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Abstract

The main objective of this study is to examined the relationship between agricultural sector and gross
domestic product in Nigeria using co-integration and vector error correction model. The data used in this
study covers a period 1981-2020 obtained from National Bureau of Statistics (NBS). The study employed
Johansen co-integration test, VVector Error Correction Model and Granger Casualty test. The results of the
Johansen co-integration test revealed three co-integrating equation indicating the existence of long run
relationship between agricultural sector and GDP. The finding also revealed an existence of short run
relationship between agricultural sub-sectors and GDP. In addition, the Granger Casualty test revealed
that there is a bi-directional relationship between GDP, forestry and fishing and, uni-directional
relationship between GDP, crop production and livestock. Based on this findings, it was recommended
that government should provide special incentives to farmers and also provides farming input to farmers
at subsidized rate, this will go a long way in boosting agricultural activities there by making significant
impact on gross domestic product.
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1. Introduction
The agriculture industry has historically been the backbone of Nigeria's economy. The sector
was thought to be the economy's mainstay in the early 1960s. It is also seen as the major driver
of development and growth. In fact, Nigeria's poverty-reduction Millennium Development
Goals (MDGs) program includes the agricultural sector, underlining the importance of
agriculture in the Nigerian economy. The agricultural sector remains the largest contributor in
lowest and middle-income countries. This is evidence by its ability in providing inputs, food
items, creating employment opportunities, providing raw materials for other industrial use,
source of foreign earnings from surplus exportation, and value added in various production
processes (Okoro, 2011) (41,
Furthermore, several scholars (Gardner, 2005; Chebbi, 2010) " 4 have identified a number of
concerns about the agriculture sector's impact on economic growth. Gardner (2005) [/l asked,
"Is agriculture an engine of growth?" Lavorel et al. (2013) ['? investigated the causation
relationship between agricultural value added per worker and gross domestic product (GDP)
per capita for 85 nations. Nonetheless, their data indicated a huge claim. They claim to have
discovered a causal association between agricultural value added and growth for developing
nations, but not for developed countries. This finding supports the preceding assertion that the
agriculture sector has served as the backbone of developing economies.
Matahir (2012) 21 in his study on the importance of agriculture in economic growth and how it
interacts with other sectors of the economy, took a different stance. The non-causality link
between agriculture and other Tunisian economic sectors was investigated using time series
Johansen cointegration techniques. Policymakers should consider agricultural sectors as
crucial tools in their examination of inter-sectorial growth policies, according to their results.
Though the agricultural sector has not reaped the benefits of Tunisia's growing service and
commerce sectors, its contribution to the country's economic progress cannot be overstated.
Jatuporn et al. (2011) T who conducted a study in Thailand's economy also opined that

~159~


www.mathsjournal.com
https://doi.org/10.22271/maths.2022.v7.i2b.810

International Journal of Statistics and Applied Mathematics

agriculture should be embrace by the economy through proper
policy formulation.

Despite the political concerns in Northern Cyprus, Katircioglu
(2006) [*1 maintained the importance of the agricultural sector
on the economy of Northern Cyprus in his examination of the
impact of the agricultural sector on the economy of Cyprus.
According to his conclusions, the agricultural sector plays a
critical role in the development of any economy, particularly
that of Northern Cyprus, a small island off the coast of
Turkey. His research discovered that macroeconomic
variables have bi-directional and long-run dynamic causation
linkages. That is, the agriculture sector's feedback plays a
critical part in the economy's growth.

However, research has found that most developing countries
are largely agrarian and rural in nature (Katircioglu, 2006;
Dim and Ezenekwe, 2013; Jatuporn et al, 2011; Tiffin, 2013)
(11,9, 161 The fact that a large majority of Nigeria's population
lives in rural areas has brought the countryside to the attention
of policymakers and decision-makers.

Following the discovery of oil in the 1970s, the agricultural
sector's productivity/output, as measured by its contribution to
real GDP, began to drop (RGDP). According to empirical
data, the agricultural sector's contribution of GDP climbed
from 29.2 percent to 33.3 percent between 1970 and 1980. In
the 1960s and 1970s, the sector accounted for more than 65
percent of overall exports. Exports of cash crops and other
agricultural products such as cocoa, rubber, hides, skin,
groundnut, and palm, among others, were well-known, and
the sector contributed significantly to GDP. The sector has
significant potential for the country's economic growth and
development. However, after the discovery of the black gold,
oil, agriculture's contribution to Nigeria's Gross Domestic
Product decreased (post-oil boom) (Aigbokhan, 2001) Bl. This
has been a point of concern to many researchers who seeks to
find out why the agricultural sector is neglected despite the
arguable massive potential? The answers to this question
motivate the researcher to embarked on this study in addition,
the existing literatures that attempted to estimate the
contribution of agricultural sector on GDP do so without
estimating the contribution of the specific sub-sectors of
agriculture on GDP. Given the so few studies that have
estimate the contribution of the sub-sectors such as the
fishery, forestry and livestock production on GDP using time-
series data, there is a gap in explaining the real contribution of
these sub-sectors of agriculture on gross domestic product in
Nigeria. This study aims to fill this gap.

The main objectives of this study is assess the relationship
between agricultural sector and gross domestic product in
Nigeria (1981-2020). Specifically, the study examined
whether long run relationship exist between the sub-sectors of
agriculture and gross domestic product. In addition, the causal
relationship between the sub-sectors to agriculture and gross
domestic product was also examined.

2. Literature Review

On empirical evidence, Adenomon and Ayejola (2019) [
examine the impact of agriculture and industrialization on
Gross Domestic Product in Nigeria using VAR. The results
from the VAR model revealed that 58% and 32% of the
variation in GDP is explained by agriculture and industrial
sectors respectively. Further analysis using SVAR models
showed that agriculture and industry accounted for the
structural innovations of GDP in Nigeria with agricultural
sector having the highest contribution. Anthony (2010) also
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found that agricultural variables have impact on economic
growth. Kamil, Sevin and Festus (2017) % empirically
examines the impact of agricultural sector on the economic
growth of Nigeria, using time series data and found that real
gross domestic product, agricultural output and oil rents have
a long-run equilibrium relationship.

In an another study by Faridi (2012) 81 whose study’s main
objective was to examine the contribution of agricultural
exports to economic growth in Pakistan. The findings of the
study showed that agricultural exports have negative and
significant effect on economic growth while agricultural
exports elasticity is 0.58.

Abdul, Didik, Suhel and Azwardi (2018) ™M carried out a study
which aimed at investigating the long and short-term
relationship between economic growth, human capital, and
agriculture sector in Indonesia for the period 1985 — 2017.
The study found that there is long and short-term equilibrium
relationship between variables, there is long and short-term
causality in the direction of economic growth, human capital
for agriculture added value. The economic growth model
indicates that human capital, agriculture added value,
population, government expenditure, foreign  direct
investment, non-agricultural added value, and technology
positively and significantly affects economic growth.

The brief literature reviewed have revealed the importance of
agricultural sector on economic growth. The empirical
evidences revealed paucity of studies that has investigate
contribution of the sub-sectors of agriculture to GDP. In this
research, we attempt to examine the specific contributions of
the agricultural sub-sectors (fishery, forestry and livestock) to
GDP using Johansen co-integration test, Vector error
correction model and Granger Casualty test.

3. Methodology

3.1 Source and method of Data

Secondary data was used in this study. The secondary data
was collected from National Bureau of Statistics (NBS) for
the period of twenty-eight years (1981 to 2020).

3.2 Statistical Techniques
The study employed Johansen Co-integration test and Vector
Error Correction Model to analyzed the data under study.

3.3 Johansen Co-integration test
The long run relationship was tested using Johansen Co-
integration test. This was necessary due to the non-stationary
nature of the variables employed in the study. The maximum
Eigen values statistic test the null hypothesis of r co-
integrating relations against the alternative of r +1 co-
integrating relationship for r = 0, 1, 2, ..., n-1. This test
statistic is computed as:

Amax(r,7 +1) = =TIn(1 — A1) 1
Where 1 is the computed maximum Eigen values and T
stands for the sample size.

The Trace statistic examine the null hypothesis of r co-
integrating relations against the alternative of n co-integrating
relations, where n is the number of variable in the system for r
=0, 1,2, ..., n-1. It is computed according to the following
formula:

In(1-14)

Atrace (T’) = _TZ?=7‘+1 (2)
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3.4 Vector Error Correction Model

The study employed vector error correction model (VECM) to
examine the short run relationship between agricultural
variables. The approach is capable of taking into account the
short-term adjustments of the variables as well as the speed of
adjustment of the coefficient. Therefore, the VECM measures
the speed at which gross domestic product will revertto its
equilibrium following a short term shock to each of them.

The two major conditions that must hold before using the
VECM are:

i. The variables must be stationary at first difference

ii. The co-integration between the variables must exist.

According to Pfaff (2008), the
specifications usually exist:

following VECM

Ay, = af"yep + TiAY g+ + Ty 1 Ve pir + & (3)
With

Ii=-0-4;,——4) 4)
and

M=o 7=~ — Ay — - —Ap) ®)

Where I; matrices contain the cumulative long run impacts,
hence, this VECM specification is signified by long run form.
M =« BT is of reduced rank. The dimension of « and § is
k x r is the co-integration rank, that is, how many long run
relationships between the variables do exist. The matrix « is
the loading matrix and the coefficients of the long-run
relationships are contained in 8

3.5 Granger Causality Test

Finally, the study employed Granger Causality to determine
the direction of the causality among agricultural variables on
gross domestic product which is given as follows:
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GDP, = By + X, A¢Fishery,_, + X, A, Livestock,_, + Y, A Forestry,_, +
Y. A4:Crop production,_, + V, (6)

Where

GDP: Gross Domestic Product, Fishery, Livestock, Forestry
and Crop production are the sub-sector of agriculture V, =
error term, t = current period, t-1 = lag period.

3.6 Unit Root Test

The Augmented Dickey Fuller (ADF) was employed in
testing the stationary of data. The ADF construct a parametric
correction for higher-order correlation by assuming that the
time series data follow an autoregressive of order p process
and adding p lagged difference terms of the dependent
variables y to the right hand side of the test regression as
follows:

Ayt = aYy¢_1 + X{LS + BlAyt—l + Bszt_z + -+ BpAyt_p +
Ve )

Where x, are optional exogenous regression which may
consist of constant or constant and trend. The ADF t-test null
hypothesis is given by: H,: 6 = 0, implying that the data
needs to be difference to make it stationary. Against the
alternative hypothesis:

Hy:6 <0, Implying that the data is trend stationary and
needs to be analyzed by means of using time trend in the
regression model instead of differencing the data.

The test statistics is conventional t-ratio for a:

ty = — ®

se(@)

Where, @ is the estimate of a, and Se(aj is the coefficient
standard error

4. Results and Discussion

Table 1: ADF Unit Root Test

. Test Critical Values p-value
Variable Order ADF 1% 506 10%

GDP level -1.3224 -3.6105 -2.9390 -2.6079 0.6090
1st difference -3.3166 -3.6155 -2.9412 -2.6091 0.0210**

Fishery I_evel -0.5500 -3.6617 -2.9604 -2.6192 0.8677
1st difference -2.5589 -2.6417 -1.9521 -1.6104 0.0123**

Livestock I_evel -1.2538 -3.6210 -2.9434 -2.6103 0.6404
1t difference -9.5911 -3.61556 -2.9415 -2.6091 0.0000***

LN Forestry level -2.0819 -3.6329 -2.9484 -2.6128 0.2527
13t difference -7.4234 -2.6290 -1.9501 -1.6113 0.0000***

Source: Computed using EVIEWSs

The examination of the series for stationarity as presented in
Table 2 indicates that the series were not stationary at level.
However, after taking the first difference, it was found that all
the series were stationary (p<0.05) and they are integrated of

order 1(1). The next procedure is to validate if there exist any
possible long run relationship among the series which is the
next test engage in this study.

Table 2: VAR Lag Order Selection Criteria

Lag Log L LR FPE AIC SC HQ
0 -1318.366 NA 8.02e+24 71.53332 71.75101 71.61006
1 -1047.236 454.3261 1.36e+19 58.22899 59.53514 58.68947
2 -983.4467 89.65021 1.80e+18 56.13225 58.52686 56.97646
3 -895.3681 99.98108* 7.36e+16* 52.72260* 56.20567* 53.95054*

Source: Computed using E-VIEWSs
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The researcher test for an optimal lag length in order to avoid
the risk of associated with under-specification or over-
specification of the model. The results as presented in Table 2
revealed 3 lag length for the model.

The test result as presented in Table 1 indicated that the series
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are stationary after first difference. The researcher used
Johansen approach to test whether there is exist a co-
integration based on 3 lag length. The Trace test and Max-
Eigen results were presented in Table 3 and 4.

Table 3: Unrestricted Co-Integration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.987351 283.1392 69.81889 0.0001
At most 1 * 0.887289 125.8126 47.85613 0.0000
At most 2 * 0.648280 47.22712 29.79707 0.0002
At most 3 0.224565 9.610018 15.49471 0.3119
At most 4 0.012535 0.454098 3.841466 0.5004
Source: Computed using E-VIEWSs
Table 4: Unrestricted Co-Integration Rank Test (Maximum Eigenvalue)
Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.987351 157.3266 33.87687 0.0001
At most 1 * 0.887289 78.58553 27.58434 0.0000
At most 2 * 0.648280 37.61710 21.13162 0.0001
At most 3 0.224565 9.155919 14.26460 0.2734
At most 4 0.012535 0.454098 3.841466 0.5004

Table 3 and 4 present the Trace and Max-Eigen value result
of co-integration test. The result indicates the existence of at
least 3 co-integrating vectors (equation). This is evidence by
the result of the Johansen statistics of the residuals that rejects
the null hypothesis of no, at most one and two co-Integration
between agricultural sector output and gross domestic product

in Nigeria. Since the null hypothesis which states that there is
no co-integrating equation was rejected; it can be deduced
that there is a long run relationship between the selected
agricultural sub-sectors (fishery, forestry and livestock) and
GDP in Nigeria. This qualifies the researcher to run the
restricted VECM.

Table 5: Vector Error Correction Estimates

Variable Coefficient t-statistics P-value
ECT(-1) -0.1273 -3.1475 0.0022**
GDP(-1) 0.3789 1.3420 0.1828
GDP(-2) -0.9487 -2.3216 0.0022**
GDP(-3) -0.1202 -0.2218 0.8250
FORESTRY(-1) 230.977 1.3573 0.1779
FORESTRY(-2) 912.6890 3.5698 0.0006***
FORESTRY/(-3) -1137.280 -2.2363 0.0027**
FISHERY(-1) 53.0874 1.3806 0.1708
FISHERY(-2) 7.6289 0.1447 0.8852
FISHERY(-3) 276.5752 5.2822 0.0000***
CROP PRODUCTION (-1) -1.9736 -2.0925 0.03991**
CROP PRODUCTION (-2) -1.1331 -1.1660 0.2465
CROP PRODUCTION (-3) -2.1665 -1.9532 0.0537
LIVE_STOCK(-1) -5.9566 -2.0017 0.0482**
LIVE_STOCK(-2) -3.7913 -2.7133 0.0079**
LIVE_STOCK(-3) -3.8883 -3.8399 0.0002***
Constant 3425.277 -3.8399 0.0002***
R-square 0.97091
Adjusted R-square 0.9464
F-statistics 39.6294

Source: Computed using EVIEWSs

Note: *p<0.10, ** p<0.05, ***p<0.01 and ™ not significant

Table 5 shows the result of the Vector Error Correction model
to establish the dynamic short-run effect of forestry, fishery,
fishery and livestock on gross domestic product in Nigeria.
The VECM result shows that the second period lag of forestry
production has positive and significant effect on gross
domestic product with coefficient 912.6890 implying that
increases in forestry production in the previous period tend to
increase gross domestic product of the current period in
Nigeria by 912.6890. However, the third period lag of forestry

production has negative and significance effect on gross
domestic product in Nigeria with a coefficient-1137.280
implying that increase in forestry production in the previous
period tend to decrease the current domestics product by-
1137.280. The implication of this findings is that, the more
the forestry production increases in previous years, the more
the Nigerian economy experiences higher productivities
through increase contribution of agricultural sectors to the
gross domestic product.
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In addition, the first and second period lags of fishery
productivity has insignificant effect on gross domestic
product in Nigeria. But the third period lag of fishery has
positive and significant effect on current gross domestic
product with a coefficient 276.5752. This implies that
increase in the fishery production in the previous section tend
to increase the current domestic product by 276.5752.
Furthermore, the first period lag of crop production has
negative and significant effect on the current gross domestic
product with coefficient-1.9736 and p-value = 0.03991 <0.05.
This implies that the first period lag of crop production tends
to decrease the current gross domestic production by-1.9736.
the other period lags were insignificant.

Similarly, the first second and third period lags of livestock
production has negative and significant effect on gross
domestic product in Nigeria with coefficient-5.9566, -3.7913
and -3.8883 with respective p-values 0.0482, 0.0079 and
0.0002. This implies that, as the livestock productivity
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increases in the previous years, the GDP of the current years
tend to decrease.

Finally, the Error Correction Mechanism follows the
theoretical expectation since it has a negative and significant
value of (ECT (-1) = -0.1273, p-value = 0.0022 < 0.05). The
significance of the Error Correction Mechanism affirms the
existence of long-run relationship between the variables under
study. This coefficient indicates that a deviation from the long
run equilibrium level of production in one year is corrected by
12.73 percent over the following year.

The Adjusted R-squared of Error Correction Model is 0.9464.
This implies that the sub-sectors in the agricultural sectors
explained 94.6% of the variations in gross domestic product.
The overall significant of the model was tested using the F-
statistic. The F-statistic which gives a value of 39.6294
indicates that the model is significant implying that at least
one of the independent variables have significant effect on
gross domestic product in Nigeria.

Table 6: Pairwise Granger Causality Tests

Null Hypothesis: OBS | F-Statistic | Prob.

FORESTRY does not Granger Cause GDP 37 10.5210 7.E-05
GDP does not Granger Cause FORESTRY 13.8984 7.E-06
FISHING does not Granger Cause GDP | 37 8.57102 0.0003

GDP does not Granger Cause FISHING 6.54930 0.0015

Crop Production does not Granger Cause GDP | 37 4.39807 0.0111
GDP does not Granger Cause Crop Production 0.79457 0.5066
LIVESTOCK does not Granger Cause GDP | 37 1.10474 0.3626
GDP does not Granger Cause LIVESTOCK 17.2119 1.E-06
FISHING does not Granger Cause FORESTRY | 37 14.4212 5.E-06
FORESTRY does not Granger Cause FISHING 7.84996 0.0005
Crop Production does not Granger Cause FORESTRY | 37 9.34084 | 0.0002
FORESTRY does not Granger Cause Crop Production 0.60354 0.6178
LIVESTOCK does not Granger Cause FORESTRY | 37 0.33882 0.7974
FORESTRY does not Granger Cause LIVESTOCK 6.49031 0.0016
Crop Production does not Granger Cause FISHING [ 37 8.86619 | 0.0002
FISHING does not Granger Cause Crop Production 6.84259 0.0012
LIVESTOCK does not Granger Cause FISHING [ 37 0.06884 0.9761
FISHING does not Granger Cause LIVESTOCK 6.15772 0.0022
LIVESTOCK does not Granger Cause Crop Production [ 37 2.62340 | 0.0687
Crop Production does not Granger Cause LIVESTOCK 4.84675 0.0072

Source: Computed using E-views

Table 6 present the results of pairwise granger causality tests.
The result showed that there is a bi-directional relationship
between GDP and fishery; GDP and Fishing; forestry and
fishing; fishing and crop production. This implies that these
variables Granger cause each other. However, there was uni-
directional relationship between GDP and Crop production;
GDP and livestock; forestry and crop production; forestry and
livestock; fishing and livestock; crop and livestock. This
implies that causality runs from forestry to GDP without
causality running from GDP to forestry.

5. Conclusion and Recommendation

In this study, the researcher modelled the non-linear
relationship between gross domestic product and sub-sectors
of agriculture in Nigeria. Based on the findings of the study, it
can be concluded that there is a long run relationship between
gross domestic product and agricultural sub-sectors. The
study also concludes that there is a bi-directional relationship
between GDP and fishery; GDP and Fishing. Also, a uni-
directional relationship existed between GDP and Crop
production; GDP and livestock. On the basis of the above
findings, it can be concluded that agricultural sub-sector
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contributes significantly to gross domestic product for the
period under study.

Based on this findings, it was recommended that government
should provide special incentives to farmers, provides farming
input to farmers at subsidized rate, this will go a long way in
boosting agricultural activities there by making significant
impact on gross domestic product.
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