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A B S T R A C T

This paper focuses on the return and volatility spillovers among the major agricultural commodities in Nigeria.
Specifically, we examine the spillovers across wheat, rice, soybeans, groundnut and palm oil both in terms of
returns and volatility using monthly data from January 1980 to June 2017. We employ the Diebold and Yilmaz
(2012) spillover approach and consequently, we compute the Total Spillover, Directional Spillover and Net
Spillover indices. In a bid to capture the inherent secular and cyclical movements in the Nigerian agricultural
commodities market, we carry out the rolling sample analysis which complements the spillover results. We find
evidence of interdependence among major agricultural commodities in Nigeria given the spillover indices.
Interestingly, return and volatility spillovers exhibit both trends and bursts respectively. In addition, we recognize
crisis periods that seem to have motivated the documented fluctuations in returns and volatilities of the Nigerian
agricultural commodities market. Our results are robust to the VAR lag structure.

1. Introduction

Over the last few years, the agricultural commodity markets have
experienced a dramatic interaction with one another, involving signifi-
cant swings and extreme movements. The prices of agricultural com-
modities can fluctuate very noticeably and hedging against their hostile
movements through the futures markets, for example, becomes a key and
vital task for the market participants. Price fluctuations will not only
cause irregularities in agricultural markets, but also induce higher costs
for importers, exporters, and final consumers and then make the work-
ings of the market inefficient as there will not be accurate predictions and
projections into the future, hence, both current and potential investors
are scared away [1,2]. A large transmission of soaring international food
prices may also expose food security for poor consumers to jeopardy
(Bekkers et al., 2017) and volatility in these food prices may likely affect
the poor especially in countries with little or no storage facilities for farm
[3].

It is worth noting that food price increases have not been uniform
throughout the world and these excruciating increase in food prices
mostly hit the poor hard especially agricultural dependent economies
since they spend a large portion of their incomes on staple foods [4]. [5]
conclude that episodic spikes in food prices raised poverty considerably,
especially in urban areas of food importing countries. This drifting food
prices has affected many of the agricultural dependent economies which

have awaken the responsibilities of most governments and international
aid agencies into flurry of activities towards reducing the prices of food
mostly staples which account for about 60% of world food intake [6]. [7]
observe that government action during food crises in southern Africa
frequently exacerbates the problems, driving food staple prices well
beyond import parity. They argue that an inability to make credible
commitments, due largely to a lack of trust between public and private
sectors, contributes to this dynamic. In the work of [8]; the under-
standing of food riots needs to be placed within a broader context of post
war capitalism and the consequences of this for much of the Global
South. As a result, they indicated that in all cases there is an underlying
antidemocratic, authoritarian attempt by states to offset long-term crises
of capitalist accumulation with short-term repression. That then leads to
another round of conflict thereby merely postponing further protest.
Food riots and protests are always political [9]. presented a framework to
analyse the strengths and weaknesses of three food governance ar-
rangements in South Africa, each of which deliberately aimed to embrace
a holistic perspective. Although promising on paper, the outcomes are
disappointing because of a reversion to a technical one-dimensional
problem framing during the implementation, the dominance of single
departments, the limited attention to monitoring and flexible responses
and the exclusion of those most affected by food insecurity. It was then
concluded that the tensions between the ambitious objectives of the ar-
rangements and the institutional constraints of implementing them can
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persist because of inadequate resources to facilitate transformative
change [10]. develops a multi-market simulation model to evaluate the
impact of common production and world-price shocks on food con-
sumption of vulnerable groups in Sahelian West Africa. Their analysis
confirms that poor households bear the brunt of ensuing consumption
risks, particularly in closed markets, where trade barriers restrict im-
ports, and the poor find themselves in a bidding war with richer con-
sumers for limited food supplies. In the absence of trade, a drought that
reduces domestic rainfed cereal production by 20% would compress
already low-calorie consumption of the rural poor by as much as 15%,
four times as much as other household groups. Conversely, a 50% spike
in world rice prices hits the urban poor hardest, compressing calorie
consumption by up to 8%.

Nigeria is Africa's largest economy, a major oil producer with popu-
lation of over 190 million people, with an average growth rate of about
3% per year. The country's Gross Domestic Product (GDP) is estimated at
$500 billion. Earnings from crude oil and gas exports constitute
approximately 80% of the country's total revenue (Federal Ministry of
Agriculture and Rural Development (FMARD), 2018). In spite of the
oil, agriculture remains the base of the Nigerian economy, providing the
main source of livelihood for most Nigerians. The sector faces many
challenges, notably an outdated land tenure system that constrains access
to land (1.8 ha/farming household), a very low level of irrigation
development (less than 1% of cropped land under irrigation), limited
adoption of research findings and technologies, high cost of farm inputs,
poor access to credit, inefficient fertilizer procurement and distribution,
inadequate storage facilities and poor access to markets have all com-
bined to keep agricultural productivity low (average of 1.2 metric tons of
cereals/ha) with high postharvest losses and waste [11].

Major agricultural commodities produced in Nigeria are cocoa, pea-
nuts, sesame, kola nuts, palm oil, groundnut, corn, rice, sorghum, soy
bean, wheat, millet, cassava (tapioca), yams, rubber, cattle, fish and
timber. However, Nigeria is a net importer of food and major agricultural
products and remains heavily dependent on oil and gas exports, which
contribute more than 80% of revenue and less than 20% to its GDP.
Global oil prices that began to fall in mid-2014 caused the country's
economy to slump into recession in 2016 that ended in the last quarter of
2017 forcing the government to seek economic diversification. It has set
to pursue agricultural development as one of its key goals to help address
the country's dependence on food imports totalling nearly 11 billion
dollars annually. It has also engaged in a campaign to redirect focus from
oil to agriculture, manufacturing and solid minerals development. In this
regard, the government has rolled out five agricultural development
initiatives. They include the Anchor Borrowers Program (ABP), the
Presidential Fertilizer Initiative (PFI), the Youth Lab, the Presidential
Economic Diversification Initiative (PEDI) and the Food Security Council.
The ABP for example, was created by the Central Bank of Nigeria and
works in partnership with state governments and several private sector
groups to provide farm inputs in kind and cash to small holder farmers to
boost production of agricultural commodities. At harvest, the farmers
supply their produce to the agro-processors (anchor) which pays the cash
equivalent to the farmers' account. According to government reports,
under the ABP initiative, a cumulative amount of over 150million dollars
has been disbursed to more than 250,000 small farmers who cultivated
almost 300,000 ha of farmland for rice, wheat, maize, cotton, soybeans,
and cassava. This growing trend of agricultural activity is expected to
continue, thus creating demand for agricultural inputs (FMARD, 2018).

Against this background, the forward linkages of the agricultural
market to the industrial market is of a key note, such that the unknown
volatility transmission between the agricultural market naturally causes
unaccounted volatility transmission to the industrial sector which in turn
depends on these agricultural commodities as key inputs in their pro-
duction processes. The survival of the citizens who heavily depend on
these agricultural commodities is also shaky due to the volatile nature of
these commodities, thus, the financial stability of the citizens becomes a
paramount need if the matters regarding theft, social unrest and

terrorism would be avoided [51]. The United States Department of
Agriculture Economic Research Service (USDA-ERS) put the average
population share that are food insecure in Nigeria at about 19.9 million,
more than the entire population of seven West African countries com-
bined (Thome et al., 2018). This was also corroborated by the FAO Cadre
Harmonis�e analysis report in November 2018 that 1.7 million people
currently face food insecurity in three different states in the country
(Adamawa, Borno and Yobe) with about 2.7 million people projected to
be severely food-insecure in June–October 2019 [11]. More importantly,
the effect of any macroeconomic policy especially the policies targeted at
stabilising the Nigerian economy is dependent on both the volatility and
persistence occurring in the agricultural commodity market. A neglect of
the return and volatility transmission occurring in the market leads to a
neglect in the effect of the stated policies.

The literature on spillover effects is relatively not new. However,
most of the studies have centred their studies extensively on the trans-
mission of spillovers in the financial market, as well as the transmission
of return and volatility of crude oil on agricultural market (see Refs.
[12–21]; Konstantina, 2014 [22,23]; [52]; [24–28]. In light of return and
volatility spillovers in the agricultural commodity market, there have
been little studies overtime; however, some studies have proved not to be
just resourceful but also insightful. (see Refs. [1,2,29-35,49]).

In the spillovers literature, studies have incorporated several meth-
odologies to examine the volatility transmission between several markets
(Vector Autoregressive (VAR), Heterogeneous Autoregressive (HAR),
Generalised Autoregressive Conditional Heteroskedasticity (GARCH),
Vector Autoregressive and Generalised Autoregressive Conditional Het-
eroskedasticity (VAR-GARCH) among others). However, most of the
methodologies used in the spillovers literature have not seemed to really
emphasise and vindicate the study. For instance, VAR is an econometric
technique that is very applicable when causality is been discussed. It
however fails to account for the forces influencing a variable in a manner
which any simultaneous equations will, and fails to account for several
periods with which spillover occurs. In the case of GARCH, it is very
applicable to the study of volatility but it is silent on the spillover effects
of the variables used. In light of the foregoing, as well as filling the gap for
paucity of empirical studies in the literature, this study examines the
return and volatility spillovers among major agricultural commodities in
Nigeria, by incorporating a spillover index methodology (developed by
Diebold and Yilmaz (DY) 2009, 2012). This spillover index is calculated
using forecast error variance decomposition from vector autoregressive
model (VAR) framework to measure the varying extent to which shocks
in the agricultural commodity markets spills over to one another.
Importantly, the estimation technique for this study is the Generalised
Impulse- Response Function which allows that the results gotten be in-
dependent of the ordering of variables in the VAR system. Therefore, this
study is particularly an upgrade on the recent work of [2] that adopted
the VAR-GARCH methodology.

Also, both directional and total spillovers are studied, thus, allowing
the identification of individual and systematic volatility effects. The
usage of this model allows for net pairwise spillovers which accounts for
the difference between the gross volatility shocks transmitted in the
markets interdependently. Another great attribute of this model is the
rolling window analysis which helps to avoid having to pre-specify
particular break-points as can be the case with other methodologies.

Furthermore, this study uses five main agricultural commodities
namely, wheat, rice, soybeans, groundnut and palm oil. These com-
modities prices are high frequency monthly data because they facilitate
the rapidity and intensity of the dynamic linkages between agricultural
commodities returns. The selected foods comprise the basic source of
food (especially rice and wheat) for Nigerians. Besides, Nigeria is a major
importer of food especially rice [36]. In addition, wheat, soybeans and
groundnut are important raw materials in production processes such as
cereals, brewing, animal feeds production and before the third quarter of
2016, palm oil was on the list of exported oils to the EU. Therefore, this
study reveals the linkages of the different contribution of these food
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items in Nigeria. Also, both rice and wheat are agricultural commodities
that link Nigeria to the world market, while commodities like soybeans,
palm oil, and groundnut are commodities whose productions dominate
specific regions in Nigeria (see, [37,38].

The rest of the paper is organised as follows. Section 2 discusses the
econometric methodology. In section 3, the data descriptions as well as
the graphical illustrations were pursued. Section 4 presents and discusses
the spillover results while the rolling window analyses are rendered in
section 5 to complement the spillover tables. Thereafter, the results are
subject to robustness checks in section 6 and section 7 concludes the
paper.

2. Econometric methodology

This study incorporates the [15] spillover indices in a bid to explore
the return and spillover effects in the Nigerian agricultural market.
Practically, the [15] spillover approach is a volatility spillover measure
grounded on the forecast error variance decompositions from vector
autoregressions (VARs), and it can be used to measure the spillovers in
any return characteristic of interest across the individual assets, asset
portfolios, asset markets, etc., both within and across countries, revealing
spillover trends, cycles, bursts [15]. The estimation technique for this
study is the Generalised Impulse- Response Function which allows that
the results gotten be independent of the ordering of variables in the VAR
system as well as the explicit inclusion of directional volatility spillovers.

The underlying framework for the spillover analysis is the generalised
vector autoregressive (VAR) model of KPSS which is invariant to variable
ordering. Essentially, four different spillover types can be generated
using the [15] and they are the Total Spillovers, Directional Spillovers,
Net Spillovers and Net Pairwise Spillovers. In setting up the spillover
indexes, a covariance stationary VAR ðpÞ is considered (see pages
159–160 of [12] and pages 58–59 of [15].

rt ¼Φrt�1 þ εt ; εt � ð0;ΣÞ (1)

Where rt ¼ ðr1t ; r2t ; :::; rNtÞ' is anN � 1 vector of return or volatility series,
Φ is an N � N matrix of parameters, εt is a vector of independently and
identically distributed disturbances and

P
is the variance matrix for the

error vector ε. The moving average representation can be written as:

rt ¼
X∞

i¼0
Aiεt�1 (2)

Where Ai is estimated by the recursion Ai ¼ Φ1Ai�1 þ Φ2Ai�2 þ :::þ
ΦpAi�p. A0 is an identity matrix with an N � N dimension and Ai ¼ 0 for
i < 0. Equation (2) forms the basis for the derivation of variance de-
compositions required to determine the spillover indexes. Before
providing the representations for the various indexes, the following
preliminary considerations are important:

Firstly, the own variance shares are defined as the fractions of the H-
step-ahead error variances in forecasting ri that are due to shocks to ri, for
i ¼ 1;2::::N.

Secondly, the cross variance shares or spillovers are defined as the
fractions of the H-step ahead error variances in forecasting ri that are due
to shocks to rj, for i; j ¼ 1;2; ::::;N such that i 6¼ j. Thirdly, based on the
generalised VAR framework of KPPS, H -step-ahead forecast error vari-
ance decompositions denoted by θgij is written as:

θgijðHÞ¼
σ�1
jj

PH�1

h¼0

�
e'iAh

P
ej
�2

PH�1

h¼0

�
e'iAh

P
A'
hei

� (3)

Where σjj is the standard deviation of ε for the jth equation and ei is the
selection vector, with one as the ith element and zeros otherwise.

Lastly, since the sum of the contributions to the variance of the
forecast error is not equal to one – that is

PN
j¼iθ

g
ijðHÞ 6¼ 1 [15]; normalized

each entry of the variance decomposition matrix by the row sum in order
to use the full information of the matrix. The normalized KPPSH -ste-

p-ahead forecast error variance decompositions represented by ~θ
g
ijðHÞ is

expressed as:

~θ
g

ijðHÞ¼ θgijðHÞPN
j¼1θ

g
ijðNÞ

(4)

where
PN

j¼1
~θ
g
ijðHÞ ¼ 1 and

PN
1;j¼1

~θ
g
ijðHÞ ¼ N by construction.

Given these preliminaries, the total spillover index is written as:

SgðHÞ¼

PN
i; j ¼ 1
i 6¼ j

~θ
g
ijðHÞ

PN
1;j¼1

~θ
g

ijðHÞ � 100 ¼

PN
i; j ¼ 1
i 6¼ j

~θ
g
ijðHÞ

N
� 100 (5)

All the parameters in equation (5) have been previously defined.
Essentially, equation (5) measures the contribution of spillovers of return
or volatility shocks across the assets under consideration. In our case, the
total spillover index captures the contribution of spillovers of return/
volatility shocks across the five (5) agricultural commodity markets to
the total forecast error variance.

It is also possible to assess quantitatively the direction of spillovers
across the six global FX markets using the [15] approach. These direc-
tional spillovers are classified into two namely ‘Directional Spillover To’
and ‘Directional Spillover From’. The former measures the directional
spillovers whether return or volatility transmitted by market i to all other
markets jwhile the latter relates to return or volatility received bymarket
i from all other markets j. The index for the computation of ‘Directional
Spillover To’ denoted by Sg:i is given as:

Sg:iðHÞ¼

PN
j¼1
j 6¼i

~θ
g

jiðHÞ

PN
i;j¼1

~θ
g
jiðHÞ

� 100 ¼

PN
j¼1
j 6¼i

~θ
g

jiðHÞ

N
� 100 (6)

The ‘Directional Spillover From’ denoted as Sgi: is measured using the index
given below:

Sgi:ðHÞ¼

PN
j¼1
j 6¼i

eθgijðHÞ

PN
i;j¼1

eθgij � 100¼

PN
j¼1
j 6¼i

eθgijðHÞ

N
� 100 (7)

Equally, the Net Spillovers can be obtained using the index expressed
below:

Sgi ðHÞ¼ Sg:iðHÞ � Sgi:ðHÞ: (8)

Equation (8) gives the difference between the gross return or vola-
tility shocks transmitted to and received from all other markers. In other
words, information about each market's contribution to the return/
volatility of other markers can be obtained through the net spillovers.

To examine the net pairwise volatility spillover between markets iand
j, we compute the difference between the gross volatility shocks trans-
mitted from market ito market j and those transmitted from j to i:

SgijðHÞ¼
"

~θ
g
jiðHÞPN

i;k¼1

~θ
g
ikðHÞ

�
~θ
g
ijðHÞPN

j;k¼1

~θ
g
jkðHÞ

#
:100¼

�~θgjiðHÞ � ~θ
g
ijðHÞ

N

�
:100 (9)

This analysis considers a second order 5-variable VARs with 10-step-
ahead forecasts. Relevant diagnostics are also rendered to validate the
robustness of our results.
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3. Data and preliminary analyses

This study uses five main agricultural commodities namely, wheat,
rice, soybeans, groundnut and palm oil. These commodities prices are
high frequency monthly data and will be gotten from International
Financial Statistics (IFS). The prices of the agricultural commodities used
are all measured in US Dollars per ton. It is expedient to note that the
returns of the series ðRtÞ are computed as the first difference of the nat-
ural logarithm of the level series ðPtÞ; this is expressed in equation (10)
below:

rt ¼ðΔlogðptÞÞ � 100 (10)

Where ðrtÞ represents the calculated returns of any of the agricultural
commodity under study. ðptÞ represents the price level of any of the
agricultural commodity under study while Δ represents the first differ-
ence lag operator. However, the volatility series is obtained from the
estimation of GARCH (1,1) model, which is expressed below:

Table 1
Summary Statistics for Returns Series of five agricultural commodities.

Statistics R_WHT R_RCE R_SYB R_PLM R_GRD

Mean -0.025 0.026 0.078 0.028 0.146
Maximum 24.713 41.163 25.013 29.033 35.171
Minimum -25.292 -28.127 -25.649 -31.583 -45.138
Std. Dev. 5.961 5.877 5.654 7.737 7.447
Skewness 0.145 1.193 0.005 -0.079 0.465
Kurtosis 5.145 12.165 6.216 4.927 10.841
Jarque-Bera 87.645

(0.000)*
1677.877
(0.000)*

193.587
(0.000)*

69.968
(0.000)*

1166.623
(0.000)*

Observations 449 449 449 449 449

Authors Computation (2019).
*, **, *** indicate significance at 1%, 5% and 10% critical level respectively.

Fig. 1. Combined graph for agricultural commodities and their returns.
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bσ2
t ¼ bϖ þ bαν2t�1 þ βbσ2

t�1 (11)

The descriptive statistics for the return and volatility series are pre-
sented below.

Table 1 reveals the descriptive statistics for the return series of all the
currency pairs over the full sample period. R_WHT represents Returns on
Wheat price, R_RCE represents Returns on Rice price, R_SYB represents

Returns on Soybean price, R_PLM represents Returns on palm oil price
and R_GRD represents Returns on Groundnut price. On the average, four
out of the agricultural commodities namely: R_RCE, R_SYB, R_PLM, and
R_GRD exhibit a positive average while just RWHT exhibits a negative
average. Intuitively, this reports that over the years under consideration,
only rice exhibited negative average returns. Regarding the minimum

Table 2
Summary Statistics for the Volatility of five agricultural commodities.

Statistics WHT_VOL RCE_VOL SYB_VOL PLM_VOL GRD_VOL

Mean 179.167 777.915 390.647 1744.875 13108.27
Maximum 3263.617 56545.90 4166.098 14927.60 573266.0
Minimum 27.107 80.234 68.154 298.953 1339.782
Std. Dev. 3.088 3.129 5.992 2.876 4.780
Skewness 5.131 11.073 3.247 2.924 8.278
Kurtosis 34.244 143.710 17.112 13.329 93.263
Jarque-Bera 20234.28 (0.000)* 379590.9 (0.000)* 4514.734 (0.000)* 2635.735 (0.000)* 157554.3 (0.000)*
Observations 449 449 449 449 449

Authors Computation (2019).
*, **, *** indicate significance at 1%, 5% and 10% critical level respectively (see Fig. 1).

Fig. 2. Volatility graphs for the Agricultural commodities.
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returns across the months studied, the returns exhibited negative mini-
mum returns which occurred in October 2008, March 1994, October
2008, October 2008, andMay 1991 respectively. This explains that while
the minimum returns of wheat, soybean and palm oil all converged at
October 2008, this been a resultant effect of the removal the import ban
placed by the Nigerian government in September 2008. The minimum
returns of rice occurred at march 1994 due to the porous borders that was
weakening the effect of the Structural Adjustment Programme at that
time, while that of groundnut occurred at may 1991. However, the
maximum returns did not converge for any two series, they were all
scattered over the month. These are July 2012, April 2008, August 1983,
July 2001 and October 1990 for R_WHT, R_RCE, R_SYB, R_PLM and
R_GRD respectively.

The standard deviation values show the extent at which the obser-
vations are dispersed around their respective means (see Fig. 1).
Considering the skewness statistics whose threshold value for symmetry
(or normal distribution) is zero, it could be deduced that while the other
agricultural commodities skewed positively since their skewness statis-
tics are greater than zero, only R_PLM showed a negative skewness as the
skewness statistic is less than zero. On the other hand, the kurtosis value
whose threshold is three indicates that the return series are leptokurtic
(greater than three). Hence, since the Jarque-Bera statistics combines
skewness and kurtosis properties, as it provides more comprehensive
information about the returns series. Since the probability value for the
variables are less than 5%, it suggests that the hypothesis of normal
distribution is rejected and the series cannot be regarded as having a
normal distribution.

Table 2 shows the descriptive statistics for the volatility series of all
the agricultural commodities under the whole sample period. It could be
noticed from the Fig. 2 below reveals that all the variables are volatile,
although they all have different volatile periods. With this, it could also
be found that there is the presence of variable clustering which means
that the periods of high volatility are closely followed by periods of
relatively low volatility. Regarding the mean, it gives account for the
average unpredictability nature of each of the agricultural commodity
under study. From the table, it could be deduced that WHT_VOL has the
lowest average unpredictability while GRD_VOL has the highest average
unpredictability. Intuitively, risk loving traders will keep their eyes on a
commodity like wheat, while risk averse traders will keep their eyes on a
commodity like groundnut. In terms of deviation from the mean,
WHT_VOL had the lowest value, followed by SYB_VOL, PLM_VOL,
RCE_VOL and GRD_VOL in an ascending order. Hence, from the view of

standard deviation, it can be seen that wheat is the most volatile agri-
cultural commodity, in comparism to the other agricultural commodities
under study. Considering the skewness statistics whose threshold value
for symmetry (or normal distribution) is zero, it could be deduced that all
the agricultural commodities under study skewed positively, since their
skewness statistics are greater than zero. On the other hand, the kurtosis
value whose threshold is three indicates that the volatility series of the
agricultural commodities are leptokurtic (greater than three). Hence,
since the Jarque-Bera statistics combines skewness and kurtosis proper-
ties, as it provides more comprehensive information about the volatility
series. Since the probability value for the variables are less than 5%, it
suggests that the hypothesis of normal distribution is rejected and the
series cannot be regarded as having a normal distribution.

4. Analysis of spillover results

Practically, the [15] framework is often divided into the Spillover
Table and the Rolling Window Analysis. The spillover table reveals the
pattern of spillovers of the variables both individually and broadly. It
provides an approximate “input-output” decomposition of the total
spillover index, as such, the total volatility spillover index appears in the
lower right corner of the spillover table. Hence, when the motive is to
aggregate spillovers over a particular period of time, then the spillover
table becomes prime. However, in a bid to reveal the exceptional events
that characterises the behaviour of the spillovers, then the Rolling Win-
dow Analysis becomes key, as it reflects a profound and intuitive result.
Thus, the Rolling Window Analysis complements the Spillover Table as it
discloses the secular and cyclical movements explaining the behaviour of
the spillovers from one timeframe to another, which the spillover table
potentially fails to capture (see Table 2).

Therefore, the spillover tables for both returns and volatilities of the
agricultural commodities (see Tables 3 and 4 respectively). Table 3 dis-
plays the return spillovers computed for the whole sample based on a
second order 5-variable VARs with 10-stepahead forecasts. The sum total
of the values on the column give the “contribution to others” while the
sum total of the values on the row provide the “contribution from others”.
Both are actually the directional spillovers for the return spillovers and
the volatility spillovers in the spillover tables. While “Directional spill-
overs to” is represented by “contribution to others”, “Directional spill-
overs from” is represented by “contribution from others” in both tables.
Thus, each element in each column, other than the main diagonal ele-
ments, captures individual market's contribution to the forecast error

Table 3
Return Spillovers of Nigerian agricultural commodity markets.

TO R_WHT R_RCE R_SYB R_PLM R_GRD Contribution from Others Net Spillover

R_WHT 78.3 0.5 15.3 5.6 0.4 22 5
R_RCE 6.2 86.8 3.4 2.9 0.7 13 -11
R_SYB 14.0 0.6 69.7 14.8 0.9 30 10
R_PLM 6.3 0.5 14.5 78.4 0.4 22 2
R_GRD 1.0 0.9 6.8 1.0 90.3 10 -8
Contribution to Others 27 2 40 24 2 97
Contribution including Own 106 89 110 103 93 Spillover Index: 19.3%

Author's Computation (2019).

Table 4
Volatility Spillovers of Nigerian agricultural commodity markets.

TO WHT_VOL RCE_VOL SYB_VOL PLM_VOL GRD_VOL Contribution from Others Net Spillover

WHT 64.2 6.3 17.1 12.4 0.0 36 41
RCE 40.9 48.8 4.3 6.0 0.0 51 -34
SYB 25.2 6.7 53.2 14.9 0.0 47 -7
PLM 10.9 4.4 17.3 67.1 0.2 33 1
GRD 0.1 0.1 1.0 0.2 98.7 1 -1
Contribution to Other 77 17 40 34 0 168
Contribution including Own 141 66 93 101 99 Spillover Index: 33.6%

Author's Computation (2019).
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variance of other markets. In the samemanner, each element in each row,
excluding the main diagonal elements, measures the amount of contri-
butions of other markets to the forecast error variance of a particular
market under consideration.

Importantly, “contribution to others” measures the total contribution
of shocks to a particular market to the forecast error variance of other
markets while “contribution from others”measures the total contribution
of shocks to other markets to the forecast error variance of a particular
market. In essence, the spillover table is analogous to the input-output
table as it shows how shocks are absorbed and transmitted within the
system under consideration. It is expedient to note that the values on the
diagonal line are not considered as it only reveals own shocks both to and
from own market (the market under consideration).

The Net spillovers reveal the difference between the contribution a
market gives to other markets and that which it receives from others
markets. Mathematically, it could be gotten when the “contribution from
others” is subtracted from the “contributions to others” or vice versa.
Intuitively, a positive value indicates that the market considered exerts
greater influence on other markets than it receives from the other mar-
kets. This simply communicates that the market under consideration is
not a net receiver of shocks or that it is less exposed to the shocks that
comes from other market. On the other hand, a negative value implies
that the market under consideration is more vulnerable to shocks from
the other markets.

Moreover, the total spillover index is presented in the lower right
corner of the spillover table and it is computed by expressing the sum of
“contributions to others” (or the sum of “contributions from others”) as a
percentage of sum of “contributions including own”. This captures the
various directional spillovers into a single index. The spillover index then
reveals the total spillovers that are transmitted among the markets being
considered.

Table 3 presents the returns spillover table. Starting with individual
directional spillovers from others, it is evident that Soybean records the
highest contribution to the forecast error variance of the Wheat returns,
with about 15.3%, which is distantly followed by palm oil with about
5.6%, Rice with about 0.5% and Groundnut with about 0.4%. Hence,
shocks to the Soybean are more likely to affect the behaviour of the
Wheat returns than shocks to agricultural markets in Nigeria. In terms of
the rice returns, it could be seen that the contribution from other markets
to its forecast error variance is dominated by wheat with about 6.2%,
followed by soybean with 3.4%, palm oil with 2.9%, and groundnut with
just about 0.7%.

In the case of palm oil returns, the contribution from other markets to
the forecast error variance is heavily dominated by Soybean with about
14.5%, followed by wheat, rice, and groundnut with 6.3%, 0.5% and
0.4% respectively. Fascinatingly and expectedly, shocks to the palm oil
have greater impact on the forecast error variance of the soybean returns
than shocks to the other agricultural commodity markets. Palm oil ex-
plains about 14.8% of the total error forecast variance of the soybean
distantly followed by wheat with about 14%, groundnut with about 0.9%
and finally by rice with a low forecast error variance contribution of just
about 0.6%.

The groundnut market however receives the lowest contribution from
all other markets, with Soybean having the highest with about 6.8% and
followed by wheat and palm oil with about 1%, and rice with 0.9%. It
could be seen as that the shocks in the soybean dominates three of the
agricultural market in exception to rice, hence the shocks to the soybean
returns spills largely across the markets. Also, there is the presence of bi-
directional spillovers between the soybean and palm oil markets than any
other market in the Nigerian agricultural commodity market. Broadly,
the soybean returns receive the considerably highest contribution from
others with about 30% and followed closely by the palm oil and wheat
with 22%, rice with 13%, while the groundnut records the lowest con-
tributions from others with 10%. In other words, shocks to other markets
account for considerable percentage of the forecast error variances of
soybean, wheat, and palm oil markets than their own shocks while the

forecast error variances of the rice and groundnut are substantially
explained by their own shocks.

In a similar manner to the gross directional spillovers to others,
shocks to the soybean have considerable impact on other agricultural
commodity markets than any other market. Following soybean in terms
of influence in the Nigerian agricultural commodity markets are the
wheat and palm oil, in that order, while the effect of rice and groundnut
seems jointly minimal. So, the Nigerian agricultural commodity markets
are also vulnerable to the return shocks of the soybean, wheat and palm
oil.

In relation to their net spillovers, positive magnitudes are recorded
for soybean, wheat, and palm oil with 10%, 5% and 2% respectively,
while negative values were recorded for groundnut and rice with -8%,
and -11% respectively. This explains that, in terms of returns, soybean,
wheat and Palm oil give more than they receive in the Nigerian agri-
cultural commodity market, while groundnut and rice receive more than
they give in the Nigerian agricultural commodity market. It is therefore
right to say that in terms of returns, soybean, wheat and palm oil are net
givers of shocks while groundnut and rice are net receivers of shocks in
the Nigerian agricultural commodity market. The relationship among the
three commodities remains largely reflected as complements and sub-
stitutes in different usability. For example, households demand for maize
and wheat are substitutable in the production of related starch—based
foods [39].

Thus, this finding builds up the significance of the soybean, wheat
and palm oil returns in the Nigeria agricultural commodity markets. This
is due to the fact that Nigeria is the highest exporter of soybean in West
Africa, while doubling as the highest importer of wheat in West Africa.
Hence the shocks in the wheat market might be dominated by the shocks
coming from the world market to the wheat market are firstly transmitted
to the soybean market due to their linkage in the world market, then to
palm oil, to rice and finally to groundnut. In the case of the soybean
market, most of the shocks from the market are shared both domestically
and internationally. However, more intuitive reasons are provided in the
rolling sample analysis. From the total spillover index, the computed
value is 19.3% which is an indication that the returns in the Nigerian
agricultural market is driven by factors that are not captured in the VAR
system used.

Table 4 presents the volatility spillovers in the Nigerian agricultural
commodity market. The distribution of the spillovers slightly differs from
the return spillovers reported in Table 3. In the case of the volatility
spillovers, the directional volatility spillovers to and from other markets
are relatively higher with respect to the values in the returns analysis. As
such the output in the returns analysis may necessarily not mean the
same in that of the volatility analysis.

In terms of the directional spillovers from others, it is evident that
palm oil records the highest contribution to the forecast error variance of
the wheat volatility with about 12.4%, which is closely followed by
soybean with about 17.1%, rice with 6.3%, and groundnut not contrib-
uting at all. In the case of rice volatility, wheat contributes to the forecast
error variance of rice volatility to the tune of 40.9%, while distantly
followed by palm oil with about 6%, soybean with 4.3%, while
groundnut has no contribution whatsoever. The soybean volatility is
characterised by a heavy dominance of wheat to its total error forecast
variance with about 25.2%, followed by palm oil and rice with 14.9%
and 6.7% respectively while groundnut contributes nothing to the effect.
For palm oil, the total error forecast variance is influenced more by
soybean with about 17.3%, followed by wheat, rice and groundnut with
10.9%, 4.4%, and 0.2% respectively. In the case of groundnut which has
had little participation across board, it received the highest shocks to its
total error forecast variance from palm oil to the tune of just 0.2%, fol-
lowed by soybean for 1%, while wheat and rice had just 0.1%. There is an
evident bi-causal relationship between the volatilities of wheat and
soybean in the Nigerian agricultural commodity market, and the two
markets are the key markets in terms of volatility in the Nigerian agri-
cultural commodity market. While shocks to the Soybean are more likely
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to affect the behaviour of the volatilities of wheat and palm oil markets
than shocks to other agricultural markets in Nigeria, shocks to the wheat
market are more likely to affect the behaviour of the volatilities of the
rice market and the soybean market than shocks to other agricultural
markets in Nigeria. This is also corroborated by Ref. [40] that observed
high long run dependence relationship in the prices of maize, millet and
sorghum. The return spillover contribution to and from prices of wheat
and soybean also reveal an enthralling relationship. While the highest
contribution of shocks to wheat returns transmits to soybean (15.3%), the
same applies for the shocks to soybean returns as it spillover to wheat
returns by 14.0%.

In a similar manner to the gross directional spillovers from others,
shocks to the wheat have considerable impact on other agricultural
commodity markets than any other market. Following wheat in terms of
influence in the Nigerian agricultural commodity markets are the soy-
bean, palm oil, and rice in that order, while the effect of groundnut seems
minimal. This is due to the fact that Nigeria is the highest exporter of
soybean in West Africa, while doubling as the highest importer of wheat
in West Africa. Hence the shocks in the wheat market might be domi-
nated by the shocks coming from the world market to the wheat market
are firstly transmitted to the soybean market due to their linkage in the
world market, then to palm oil, to rice and finally to groundnut. In the
case of the soybean market, most of the shocks from the market are
shared both domestically and internationally. However, more intuitive
reasons are provided in the rolling sample analysis.

In relation to their net spillovers, positive magnitudes are recorded
for wheat, and palm oil with 41%, and 1% respectively, while negative
values were recorded for groundnut, soybean and rice with -1%, -7% and

-34% respectively. This explains that, in terms of volatility, wheat and
Palm oil give more than they receive in the Nigerian agricultural com-
modity market, while groundnut, soybean and rice receive more than
they give in the Nigerian agricultural commodity market. It is therefore
right to say that in terms of volatility, wheat and Palm oil are net givers of
shocks while groundnut, soybean and rice are net receivers of shocks in
the Nigerian agricultural commodity market. Thus, this finding builds up
the significance of the wheat and palm oil volatility in the Nigeria agri-
cultural commodity markets.

Paying key attention to the total spillover index, the computed value
which is 33.6% is a suggestion that almost half of the total variance of the
forecast errors during the sample is explained by shocks across the
agricultural commodity markets, while the remaining 66.4% is explained
by idiosyncratic shocks.

5. Rolling-sample analysis

Even though, from the above the spillover table, the spillover index
and other relevant discussions above have given an overview of the
average spillover performance in the Nigerian agricultural market. It is
however inadequate in capturing the important secular and cyclical
movements in spillovers [15]. In view of this, a rolling window frame-
work using 100-month sub-sample rolling windows is proposed in a bid
to address these insufficiencies and correctly reveal events or crises ep-
isodes that may have occurred during the period considered.

The resultant plots for total spillover indexes for both returns and
volatilities are presented in Figs. 3 and 4 respectively. The total return
and volatility spillover plots reveal that the total spillovers were

Fig. 3. Return spillovers plot for the Nigerian agricultural commodity market.

Fig. 4. Volatility spillover plot for the Nigerian agricultural commodity market.
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relatively high in 1987 with the total returns and volatility have the
values of about 30% respectively. This was due to the Structural
Adjustment Programme (SAP) of 1986 which had one of its main focuses
to be importation ban placed by the government during that era, in a bid
to increase the production of other consumables with which the agri-
cultural commodities were the raw materials. It is very important to
observe that immediately after the SAP period; the return and volatility
spillover plots prices both hit low values, with the total volatility spill-
overs hitting about 15% in 1998, while the total returns spillovers hit
about 10% in 1999, due to the fact that the import restrictions that
protected the producers were no longer available. Hence, the Nigerian
agricultural commodity market responded well to the policies pro-
nouncement during Structural Adjustment Program.

It is also important to note that the return and volatility spillovers
were also low in the early 2000's, with both total return and volatility

spillovers been about 15% in 2003. This could be attributed to be the
resultant effect of the new millennium celebration that characterised low
prices of agricultural commodities (Salisu et al., 2015).

However, the volatility spillovers seem to hit a low of around 20%,
with the returns spillovers accompanying, as it reached it lowest of
around 15%. This is due to the joint effect of the imposed export re-
strictions by the Nigerian government in bid to protect domestic con-
sumers from the surging prices before then as well as the beginning of the
2006 global food crisis. It is evident that both the return and volatility
spillovers started rising again in mid 2007 and this is attributed to the
Africa commodity boom that occurred at that time.

The total return spillover plot reveals that spillover effects across the
Nigerian agricultural market were actually fluctuating between 15 and
35%with mid-2008 in exception when there was about 45%. In the same
vein, the total volatility spillover varied between 10% and 30% with an

Fig. 5. Directional return spillovers to the individual agricultural commodity prices.
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exception in mid-2008 as well, as there was a peak that was very close to
70%. It could be seen that even though the global financial crisis affected
most sectors of the economy, the Nigerian agricultural commodity mar-
ket was exempted. Hence, both the returns and volatility occurring in the
Nigerian agricultural market were not affected by the global financial
crisis era of 2008. Beyond 2008, the return and volatility spillovers are
relatively increasing with about 55% for the return spillovers and about
43% for the volatility spillovers, this being a resultant effect of the de-
mand pressures from Nigeria's neighbouring countries due to the nation's
importance in cross country trade.

Importantly, it could also be noticed that as a resultant effect of the
Nigerian presidential elections in 2011, there occurred an episode of high
spillovers as revealed by both the returns and volatility spillovers. While
returns were around 60%, volatility stood at a high about 35%. The
spillover indices slightly decreased to about 55% for volatility spillover,

while returns spillover slightly rose to 40% in the mid-2012 owing to the
heat of the Boko-Haram insurgence up north. It could also be noticed that
the returns and volatility spillovers maintained a stable movement until
2015 where they both had sharp movements, this is traceable to the 2015
presidential elections, at that time the return and volatility spillover in-
dexes were about 40% and 35% respectively. In 2016, the return and
volatility spillover indices went low which plunged to about 25%, and
this is due to the fact that Nigeria fell into economic recession at that
time.

The implication of this is that this requires a long-run balance be-
tween demand and supply in the agricultural commodity markets. A
major cause of rising prices has been a sluggish supply response to fast-
growing demand. While the recent recessionary drama has led to sharp
movements in food prices, pressure on these prices will resume in the
medium run, once the economy recovers fully from the recession. In the

Fig. 6. Directional return spillovers from individual agricultural commodity prices.
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absence of long-run policies to address these imbalances in crude oil and
agricultural markets, episodes of soaring commodity prices can recur,
pushing up domestic inflation rates, hurting the poor and putting pres-
sure on the country's budget deficits. In summary, a close look at the two
graphs portrays both the return and volatility spillovers reveal both
trends and bursts over the period under consideration.

5.1. Directional spillovers in the Nigerian Agricultural Commodity Market

Having studied the total returns and volatility spillover plots, it is
important that the directional spillovers in the Nigerian agricultural
commodity market be looked into. To this effect, the Figs. 5 and 6 pre-
sents the directional spillovers to and from, in terms of the returns

spillovers. A close look at the tables reveals that the directional spillovers
to and the directional spillovers from, in realm of returns possess the
same patterns. Some of the agricultural commodities were relatively
stable in the presence of several shocks, while some quickly reacted to
same shocks. Regarding the former, soybean, wheat and groundnut fall
under that category, while rice and palm oil fall under the latter category.
The intuition behind this is not far-fetched, both rice and palm oil appear
to be agricultural commodities that are jointly imported, hence aside the
domestic shocks, they are also greatly affected by the shocks in the world
market, while the high exports of soybean by Nigeria reveals its powerful
relevance in the economy.

However, notwithstanding the classifications given, the two tables
reveals that there are generous directional return spillovers among the

Fig. 7. Directional volatility spillovers to the individual agricultural commodity prices.
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Nigerian agricultural commodities. The directional spillovers to and
from, for returns exhibit both trends and bursts over the period under
consideration.

The directional volatility spillovers as shown in Figs. 7 and 8, reveals
a pattern that is similar to the total volatility spillovers. In other words,
the directional volatility spillovers also display significant bursts and
trends like the total volatility spillovers. Hence, all the agricultural
commodity recorded generous volatility spillovers inferring that they are
all susceptible to the volatility shocks in the Nigerian agricultural com-
modity market.

5.2. Net spillovers in the Nigerian Agricultural Commodity Market

The net spillovers is a more intuitive form of spillovers as it allow the
inspection of the Nigerian agricultural commodities to knowwhich of the
commodities are net givers of shocks and those that are the net receivers
of shocks in the Nigerian agricultural commodity market. It also moves
further to reveal the contribution of the individual agricultural com-
modity to the total spillovers. To this effect, the Figs. 9 and 10 present the
net returns and volatility spillovers for the Nigerian agricultural com-
modity market. In a bid to capture certain attributes of the agricultural
commodities, a four-period horizon is used. They are the period of

Fig. 8. Directional volatility spillovers from individual agricultural commodity prices.
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Structural Adjustment Program, the food crisis of 2006, the financial
crisis of 2008, and the Nigerian economic recession of 2016. The intui-
tion behind the selection of these periods is to characterise the reaction of
the Nigerian agricultural commodities, if they actually gave better than
they receive in light of the several shocks, or they received more shocks
than they gave in the presence of the unanticipated events. Fig. 9 depicts
that while commodities like wheat, soybean and palm oil are net givers of
shocks, rice and groundnut receive more shocks than they receive be-
tween January 1986 and June 2017. The interesting aspect of this is that,
the four-period horizon reveals the status of these agricultural com-
modities and the mark of the stated events.

During the Structural Adjustment Programme (1986–1995), Fig. 9

reveals that palm oil, groundnut and rice received more shocks than they
gave in that period, while soybean andwheat gavemore shocks than they
received at the period. At the start of the food crisis in 2006, palm oil,
soybean and rice all received more shocks than they gave, while
groundnut gave more shocks than it received at that point. Importantly,
wheat gave the same amount of shocks as it gave at that time. In 2008,
when there was a global financial crisis, it is evident that while soybean
and wheat were net transmitter of shocks at this time, commodities like
palm oil, groundnut and rice were net receivers of shocks. The 2016
Nigerian recession featured groundnut and rice to be the net transmitter
of shocks while palm oil, soybean and wheat all received shocks than
they gave out. More strikingly, soybean appears to be the highest

Fig. 9. Net return spillovers for the individual agricultural commodity prices.
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contributor to return spillovers in the Nigerian agricultural commodity
market followed by the wheat and then palm oil. This further strengthens
the results of the returns spillover table where only soybean, wheat and
palm oil have positive net spillovers.

In the case of the volatility net spillovers, during the Structural
Adjustment Programme (1986–1995), Fig. 10 reveals that, only
groundnut received more shocks than it gave in that period, while soy-
bean, rice, palm oil and wheat, all gave more shocks than they received at
the period. At the start of the food crisis in 2006, palm oil and rice all
received more shocks than they gave, while groundnut gave more shocks
than it received at that point. Importantly, wheat and soybean gave the
same amount of shocks as they gave at that time. In 2008, when there was
a global financial crisis, it is evident that while palm oil, and rice were net
transmitter of shocks at this time, commodities like groundnut and soy-
bean were net receivers of shocks. However, wheat gave the same

amount of shocks as it gave at that time.
In sum, the rolling window analyses disclose significant return and

volatility spillovers for certain periods than others due to certain secular
and cyclical occasions as emphasized. These events are regularly not
observable in the spillover tables. This clarifies why it is imperative to
balance the spillover indices with rolling window analyses.

6. Robustness checks

This study checks for robustness in the modelling of the return and
spillovers effects in the Nigerian agricultural commodity market. This is
done in order to ascertain the reliability and validity of the estimated
results both for the spillover tables as well as the rolling sample analyses.
Hence, the returns and volatility indices are sensitized to the structure of
the VAR lag. A scenario that allows for the different VAR orders between

Fig. 10. Net volatility spillovers for the individual agricultural commodity prices.
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2 and 6 is therefore used. The consequential graph is presented in Figs. 11
and 12. As portrayed in these figures, the results for both returns and
volatilities are robust to the considered scenario. In other words, the
calculated spillover indices for the return and volatility series of the
Nigerian agricultural market are not sensitive to VAR lag structure.

7. Concluding remarks and policy implications

This study examines the return and volatility spillovers in the
Nigerian agricultural market, while adopting monthly prices of wheat,
rice, soybean, palm oil and groundnut which are among the majorly
traded agricultural commodities in Nigeria. To achieve this, the study
employs a General Autoregressive Conditional Heteroscedasticity
(GARCH) model to extract volatility series, while the returns of the series
are computed as the first difference of the natural logarithm of the level

series. The study further adopts the [15] approach to examine the spill-
overs in the return as well as the volatility series. This spillover approach
facilitates the computation of relevant spillover indexes such as the gross
spillover index, directional spillover index and net spillover index. It also
complements these single-fixed spillover indexes with rolling-window
analyses which seem to be more reliable and realistic. The major find-
ings of this study can be divided into three strands. First, we find evi-
dence that there are cross-market spillovers in the Nigerian agricultural
commodity market. Correspondingly, with the exception of the
groundnut, the directional spillovers are quite okay indicating a strong
interdependence in the returns in the Nigerian agricultural commodity
market. Among these agricultural commodities, only soybean and wheat
appear to exert more influence than others. Second, it is expedient to note
that there is a relatively higher volatility spillovers compared to the re-
turn spillovers in the Nigerian agricultural commodity market, over the

Fig. 11. Sensitivity of return spillover index to VAR lag structure.

Fig. 12. Sensitivity of volatility spillover index to VAR lag structure.
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period under consideration. Nevertheless, on the basis of the reported
volatility spillovers, rice seems to be most vulnerable to volatility shocks
of other markets, followed by soybean, wheat and palm oil while
groundnut has the least vulnerability and less risky relative to others.
Third, we identify different episodes (both crisis and non-crisis) that
characterise the observed fluctuations in returns and volatilities of the
Nigerian agricultural commodity market. Generally, our results are
robust to the VAR lag structure.

Intuitively, policies regarding the Nigerian agricultural market should
be heavily directed towards soybean and wheat, since it is already noted
that the wheat market links Nigeria to the world market due to high
importation and that Nigeria is also the largest producer of soybean in
West Africa. Hence, any shocks in the soybean and wheat market pose
great effect on the Nigerian agricultural commodity market as well as the
Nigerian economy at large. This has been well substantiated in the food
insecurity and coping strategies programmes studies (see Refs.
[41–43].Therefore, policy makers in Nigeria should delve into the un-
derstanding of these shocks so as to make relevant and applicable de-
cisions, as this can help in designing and implementation of subsidy
measures for specific Nigerian agricultural commodities. Also, important
indication of volatility spillovers among the five agricultural commod-
ities suggests that the returns and volatility spillovers should be
accounted for when making decisions about agricultural commodity
portfolio and risk management of potential and existing investors.
Finally, the increasing agricultural prices in Nigeria have detrimental
effects on the poor because they spend a great proportion of their income
on food, with poor households spending a larger percentage of their in-
come on food (see, [44,45]. In the absence of social protection pro-
grammes, food price increases leave the poor with limited, often harmful
coping mechanisms such as reducing the number of meals, eating less
nutritiously, selling of other assets, or increasing the number of out of
school children. As put forward by Ref. [46]; food is no doubt, the most
basic of all human survival needs. Although, so many efforts have been
sunk in improving the quality as well as production of world food sup-
plies, food insecurity remains prevalent, particularly in the global
southern nations of Asia and Africa, and in Nigeria, malnutrition has
resulted in death of many of its citizens. African Food Security Briefs
(AFSB) estimated that approximately one out of every three persons in
the sub-Saharan Africa is undernourished. Some of these coping mech-
anisms may alleviate hunger temporarily, but they may also lead to
malnutrition, harm livelihoods, and put people's prospects at risk.
Addressing these deficiencies is as important as taking measures to
reduce the likelihood of a future food price crisis. It therefore becomes
obvious that agriculture has a crucial role to play in alleviating hunger
and poverty. Thus, local measures to control volatility of agricultural
prices in Nigeria can prove useful. This is corroborated with the findings
of [47,48]. Policy makers should design agricultural policies aimed at
reducing food prices and volatility by targeting forces affecting the de-
mand for and supply of food keeping in mind what happens at the global
scene.
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