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This research provides an in-depth understanding of cotton production in Benin. The analysis
explored the effects of cotton production on economic growth using a vector error correction
model (VECM). Prior to the VECM, a descriptive analysis was conducted on a time series
database collated over 56 years (1965–2021) from national and international organizations
including World Bank, the United States Department of Agriculture, and the National
Accounts. Depending on the availability of the information over this period, the data were
trimmed down to enable a better overview of the trend for variable of interest. Thus, the
review of the trend for agricultural land (hectares) for cotton observed from 1965 to
2021 revealed that the trend evolves over the years in three different patterns, while the
yields demonstrate four patterns over the sameperiod. For the VECManalysis that permits to
understand the long- and short-term relation, the time bound covers 30 years from 1990 to
2019 given the availability of data for all the variables used for the model. The findings
highlighted that a strong and positive connection is found between cotton export and
economic growth and a long-term relation between the human capital and the economic
growth in Benin. A rapid human capital development will increase quality of the employment
generation, and the country’s economy will adjust upward. Furthermore, a short-run
coefficient unveils feedback necessary in a relative level of investment to bring back the
economic growth to equilibrium. From these findings discussed in this study, the government
of Benin is commended to diversify the production of cotton through a town target policy.
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1 INTRODUCTION

Environmental degradation and energy poverty are major issues in the current world scenario (Sun et al.,
2022). Agriculture plays a very important role in some major economies (United States, Canada, and
Russia) and in the reduction of famine worldwide. Also, it demonstrates a tremendous impact on the
industrialization process through the supply of raw materials (Cotton, Rubber, Sugarcane, Cereals, and
many others) to many transformation industries. Agroforestry and agriculture demonstrate a significant
part in the economies ofWest African countries. They account for about 40% (with cotton being themost
important contributor) of the gross domestic product (GDP) and provide a wide range of ecosystem
benefits to local residents (Djihouessi et al., 2022).
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Cotton production plays key role in many economies across
the world. With an estimated $600 billion annual economic
impact worldwide, cotton is the leading natural fiber produced
and commercialized in the world (Ahmad, 2014). The
industrialization of cotton sector involves about 150 countries
and provides income to about 100 million families (Tarazi et al.,
2019; Meyer, 2020). Cotton output in 2019 was estimated to be
worth USD 46 billion, with global trade worth USD 15 billion. In
2018/19, global cotton mill use reached 26.7 million tons, the
same amount as in 2007/08.

In Sub-Saharan Africa (SSA), cotton, also known as white
gold, gained attention from government and through scientific
research, and it is considered as an essential commodity crop that
is expected to grow by 14% by 2025 and about 15% of the world’s
cotton lint exchanges, according to SSA (OCDE/FAO, 2016).
Cotton is essential to the economies of several African countries,
providing livelihoods to lots of small farmers around the world.
Cotton is experiencing a revival in other countries, such as
Ethiopia, and as well as voluntary certification programs like
the global organic textile standard to encourage and ensure the
sector’s sustainability (Partzsch and Kemper, 2019; Partzsch et al.,
2019).

Cotton development in SSA faces a significant challenge in
terms of environmental sustainability. In recent time, studies
have been undertaken in the sector to revamp the value of African
countries’ cotton production. For instance, study led by the
World Bank in 2008 found out the economic advantages of
cotton exports to developing countries and the disadvantages
faced by producing countries due to lack of key technologies
(Estur and Gergely, 2010). Next, the cotton sector plays a major
role in the growth of economies and the improvement of living
standards as well as purchasing power of the rural population.
Also, (Morris, 1989) indicated that countries that grow and
process cotton fiber emerged as a major provider of foreign
exchange in nine emerging countries, including Benin.

However, in the past 5 years, Benin’s cotton industry has been
in a major crisis resulting in a dramatic drop in the crop
production. Looking at the process, cotton production in the
country is heavily dependent on imported inputs, which increases
the cost in production and is most time challenging for peasants
and producers. Given the importance of the sector, many studies
focused on ways to improve and stimulate the sector. Thus,
according to (Togbé et al., 2012), the pest control technique in
the production chain improved the cotton yields and its quality.
As a main source of foreign exchange in Benin, the production of
cotton, over time, evolved in a saw path before gaining since 2016,
a remarkable and steady increase with the highest record tolled at
597,985 tons at the end of the 2020 agronomical season. Indeed,
after 4 years (2012–2016) of crisis due to the extreme interference
of politics, which has dropped its performances, the cotton sector
recovered with the Inter-professional Association of Cotton
(AIC) bouncing back within the system as the system core
managerial body and structural umbrella. The progressive
disengagement of the state from the provision and distribution
of inputs accelerated and reinforced the liberalization of the
cotton commodity chain under this umbrella. Thus, private
national operators increasingly took over import and

distribution operations, and their numbers grew over time. As
a result, AIC has become the executing agency for key chain
operations such as cotton research, seed production, producer
training and supervision, cotton grain quality control, fiber
grading, and road maintenance. Some of these tasks are
delegated to government-run technical services and service
companies. Along the line, the functioning of the AIC1 and
some of quantified results are rewarding. For example, Benin’s
five-year average production is 435 kg/ha, which is significantly
higher than that of the other franc zone’s countries’ five-year
average output of 393 kg/ha.

Researchers estimated that the cotton industry employs 30% of
Benin’s workforce. In the past, previous studies focused mainly
on the impact of agricultural activities on the economy of
developing countries in general. An in-depth study to analyze
the contribution of cotton production to the economic growth of
Benin will be vital for our research. However, as these recent
performances remain visible, it is worth revisiting the nexus
between cotton agricultural production and the economic
growth in Benin. In addressing this aim, the present research
develops two hypotheses related to the interaction between cotton
production and economic growth, as follows: (H1) the impact of
increasing production of cotton on economic growth is positive;
(H2) the gains from improving human capital affect in long run
both cotton production and economic growth. The findings from
testing these hypotheses through a vector error correction model
(VECM) will feed into the existing literature. Thus, while the next
section discusses the relevant literature, the third section will
detail the methodology and data. The final section will present
and discuss the results and wrap up the study with socioeconomic
policy implications.

2 LITERATURE REVIEW

Agriculture exhibits a crucial contribution to the economic
development of a nation (Gollin, 2010; Brückner, 2012; Cao
and Birchenall, 2013; Fayçal and Ali, 2016). A case study of
Benin as a WAEMU member state (Amoussouga Gero and
Egbendewe, 2020) showed that enhancing agricultural
productivity could boost the overall economic growth through
a mechanism that reduces the trade deficit and subsequently
increases household income and government revenues.
According to (Awokuse and Xie, 2015), a strong agricultural
contribution is a driving factor of economic growth in a country.
Also, (Los and Gardebroek’s (2015) study implies that the
agricultural sector performs different roles in different stages
of economic development. Along with investment and the private
sector, the share of agriculture demonstrates a significant added
value to the country’s GDP (Mijiyawa, 2013). Similar to this,
(Amao et al., 2021) recommended that reforms designed to
improve the accessibility to loans and the productivity of cash

1In recent years, Benin’s yield trend grew following investments in cotton supply
chain modernization by government and private business and timely provision of
seeds and fertilizers
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crops, including cotton, will boost the country’s export and
economic growth. Güzel and Akin (2021) found that increased
agricultural production during the industrialization process in
middle-income countries can stimulate a growing economy.
However, the research findings did not conclude a significant
connection between trade openness and a growing economy.
Furthermore, other agricultural products such as tea, cereals, and
tobacco significantly impact the GDP of the Indian economy. In
contrast, some agricultural products, such as coffee and
sugarcane, demonstrate the reverse effect (Urmi Pattanayak
and Minati Mallick, 2019). In support of agriculture’s role in
economic growth, (Agboola et al., 2020) explained unidirectional
causality from various sub-sectors of agriculture such as forestry,
agricultural production, fisheries, and life stock to economic
growth.

Besides this thesis, other scholars concluded that agriculture and
economic growth are related to the sector’s profitability. Boosting
agricultural profitability could be an essential pathway toward
poverty reduction and socioeconomic development. Thus,
according to (Matsuyama, 1992), such products can only be
achieved in an unregulated environment where states demonstrate
a comparable production benefit in agriculture. However, the rural
income could not increasingly improve alongside the productivity
increase over the years because of the poor quality of commercial
transactions in the agricultural sector (Bautista, 1986). The theoretical
and empirical research findings of (Mellor, 1983) provide useful
indications of how increased agricultural production sustains
economic development and poverty reduction. Thus, the
agricultural sector is considered a labor-intensive sector but with
very low wages (Khor and Feike, 2017).

It is worth noting that the relationship between agriculture and
economic growth has lately been re-examined. Using analytical
and dynamic models, (Yang and Zhu, 2013) employed the
double-sector dynamic United Kingdom model and
demonstrated that in the absence of improved agricultural
output, an agricultural economy could not compensate for the
restrictions of natural assets. Similar to this, (Irz and Roe, 2000);
(Ogunlesi, 2018) concluded on a minimum growth rate at which
agricultural performance is required to overcome the growing
population and the subsequent Malthusian trap.

On the other hand, various studies from developing countries
(Dorosh and Thurlow, 2014) show evidence of aggregate
improvements in economic performance and a decline in
poverty that can be accomplished with agricultural
productivity expenditures. For instance, (McArthur and Sachs
2014) Uganda’s CGE mod showed how substantial economic
growth might be achieved by focusing development aid on policy
finance to improve agricultural production efficiency.
Furthermore, with an auto-regressive distributed lag model,
studies indicated that the sustainability of agricultural
production would significantly affect agricultural growth, even
though it will negatively impact the long run economic growth
(Fayçal and Ali, 2016).

Cotton is seen as an integral part of the livelihoods of many
countries in the world and as an important cash crop in West
African countries, including Benin. Since 1960, world cotton
production increasingly evolved, resulting in a slight annual

improvement of 1.7%. Across the world, during the year
2018–2019, China was the world’s largest producer with nearly
six million tons, followed by India with 5,879,000 tons and the
United States with 4,004,000 tons. In 2016, USAID indicated that
cotton contributed 3–10% of the GDP in Benin, Burkina Faso,
Mali, and Chad, among other key producers of cotton, where the
crop is heavily produced and seen as a main source of income and
as a crucial contributing factor to poverty reduction (Sabesh and
Prakash, 2018).

In particular, according to the USDA (2019), Benin was the
largest cotton producer in the West African region in the
2019–2020 cotton season (1,450 thousand bales). As a result of
this, it is expected to be the same this coming year. Within the
West African franc zone, it is followed by Mali (1,425), Burkina
Faso (1,200), Côte d’Ivoire (830), Cameroon (565), Togo (265),
Chad (200), Senegal (35), and Niger (9). Looking at the volume of
cotton trade (import and export operations), SSA is ranked as the
third top with 12% of the overall cotton export. In addition,
(Baffes, 2007) and (Gray and Moseley, 2008) argued that cotton
total merchandise exports ranging from 25% to 45% contributed
to West African countries’ GDPs and remains many households’
sources of income.

In Benin, according to World Bank. (2016), agriculture
contributed for 4.33% to the country’s GDP from 1994 to
2014. For a decade, Benin’s economy is agriculture reliant,
with cotton as its main cash crop (Gergely, 2009). The cotton
sector directly or indirectly generated more than 40% of rural
employment and provided for nearly 50% of the population.
According to the National Institute of Statistics and Economic
Analysis, it contributed 13% to the GDP. In the same vein,
according to the platform of civil society actors in Benin
(PASCiB, 2013), cotton was the major contributor to Benin’s
rural producers’ incomes. In as much as this is attributable to the
cotton sector, this study, in pursuing its keen interest, will drive
into understanding how cotton production could affect the
economic growth in Benin in the long run.

3 DATA AND METHODOLOGY

3.1 Data and Key Variables
This study utilizes macroeconomics data collated from 1965 to date.
The dependent variable is “The Gross Domestic Product (GDP) per
capita” drawn from the world development index database (World
Bank. 2019). Other relevant variables include cotton production, the
area under cotton production, and the cotton productivity
assembled from production, supply, and distribution database of
the United States Department of Agriculture. The gross fixed capital
formation (GFCF), also called “investment,” as well as human
capital to measure respectively investment in property
developments, the total employment, or labor force in the cotton
production chain are also used as independent variables.

As can be observed, regression models are frequently used to
examine production and economic difficulties, and most research
publications (Hollinger and Staatz, 2015; Nyamekye et al., 2021;
Ngong et al., 2022) focus on the relationship between agriculture
and other factors in developing countries.
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It is good to add that other research employs a non-linear
auto-regressive distributed lag framework to address non-
linearity arising from abnormal data distribution (Sun et al.,
2022).

However, little relevant research exists that specifically
investigates that element of agriculture in cotton farmers in
West African countries (Benin, Mali, and Burkina Faso). We
used the VEC model to investigate the implications or influence
of cotton output on economic growth in the Benin Republic.

3.2 Analytical Procedure
This study will use a VECM which can explore not only a
long-term causal relationship between the two major
variables but also gives the advantage to underscore the
short-term impact. In the process, before running a VECM
model, one may perform a unit root test to ensure the stability
of each series in the model. This study will perform the
augmented Dickey-Fuller (ADF) test. However, for the
sake of robustness, the Phillips-Perron (PP) test will
subsequently run to control the volatility of the series over
the long period under review.

3.3 Empirical Model Specification
In reference to (Ren et al., 2020; Ai et al., 2021), the impact of
cotton production on economic growth will be assessed through
the following model.

GDP � f (EXPCT, HC, LAB) (1)
The econometric expression of Eq. 1 is the following:

GDPt � β0 + β0EXPCTt + β2HCt β3LABt + μt (2)
where β0, β1, β2, and β3 > 0, EXPCT is the quantity of cotton
exported, HC denotes the human capital, and LAB is the labor
employed in the labor market; they are all likely to be positively
related to economic growth. Also, μ signifies the error term and
represents the year period.

Taking log on Eq. 2 turns to Eq. 3:

In(GDP)t � β0 + β1In(EXPCT)tβ2In(HC)t + β3In(LAB)t + μt

(3)

3.3.1 Unit Root Test
As a macroeconomic long-term series, estimating the root unit
and ensuring they are not integrated is essential. This test is
necessary to evaluate variable stability and, thus, to avoid biased
findings. With the ADF and the PP test, the following hypotheses
are tested:

H0: β1 = β2 = β3 = 0→ the null hypothesis of this model is that
co-integration is not available.

H1: β1≠β2≠β3≠0→ the alternative hypothesis asserts that co-
integration exists.

If the F-statistics computed value is higher than the top critical
limits, then the null hypothesis of no long-lasting link is rejected.
Otherwise, it is accepted if the calculated F-statistics value is below
the critical limit values. The PP test ensures reliability of the results.

3.3.2 Co-Integration Analysis
The co-integration test is performed to confirm whether the VECM
will run with stationary time series. This leads to a discriminatory
criterion that determines the best order of lag and evaluates the
necessary amount of co-integration by co-integration testing. Also,
the Engle Granger two-stage method and the Johansen maximal
probability method were most frequently used (Shao et al., 2021).

3.3.3 Estimation
In addition to the descriptive analysis, the final equation that will
be used to explore the casual long and short-term relations is
given as follows:

D [ln (GDP)]t � β0 + β1 D [ln (EXPCT)]t + β2 D [ln (HC)]t
+ β3D [ln (LAB)]t + μt

(4)

4 RESULTS AND DISCUSSION

4.1 Trend of Cotton Production: Yield and
Exports
The descriptive analysis shows that the trend for agricultural land
(hectares) for cotton evolves over the years in three different

FIGURE 1 | Cotton yield and agricultural land in Benin. Source: Authors
with data from USDA, https://apps.usda.gov/psdonline.

FIGURE 2 | Cotton production in Benin. Source: Authors with data from
USDA, https://apps.usda.gov/psdonline.
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patterns, while the yield demonstrates four patterns over the same
period. Looking at the yield, after a challenging decade, the trend
shows, around 2010, a noticeable relaunch of the sector with the
arrival of AIC and the settlement of new leadership, which offers,
until 2020, a positive outlook for Benin’s cotton future (Figures 1, 2).

Also, this period marks the period where the government and
private business engaged in modernizing the entire cotton supply
chain and providing more timely seed and fertilizer inputs. Thus,
Benin’s five-year average yield is 435 kg/ha, which is much higher
than the franc zone’s five-year average production of 393 kg/ha.
Moreover, looking at the production and exports, the graph
suggests similar progress with a larger part being exported.
Indeed, since 2010, reforms primarily included the

privatization of input supply, the introduction of private
ginners, and the formation of inter-professional bodies to take
over sector management. This resulted in an increase in cotton
production and export of up to 1,450 thousand bales.

In sum, this recent trend reinforces the assertion that cotton is
the main cash crop for exports, even though the yield does not
demonstrate a stable trend over time. Therefore, to bridge the gap
of missing years, the government of Benin2 commenced, since
2016, to diversify the agriculture sector and consider new crops
such as cashew nuts, rice, and pineapple. This enables investment

TABLE 1 | Decomposition of the factor contributing to the gross domestic product.

In local millions of local currencies % Of total GDP

2015 2016 2017 2018 2015 2016 2017 2018

Primary sector 1,776.9 1,936.3 2,082.7 2,235.4 26% 28% 28% 28%
Agriculture 1,347.7 1,496.5 1,626.3 1767.2 20% 22% 22% 23%
Breeding, hunting 243.7 251.7 270.9 284.4 4% 4% 4% 4%
Fishery, forestry 185.6 188.1 185.6 183.7 3% 3% 3% 2%

Secondary sector 1,103.2 1,113.0 1,118.2 1,172.4 16% 16% 15% 15%
Mining and quarrying 26.1 26.7 26.8 29.5 0% 0% 0% 0%
Agro-food industries 434.9 454.3 463.3 490.2 6% 7% 6% 6%
Other manufacturing industries 240.8 264.9 251.8 252.0 4% 4% 3% 3%
Electricity, gas, and water 89.4 53.2 55.4 57.2 1% 1% 1% 1%
Construction 312.0 314.0 321.0 343.4 5% 5% 4% 4%

Tertiary sector 3,315.3 3,376.7 3,561.1 3,764.1 49% 49% 48% 48%
Commerce 867.8 949.2 969.2 1,015.2 13% 14% 13% 13%
Restaurants and hotels 238.8 209.6 217.0 227.8 4% 3% 3% 3%
Transport 580.0 617.6 660.2 699.7 9% 9% 9% 9%
Post and telecommunications 134.2 127.4 135.1 141.9 2% 2% 2% 2%
Banks and financial institutions 106.3 117.8 121.0 123.4 2% 2% 2% 2%
Public administration 461.1 430.4 460.4 488.1 7% 6% 6% 6%
Education 334.2 295.5 319.1 341.4 5% 4% 4% 4%
Health and social work 75.3 63.4 68.4 73.2 1% 1% 1% 1%
Other services 517.7 565.7 610.8 653.6 8% 8% 8% 8%

Total values added 6,195.4 6,426.0 6,762.1 7,171.8 92% 92% 92% 91%
Taxes net of Subsidies 537.4 531.7 590.2 672.8 8% 8% 8% 9%
Total GDP 6,732.8 6,957.7 7,352.3 7,844.7 100% 100% 100% 100%

Source: The authors with data from the National Accounts, 2018.

FIGURE 3 | Trend of the annual percentage growth rate of gross domestic product per capita. Source: World Development indicator, https://data.worldbank.org/
indicator/NY.GDP.PCAP.KD.ZG?locations=BJ.

2Programme d’Action du Gouvernement- PAG
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of agro-value chains, safety standards, and promoting research
and development through the National Program for Agricultural
Research known as INRAB.3

4.2 Emergence of Economic Growth
Economic growth is the continuing increase of GDP per capita
which is determined by dividing the gross domestic product by
the mid-year population, according to the World Development
Indicators. It is the sum of the gross value created in the economy
by all residential manufacturers, plus product taxes, minus
subsidies not included but estimated without taking into
consideration depreciation of produced items or natural
resource depletion and deterioration. Next, in line with this
definition, the Benin National account reveals that structural
characteristics of the Benin economy are predominantly
agricultural. Regarding the structure of Benin economics,
agriculture is the main contributor of the GDP, followed by
trade, transport, and key services. For instance, the analysis of
percentage of contribution reveals an increasing trend for
agriculture (Table 1).

However, the main concern is how does it link to the overall
average variation of economic growth. The GDP per capita yearly
growth rate based on constant local currency varied considerably
across the years, and stable growth has not occurred. Thus,
from −0.06 in 1970, the GDP per capita growth (annual %)
evolved at an average of 0.30 between 1970 and 1990, while the
GDP per capita changed at an average rate of 1.10 since then to
2010 before an average annual rate of 2.09% during the last
decade (2011–2022) (Figure 3).

Real GDP growth has been highly volatile throughout most of the
country’s post-independence history, related to its dependence on
commodity exports (cotton) and transit trade with Nigeria. However,
between 2015 and 2019, Benin recorded a solid economic outcome,
which is depicted by a steady but robust GDP per capita growth
regardless the Covid-19 pandemic and the border closure of Benin’s
main economic partner. Politics put in place showed the country’s
relative resilience, and though the economic activity, mainly export-
import slowed down and yielded a slight drop-down of GDP annual
growth at 1.01%, as shown in Figure 3.

4.3 Analysis of the Empirical Results
In the subsequent analysis, the time bound covers 30 years from
1990 to 2019 given the availability of data for all the variables used
for the VECM analysis. The summary of the data for the variables

utilized in this investigation showed that the average value for ln
GDP is 6.99, which means that the estimated average of the
economic growth over the period under review is 991.53 USD
(constant 2010 US$) (Table 2).

Similar to this, the estimated value for investment, human
capital, and export are, respectively, and in the same order equal
to 17.51% GDP: 3,106,912.42 of the total population and
546,844.63 480 lb. Bales.

The bi-variate relationship between each of the independent
variables and economic growth over the period under review
indicates that there exists a strong positive relationship between
cotton exportation, the quality of people (farmers directly for
cultivation and harvest of the cotton crop and indirectly those
somehow on the industrial labor force) involves in the cotton
value chain, the type of equipment or investment done to support
the value chain, and the economic growth of the country.

4.3.1 Unit Root Tests
The unit ratio could lead to a misleading conclusion in the
underlying variable or lead to a fake regression (Vau and
Bourlès, 2021). To avoid this, check first and foremost
whether the sequence contains a unit root. If a unit root is
discovered, it means the sequence is non-stationary,
necessitating the use of first differences. In this study, the ADF
and PP tests are used simultaneously to examine the dropout rate
separately from the time trend (Table 3).

Apart from EMPLOYM, the remaining original series failed
the ADF test, regardless of whether either intercept terms or the
time trend was taken into account, indicating a non-stationary
time series, which was confirmed by the PP test. As a result, we
cannot reject the null hypotheses for all series. EMPLOYM is a
stationary time series that does not need to be lagged.

4.3.1.1 Identification of Optimal Lag Order
The criterion test for selecting the optimal lag length required to
differentiate our series is presented in the table below.

It includes the Akaike criterion for information (AIC), the
SBIC, the Hannan-Quinn information criterion, and the log-
likewood criterion. The SBIC is the final prediction error (FPE)
(LIK). This document based its judgment on SBIC, although the
function of discrimination differs from criterion to criterion
(Table 4). Also, the probability ratio test shows that there are
four in the best possible lag order, although, in addition to Akaike,
Hannan-Quinn, and Schwartz (SBIC) data criterion, one in the
final prediction error seems the most appropriate.

4.3.1.2 Johansen Co-Integration Test
Before running the co-integration test, the unit ratio will be re-
run on the lagged original variables based on the selected ordered
lag. The following table that synthesizes the results suggests that
all series are now stationary series. The ADF and PP tests show
that the calculated value of the statistics for each of the three
variables is greater than the upper critical bound values (see
annex) and is associated with statistically significant (1 and 5%)
p-values (Table 5). Therefore, the neutral hypothesis of no long-
term relationship is denied, and the Johansen test can be
performed easily.

TABLE 2 | Summary statistics for variables.

Variable Obs Mean Std. Dev. Min Max

lnGDP 30 6.899252 0.117952 6.72577 7.138715
lnINVEST 30 2.86276 0.18041 2.535405 3.254474
lnEMPLOYM 30 14.94914 0.26922 14.48577 15.38955
lnExports 30 13.21192 0.42965 12.34583 14.14481

Source: Authors.

3Implementation Completion Report ICR00004927, July 2020
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After the unit root properties have been satisfied, the
relationship of long-term co-integration of variables is studied.
A wide range of tests exist to analyze the co-integration (Engle
and Granger, 1987; Juselius and Johansen, 1990; Pedroni, 2000;
Pradhan et al., 2014). (Engle and Granger, 1987) presented a two-
step test to detect co-integration, but this test is incapable of
handling circumstances in which many co-integrating
relationships are feasible. This issue is addressed with (Juselius
and Johansen, 1990), who introduced two distinct likelihood ratio
tests that allow linearly independent co-integrating vectors to be
determined. In this study, we apply this latter technique
(Table 6). It will help underpin the co-integrating rank of a
VECM. The study looked for co-integration links between
variables using the Johansen test with the optimal first-order lag.

Only when ranked, 1 does the trace statistic fall below the crucial
value under 95% confidence, indicating that the null hypothesis is
accepted at a 5% threshold, whereas all others reject the null
hypothesis with co-integration connection, as seen in the

(Table 6). As a result, the Johansen Co-Integration test reveals that
the three variables demonstrate only one co-integration relationship.

4.3.2 Model for Vector Error Correction
Co-integration is a valuable method for the modeling of time
series data long-term relationships, as explained by many studies
(McGowan and Ibrahim, 2012; Andrei and Andrei, 2015; Loves

TABLE 3 | The model variables were subjected to augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests.

Augmented dickey fuller test Phillips-Perron (PP) test

Statistic p-value Statistic p-value

lnGDP Constant −1.564 0.9954 1.249 0.9963
Constant & trend −1.564 0.8062 1.699 0.7513

lnExport Constant −1.628 0.4686 −1.799 0.3812
Constant & trend −1.71 0.7466 1.92 0.6442

lnEMPLOYM Constant −3.123 0.0249 −2.023 0.2767
Constant & trend −3.762 0.0186 3.211 0.0822

lnINVEST Constant 1.348 0.6068 1.126 0.7047
Constant & trend −2.124 0.5324 −2.059 0.5689

Source: Authors.

TABLE 4 | Optimum order selection of lag.

Lag LL LR df p FPE AIC HQIC SBIC

0 39.778 0.000012 −2.82907 −2.7873 −2.68E+00
1 112.424 145.29 9 0.0000 8.9e-08* −7.72495* −7.55774* −7.14429*
2 116.005 7.161 9 0.6200 1.40E-07 −7.30806 −7.01545 −6.29191
3 123.838 15.666 9 0.0740 1.70E-07 −7.21829 −6.80027 −5.76664
4 137.372 27.069* 9 0.0010 1.40E-07 −7.56711 −7.02368 −5.67996

Source: Authors.

TABLE 5 | Root testing of lagged variables by ADF and PP units.

Dickey fuller augmented Test Phillips-perron (PP) Test

Statistic p-value Statistic p-value

D (lnGDP) Constant −3.949 0.0017 −3.78 0.0031
Constant & Trend −4.107 0.0062 −3.968 0.0098

D (lnExport) Constant −5.394 0.0000 −5.395 0.0000
Constant & Trend 5.305 0.0001 −5.31 0.0001

D (lnINVEST) Constant −6.349 0.0000 −6.519 0.0000
Constant & Trend −6.232 0.0000 −6.391 0.0000

Source: Authors.

TABLE 6 | Results of Johansen co-integration tests.

Rank Parms LL Eigenvalue Trace statistic 5% critical
value

0 20 258.2201 56.5089 47.21
1 27 272.3293 0.63498 28.2906* 29.68
2 32 282.4213 0.51366 8.1067 15.41
3 35 286.458 0.25049 0.0333 3.76
4 36 286.4746 0.00119

Source: Authors.
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et al., 2021). It indicates that time series are connected with an
error correction model. The relationship between the first-order
difference hysteresis of each variable is then better understood,
allowing for a better understanding of long run equilibrium
dynamics. Also, it highlights a short-term method for dynamic
adjustment which illustrates how variables adapt when out of
balance.

It helps to measure the factors that push the connection to a
long-term balance more easily with the adjustment coefficients.
In reference to empirical model developed, the estimated long-

term and short-term relationship through the VECM estimation
provides the findings synthesized in the (Table 7) In the
equations, the L1. _ce1 term is the lagged error correction
term that presents the long-term variation, while the models
constructed under model (1)–(4) represent the short-term
variations. The fitness of the VCEM regressions provided by
the adjusted R squared reveals that model (4) demonstrates the
highest good fit with a value 0.99 greater than 75%. To a certain
extent, it is followed by models (1), while models (2) and (3)
appear with a low fit. Model (4) exhibits a positive and large (at

TABLE 7 | Results of the vector error correction models.

D_lnGDP D_lnExports D_lnINVEST D_lnEMPLOYM

(1) (2) (3) (4)

L._ce1 −0.555*** −5.072* −2.434** 0.0622***
(0.188) (2.943) (1.216) (0.021)

LD. lnGDP 0.324 3.348 0.497 −0.0464*
(0.244) (3.824) (1.58) (0.0273)

LD. lnExports −0.00251 −0.219 0.0905 0.0027
(0.0164) (0.256) (0.106) (0.00183)

LD. lnINVEST 0.0322 −0.28 −0.327 9.13E-05
(0.0311) (0.488) (0.201) (0.00348)

LD. lnEMPLOYM −0.416 26.29 2.327 0.653***
(1.108) (17.34) (7.164) (0.124)

Constant 0.0946** −0.137 0.263 0.00305
(0.0372) (0.582) (0.241) (0.00415)

Adjusted R2 0.65613 0.207274 0.301573 0.997954
F-stat 41.97769 5.75233 9.499347 10732.06

Source: Authors.

FIGURE 4 | Bivariate relationship between variables and economic growth. Source: Authors.
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the 1% level) error correction coefficient, and (Table 7) shows
that if human capital increases rapidly, the country’s economy
will adapt higher as well, and growth will finally return to the
long-term equilibrium state. In addition, only the short-run
coefficients for first lagged reveal a negative correlation in the
same equation with a value significantly different from zero. In
the other models, the negative and significant but at a different
level of the error correction coefficient indicates the negative
feedback necessary in relative level of exports and investment to
bring back the economic growth equilibrium. The short-run
relations are insignificant.

4.3.2.1 Vector Error Correction Model Stability Test
To investigate the impulse response results, the VEC model
was subjected to a stability test (Figures 4, 5). The following
are the results of a typical root test (Table 5). The diagram
represents its own values of the matrix accompanying the real

part at x-axis and the imaginary part at y-axis. All the adjacent
unit values are included in the unit circle, with the exception
of the VECM three-unit roots. Thus, the model is stable,
meaning that an examination of the pulse response can be
performed by a study.

4.3.2.2 Error Residual Normality Test
After performing a VECM, checking the null hypothesis that
the disturbance in each equation is normally distributed is
important. In so doing, this study run three different tests
(Table 8). In light with the statistics for which the probabilities
are displayed in Table 8 it is clear that the residuals do not
suggest abnormality, and therefore, we cannot reject the null
hypothesis.

5 CONCLUSION, POLICY, AND FUTURE
PROSPECTS FOR STUDY

With a VECM, this study empirically examined the nexus
between cotton production and the economic growth in Benin.
Before the model, a descriptive study was conducted utilizing
macroeconomic data collected by national and international
agencies such as the World Bank, the US Department of
Agriculture, and the National Accounts, generally from
1965 to 2021. This study utilized the GDP per capita as a
proxy for economic growth. At the same time, other major
explanatory variables included cotton productivity, investment
in terms of GFCF, and employment and export levels in the
country. The analysis revealed a strong positive connection
between cotton export and economic growth. In addition, the
results suggest a long-term relationship between human capital
and economic growth in Benin. Indeed, a rapid human capital
development will increase the quality of employment, and the
country’s economy will adjust upward.

Furthermore, a short-run coefficient unveils feedback
necessary in the relative level of investment to bring back the
economic growth to equilibrium. In the same vein, in some
studies in Nigeria, the least-squares results revealed that cash
crops and food crops demonstrated a positive and significant
impact on economic growth in Nigeria. In contrast, livestock
demonstrated a positive and insignificant impact on Nigeria’s

FIGURE 5 | System stability discrimination diagram of the vector error
correction model. Source: Authors.

TABLE 8 | Normality test from the vector error correction model.

D_lnGDP D_lnExports D_lnINVEST D_lnEMPLOYM ALL

Jarque-Bera test
chi2 1.097 1.104 0.745 0.308 3.253
Prob > chi2 0.5779 0.57579 0.68905 0.8574 0.91747

Skewness test
Skewness −0.24838 −0.3857 −0.29813 0.25151
chi2 0.288 0.694 0.415 0.295 1.692
Prob > chi2 0.59157 0.40472 0.51955 0.58691 0.79215

Kurtosis test
Kurtosis 2.1674 2.4073 2.4681 2.8965
chi2 0.809 0.41 0.33 0.013 1.561
Prob > chi2 0.36847 0.52208 0.56561 0.91095 0.81575

Source: Authors.
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economic growth (Igoni and Anthony Nwadioha, 2021). Also, a
recent study conducted in another cotton-dependent country
(Burkina Faso) showed that the value-added of agriculture for
households constitute a vector of development and will
contribute to 57.33% of final household consumption
expenditures, while other sectors such as industry and services
contribute only 2.03% and 4.42% (Traore et al., 2021).

These findings nurture a couple of suggestions enlightening
henceforth decision making for economic growth in Benin.

The first policy suggestion urges the government of Benin to
address the agricultural sector of cotton. The deteriorating
performance of this crop (in terms of productivity) will affect
the largest value chain, especially the export, which demonstrates
a strong long run implication on growth. In addition, as a low-
middle country, the government of Benin, to fast track its steps
towards a developed country, needs to diversify the production of
cotton through a town or district target policy. Indeed, this policy
may consist of identifying towns in Benin that could enable large-
scale cotton production using advanced technology and cotton
seeds. Similar to this, the enhancement of human capital involved
in the cotton production chain is key in scaling up production
and reducing the time of human resources in the process.
Therefore, it is also recommended that the government make
coordinated attempts to ensure that farmers, especially small-
scale farmers, receive easy access to the financial aids and grants
provided. The funds should be disbursed appropriately and
adequately without any hitch. Also, we recommend policy by
improving environmental quality and fiscal management, as
explained in a recent study (Sun and Razzaq, 2022).

To conclude, albeit this study did not perform a detailed
comparative and cross-section analysis across the countries in the
region, it is worth that the government pays attention to countries’
comparison analysis to learn from others and leverage the strengths,
challenges, and achievements of other countries in the relations
between cotton production and economic growth. Nevertheless,
although production increased in recent years in Benin, the
cotton sector is still confronted with certain shortcomings that
need to be addressed externally. Then, it will be good for future
research to focus on climate change in national and regional level
policies as a serious threat to socioeconomic development and
agricultural productivity in West Africa.
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