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Abstract

Few studies have differentiated oil demand shocks from oil supply shocks in the literature that has investigated the impacts of
these issues on the prices of agricultural products. This study attempts to investigate this problem by employing a structural
vector autoregression (SVAR) technique on Malaysian data from January 1993 to December 2019. We found that the reactions
of agricultural commodity prices to the changes in global oil prices largely depend on whether they result from oil demand
shocks or oil supply shocks. Global oil demand shocks before the food price crisis (2006-2008) can explain a large share of
the changes in prices of agricultural products, while after that period, their capacity to explain these changes becomes much
weaker. After the food crisis period, the contribution of the oil supply shock to changes in the prices of agricultural products
is higher than that of the oil demand shock. We can conclude that the role of oil supply in the economy in explaining changes
in the prices of agricultural commodities is stronger after the food price crisis. This is because Malaysia’s economy, as a net
oil exporter, benefits from higher oil prices resulting in higher demand for agricultural products and, consequently, higher

prices for agricultural commodities.

Keywords Agricultural commodity prices - Exchange rate - Oil demand shock - Oil supply shock - Structural VAR

Introduction

Global oil prices and exchange rates are two factors influ-
encing almost all markets in all economies. There are also
strong long-term relationships between these variables (Suli-
man and Abid 2020). Among all factors that may affect the
agricultural sector, high crude oil prices reduce food produc-
tion as food demand increases due to fast population growth
in developing countries (FAO 2009).

On the other hand, energy prices affect agricultural
commodities through transportation costs and agricultural
inputs (chemical fertilizers and pesticides). Global oil prices
influence economic sectors in different ways through direct
and indirect channels. This sector could also benefit from
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lower global crude oil prices (Solaymani 2019). On the
other hand, agricultural commodities may affect crude oil
prices by producing bioenergy (Su et al. 2019). Another fac-
tor affecting agriculture commodities is the exchange rate.
Since the exchange rate has an important effect on exports
and imports of goods and services, it is expected to influ-
ence tradeable agricultural commodities. While the global
oil prices are the most significant factor affecting agricul-
tural productivity in the short run, the long-run determining
factor is the exchange rate (Binuomote and Odeniyi 2013).
Figure 1 shows that food prices and global oil prices in 2008
have increased significantly and that their relationship has
changed. Therefore, all policymakers and investors need to
take this new relationship into account when making deci-
sions about the future of the agriculture sector.

The agricultural sector makes a significant contribution
to the Malaysian gross domestic product by 7% in 2019. In
this year, the key contributors to the agriculture value-added
were palm oil (38%), other agriculture (26%), livestock, for-
estry and logging (21.3%), fishing (12%), and rubber (3%),
respectively. In 2019, Malaysia exported about RM115.5
billion and imported about RM93.5 billion of agricultural
commodities, which, respectively, increased by 0.9% and
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Fig. 1 The trends of food price index and global crude oil prices

0.2% compared to the 2018 values. Palm oil and natural
rubber are the main exported crops. In 2019, palm oil pro-
duction raised by 0.7 million tonnes (0.7%) compared to
2018, while natural rubber raised by 0.04 million tonnes
(6%). However, paddy production decreased by 11% from
2639 thousand tonnes in 2018 to 2349 thousand tonnes in
2019 (DOSM 2021). This sector also contributes substan-
tially to employment in Malaysia. It accounted for 10.22%
of the country's total employment in 2019 at 1541 thousand
people (DOSM 2021).

While Malaysia was an agricultural country based in the
early 1980s and before, currently, the agricultural sector,
after industry and services, is the third-largest contribu-
tor to Malaysia’s GDP (DOSM 2021). This is therefore
an important sector for decision-makers in terms of eco-
nomic impacts and food security. Moreover, this country
is a net crude oil exporter, and due to its high dependency
on crude oil revenues, changes in global oil prices affect its
economy and commodity prices. Evidence showed that high
global oil prices increase commodity prices in Malaysia,
as a food-importing country, resulting in higher household
food expenditures and lower well-being (Solaymani 2016).
Fluctuations in oil prices affect the exchange rate and the
prices of agricultural products in Malaysia due to changes
in agricultural inputs, such as chemical fertilizers pesticides
and fuel for farm machinery. It can also increase the trans-
portation costs of exports and imports of agricultural prod-
ucts. Since Malaysia imports a high share of agricultural
commodities, an increase in global oil prices increases the
import costs of these commodities resulting in an increase in
domestic prices of agricultural commodities. Another way in
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which world oil prices may affect the Malaysian agricultural
sector is through the demand for biofuels from crops, such as
palm oil, and the government supports the agricultural sector
to increase agricultural products to meet food security goals.
The government support and subsidies financed mainly from
the oil revenues. Therefore, it is important to understand the
link between agricultural commodity prices and global oil
prices as they can assist producers in better understanding
production costs and ultimately determine income. These
findings are also important for investors to make an appro-
priate decision on their investment in this market and to
reduce the risks they face.

Global oil price fluctuations occur due to changes in the
demand side or supply side of the oil market. Accordingly,
in this study, we examine the impacts of global oil demand
and oil supply shocks of the oil market on agricultural com-
modity prices. In fact, it investigates the reactions of prices
of agricultural commodities to global oil supply and oil
demand shocks over two periods, before and after the food
price crises in 2006-2008. Moreover, it examines how the
exchange rate is affected by global oil shocks. It also decom-
poses the role of global oil shocks in explaining variations
in the prices of agricultural commodities.

The contributions of this study, which are not considered
in previous studies, are as follows. To estimate the relation-
ship between global oil shocks and the exchange rate shock,
it uses two global oil shocks, i.e., oil demand and oil supply
shocks in the global oil market. This relationship is based
on two periods, before the food price crisis period and after
the food price crisis period in 2006-2008. Another contri-
bution of the present study is to determine which global oil
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shocks affect the exchange rate. It also examines the types
of shocks that explain the change in prices of agricultural
products in Malaysia during the two periods. The use of a
significant number of agricultural products (10 products)
compared to earlier studies, which used a few products, is
the final contribution of this study.

The organization of this study is as follows. The next
section reviews the literature on the impacts of oil price and
exchange rate on agricultural commodities. Section “Data
and Methodology” explains the data and the methodology.
Section “Results and Discussion” evaluates the estimated
results of the structural VAR model. Finally, Sect. “Dis-
cussion” ends the paper with a conclusion and some
suggestions.

Literature Review

The increase in agricultural commodity prices in recent dec-
ade has increased concerns about the negative effects of high
food prices on food security and has increased attention to
studies that investigate key drivers of changes in agricul-
tural commodity prices. The main drivers of fluctuations in
agricultural commodity prices are global oil price changes,
exchange rate changes, climate change, and, at the domestic
level, government policies and supports in the agricultural
sector.

Some studies have separated the effects of global oil price
changes into the supply side shock and the demand side
shock (Yasmeen et al. 2019). Demand side shocks, which
are most important, occur due to increases in population
growth and household income, dollar depreciation, and an
increase in biofuel production such as ethanol (Wang et al.
2018; Lima et al. 2019). Garcia et al. (2020) showed that
the COVID-19 pandemic negatively affected international
crude oil demand and reduced prices. The rise in biofuel
production is responsible for the rise in the prices of agri-
cultural commodities (Paris 2018). But the main drivers of
supply-side shocks are the rise in global oil prices and the
increase in the agricultural commodity prices due to drought
and climate change (Hochman et al. 2014).

Since the first global rise in oil prices in early 1970, the
importance of the impact of changes in oil prices on eco-
nomic sectors and commodity prices has been considered
widely and many studies have investigated this relationship
through different methodologies. Pal and Mitra (2018) by
using a cross-correlation assessment found a positive inter-
dependency between the crude oil prices and global food
prices. Similarly, other studies showed that the association
between global oil price rises and prices of agricultural
commodities is significant and positive (Meyer et al. 2018;
Fasanya et al. 2019; Judit et al. 2017). But, Zmami and
Ben-Salha (2019) using the ARDL model highlighted that

global food prices are only affected by positive long-run oil
price shocks. The bounds test for cointegration shows that
the price of crude oil has an asymmetrical impact on the
food price variation in the long run (Wong and Shamsudin
2017). The impact of downside changes in crude oil prices
on Chinese commodity prices is greater than upside changes
(Meng et al. 2020). Zafeiriou et al. (2018) using the ARDL
cointegration approach revealed that crude oil prices influ-
ence by those agricultural products that are used to produce
bio-energies like ethanol. Gokmenoglu et al. (2020) also
using cointegration and causality analysis investigated the
response of Nigerian agricultural commodities to changes
in global oil prices. Mokni and Youssef (2020) argued that
the impact of delayed global crude oil prices on agricultural
commodity prices is less than the immediate changes. Yip
et al. (2020) using the VAR model found that the stability of
the impact of oil price changes on agricultural commodities
depends on the high and low volatility of oil prices. Harri
et al. (2009) also using the cointegration method suggested
that the prices of corn, cotton, and soybeans, except wheat,
are related to changes in oil prices. Some studies also found
two-way causality link between global oil prices and agri-
cultural commodity prices (Sun et al. 2021; Hung 2021). We
can conclude that the direction and magnitude of the impact
of global oil price changes on agricultural commodity prices
depends on the country and the duration of the impacts.

Regarding the impacts of exchange rates, Kiatmanaroch
and Sriboonchitta (2014) using the GARCH model demon-
strated the importance of exchange rates in managing the
interactions between the price of palm oil and the price of
crude oil. Financial crises also can change the impact of
the exchange rate on commodity prices. Using the GARCH
model, Siami-Namini (2019) suggested that crude oil volatil-
ity leads to the exchange rate volatility that leads to changes
in agricultural commodity prices. Higher oil prices also lead
to higher exchange rates in oil-exporting countries and lower
currency value in oil-importing countries (Abed et al. 2016;
Mensabh, et al. 2017; Nandelenga and Simpasa 2020). For
example, Fowowe (2014) reported that oil price rises lead
to exchange rate depreciation in South Africa. Butt et al.
(2020), using Engle-Granger and threshold cointegration
methods, found a bidirectional relationship between the
prices of two major Malaysian agricultural commodities
(i.e., palm oil and rubber) and the exchange rate in the long
and short run.

In analyzing time-series data, Ahmid (2020) suggested
that global oil prices and exchange rates positively affect
the prices of corn, barley, wheat, oats, and rye. However,
other studies found an insignificant long-run association
between global oil prices and the exchange rates (Adam et al.
2018). Therefore, the link between the exchange rate, global
oil demand change, and prices of agricultural commodi-
ties depends on the type of oil-exporter and oil-importer
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country and the existence of the global financial crisis. Sub-
sidy removal policies, which increase the prices of goods
and services, also decrease food availability and access to
food in Malaysia (Solaymani et al. 2019). Another factor
that affects agricultural commodity prices is climate change
which harms food availability and access to food and reduces
household welfare. Many studies have shown that while the
agriculture sector benefits from high commodity prices,
improvements in agricultural productivity are expected to
reduce the adverse impacts of rising food prices on Malay-
sian food security and poverty (Solaymani 2017). Therefore,
government policies and support can significantly improve
agriculture productivity and provide adaptation policies
against climate change.

We can conclude from the above literature that the most
important methods used in the literature are Granger cau-
sality and ARDL. The GARCH and VAR models have also
been used widely in the literature. However, there are a few
studies that have used structural VAR analysis to investigate
the impacts of the global oil price shock on agricultural com-
modities. Analyzing two global oil shocks, i.e., oil demand
shock and oil supply shock, is also rare in the literature. In
addition, the evaluation of the relationships between agricul-
tural commodity prices and oil price shocks in two periods
was not considered only in a few studies. Furthermore, this
study applies a decomposition analysis to verify the robust-
ness of the structural VAR model of the study. To improve
and make a significant contribution to the literature, this
study addresses these gaps.

Data and Methodology
Description of Data

This study explores the impact of global oil shocks on prices
of agricultural products over the 27 years from January 1993
to December 2019. This study uses the monthly Brent oil
price data, because this oil price is the main benchmark for
global oil prices, and nominal prices of ten major agricul-
tural commodities (Bananas, coconuts, cocoa, eggs, papayas,
palm oil, rice, rubber, tomatoes, watermelon). The U.S. Con-
sumer Price Index (CPI) is used to obtain the real values of
crude oil prices and the Malaysia’s CPI is used to capture the
real value of agricultural commodity prices. The Consumer
Price Index data are collected from the World Bank indica-
tors. Brent crude oil prices obtained from the Energy Infor-
mation Administration (EIA) and the prices of agriculture
commodities are collected from the Food and Agriculture
Organization (FAO). As shown in Fig. 1, the relationship
between prices of agricultural products and global crude
oil prices changed substantially after May 2006. This is
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also evident in some studies like Ciaian and Kancs (2011)
and Baumeister and Kilian (2014). Accordingly, this study
divides the whole sample into two subsamples, i.e., from
January 1993 to April 2006 as before the food price crisis
period, and from May 2006 to December 2019 as in and
after the food price crisis period.

Table 1 summarizes the descriptive statistics of the vari-
ables under consideration. The coefficient of variation dem-
onstrates that the price of crude oil followed by rubber price
has the greatest variation both before and after the food price
crisis, which is consistent with the fluctuations in the crude
oil prices in recent decades. The mean prices of all agricul-
tural products in the second period are higher than those
of the first period. Regarding the volatility in the prices of
agricultural commodities, it seems that the prices of rubber,
palm oil, cocoa, coconut, and watermelon are more unstable
than those of bananas, tomatoes, eggs, and papaya. This can
be related to the fact that Malaysia is the top producer and
exporter of palm oil and rubber and the majority of other
agricultural products are consumed locally. This table also
shows the typical characteristics of financial data, since the
coefficients of kurtosis are positive and the coefficients of
skewness, except for tomatoes, are negative for before the
food price crisis period.

For the period prior to the food price crisis, the null
hypothesis of the Jarque and Bera statistics is rejected and
series are not distributed normally. This means that price
changes for all agricultural products have tail distribution.
This is supported by not zero skewness and excessive posi-
tive kurtosis. However, the value of this statistic for two
commodity prices is not significant, demonstrating that for
before and after food price crisis periods, commodity prices
have less tail distribution. In the structural VAR context,
this study further decomposes global oil price variations
into oil demand shock and oil supply shock. For the oil sup-
ply shock, we used monthly data on world oil production
gathered from the Energy Information Administration of the
United States Department of Energy. For the oil demand
shock, we used the methodology introduced by Kilian
(2009) and Hamilton (2009).

Table 2 represents the simultaneous correlation coeffi-
cients of the logarithmic form of variables. While the cor-
relation coefficients do not suggest causality, they show that
all agricultural commodity prices (except rubber) are lin-
early correlated. Therefore, if a shock happens in a market,
it probably affects other markets. Prices of all agricultural
commodities, except rubber, have a strong positive correla-
tion to crude oil prices. This is due to the direct and indirect
impacts of global crude oil prices on agricultural commodity
prices.
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Table 1 Descriptive statistics of the variables (in logarithmic form)

Bananas Coconuts Cocoa  Eggs Papayas Palm oil Rice Rubber Tomatoes Watermelons Oil Price
Before food price crisis (1993M01-2006M03)
Mean 6.595 6.436 8.470 8333  6.546 7450 6977 2.189  7.505 6.614 3.396
Median 6.599 6.422 8.429 8317 6,510  7.448  6.990 2.134 7517 6.543 3.358
Maximum 6.862 6.866 8.867 8.620  6.753 8.066  7.505 2422 7775 7.117 4.269
Minimum 6.369 6.122 7911 8.173 6.429 6918  6.593 2.026  7.152 6.309 2.575
Std. Dev 0.124 0.176 0253 0.119 0.086 0.262 0.200 0.119  0.128 0.226 0.350
Coefficient of variation 0.019 0.027 0.030  0.014 0.013  0.035  0.005 0.054  0.017 0.034 0.103
Skewness 0.533 0586 —-0.148 0922 0.746  0.211 0.183 0.588 —0.273 0.733 0.442
Kurtosis 2.690 3.187 2.078 3.034 2,676 3275 2422 1.369 1.773 3.117 3.298
Jarque—Bera 8.169%* 9.330*  6.216%* 22.543* 15.455% 1.675 3.116  20.715% 19.131* 2.068 5.761%%*
In and after food price crisis (2006M04-2019M12)
Mean 7.052 6.719 8.750  8.464  6.881 7.738  7.311 1978  7.558 6.792 4.256
Median 7.011 6.756 8.791 8473 6936  7.734  7.256 2.005  7.580 6.809 4.300
Maximum 7.504 7.029 9.012 8589  7.183 8.058  7.995 2.162  7.846 6.992 4.901
Minimum 6.589 5.944 8.488 8247 6475 7321 7.034 1.787  7.201 6.421 3.328
Std. Dev 0.240 0.263 0.160  0.081 0213  0.185 0.184 0.120  0.137 0.150 0.352
Coefficient of variation 0.034 0.039 0.018  0.010  0.031 0.024  0.024 0.061 0.018 0.022 0.083
Skewness 0.076 -1375 -0.051 -0918 -0.383 -0.119 1251 -0.180 -0.225 —0.894 -0.256
Kurtosis 2.075 4.473 1.526  3.739 1.778  2.130  4.709 1.589 1.471 2.982 2.102
Jarque—Bera 6.045%%  66.920% 15.017* 26.915% 14.312*% 5.589%*%62.741* 21.527* 16.957* 1.396 7.348%

*, #% and *** Represent the values are significant at 1%, 5%, and 10%, respectively (critical values for rejection of the null hypothesis of Gauss-

ian distribution)

Table 2 Pearson correlation matrix

Oil price  Bananas Coconuts Cocoa Eggs Papayas Palmoil Rice Rubber Tomatoes Watermelon
Oil price 1.000
Bananas —0.483 1.000
Coconuts —0.002 0.474 1.000
Cocoa 0.047 0.041 -0.250 1.000
Eggs 0.123 0.559 0.444 0.428 1.000
Papayas —0.426 0.817 0.631 —-0.167 0.622 1.000
Palm oil 0.493 -0.468 —0.244 0.450 —-0.015 —0.502 1.000
Rice 0.225 —-0.401 0.008 0.326 0.067 —0.239 0.389 1.000
Rubber 0.661 -0.750 —-0.444 0313 -0331 -0.907 0.654 0.254 1.000
Tomatoes —0.020 0.122  —-0.129 0.251 0.432 0262 -0.026 -0227 -0.162 1.000
Watermelon —0.277 0.573 0.663 -0.199 0.556 0.858 -0.274 0.136 —0.773 0.055 1.000
Stationary Test and rice, but after the first differentiation they have been

Table 3 reports the results of stationary tests according to
Augmented Dickey—Fuller (ADF), Phillips—Perron (PP), and
KPSS (Kwiatkowski—Phillips—Schmidt—Shin) methods. The
null hypothesis in the ADF and PP tests is that the series is
non-stationary, whereas in the KPSS test is stationary. The
outcomes of the three stationary tests recommend that all
variables are not stationary at their level, except for tomatoes

stationary and integrated of the first order, I(1).

These stationary tests do not reveal structural breaks in
the series under consideration. If structural breaks exist
in a time series, the stationarity tests without structural
breaks will be misleading. For this reason, we use a unit
root test suggested by Kim and Perron (2009) that allows
us to perform a break under both the null hypothesis and in
the opposite hypothesis. If the test statistics were rejected,
show that series are stationary in trend. Kim and Perron
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Table 3 Stationary test ADF PP KPSS
Level First differences Level First differences Level First differences
Oil supply -0.767 —15.390* —0.691 —19.818* 2.086*  0.032
Oil demand —3.051%*% —15.499%* —2.487 —15.692%* 0.636** 0.054
Oil price -2.310 —9.152% —2.057 —9.152% 0.581** 0.060
Bananas —0.869 —6.567* —1416 —10.151* 1.072*  0.056
Coconuts —0.855 —5.964% —1.637 —10.093* 0.774*  0.072
Cocoa —2.418 —4.011%* —1.945 —9.158%* 0.312 0.194
Eggs —2.670 —9.848%* —2.557 —10.665* 0.580%**  0.376%**
Papayas -1.769 —10.918* —1.484 —-11.317* 1.541*%  0.250
Palm oil —2.848 —4.934%* —2.360 —8.771* 0.607** 0.330
Rice —3.362%* —8.692%* —2.609 —7.871%* 0.285 0.080
Rubber —0.482 —11.506* -0.524 —11.48%* 1.474*%  0.084
Tomatoes —3.332%* —17.028* —3.141%*  —9.862* 0.154 0.147
Watermelon —1.999 —6.119% -2.073 —10.058* 1.218*  0.099

Table 4 Stationarity test with structural breaks

With breaks in trend With breaks in

intercept and

trend
Oil supply —1.869 —4.939%*:*
Oil demand —4.530%** —4.957%**
Oil price —-3.024 —9.724%
Bananas —2.749 —4.032
Coconuts —3.289 —3.525
Cocoa —2.876 —-2.987
Eggs -2.877 —2.769
Papayas —2.339 —-2.962
Palm oil —2.357 —3.454
Rice —3.862 —5.587%%*
Rubber -3.091 —3.382
Tomatoes —-3.091 —3.381
Watermelon —3.864 —4.398

* sk k¥ Denote significant level at 1%, 5%, and 10%, respectively

(2009) recommend two models for conducting stationary
tests. Their first model permits a structural break in the trend
and the second model permits a structural break in the inter-
cept and trend.

Table 4 provides the results of the Kim and Perron (2009)
test. It can be seen that for the majority of time series the
null hypothesis of stationarity is not rejected for both models
because their t-statistics are lower than the critical values.
The exceptions here are for the t-statistic of oil supply and
oil demand, that the null hypothesis is rejected at a sig-
nificant level of 10%. In general, the stationarity tests with
structural breaks also show that the time series are station-
ary, consistent with the outcomes based on previous station-
ary tests (ADF, PP, and KPSS).

@ Springer

Cointegration Test

To explore the cointegration relationship between each vari-
able and both global o0il demand and oil supply shocks, we
employed the Johansen cointegration test (Table 5). As it
can be seen, none of the trace and the maximum eigenvalue
statistics show the existence of a cointegration relationship
among the variables, except for egg and rice prices.

Since the Johansen test does not show evidence of struc-
tural breaks in series, we further perform the cointegration
relationships among the variables using Gregory and Hans-
en’s cointegration test, which is a residual-based test. This
test provides three statistics ADF’, Zt*, and Za*. ‘We check
these statistics for the existence of structural break in inter-
cept (level shift) (Model IN), of a structural break in level
shift with a time trend (Model IN/T), and structural breaks
in both intercept and slope (Model IN/S) (Table 6).

Table 6 reports the results of the Gregory and Hansen
cointegration test. The results show that the null hypothesis
of no cointegration relationships of the majority of variables
is failed to be rejected. This is consistent with the results of
Johansen trace and maximum eigenvalue tests. The lack of
cointegration shows that the VAR technique is fitting and
superior to the vector error correction (VEC) model based
on short-run forecast variance (Hoffman and Rasche 1996;
Engle and Yoo 1987). Then, we will use the VAR model to
identify the combined dynamics between oil shocks and the
prices of agricultural products.

Methodology

This study estimates the impact of crude oil price shocks
and real exchange rates on some agricultural commodity
prices. Many studies have investigated these issues in recent
years. For example, Mokni and Youssef (2020) investigated
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Table 5 Johansen cointegration

test Commodity No. of Cointegrating vectors
es
Trace statistic Maximum eigenvalue
r=0 r<l1 r<2 r=0 r<l1 r<2

Bananas 29.228 6.729 0.876 22.499 5.854 0.876
Coconuts 20.834 5.654 1.140 15.180 4.515 1.140
Cocoa 23.036 4.378 1.190 18.658 3.188 1.190
Eggs 38.586%* 11.966 0.996 26.621% 10.970 0.996
Papayas 14.780 5.755 0.489 9.024 5.266 0.489
Palm oil 22.245 4.649 1.223 17.596 3.426 1.223
Rice 32.514%* 10.642 0.032 21.871% 10.611 0.032
Rubber 13.421 5.437 1.114 7.984 4.323 1.114
Tomatoes 28.260 6.241 1.497 22.019 4.744 1.497
Watermelon 16.799 6.059 1.175 10.740 4.884 1.175
*Lag order selected by the criterion

Table 6 Gregory and Hansen cointegration test

Commodity ADF* statistic Z* statistic Z* statistic

IN IN/T IN/S IN IN/T IN/S IN IN/T IN/S

Bananas —5.22%* —5.15%%* —5.70%* —5.05%* —5.19%%* —5.72%* —24.49 —23.73 —-42.24

Coconuts —5.04%% —5.06%** —5.70%* —4.86%** -4.67 -5.18 -23.09 —22.48 -32.02

Cocoa -4.23 —-4.36 -3.87 —6.40* —6.69* -5.11 —17.20 —16.81 -2597

Eggs -3.52 -3.75 -3.99 -3.08 -3.07 -3.64 —15.12 —17.19 —21.25

Papayas —-3.68 -3.74 -4.12 -3.65 —4.06 —4.03 —24.93 —26.42 -29.79

Palm oil —4.775%%% —-4.77 -4.19 —6.05* —6.18* —5.91%* —20.38 —21.30 —28.35

Rice -4.33 —4.61 -5.49 —4.91%%** —-5.05 -5.70 34.17 —36.63 —49.82

Rubber —4.01 —3.82 —4.25 —-4.02 -3.71 —-4.23 —-30.76 -27.27 -33.59

Tomatoes —5.66%* —5.59%* —5.49%#** —6.72% —6.39%* —6.69% —-30.33 —28.86 —31.61

Watermelon -4.05 -4.91 —4.64 -3.98 -4.15 -4.60 —19.17 —25.84 —21.80

* sk k¥ [ndicate the null hypothesis rejection at 1%, 5%, and 10% significance level, respectively

the impact of West Texas Intermediate prices on prices of
agricultural commodities such as soybean, corn, sugar, rice,
wheat, and cotton using the ARMA-GARCH methodology.
Yip et al. (2020) by employing the partially Integrated Vec-
tor Autoregressive model investigated the impact of world
crude oil prices on corn, soybean, and wheat prices. Harri
et al. (2009) used the cointegration method to investigate
the effect of crude oil prices and the prices of corn, cotton,
soybeans, and wheat. Wang et al. (2014) also used an SVAR
model to analyze the relationship between Brent prices and
prices of some agricultural commodities.

In this study, the structural vector autoregression model
(SVAR) is used to estimate the effects of global oil sup-
ply and demand shocks on the prices of agricultural com-
modities in Malaysia. The main advantage of the SVAR
model over the original VAR model is that, unlike the
VAR model, where structural shocks are implicitly identi-
fied, the SVAR model explicitly has economic theories to

implement constraints (Fahimifard 2020). Furthermore, the
SVAR model can clearly examine the effect of the various
dimensions of global oil shocks on the prices of agricultural
products. To do this, it is necessary to calculate the impulse
response function. This criterion makes it possible to deter-
mine the duration of the shock effect and its maximum effect
after occurrence (Chatziantoniou et al. 2013).

In this paper, the structural VAR model is applied based
on the vector time series Z,, Z,=(AGOD, AGOS, AACP)'.
Where GOD shows the global crude oil demand, GOS
reveals the global crude oil supply, and ACP denotes the
agricultural commodity prices. The structural form of VAR
model is as follows (Kilian 2011):

J
AgZ =a+ ) BZ_ +&, (1)

i=1
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where j is the lag length, which is selected according to the
Schwarz information criterion (SIC). € represents the vector
of structural errors that are serially and mutually cointe-
grated. Z, is a 3x 1 vector of system endogenous variables
as follows:

Z, = [GOD, GOS, ACP]

where GOD refers to the variation in global oil prices caused
by shocks on the demand side of the world oil market, which
shows changes in global economic activities. This was
derived from the methodology introduced by Kilian (2009)
and Hamilton (2009). GOS indicates changes in global oil
prices due to shocks on the supply side of the global oil
market, which is obtained by the use of global production of
crude oil. This variable cannot be explained by GOD. ACP
refers to the shock on agricultural commodity prices, which
cannot be explained by GOD and GOS. In addition, we also
add the real effective exchange rate (REXR) to this model
to evaluate the impact of this variable on the prices of major
agricultural products in Malaysia.

If we assume that e, represents the errors of the reduced
VAR, so that ¢, = Al‘let. Structural errors are derived on
Al‘1 with short-run constraints. This model considers a block
recursive structure based on the simultaneous relationship
between the reduced errors and the corresponding structural
errors. The main relationship established between reduced
form errors (e,) and structural form errors (g,) in the SVAR
model is as follows:

J
Zo=a+) BZ_ +e )

i=1

where ¢, = Al‘lsl and AE(e, - e;)A = C,. C; is diagonal
matrix with k dimensions (in our case k=3 denotes the num-
ber of variables selected within the vector).

In this study, we consider only short-run constraints on
current relations between selected variables and do not con-
sider any long-run constraints. Thus, on a long-run basis, all
the variables are permitted to respond to all shocks. It also
considers three global shocks to structural errors, namely oil
demand shocks, oil supply shocks, and shocks in the prices
of agricultural products. In this study, we execute the recur-
sive structure of short-run constraints. Consequently, the
representation of matrix A~! is supposed to be as follows:

e[AGOD a 00 e?lobal Oil Demand shock
Global Oil Supply shock
eo=| et [=]ayan0 | e 1 ouPPY S
AACP Agricultural Commodity shok
€ azy Az as; || e;

3
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Results and Discussion
Reactions of Global Oil Prices to Shocks

Before assessing the effect of oil shocks on the price evolu-
tion of agricultural commodities, the study first looks at the
reaction of each oil shock to another oil shock because this
is useful in understanding the dynamics of oil shocks.

The general reactions of changes in global oil prices to
structural shocks of one standard deviation are plotted in
Fig. 2. The impulse response functions take a 95% confi-
dence intervals. The bands of confidence are achieved from
5000 Monte Carlo simulations. The reactions of the world
oil prices to the positive oil supply shocks can be seen as
positive and insignificant. In a net oil-exporting country like
Malaysia, this is partly due to the fact that a rise in oil pro-
duction in one region may offset in other regions because
of low global prices of crude oil in recent years. Another
reasonable description is the decline in global oil production
in recent years due to excess supply in the world crude oil
market. Accordingly, major oil producers like Saudi Arabia
and major oil organizations like OPEC decided to decline
the supply and production of oil (November 2016—April
2017, September—December 2017, December 2018-May
2019) to boost global crude oil prices on world markets.
But this shock did not significantly affect global oil prices
as confirmed by Kilian (2008).

Global oil prices respond positively and significantly to
positive oil demand shocks at the 5% level. It is significant
from the first months of the imposition of the shock and
thereafter. With regard to the insignificant effects of the oil
supply shock, we can observe that the main contributor to oil
price fluctuations is the oil demand shock, not the oil supply
shock. This finding is consistent with the results of the study
conducted by Wang et al. (2013).

Reaction of Prices of Agricultural Commodities
to Global Oil Shocks

This section examines the impact of both oil demand and
oil supply shocks on the prices of agricultural products by
investigating the reactions of agricultural commodity prices
to these structural oil shocks. These reactions are provided
in Figs. 3 and 4. Figure 3 illustrates the reactions of the
prices of agricultural products to structural shocks in oil
demand before and after the food price crises. It is obvious
that reactions to oil demand shocks are significant or margin-
ally significant for the majority of agricultural products in
the short and long term.

Figure 4 illustrates that how agricultural commodity
prices response to oil supply shocks. In general, before the
food price crisis, the impacts of oil supply shocks on the
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Fig.2 Reaction of global oil
prices to global oil demand and

supply shocks. In this figure .08
and other response figures, the
horizontal axes indicate time .07

(months) and the vertical axes
denote standard errors. Figures
also show the response of the
commodities to the shocks dur-
ing 15 months .05
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Response of global oil prices to Oil Demand shock
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Response of global oil prices to Oil Supply shock
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majority of prices of agricultural products are insignificant.
However, after the food price crisis, the impact of oil supply
shocks on the majority of agricultural commodity prices is
significant, particularly after the first month following the
shock.

The responses of exchange rates to global oil shocks
before and after the food price crises are shown in Fig. 5. We
can see that before the crisis, the reactions of real exchange
rates to oil demand fluctuations are not significant. Dur-
ing this period, the impact of the oil supply shock on real
exchange rates is negative and statistically significant for all
months following the shock. During and after the food price
crisis, the impact of the oil demand shock on real exchange
rates is positive and significant, particularly two months
after the shock. During this period, the real exchange rate

5 6 7 8 9 10 11 12 13 14 15

responds negatively and significantly to the oil supply shock,
particularly in the first three months after the shock.

Figure 6 represents the price responses of Malaysia’s
major agricultural commodities—palm oil, rice, and rub-
ber—to real exchange rate shocks before and after food price
crises. Before the crisis period, palm oil responded posi-
tively and significantly to real exchange rates. Rice prices
also respond positively and significantly to real exchange
rates only in the first six months after the shock. Similarly,
rubber prices respond positively to global oil demand shock
only during the first four months after the shock. After the
food price crisis, the impact of real exchange rates on rubber
prices is significant only for three months after the shock.
But, it has an adverse and significant impact on palm oil
prices only during the first month after the shock.
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A: Before the food price crisis
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Fig. 3 Reactions of prices of agricultural products to oil demand shock before (A) and in and the after food price crisis (B)

To measure the share of the two oil shocks in changes
in the prices of agricultural products, this study uses the
method of predicting the decomposition of the error vari-
ance. Table 7 reports the findings of the variance decom-
position method to predict errors in market returns of agri-
cultural products over the projection periods of one month
(short run) and three years (long run), respectively. It is

@ Springer

obvious that before and after the food price crises, the share
of oil demand and oil supply shocks is larger in the long run
than in the short run. The oil demand shock can explain a
very large share of the price changes in agricultural products
before the food price crisis, but the supply shock can explain
much of the price changes in agricultural products after the
food price crisis.
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B: In and after the food price crisis
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Fig.3 (continued)

Discussion

Global variation in oil prices affects both demand and sup-
ply in the agricultural sector (Fig. 7). Both shocks influence
agricultural commodity prices. On the supply side, the fluc-
tuation in global oil prices, which shift the supply curve of
agricultural commodities to the left, directly and indirectly,
affects agriculture products in two ways. The first way is
through changes in transport costs. This means that as global

10 11 12 13 14 15
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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crude oil prices increase, transport fuel prices increase
which consequently increase the costs of transporting agri-
cultural products from the production area to the sales mar-
kets and final consumers. The second channel is through
agricultural inputs, such as pesticides, fertilizers, fuels used
in farm machinery, etc. In other words, as global oil prices
increase, the prices of agricultural inputs increase, result-
ing in higher agricultural commodity prices. These channels
increase the production costs of agricultural commodities

@ Springer



11 Page 12 of 21

Biophysical Economics and Sustainability (2022) 7:11

.006

004 -

.002

.000

-.002

-.004 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Papayas
.008

.006

.002
w0 e

-.002

-.004
1 2 3 4 5 6 7 8 9

.030

.025 e .

00 N
o5

010 /\
.005 P

.000 -
-.005 R

-.010

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Watermelon
.012

.008 /WWMWMMW
.000 .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fig.3 (continued)

@ Springer

.010

.005

.000

-.005

-.010

-.015

.020

.015

.010

.005

.000

-.005

-.010

.008

.006

.004

.002

.000

-.002

-.004

-.004
-.008
-.012
-.016
-.020
-.024

4 5 6 7 8 9 10 11 12 13 14 15

Palm Qil

4 5 6 7 8 9

10 11 12 13 14 15

Response of Rubber to oil demand shock

4 5 6 7 8 9 10 11 12 13 14 15

Tomatoes

4 5 6 7 8 9 10 11 12 13 14



Biophysical Economics and Sustainability (2022) 7:11

Page 130f21 11

B: Before the food price crisis
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Fig.4 Reactions of agricultural commodity prices to oil supply shock before (A) and in and after the food price crisis (B)

and shift the supply curve of these commodities to the left
(Fig. 7a). On the demand side, the demand for agricultural
commodities will influence due to more demand for biofuels.
High global oil prices and environmental concerns stimulate
more use of energy crops and shift the demand for agri-
cultural commodities to the right (Fig. 7b). This increases
demand for biofuels such as corn and soybean, as suitable
and alternative fuels for fossil fuels. The increase in these
crops increases not only the prices of these crops, but also
the prices of other crops because of land scarcity in the cul-
tivation of other crops.

Results of the oil demand shock show that the majority
of agricultural products react to this type of shock signifi-
cantly or marginally significant in the short and long term.
These reactions occur both before and after the food price
crises. This is because the oil demand shock, or demand for
oil products, had a significant impact on changes in global
oil prices. It is worth noting that the impact of oil demand
shocks on the prices of agricultural products is greater and
statistically more significant, which confirms the results
of previous studies such as Ciaian and Kancs (2011) and
Baumeister and Kilian (2014). Wang et al. (2018) argued
that economic development is one of the drivers of world-
wide high food prices.

It should be noted that the effects of oil demand shock
are different both before and after the food price crisis. For
example, the price reactions of the majority of agricultural
products were heightened after the crisis period. In particu-
lar, after the food price crisis, the reactions to the positive
oil demand shocks are positive and significant for eight out
of the ten products under consideration. These findings are
in line with results from other studies that found positive
and significant relationship between oil demand shocks
and prices of agricultural commodities such as Meyer et al.
(2018), Fasanya et al. (2019), and Judit et al. (2017). The
impact of the oil demand shock on the change in prices of
egg, cocoa, papaya, rubber, and tomato is between 2 and
4 months and for palm oil and rice is about 6 months. Palm
oil, the main source of biofuels in Malaysia, responds to
the oil demand shock positively or negatively, consistent
with the finding of the study conducted by Hochman et al.
(2014) for ethanol. Paris (2018) also showed that greater
demand for biofuels leads to higher agricultural commod-
ity prices. Before the food price crisis, the reactions of the
change in prices of five out of ten agricultural products
are significant, but they are almost the same as the period
after the crisis. For instance, the effects of the oil demand
shock on changes in the prices of cocoa and palm oil are
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Fig.4 (continued)

significant for more than two months following the shock.
The prices of rice and rubber response positively and sig-
nificantly to oil demand shocks, which ended one month
following the shock. Moreover, we can see that after the
crisis, the response scales have become larger. These results
demonstrate that after the food price crisis, the importance
of Malaysian economic activities in explaining the changes
in agricultural commodity prices becomes stronger. This
is because Malaysia, as a net exporter of crude oil, ben-
efits from high global oil prices and its economic activities,
mainly the industrial sector experiences significant growth.
Wang et al. (2013) showed that in oil-exporting countries,
high oil prices enhance market co-movement. However, the
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findings may be reversed in oil-importing countries (Wang
et al. 2014). Therefore, increases in the production of eco-
nomic activities increase the demand for agricultural prod-
ucts, leading to higher prices for agricultural products. Thus,
after the food price crisis, Malaysia’s economic growth can
stimulate the prices of agricultural products more strongly
than before the food price crisis. The prices of coconut, rice,
and watermelon response positively and significantly for at
least 5 months. This is because this type of shock signifi-
cantly affects economic activities resulting in an increase
in demand for agricultural products and, therefore, higher
prices for agricultural products.
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A: In and after the food price crisis
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Fig.4 (continued)

The oil supply shock also affects agricultural commodity
prices, particularly after the food price crisis. Before the
food price crisis, the impacts of oil supply shocks on the
majority of prices of agricultural products are insignificant.
For example, the prices of coconut, cocoa, palm oil, and
tomato response negatively and significantly to this shock.
However, after the food price crisis, the impact of oil supply
shocks on the majority of agricultural commodity prices is
significant, particularly after the first month following the
shock. These findings are consistent with the findings of the
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study conducted by Wang et al. (2014) which showed that
the oil supply shock explains very small portions of changes
in agricultural commodity prices.

On the responses of exchange rates to global oil shocks,
results show that before the crisis, the reactions of real
exchange rates to oil demand fluctuations are not signifi-
cant. During this period, the impact of the oil supply shock
on real exchange rates is negative and statistically significant
for all months following the shock. Ji et al. (2020) showed
that the oil supply shock results in a stronger depreciation

@ Springer



11 Page 16 of 21

Biophysical Economics and Sustainability (2022) 7:11

Rice

.04
.03
.02
.01
.00

-.01
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Tomatoes

.005

.000
-.005
-.010
-.015
-.020
-.025
-.030
-.035

-.040
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fig.4 (continued)

impact in oil-exporting countries. In and after the food price
crisis, the impact of the oil demand shock on real exchange
rates is positive and significant, particularly two months
after the shock. This is because an increase in global oil
demand because of exogenous oil price shocks by the dete-
rioration of the United States’ terms of trade leads to dollar
weakness, which consequently increases the value of the
Malaysian currency. During this period, the real exchange
rate responds negatively and significantly to the oil supply
shock, particularly in the first three months after the shock.
This shows that these types of shocks after the food price
crisis have been effective due to changes in the behavior
of Malaysia’s economic activities and their demand for oil
products. This, therefore, increased the supply of crude oil
to the economy. But, Forhad and Alam (2021) noted that oil
supply and demand shocks do not significantly impact the
exchange rate.

Furthermore, before the crisis period, palm oil responded
positively and significantly to real exchange rates. This is
consistent with the results of the study conducted by Siami-
Namini (2019). Rice prices also respond positively and sig-
nificantly to real exchange rates only in the first six months
after the shock. Similarly, rubber prices respond positively
to global oil demand shock only during the first four months
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after the shock. After the food price crisis, the impact of real
exchange rates on rubber prices is significant only for three
months after the shock. But, it has an adverse and significant
impact on palm oil prices only in the first month after the
shock. Kiatmanaroch and Sriboonchitta (2014) highlighted
the importance of exchange rates in managing the interac-
tions between the price of palm oil and the price of crude
oil. Therefore, after the food price crisis, global oil shocks
have an insignificant or a weak impact on the prices of agri-
cultural products through real exchange rates.

The results on the predicting the decomposition of the
error variance show that before and after the food price cri-
ses, the share of oil demand and oil supply shocks is larger
in the long run than in the short run. The oil demand shock
can explain a very large share of the price changes in agri-
cultural products before the food price crisis, but the supply
shock can explain much of the price changes in agricultural
products after the food price crisis. This is due to the short-
run effects of the oil supply shock on variations in the prices
of agricultural commodities, as plotted in Fig. 2, and the
reasonably weak effects of real exchange rates on agricul-
tural commodity prices after the crisis period as plotted in
Fig. 6. It should be noted that the explanatory impact of the
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A: Before the food price crisis
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Fig.5 Responses of real exchange rates to global oil shocks before (A) and in and after the food price crisis (B)

oil supply shock is bigger than that of the oil demand shock
after the crisis period.

Conclusion and Recommendations

In this study, we investigated the impacts of global oil shocks
on the prices of agricultural products during two periods,
before and after the food price crises in 2006—-2008. We
decompose global oil shocks into two components: the
global oil demand shock and the global oil supply shock.
For this purpose, it used the structural vector autoregressive
(SVAR) model based on the monthly data of global eco-
nomic activity as a proxy for the oil demand shock, global
crude oil production as a proxy for the oil supply shock and
local prices of 10 agricultural commodities in Malaysia. The
monthly data range from January 1993 to December 2019.

The results show that global oil prices respond posi-
tively and significantly to global oil demand shock that
have occurred due to changes in demand for world crude
oil by economic activities. However, they do not respond

significantly to oil supply shocks. The oil demand shock
positively and significantly affects the majority of agri-
cultural commodity prices before and after the food price
crises. These kinds of shocks come from the demand side
of the crude oil market, which shows the important role
of economic activities in explaining the variations in agri-
cultural commodity prices, particularly before the food
price crisis. This is because increased economic activities
increase the demand for agricultural products and their
prices. Cocoa, palm oil, and rubber prices were signifi-
cantly affected by the global oil shocks before and after
the food price crises. This shock affected palm oil prices
negatively about 7 months before and after the food price
crisis, while rubber influenced between 2 and 3 months.
The impact of the oil demand shock after the food price
crisis on the rice prices is positive and about 6 months.
However, as Malaysia is a net exporter of crude oil, higher
global prices for crude oil motivate this country to supply
and export more crude oil. This obtains more revenues
for the government, which can invest more in the econ-
omy. Accordingly, economic activities experience more
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A: Before the food price crisis
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Fig.6 Responses of real prices of selected agricultural commodities to real exchange rates before (A) and in and after the food price crisis (B)
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Table 7 Decomposition analysis

. . Commodity
of changes in agricultural

Before food price crisis

After food price crisis

commodity prices and the Oil demand

Oil supply Oil demand Oil supply

contribution of oil shocks

1 month 36 months

1 month 36 months 1 month 36 months 1 month 36 months

Bananas 2.126 2.054 0.162 2.148 0.000 2.985 0.092 3.609
Coconuts 1.927 17.737 3.201 14.985 0.148  19.084 2.254 15.839
Cocoa 0.590 4.219 0.903 3.906 1.683 7.887 1.455 25.224
Eggs 1.433 5.053 0.016 7.622 11.359 4.838 0.570 16.766
Papayas 0.125 4.405 0.008 1.469 9.282  17.937 1.687 2.857
Palm oil 0.142 2.087 0.307 2.101 0.632 9.699 0.963 27.308
Rice 2.297 6.334 0.155 1.384 2.828 9.932 0.310 21.448
Rubber 2.348 8.946 0.236 17.891 8.579 7.680 1.365 22.014
Tomatoes 1.287 1.263 2.173 0.755 3.126 5.410 2.298 39.725
Watermelon 0.344 0.401 1.478 0.594 1.964 13.634 0.366 14.701
P (Prices of S2= Supply P (Prices of
agricultural agricultural Supply
products) S1= Supply products)
TPQ ““““““ TPZ ------------
Pl ““““““““ Prlocaoooo o0
E i D>= Demand
' | Demand : . Di= Demand
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Q Q Q (Quantity of Qi1 Q2 Q(Quantity of
agricultural products) agricultural products)
(A) (B)

Fig. 7 Impacts of global oil price rise on the supply side (a) and demand side (b) of the agricultural commodity market

growth, leading to increases in demand for agricultural
commodities and their prices. Therefore, oil demand suck
can explain the high share of changes in agricultural prices
before the food price crisis in the long run. The role of
global crude oil supply in explaining the variation in agri-
cultural commodity prices has increased over time. For
example, the majority of agricultural commodity prices do
not respond to this type of shock before the food price cri-
sis, while seven out of ten products respond significantly
to this shock after the food price crisis.

Furthermore, real exchange rate responses to the global
oil shocks. Its response to the global oil demand shock
was not significant, while it has a negative and significant
respond to oil supply shock before the food price crisis. But,
after the food price crisis, the reaction of real exchange rates
to oil demand shocks is positive and significant, but after the
first month following the shock. However, this variable has
a negative and significant response to oil supply shock only
in the first two months following the shock. This indicates
that after the food price crisis, not only changes in global

oil demand can affect agricultural commodity prices, but
also the role of other factors such as real exchange rates and
global oil supply has improved.

The impact of real exchange rates on palm oil, rice, and
rubber prices is significant only before the food price crisis.
However, real exchange rates have little or no impact on
palm oil, rice, and rubber prices after the food price crisis.
The decomposition of changes in agricultural commod-
ity prices shows that the oil demand shock can explain the
change in agricultural commodity prices more effectively
than the oil supply shock before the food price crisis. How-
ever, the role of the oil supply shock in explaining the vari-
ation in agricultural commodity prices is greater than the
oil demand shock after the food price crisis. These findings
support the results of the structural VAR model. Finally,
the results revealed a positive and significant relationship
between positive oil shocks and the production of the main
renewable energy source in Malaysia, i.e., palm oil.

In terms of sustainability, the high use of fossil fuels
increased environmental concerns about higher GHG
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emissions and related problems. Furthermore, fluctuations
in the prices of these fuels have raised concerns about their
negative impacts on overall economy and on the prices of
agricultural commodities. These phenomena shift attention
to the use of alternative and clean energy sources. This has
resulted in the shift in government support, research and
investment to new technologies that are safe, clean, and
sustainable, which, in the future, will lead to sustainable
development for every country.

We suggest that agricultural and food policymakers pay
more attention to the analyses that explain the dynamics of
variations in agricultural commodity prices. They must dem-
onstrate that the rise in food prices is due to the increase in
global activities or other external factors. The results showed
that some agricultural commodities are neutral to global oil
price shocks, such as eggs, papaya, and almost bananas.
Investors and speculators can use these commodities for
portfolio diversification and hedging purposes. Therefore,
agricultural policies aimed at mitigating price volatility for
these commodities must be different from other agricultural
commodities that depend on energy prices. On the other
hand, due to reliance on global energy prices, the agricul-
tural sector can take advantage of this issue by protecting
those products that are significantly influenced by high
energy prices. Moreover, as energy prices affect the real
exchange rate and, consequently, some agricultural prod-
ucts, agricultural policymakers need to pay more attention
to mitigation policies such as high storage of food products,
increasing tariffs on food exports and so on.
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