as surrogate variables, respectively. Firstly, we
believe that agricultural commodity markets have two types of investment groups:
informed traders (they usually conduct trading activities by measuring systematic risks
and returns), and feedback traders (they take ACP in the previous period into account
to invest). Secondly, we assume that the diversified investment in the agricultural com-
modity market cannot eliminate systemic risks, which can be represented by ENI that
measures abnormal weather phenomenon. Informed traders tend to make reasonable
predictions about ACP based on ENI, and will judge the number of agricultural com-
modities to invest. Thus, the demand for agricultural commodities of this group is
expressed as follows:

RADi
t ¼

Et�1ðACPtÞ � ACPf

lðENItÞ (1)

where RADi
t denotes the percentage of agricultural commodities held by all informed

traders during the time period of t. lðENItÞ > 0 represents that the value is positive,
and l0ðENItÞ > 0 means that the rise in ENI will lead to an increase in lðENItÞ: ACPf

denotes the price of agricultural commodities when there is no El Ni~no. Besides, in the
time period of t-1, the conditional expected value of ACP is expressed as Et�1ðACPtÞ:
ACPt represents the ex-post ACP in t period. When RADi

t ¼ 1, it indicates that there
are only informed traders in the agricultural commodity market. Subsequently, we
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convert Equation (1) into Equation (2), and find that a higher ENI will lead to an
upward trend in ACP. This shows that the El Ni~no phenomenon really matters for the
agricultural commodity market.

Et�1ðACPtÞ ¼ ACPf þ lðENItÞ (2)

In addition, there is another type of investors in the agricultural commodity mar-
ket who make current investment decisions according to the previous ACP. The per-
centage of these feedback traders’ demand (RADi

t) for agricultural commodities is
represented by Equation (3):

RADf
t ¼ cACPt�1 (3)

where c > 0 states that when the change in previous ACP is positive (or negative),
these traders may tend to increase (or decrease) the current investment in agricultural
commodities. We observe that if there are two types of investors (informed traders
and feedback traders) in the agricultural commodity market, then RADi

t þ RADf
t ¼ 1:

Therefore, Equation (1) will ultimately be expressed by Equation (4):

Et�1ðACPtÞ ¼ ACPf þ lðENItÞ � clðENItÞACPt�1 (4)

Compared to Equation (2), �clðENItÞACPt�1 is a new term, this shows that the
agricultural commodity market is affected to a certain extent by the investment
behaviour of feedback traders. The total coefficient of lðENItÞ is 1� cACPt�1, and
its value is positive due to cACPt�1 ¼ RADf

t < 1: Thus, the ICAPM has proved that
ENI can positively affect ACP. In the case of an increase in ENI, ACP will show an
upward trend in order to hedge the systemic risk of El Ni~no phenomenon.

4. Methodology

4.1. Bootstrap full-sample causality test

In conventional vector autoregression (VAR) models, the statistic commonly used to
test Granger causality, which can not follow the standard asymptotic distribution. In
this condition, Shukur and Mantalos (1997) indicate that the residual-based bootstrap
(RB) method can improve the critical values, and thus, enhancing the accuracy of
causality analysis. Additionally, they state that the RB technique is more suitable for
testing the standard asymptotic distribution, even in a small sample. In particular,
they have proved that small sample corrected likelihood ratio (LR) tests present rela-
tively better power and size properties (Shukur & Mantalos, 2000). Thus, this study
examines the causal link between ENI and ACP by adopting the RB based corrected-
LR statistic. We consider the the following bivariate VAR (p) system in Equation (5):

Zt ¼ b0 þ b1Zt�1 þ . . . . . .þ bpZt�ðpþ1Þ þ lt t ¼ 1, 2, . . . . . . ,T (5)

where p represents the known lag order, it can be determined according to the
Schwarz Information Criterion (SIC). We divide Z into two sub-vectors (ENI and
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ACP), which can be expressed as Zt ¼ ðENIt, ACPtÞ: Besides, the El Ni~no phenom-
enon and ACP may have certain relationships with crude oil prices (COP), thus
affecting the inter-linkages between these two variables. COP can influence the fluctu-
ations of ACP through the input channel (Paris, 2018), and the continued rise in oil
demand will cause the El Ni~no phenomenon (Qin et al., 2020). Thus, COP is selected
as the control variable, and we rewrite Equation (5) as follows:

ENIt
ACPt

� �
¼ b10

b20

� �
þ b11ðLÞ

b21ðLÞ
b12ðLÞ
b22ðLÞ

b13ðLÞ
b23ðLÞ

� � ENIt
ACPt

COPt

2
4

3
5þ l1t

l2t

� �
(6)

where lt ¼ ðl1t, l2tÞ' is a white-noise process. , i¼ 1, 2, and j¼ 1, 2, 3, where L
denotes the lag operator (LkZt ¼ Zt�k).

Accordingly, under the restriction of b21, k ¼ 0 (k¼ 1, 2, … … , p), we can test the
null hypothesis that ENI is not the Granger cause of ACP. Likewise, we also can exam-
ine the null hypothesis that ACP is not the Granger cause of ENI, in the constraint of
b12, k ¼ 0 (k¼ 1, 2, … … , p). Based on this, if the first hypothesis can be rejected, it
shows that ENI has significant causal impacts on ACP. Conversely, there is a significant
causal influence of ACP on ENI when the second hypothesis is rejected.

4.2. Parameter stability test

One of the assumptions for the full-sample test in VAR models is that the parameters
are constant, which is usually unrealistic. If the parameters change over time, this
means that the full-sample test is unreliable. Thus, in order to overcome this prob-
lem, we examine parameter stability by using the Sup-F, Mean-F, and Exp-F tests
(Andrews, 1993; Andrews & Ploberger, 1994). In the short term, the Sup-F test is
able to check structural mutations in parameters, and the Mean-F and Exp-F tests are
used to prove whether parameters change gradually over time. Additionally, we also
apply the Lc statistics test, developed by Nyblom (1989) and Hansen (1992), which
can test the parameters in the VAR models follow a random walk process or not.
According to these stability tests, the interaction between ENI and ACP changes over
time can be evidenced when the parameters are unstable. Therefore, we will employ
the sub-sample test to explore the causal link between the two variables.

4.3. Sub-sample rolling-window causality test

This method can separate the full-time series into small samples according to the width
of the rolling window (Balcilar et al., 2010). Choosing the appropriate width is compli-
cated, and if it is small, the robustness of the results may not be guaranteed. A large one
improves the accuracy of the results but reduces the number of scrolling. Therefore,
when the parameter is not constant, it means that the selected width cannot be less than
20 (Pesaran & Timmermann, 2005). Then, we show the specific way: Let the range of
the whole sample be H, and the width of the rolling window be i. The endpoint of each
sub-sample is i, iþ 1, … … , H, thereby getting the H-iþ 1 sub-samples. Next, we
obtain the sub-sample causal relationship test results. The causal influence from ENI to
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ACP can be presented by N�1
b

Xpþ1

k¼1
b̂
�
21, k, with Nb representing the frequency of boot-

strap repetition. Likewise, the causal influence from ACP to ENI is measured by

N�1
b

Xpþ1

k¼1
b̂
�
12, k: Both b̂

�
21, k and b̂

�
12, k are bootstrap estimates from Equation (6). The

90% confidence intervals are applied in this paper, in which the lower and upper bound

are the same as the 5th and 95th quantiles of b̂
�
12, k and b̂

�
12, k, respectively (Balcilar et al.,

2010).

5. Data

This paper is undertaken to examine the influence of El Ni~no phenomenon on agri-
cultural commodity markets, selecting the monthly data from January 1997 to
October 2022. The strong El Ni~no of 1997-1998 is dubbed ‘the climate event of the
Twentieth Century’ (Changnon & Bell, 2000; Cai et al., 2014). This extreme El Ni~no
phenomenon starts in April-May-June 1997 and lasts 12months, with sea surface
temperatures exceeding 28 �C, which disrupts the normal patterns of precipitation
and atmospheric circulation. Due to the abnormal changes in the ocean-atmosphere
circulation, extreme climatic conditions have emerged around the globe. The 1997–
1998 El Ni~no brings torrential rainfalls and flooding to parts of California, the south-
eastern US, equatorial East Africa and Chile. It is also responsible for severe droughts
in Papua New Guinea, Indonesia, Central America, and northeastern Brazil
(McPhaden, 2001). Because of these droughts and floods, roughly 4% of the agricul-
tural production area globally has been affected (Rojas et al., 2019), many agricultural
commodities have experienced a greater poor harvest. The 1997-1998 El Ni~no has
deteriorated agricultural production, which results in a shortage of supply, and thus
increases ACP. Thus, we can conclude that there may be a significant impact of the
El Ni~no phenomenon on the agricultural commodity market. We select the ENI1 to
reflect the intensity of the El Ni~no phenomenon. A higher ENI indicates that a strong
El Ni~no has occurred, and vice versa. And then, we choose agriculture price index2

established by the International Monetary Fund (IMF) as the measurement of ACP,
to reflect conditions in the global agricultural commodity market. This index uses
2016 as the base-year (average of 2016¼ 100) and is a weighted average of prices for
20 primary commodities grouped into three main classes: food, beverages and agricul-
ture raw materials. Besides, global COP has plummeted in 1997 due to insufficient
demand. Since crude oil is a very important input in the transportation and produc-
tion process of agricultural commodities, ACP is affected by COP fluctuations (Zhang
& Qu, 2015). Therefore, we choose a COP3 to reflect the supply and demand situ-
ation of the oil market.

Figure 1 highlights the trends of ENI and ACP. It can be observed that ACP does
not increase in all periods with high ENI. On average, the El Ni~no phenomenon will
occur every 2-7 years and lasts 9-12months each time (Shultz et al., 2014). The 1997-
1998 El Ni~no adversely affects agricultural production, which has caused a reduction
in the area of food crops harvested by about �6.4% (Irawan, 2002). Affected by a
supply shortage, ACP presents an upward trend during this period. Similarly, the
2002-2003 El Ni~no induced drought has reduced agricultural production in the U.S.,
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India, China and Australia, resulting in a slight rise in ACP. Furthermore, the occur-
rence of the El Ni~no phenomenon may have a continuously positive impact on ACP
in a long-term process, which is reflected in the El Ni~no periods of 2006-2007 and
2009-2010. The abnormal climate caused by EI Ni~no in 2006-2007 leads to the global
food crisis. The prices of major agricultural commodities (e.g. wheat, soybeans and
corn) have surged unprecedentedly from 2007 to mid-2008, followed by a sharp
decline due to insufficient demand during the global financial crisis (Su et al., 2019b).
Subsequently, the moderate-intensity El Ni~no phenomenon has formed from late
2009 through early 2010. The grain-producing regions of the Midwestern U.S. have
experienced high temperatures, resulting in a decrease in the production of corn, soy-
beans and other grains. The shortage of supply and the growing demand for agricul-
tural commodities has caused ACP to rise rapidly from the second half of 2010 to
April 2011. During 2015-2016, in the wake of one of the strongest El Ni~no phenom-
enon in recent history (Ubilava, 2018). However, ACP shows a downward trend,
mainly due to the continued decline in global oil prices during this period. COP can
influence the fluctuations in ACP (Mitchell, 2008) because crude oil is an important
cost input in the production of agricultural commodities (Kumar, 2017). The moder-
ate-intensity El Ni~no phenomenon occurs from September 2018 to July 2019 and
severely affects rainfall and temperature patterns in many regions globally.
Nevertheless, ACP has experienced a downward trend during this period. This is
mainly because the global trade war launched by the U.S. has a significant negative
impact on economic growth, thus reducing the demand for agricultural commodities,
and ultimately leading to a decline in ACP. In 2020, a sudden coronavirus disease
(COVID-19) pandemic unprecedentedly impacted the global economy. The most
severe public health disaster in the past 100 years is rapidly evolving into a worldwide
economic crisis (Su et al., 2022c). Meanwhile, ACP has risen sharply during this
period. Therefore, we can conclude that the El Ni~no phenomenon does not always
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Figure 1. The trends of ENI and ACP.
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cause ACP to change in the same direction under the external shocks. Also, the inter-
relationship between ENI and ACP is complex and changes over time.

The results of the descriptive statistics are presented in Table 1. The means of ENI,
ACP and COP indicate that they are concentrated at the levels of �0.002, 90.616 and
55.954, respectively. Besides, the skewness of these three variables is positive. ENI has a
kurtosis greater than 3, which means the sequence satisfies the leptokurtic distribution.
Meanwhile, since the kurtosis is less than 3, ACP and COP satisfy the platykurtic distri-
bution. Additionally, the Jarque-Bera index indicates that ENI, ACP and COP are non-
normally distributed at the significance level of 1%. Thereby, it is not suitable to apply
the conventional Granger causality test. Then, the RB method is used to solve the prob-
lem of the non-normal distribution of these three variables. The study also adopts the
rolling-window method to analyze the causal inter-linkages between ENI and ACP.

6. Empirical results

In the first stage, in order to determine whether the time series are stationary or not, we
use the Augmented Dickey-Fuller (ADF) test (Dickey & Fuller, 1981), the Phillips-
Perron (PP) test (Phillips & Perron, 1988) and the Kwiatkowski-Phillips-Schmidt-Shin
(KPSS) test (Kwiatkowski et al., 1992). The corresponding results in Table 2 clearly
show that the ENI is stationary in level, while ACP and COP are I (1). Therefore, this
paper adopts the original ENI, and the first-order difference of ACP and COP to estab-
lish the VAR model, and conducts Granger causality test accordingly.

Based on Equation (6), the bivariate VAR system with ENI and ACP is applied to
test the full-sample causal relationship. According to SIC, the optimal lag order is
chosen to be 3. Through the p-values in Table 3, we can conclude that there is no cor-
relation between these two variables, which means that ENI is not affected by ACP, and
vice versa. Besides, the test results are not supported by the extant literature (Peri, 2017;

Table 1. Descriptive statistics.
ENI ACP COP

Mean �0.002 90.616 55.954
Median �0.100 93.597 53.470
Maximum 2.600 140.146 133.880
Minimum �1.700 56.496 11.350
Standard Deviation 0.895 21.928 28.405
Skewness 0.529 0.094 0.389
Kurtosis 3.362 1.888 2.223
Jarque-Bera 14.524��� 14.774��� 14.068���
Note: ��� indicates significance at 1%.

Table 2. Unit root tests.
ADF PP KPSS

Level ENI �6.795 (1)��� �3.757 [9]��� 0.112 [13]
ACP �1.541 (1) �1.409 [5] 1.400 [14]���
COP �2.289 (1) �1.835 [1] 0.977 [14]���

First differences ACP �10.694 (1)��� �10.663 [3]��� 0.098 [5]
COP �10.648 (1)��� �10.630 [3]��� 0.211 [1]

Notes: ��� indicates significance at 1%. The number in parenthesis denotes the lag order selected based on the
Schwarz Information Criterion (1978). The number in the brackets denotes the bandwidth for the Bartlett Kernel,
which is suggested by the Newey and West test (1987).
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Ubilava, 2018; Salcedo et al., 2019), and are inconsistent with the ICAPM, which states
that ENI positively affects ACP.

We perform a full-sample estimate in the bivariate VAR model, where assumptions
are that the parameters are stable. Nevertheless, due to structural mutations in the VAR
model, the parameters may not be constant, that is, the causal link between ENI and
ACP can exhibit the time-variations characteristic. Then, following Andrews (1993)
and Andrews and Ploberger (1994), the Sup-F, Mean-F and Exp-F tests are applied in
this study to examine the stability of short-run parameters. Besides, the Lc statistics test
(Nyblom, 1989; Hansen, 1992) is employed as well to make Granger causality tests
more reliable. Table 4 reports the corresponding results.

ENI, ACP and the VAR system have structural mutations at the 1% significance
level, which can be obtained from the Sup-F tests. We also observe from the Mean-F
and Exp-F tests that parameters in ENI, ACP and the VAR system will gradually
change over time at a significance level of 1%. Additionally, the Lc statistics test
shows that the parameters in the VAR system cannot follow the random walk process
at the level of 10%, which further proves that the parameters are non-constancy.
Based on these stability tests, we find that due to structural mutations, the parameters
exhibit unstable properties. Thus, the result of the causality analysis between ENI and
ACP is inaccurate, that means that the bootstrap full-sample method does not apply
to the study. Then, in order to identify the time-variations interrelationship between
these two variables, we conduct the bootstrap sub-sample rolling-window causality
test. In particular, 24-months4 is selected as the width of the rolling-window, which
can make the results of the causal analysis more accurate. Meanwhile, we also obtain
the direction of the impact of ENI on ACP (or the impact of ACP on ENI).

According to the p-value in Figure 2, we can identify the degree and direction of
the impact of ENI on ACP presented in Figure 3. ENI does Granger cause ACP in
these periods (January 2001-December 2001, June 2011-March 2012, November 2014
-September 2015 and October 2016-June 2017) at the significance level of 10%. The
positive effect (January 2001-December 2001) and negative impacts (June 2011-March
2012, November 2014 -September 2015 and October 2016-June 2017) exist from ENI

Table 3. Full-sample bootstrap Granger causality tests.
H0: ENI does not Granger cause ACP H0: ACP does not Granger cause ENI

Bootstrap LR Test Statistic p-value Statistic p-value

2.970 0.280 1.450 0.760

Notes: The p-value is calculated using 10,000 bootstrap repetitions.
Source: Authors’ Calculations.

Table 4. Parameter stability tests.
ENI ACP VAR Model

Statistic p-value Statistic p-value Statistic p-value

Sup-F 38.679��� 0.000 40.507��� 0.000 38.494��� 0.001
Mean-F 16.392��� 0.000 23.079��� 0.000 24.205��� 0.000
Exp-F 14.904��� 0.000 16.953��� 0.000 15.791��� 0.001
Lc 2.395� 0.076

Notes: � and ��� indicate significance at 10% and 1%, respectively. The p-value is calculated using 10,000 bootstrap
repetitions.
Source: Authors’ Calculations.
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to ACP. ENI is at a relatively low level during the period of January 2001-December
2001, mitigating the adverse impact of abnormal climatic conditions on the global
agricultural commodity market. ACP shows a downward trend under the influence of
the weak El Ni~no phenomenon. In fact, the favourable weather condition has signifi-
cantly increased the output or supply of some agricultural commodities. For instance,
Brazil, the global largest producer, achieves a 10.7% rise in coffee production, which
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Figure 2. The bootstrap p-value of rolling test statistic that ENI is not the Granger cause of ACP.
Notes: The vertical axis represents the bootstrap p-value. The ‘dashed line’ legend indicates that the bootstrap p-value
is equal to 0.1.
Source: Authors’ Calculations.
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causes its price to fall to the lowest level in the past 8 years (Guo, 2002). From
January to November 2001, the global output of tea has increased by 5.1% compared
with the same period of the previous year, resulting in a significant price drop.
However, because of the global economic slowdown and recession, especially the U.S.
market demand is continuously in depression, causing the demand for agricultural
commodities and its price to decline. Besides, the sluggish demand and abundant
supply have increased competition in agricultural commodity markets. Due to the
global increase in tea production in 2001, competition becomes more and more
severe among India, Kenya, Sri Lanka, and Bangladesh. Also, Brazil, Argentina and
the U.S. are increasingly competitive in soybean markets. All these factors have aggra-
vated the decline in ACP to a varying degree. Therefore, we can prove the positive
effect of ENI on ACP.

However, the view can not always be supported, which can be seen in the negative
effect from ENI to ACP. El Ni~no phenomenon is relatively weak during the period of
June 2011-March 2012, but it has caused severe droughts in important agricultural
production areas (e.g. Southeast Asia, Eastern Europe, South Africa and Russia). The
reduction in agricultural output is a direct factor leading to an upward trend in ACP.
Meanwhile, affected by the acceleration of global biofuel production, the demand for
agricultural commodities has risen sharply (Lucotte, 2016). The usage of biofuels not
only pushes up the prices of agricultural raw materials used in bioenergy production
but also puts upward pressure on the prices of other agricultural commodities (Su
et al., 2019b). Accordingly, the increase in biofuel demand is one of the strong
explanations for the rise in ACP (Czech, 2013). Over the same period, the rising
COP accounts for another explanation for increasing ACP. The geopolitical events
linked to oil-producing countries like Libya, Yemen again push the COP above $100
per barrel in 2011 and 2012 (Kumar, 2017). In general, higher oil prices push up the
cost of fuel, fertilizers and other chemicals used in agricultural production
(Gardebroek & Hernandez, 2013), thereby leading to an increase in ACP. Besides,
with the easing of the European debt crisis in the second half of 2011, the global
economy has gradually recovered. The growing demand for agricultural commodities
in developing countries (e.g. China and India) has also led to an increase in ACP.
These factors ultimately have caused ACP to be at a relatively high level. And then,
the negative influence of ENI to ACP can be evidenced.

The sea surface temperature in the central-eastern equatorial Pacific is anomalously
higher than normal from 2014 to 2015, triggering El Ni~no phenomenon (Li et al.,
2015; Shao et al., 2016). Affected by the anomalous atmospheric circulation and the
strong El Ni~no phenomenon, extreme climate conditions have occurred around the
globe. Obviously, ENI exhibits an upward trend during the period of November
2014-September 2015, but there is a decline in ACP. The high temperature caused by
the El Ni~no phenomenon may lead to a decline in demand for energy products (e.g.
natural gas and crude oil), which are typically used as inputs for agricultural produc-
tion (Ubilava, 2013). Over the same period, the global economic slowdown and excess
oil production have contributed to a downward trend in COP (Su et al., 2019a). As a
result, decreased input prices have inevitably led to a decline in ACP. In recent years,
the ability to forecast the occurrence of El Ni~no phenomenon has improved, which is
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conducive to increasing the supply of agricultural commodities. Achieving social
objectives requires public authorities’ efforts, involving a complex and pragmatic deci-
sion-making process (Dima et al., 2016). Furthermore, agricultural commodities are
generally traded in U.S. dollars, and their appreciation contributes to the decrease in
ACP (Czech, 2013). Since 2014, the Federal Reserve has continuously raised interest
rates, and capital starts returning to the U.S. from emerging markets, leading to the
continued strengthening of the dollar. Accordingly, ACP decreases during the period
of high ENI, the negative impact can be proved.

Affected by the strong El Ni~no phenomenon of 2015-2016, Australia, Southeast
Asia and Southern Africa have experienced high temperatures and severe droughts
(Hu & Fedorov, 2019). The year 2016 is the warmest year on record (Salcedo et al.,
2019), the temperatures of land and ocean are very high. Although El Ni~no phenom-
enon may adversely affect agricultural production in certain regions, global agricul-
tural commodity supplies are generally abundant, and ACP exhibits a downward
trend during the period of October 2016-June 2017. For instance, the price of palm
oil has plummeted due to the surge in production in Malaysia and Indonesia, and
Brazil has experienced a bumper harvest of sugar raw materials, which has caused
sugar price to fall. The Russian Federation, Ukraine and Kazakhstan (RUK) regions
are one of the important sources of global agricultural commodity supply, such as
wheat and barley have accounted for 70% and 20% of grain exports in 2016, respect-
ively. More importantly, the El Ni~no phenomenon does not adversely affect agricul-
tural production in the RUK area (Rojas et al., 2019). Besides, the decrease in COP
makes the cost of agricultural commodity production and transportation lower, and
also suppresses the demand for biofuels in the market, thus reducing ACP (Burakov,
2016). Because biofuels are considered as alternatives to conventional fuels, and the
low oil price has created downward pressure on the demand for biofuels (Su et al.,
2019b). More importantly, the decline in biofuel production has reduced the demand
and prices of agricultural commodities such as maize and soybeans. At the same
time, the global economic downturn has led to a decline in demand for agricultural
commodities. In particular, China’s supply-side structural reforms and the slowdown
in economic growth have reduced the import demand for agricultural commodities,
which has further caused ACP to drop. With the proposal of supply-side structural
reform, the strategy of expanding domestic demand is crucial to economic develop-
ment (Su et al., 2022a). Therefore, under the situation of weak aggregate demand, the
oversupply of the global agricultural commodity market and the decline of COP,
ACP shows a downward trend during the period of high ENI. These results do not
always support the ICAPM, which states that ENI can positively affect ACP.

According to the p-value in Figure 4, we can obtain the degree and direction of
the impact of ACP on ENI shown in Figure 5. ACP does Granger cause in these peri-
ods (November 2002-June 2003, October 2009-August 2010, June 2012-December
2013 and January 2019-June 2019) at the significance level of 10%. There are negative
impacts of ACP on ENI during these periods. The growing global population has put
pressure on agricultural production systems (Vetter et al., 2017). And then, the con-
version of other land uses has increased agricultural land to meet the needs of more
agricultural production globally (Tongwane et al., 2016). The output of agricultural
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commodities has increased due to the expansion of production, thereby causing ACP
to decline during the period of November 2002-June 2003. However, agriculture
activities are the major source of GHG emissions globally. For instance, nitrous oxide
is an important anthropogenic GHG and agriculture represents its largest source
(Reay et al., 2012). Changes in land use, irrigation and fertilizer application can lead
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Figure 4. The bootstrap p-value of rolling test statistic that ACP is not the Granger cause of ENI.
Notes: The vertical axis represents the bootstrap p-value. The ‘dashed line’ legend indicates that the bootstrap p-value
is equal to 0.1.
Source: Authors’ Calculations.
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to dynamic variations in soil carbon and nitrogen, and thus, increasing GHG emis-
sions (Ogle et al., 2013). Global warming-induced by the GHG emission, which
causes rising average sea level and increasing extreme climate events (Zou et al.,
2015). Over the same period, this El Ni~no phenomenon begins in June 2002, lasts ten
months and then gradually disappears in May 2003. The El Ni~no during 2002-2003 is
classified as moderate in intensity, which means that ENI is at a relatively high level.
Thus, we can prove the negative effect of ACP on ENI.

Affected by the outbreak and spread of the financial crisis, market demand is con-
tinuously in depression, and the global economy experiences a recession during the
period of October 2009-August 2010. Agricultural commodities are closely related to
the macro-economic situation because they are crucial inputs in the production process
of many goods (Tule et al., 2019). The market demand for agricultural commodities has
declined due to the global economic recession, which in turn causes ACP to fall.
Meanwhile, under the shock of the global financial crisis, the price of oil has fallen
sharply. Energy revolution, climate policies and significant events will enhance the link-
age between renewable energy and others (Su et al., 2022b). There are mutual substitu-
tion effects between fossil fuels and clean energy, the decline in COP has reduced the
demand for biofuels, resulting in lower demand and prices for agricultural commod-
ities. The use of renewable resources is a good example of sustainable development
(Chang & Fang, 2023). However, the reduction in the usage of bio-energy and the com-
bustion of fossil energy produces more GHG emissions, which has accelerated the
occurrence of the 2009-2010 El Ni~no. During this period, except for the substantial
increase in temperature, the El Ni~no also causes other severe weather conditions includ-
ing abnormal droughts in Asia and Africa (Qin et al., 2020). Thereby, we can evidence
that ENI is at a higher level during the lower ACP.

From June to September 2012, the grain-producing regions of the U.S. have suffered
the most severe drought since 1956, leading to a decline in the production of agricul-
tural commodities such as soybeans, wheat, and corn. As the U.S. supplies nearly half
the global corn and most of its soybean and wheat exports, the shortage of supply for
agricultural commodities pushes ACP to a record high. Besides, the investor trading
behaviour is a key determinant of various asset prices, including ACP (Zhou et al.,
2019). Financial deepness enhances growth by improving the efficiency of capital (Gu
et al., 2021). Financial speculative capital flows into agricultural commodity markets to
gain benefits, which increases the demand for agricultural commodities and leads to a
rise in ACP during the period of June 2012-December 2013. At the same time, geopolit-
ical conflicts among oil-producing countries have drastically pushed up COP (Su et al.,
2019b). Rising oil prices have increased the demand for biofuels, which has also caused
the demand and prices for agricultural commodities to rise (Nemati, 2017).
Nevertheless, ENI is at a relatively low level, which means that the El Ni~no phenom-
enon is weaker during this period. There are two ways to explain the low level of ENI.
First, the increase in biofuel consumption has contributed to reducing GHG emissions.
This is because the usage of clean energy can reduce environmental pollution, and slow
down the process of global warming (Obama, 2017). Second, in recent years, sustainable
agricultural development has been regarded as an important measure to mitigate the
adverse impact of agricultural activities on climate change (Tongwane & Moeletsi,
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2018). For instance, water used during agricultural irrigation can influence nitrogen
dynamics in the soil and ultimately GHG emissions. At the global level, the balanced
exploitation of agricultural water resources, and the coordinated use of surface and
groundwater have played an important role in reducing GHG emissions and mitigating
global warming (Zou et al., 2015). These factors may reduce the possibility of the occur-
rence of the El Ni~no phenomenon, and then make ENI lower. Accordingly, the negative
impact of ACP on ENI can be proved.

The improvement of agricultural production efficiency has led to a significant
increase in global agricultural commodities output, which in turn provides a relatively
sufficient supply. During the period of January 2019-June 2019, the Sino-U.S. trade
friction has further escalated, resulting in a substantial reduction in China’s demand
for U.S. agricultural commodities, thus amplifying downside risk for global ACP.
Besides, the trade disputes between the U.S. Trump administration and other coun-
tries (e.g. the European Union, Japan, and Mexico) have a significant negative impact
on the global economy, which has led major international organizations to lower eco-
nomic growth expectations. In the context of global trade disputes, an oversupply of
agricultural commodities and slow economic growth have caused ACP to decline.
However, the United Nations’ World Meteorological Organization (WMO) announces
that a moderate-intensity El Ni~no has occurred from September 2018 to July 2019.
This means that there is an increase in ENI, we can explain it from two sides. First,
on average, the El Ni~no phenomenon will occur every 2-7 years and lasts 9-12months
each time (Shultz et al., 2014). The periodic anomalous change in atmospheric circu-
lation is the direct factor for this 2018-2019 El Ni~no phenomenon, which has signifi-
cantly affect rainfall and temperature patterns in many regions globally. Second,
emissions of GHG can occur either directly during agricultural activities (eg., cultiva-
tion and harvesting), or indirectly during the production and transport of required
inputs (e.g. herbicides, pesticides and fertilizers). These factors may be combined with
long-term global warming to boost the sea surface temperature, which leads to the
occurrence of the El Ni~no phenomenon, and ultimately makes the ENI higher during
this period. Therefore, we can evidence the negative impact of ACP to ENI.

To summarize, the empirical results of this study prove that there is a two-way
causal effect between the El Ni~no phenomenon and agricultural commodity markets.
ENI can significantly and positively affect ACP, this shows the El Ni~no phenomenon
usually has an adverse impact on the output of agriculture commodities, thus, result-
ing in a shortage of supply and price increases. However, the negative effect of ENI
on ACP does not support this view in certain periods. This is because the technology
to predict the occurrence of the El Ni~no phenomenon has been continuously
improved, reducing the risk of extreme weather conditions on agricultural produc-
tion. In addition, the high temperature-induced by El Ni~no phenomenon may reduce
the demand and price of energy products, such as crude oil, which are used as inputs
for agricultural production and transport. Accordingly, the decline in input prices has
caused ACP to fall. These empirical results do not always support the ICAPM, which
shows that ENI has positive effects on ACP. Conversely, ACP negatively affects ENI,
suggesting that an agricultural commodity market is an effective tool that can reflect
global extreme climate events in advance.
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7. Conclusion

This study explores whether the El Ni~no phenomenon is really related to the agricul-
tural commodity market, and analyzes the time-varying interrelationship between
ENI and ACP by employing the sub-sample causality test. As a consequence, we have
proved that there are bidirectional causality between ENI and ACP. The positive
impact of ENI on ACP states that El Ni~no phenomenon may become strong senti-
ment issues, supporting ACP in an upward trend. Because traders believe that when
El Ni~no occurs, the output of agricultural commodities is expected to decline and
this, in turn, will increase ACP. However, this view can not be held by a negative
impact, which can be explained in two ways. First, advanced global periodic climate
forecasts have improved the ability of agricultural producers to respond to the El
Ni~no phenomenon. They can be based on climate risk management to reduce the
influence of adverse weather conditions, and take advantage of the favourable climate
to expand agricultural production. Thus, the prediction of the El Ni~no phenomenon
is conducive to stabilizing the global ACP. Second, combining ACP with other factors
(e.g. oil prices, global economic situation and biofuel production), can provide a
more comprehensive analysis of fluctuations in the agricultural commodity market.
Affected by these external uncertainties, ENI does not always cause ACP to change in
the same direction. These empirical results cannot always be supported by the
ICAPM, which states that ENI can positively affect ACP. In turn, we find the nega-
tive impacts of ACP on INF, showing that the agricultural commodity market plays
an important role in reflecting the global climate change (especially extreme weather
conditions). Through the mutual influences between ENI and ACP, we conclude that
the El Ni~no phenomenon can easily cause fluctuations in the agricultural commodity
market, but it does not always cause ACP to rise. The agricultural commodity market
is also related to other external factors, which together have impacts on ACP.
Additionally, as a useful tool reflecting the occurrence of the El Ni~no phenomenon in
advance, the role of the agricultural commodity market cannot be ignored.

Understanding the interaction between ENI and ACP and the role of El Ni~no phe-
nomenon in agricultural commodity markets can offer implications for investors,
agricultural-related sectors and governments. First, high ENI tends to increase ACP.
Investors can grasp ACP changes in advance based on ENI, subsequently, they need
to decide whether to invest in agricultural commodities, thereby achieving the pur-
pose of reducing risk and maintaining wealth. Agricultural-related sectors need to
mitigate the adverse effects of climate anomalies on crop production by strengthening
food security management. In order to avoid a sharp rise in ACP caused by the El
Ni~no phenomenon, governments must improve the environmental monitoring and
forecasting system to effectively prevent agricultural production reduction and ensure
an adequate supply. Second, under the external shocks, high ENI does not always
cause ACP to rise. Both investors and governments need to understand the external
uncertainties that are likely to affect agricultural commodity markets. El Ni~no phe-
nomenon usually combines with other sides (e.g. oil prices, dollar value, global eco-
nomic situation, and biofuel production) to have a negative impact on ACP. Thus,
investors should optimize asset allocation to mitigate investment risks, and govern-
ments need to comprehensively consider these factors to maintain the stability of
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ACP. Third, ACP can negatively affect ENI. Due to the increase in population and
the demand for food production, GHG emissions from agricultural activities continue
to increase. This highlights the need for agricultural-related sectors to reduce GHG
emission through sustainable development. For instance, the more efficient use of
scarce water resources to reduce the damages to the ecological environment, and
investment in improved varieties that can dramatically increase agricultural output.
Additionally, the government should consider the fluctuation of ACP as a useful tool
for climate risk management system, in order to provide more effective early warning
for the occurrence of El Ni~no phenomenon. In the future study, we intend to explore
which kind of agricultural price index (food, beverages and agriculture raw materials)
is the most relevant to the El Ni~no phenomenon by applying the wavelet analysis.

Notes

1. The El Ni~no index can be taken from the U.S. National Weather Service.
2. The price of agricultural commodity is collected from IMF Financial Statistics.
3. The price of WTI crude oil is obtained from the U.S. Energy Information Administration.
4. Besides, we change the width to 20-, 28-, and 32- months, respectively, and conduct the

robustness tests accordingly. These results are similar to the empirical analysis that rolling-
window width is 24.
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