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Abstract

This paper aims to test empirically, the direction of causality between climate 

change, agriculture valued added, Food production (the proxy for food availa-

bility), and economic growth in the Gambia. This study employed annual data 

which were collected for the period 1960–2017 and analyzed these data using 

the ARDL approach and the granger causality framework. The empirical evi-

dence shows that: (1) the short-run and long-run ARDL model confirmed that 

the growth of fish production and growth of livestock production in the Gambia 

have significant positive impacts on the growth of GDP; (2) the short-run and 

long-run ARDL model indicated that growth of food import and growth of agri-

culture have negative impacts on the growth of GDP; (3) Granger causality anal-

ysis between the lagged values of growth of GDP and lagged values of growth 

of Food availability indicators has unidirectional relationships; (4) lagged val-

ues of the growth of GDP Granger cause lagged values of growth of agriculture 

but lagged values of growth of agriculture do not garger cause lagged values of 

growth of GDP, which suggested an indirect relationship; (5) the relationship 

between the lagged values of growth of crop production and lagged values of 

growth of agriculture indicated a bidirectional relationship. Finally, an impor-

tant indication is established on the role of fish production, livestock production, 

climate change, and crop production to control food availability and economic 

growth in the Gambia.

Keywords ARDL · Granger causality · Food production · Agriculture · Climate 

change · Economic growth
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Introduction

The Gambian’s economy is predominantly reliant on agriculture, tourism, and 

remittance (IFAD 2019). Farmers are wedged in a ring of low income with high 

risk related to low rainfall and high temperature. Agriculture is a major economic 

activity in the Gambia, contributing 25% of the gross domestic product (GDP) and 

employing about 70% of the labor force with 32% into active primary agricultural 

production. Agriculture is the main source of income for about 72% of the extremely 

poor rural households. The sector is characterized by small-scale, subsistence rain-

fed crop production (mainly, rice, groundnuts, coarse grains, and cassava), tradi-

tional livestock rearing, semi-commercial groundnut, and horticultural production, 

and a large artisanal fisheries sub-sector. In the last few decades, climate change 

has become an important topical issue in the world policy agenda. It is evident that 

climate change affects agricultural productivity through variations in temperature 

and precipitation. From the mid-1960s, changes in the climate of the Gambia have 

been characterized by irregular rainfall patterns, storms, the incidence of drought, 

and cold spells among others (Loum and Fogarassy 2015). This is seen to have a 

tremendous effect on agricultural production. In addition, it is projected that climate 

variability will pose both short-term and long-term hindrances to advancing crop 

production and the livelihood of rural farmers. The cases of deleterious extreme 

weather events, such as floods, windstorms, rainstorms, drought, and dust storms, 

are now more frequent and present long-term challenges to agricultural productiv-

ity, food security, and malnutrition (Loum and Fogarassy 2015). According to FAO, 

poverty, food insecurity, and malnutrition have remained unchanged in the Gambia 

in the last ten years. Food insecurity, in particular, has risen from 5 to 8% over the 

past five years as a result of drought, floods, and weak food production capacity 

(FAO 2017). According to FAO (ibid), the Gambia depends heavily on food imports 

and produces only 50% of the food it needs. There is strong evidence that climate 

change affects food availability in the Gambia.

Literature reviews

The Gambia performs relatively badly in terms of human development as the coun-

try was ranked 174 out of 189 countries in 2017 in terms of the Human Develop-

ment Index (HDI) (FAO 2017). Most recent studies indicate that this low level of 

human development is attributable to low agricultural productivity. In a study con-

ducted by Sillah (2013), it was found that agriculture productivity is the most impor-

tant variable for economic growth in the Gambia. According to Sillah (ibid), capital 

per worker is significant and relevant factor input for economic growth in the Gam-

bia. Furthermore, agriculture labor per acre was found to be irrelevant in both short- 

and long-run analyses (Sillah 2013).

In terms of the relationship between food insecurity and rural development in 

the Gambia, Patrick (2009) found relatively moderate effects of various interven-

tions, particularly in the Western and North Bank Divisions of the country, where 
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agricultural production of various crops and livestock has improved the livelihood of 

those particular rural communities. Goshu and Yimer (2017) studied the dynamicsof 

food security in sub-Saharan Africa. The results revealed that the food stock level of 

sub-Saharan African countries was improved by agricultural production and indus-

trial value-added.

Bakari et  al. (2018) studied the impact of the agricultural trade on a country’s 

GDP and showed that agricultural trade has a positive correlation with gross domes-

tic product. However, agricultural exports and gross domestic product have a weak 

correlation (ibid). With the help of the static gravity model, Bakari et  al. (2018) 

further show that agricultural exports have a positive effect on economic growth. On 

the other hand, agricultural imports were found to have a limited effect on economic 

growth. These results suggest that agricultural exports are the driving force for eco-

nomic growth in North African countries (Bakari et al. 2018).

To have the ideas of the method used in this study, we now presented different 

authors’ viewpoints. Chabbi (2010) study that investigated the impact of agricul-

ture on economic growth for the Tunisian economy during the period 1961–2007, 

applied Johansen’s multivariate approach and found that agriculture plays a key role 

in determining economic growth.

Omri and Kahouli (2014) inspected the nexus between domestic investment and 

economic growth for 13 MENA countries for the period 1990–2010. Using the Gen-

eralized Method of Moments (GMM), they found that there is an optimistic bidirec-

tional causality relationship between domestic investment and economic growth.

On the other hand, Keho (2017) used the ARDL model and Granger causality 

tests and found that there is a positive bi-directional causality relationship between 

domestic investment and economic growth in both the short and long run in the case 

of Cote D’Ivoire for the period 1965–2014. Adams et  al. (2017) used the ARDL 

Model and the results of the study revealed that domestic investment has a positive 

influence on Nigerian economic growth in the long run. Herrerias (2010) observed 

the Granger causal relationship between industrial investments on economic growth 

in China for the period 1964–2004. He found out that industrial investment has a 

positive impact on economic growth in the long run. The results of the study by 

Herrerias (2010) showed that industrial investment impacted positively China’s 

long-term economic growth between 1964 and 2004. However, in the short term, 

there was no relationship between the two variables.

Furthermore, Tiba and Omri (2017) studied the relationship between  CO2 emis-

sions and economic growth for the case of 24 middle- and high-income coun-

tries from 1990 to 2011 by applying the panel simultaneous equations model. The 

results from this study showed the presence of a bi-directional causality relationship 

between  CO2 emissions and economic growth.

Ceesay et al. (2021) studied the environmental Kuznets curve hypothesis (EKC) 

using empirical panel data estimation and revealed that growth for  CO2, which is 

used as a proxy for environmental quality or industrialization level revealed that 

growth for population density, growth of per capita income, growth of per capita 

income squared, growth of trade openness, growth of exchange rate, and growth of 

agriculture value-added were statistically significant. The results further indicated 
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that growth of trade openness leads to increases in growth of environmental quality, 

the study noted.

The study of Ali et al. (2019) explored the causal relationship between agricul-

tural production, economic growth, and carbon dioxide emissions in Pakistan. An 

autoregressive distributed lag (ARDL) model was applied to examine the relation-

ship between agricultural production, economic growth, and carbon dioxide emis-

sions; result provides evidence of short-run and long-run relationships between agri-

cultural production, gross domestic product (GDP), and carbon dioxide emissions 

in Pakistan. Another study by Ali et al. (2019) investigated the correlation between 

carbon emissions, gross domestic product, cereal crop production, and agriculture 

value-added using time series data from 1961 to 2014. The result of this study shows 

that there exists both short-run and long-run associations between agricultural pro-

duction, economic growth, and carbon dioxide emissions in Pakistan.

The aim of the present study is to build on the above studies by demonstrating the 

nexus between climate changes, growth in agriculture value-added, food production, 

and economic growth in the Gambia with the help of a Granger causality frame-

work. A further aim of this paper is to determine, using the ARDL model, whether 

the growth in food import and growth of agriculture have negative impacts on the 

growth of the Gambian economy. There is no known paper that examines this aspect 

of the literature in which researchers use time series approaches for this purpose. 

Therefore, this paper is timely and will help policymakers understand the impor-

tant linkages between climate change and food production on the one hand, and the 

ways and manner in which the country’s agriculture, climate change, and economic 

growth are connected. As a result, a key contribution of this paper is that it sheds 

light on the various policy options at the disposal of policymakers in their quest to 

address the immense challenges caused by food insecurity in the Gambia.

Motivation of the study

I was motivated to carry out this research because of complex nature and to try 

to recommend to policymakers that climate change is a reality in the Gambia and 

Africa, taking into account the consequence climate change that brings to the liveli-

hoods, economic, income and employment especially the rural poor or the vulner-

able population: women, children and elderly that are left behind and are affected 

by food (in)security at the time of climate crises, such as rising sea levels, drought, 

water scarcity, increases in temperatures, changes in precipitation patterns, changes 

in extreme weather events like storms, heat waves, melting glaciers and warming 

oceans, changes in pests and diseases, changes in atmospheric carbon dioxide and 

ground-level ozone concentrations and changes in the nutritional quality of some 

foods, salinization, bushfire, overgrazing, deforestation, land degradation and ero-

sion. All of these variables in one way or the other lead to migration and food (in)

security particularly the rural Gambia and Africa as a whole.



SN Bus Econ (2021) 1:100 Page 5 of 31 100

Theoretical model

The paper adopts the theoretical concept of production function by including cli-

mate variables into it as used by Apergis and Payne (2011), Lee et al. (2012), Cee-

say (2020), Belford et  al. (2020), which forms the theoretical basis for the study. 

Since growth in accounting equation offers guidance for the decomposition of cli-

mate change, agriculture value addition, food production, and their impact on eco-

nomic growth as derived below:

In their framework presented as:

Where:

CO
2it

∶ is the  CO2 emission per person (proxy for climate change at time t and 

individual i)

FP
it
∶ food production

L
it
∶ total labor force.

K
it
∶ gross capital formation.

Z
it
∶ Are others control variables, such as crop production, livestock production, 

total fish production, food export, food import, and drought.

Aggregate output/economic growth/GDP per capital/real GDP is a function of the 

real capital stock (proxy variable gross capital formation), labor (labor force proxy), 

climate change (proxy  CO2 emission), food production, and agriculture value-

added. From Eq. (1), we get the following as adopted from Dell et al. (2008), Ceesay 

(2020), Bond et al. (2010) and Belford et al. (2020):

Such that: � + � + � + � + � = 1

where Y is real GDP, L is labor (proxy labor force), A is technology and can also be 

referred to as labor productivity or total factor productivity, K is gross capital forma-

tion, T is the impact of climate change  (CO2 emission proxy), g is the growth rate of 

capital, t is time period and e is exponential and � is a constant and it is also the error 

term in the model. Equation  (2) captures the direct effect of climate change, food 

production, and agriculture value addition on economic growth, e.g. effects on labor 

productivity and Eq.  (3) captures the indirect (dynamic) effect of climate change, 

e.g. the effect of climate change on other variables that indirectly impact GDP.

(1)Y
it
= F

(

CO2it
, FP

it
, AVA

it
, L

it
, K

it
, Z

it

)

,

Y
it
∶ Economic growth∕the rate of change of real GDP∕

GDP per capita, current US dollars, at time t and observation i

AVA
it
∶ Agriculture valued added

(2)Y
it
= Ab

�T
it K

�

it
L

1−�−�−�−�

it
FP

�

it
AVA

�

it
Z
�
it

e
�
.

(3)
ΔAit

Ait

= gi + �Tit
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Presenting natural logarithm into Eq.  (2) and deviating with respect to time 

period, we derived Eq. (4) below:

where git is the growth rate of output, direct effects of climate change on economic 

growth are accounted for by α, such as change in rainfall and temperature, and indi-

rect effects are accounted for by β, such as impact of climate change, flooding or 

drought on other variables, that indirectly influence GDP.

The study will observe both the direct and indirect effects of climate change, on 

agriculture value addition, and food production on the economic growth of the Gam-

bia for the periods, observe given variations that will occur over time, thus providing 

an insightful knowledge on which sector(s) is mostly affected under the following 

conditions, climatic, agriculture, food production and other factors that affect the 

economic growth in the Gambia.

Data and methods

The data generated for this study were created from the World Development Indica-

tors database for the period 1960–2017. The variables included are GDP (current $), 

agriculture value-added, crop production, livestock production, total fish production, 

food production (food availability proxy), food export, food import, average precipi-

tation, and  CO2 emission per person (a proxy for climate change). Food production 

is used as a proxy of one of the four dimensions of food security–food availability 

due to the following reasons; the first approach to food security is “food availability” 

because it is certainly the oldest one and still the most influential. Although the core 

ideas of this approach could be traced back to the Venetian thinker Botero (1588), it 

was Malthus that popularized it and in datum, is also known as the Malthusian the-

ory of population and food. The method is focused on the (dis)equilibrium between 

population and food and in command to uphold this equilibrium, the rate of growth 

of food availability should be not lower than the rate of growth of population and 

they should at least intersect to have food that satisfied the population growth. In a 

closed economy setting, this depends mainly on food production and stocks, while 

in an open economy also, food trade can play a relevant role (Alkire 2002). Until the 

early 1970s, this was the reference approach for the international community, both 

at a political and academic level. This was the main reason why we selected the first 

dimension of food security as a proxy for food production, i.e. food availability.

Economic model

The economic theory proposes models that explained the behavior of one or more 

variables, say Y1, Y2, Y3,… , Y
n
 as a function of the some other variables, say 

X1, X2, X3,… , X
m
 which are determined outside the model or which are exogenous 

in nature, in which we consider the following model, GDP (current $) as a function 

(4)git = gi + (� + �)Tit − �Tit−1,
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of the following variables: labor force, gross capital formation, agriculture valued 

added, crop production, livestock production, total fish production, food production 

(food availability proxy), food export, food import, drought, and  CO2 emission per 

person.

Econometric model

To qualify the relationship between economic variables, it is necessary to propose a 

functional form that depends on some climate change variables or output variables 

and unknown parameters. The econometric model can be expressed as follows:

where � is a vector of unknown parameters and � is the error term. The nature and 

the interpretation will depend on the assumption of the error term in the model.

Empirical model

To assess the presence of food production (proxy for the food availability), climate 

change, agriculture and economic growth, the study adopted the empirical models as 

follows:

The variables above abbreviated below.

Y = f (L, K, X1, X2, X3,… , Xk;�) + �,

(5)

LnGdpit = �0 + �1LnCropit + �2LnFOSECit + �3LnFishit + �4LnArit + �5LnCO2it

+ �6LnFoodEXit + �7LnFoodIMit + �8LnPopit + �it

LnGdp
it
= is the growth rate of Gdp at time t and individual i

LnCrop
it
= is the growth rate of crop production at time t and individual i

LnFOSEC
it
= the growth of Food production(proxy food availability)

at time t and individual i

LnPop
it
= growth rate of population

LnLiveS = growth rate of livestock

LnAr
it
= growth rate of Agriculture at time t and i

LnCO2
it
= growth of CO2 emission per capita at time t and individual i

LnFoodEX
it
= growth of food export at time t and individual i
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When we added climate change variables, the model of the relationship between 

climate change, economics growth, food availability and agriculture takes into 

account the following model:

The relationships between food availability, agriculture, economics growth and 

climate change look as the following model:

NB. The variables of this paper are logarithmized to allow the coefficients to be 

interpreted as elasticity, with all variables at time t and individual i.

Unit root and Stationarity tests

The time series is said to be stationary time series in weakly sense if its statistical 

properties do not vary with time (expectation, variance, autocorrelation). The white 

noise is an example of a stationary time series, with for example the case where Y
t
 

follows a normal distribution N ( �, �2 ) independent of t. A non-stationary series can, 

for example, be stationary in first difference or so (also called integrated of order 1, 

2, etc.): Y
t
 is not stationary, but the Y

t
− Y

t−1
 as first difference is stationary. Station-

arity tests allow verifying whether a series is stationary or not at levels or first dif-

ferences or second differences called integration of order 2. There are two different 

approaches about this: (1) stationarity tests such as the KPSS test that consider as 

null hypothesis H
0
 that the series is stationary and the alternative the series is not 

stationary and (2) unit root tests, such as the Dickey–Fuller test and its augmented 

version, the augmented Dickey–Fuller test (ADF), or the Phillips–Perron test (PP), 

for which the null hypothesis is on the contrary that the series has a unit root and 

hence is not stationary (Pesaran 2007). To examine the long-run and short-run rela-

tionships of food production with economic growth, we develop the ARDL-bound 

testing for co-integration following closely on the work of Menegaki (2019a, b) 

which examined the energy–growth nexus.

LnFoodIM
it
= growth rate of food import at time t and i

LnFish
it
= growth rate of fish production

�
it
= error term at time t and individual i

v
it
= the country’s unobserved fixed effect

(6)

LnCLM
it
= �0 + �1LnCrop

it
+ �2LnFOSEC

it
+ �3LnFish

it

+ �4LnAr
it
+ �5LnFoodEX

it
[+�6LnFoodIM

it

+ �7LnPop]
it
[+�8LnLiveS]

it
+ [�9Ln][[Gdp]

it
] + �

it

LnFOSEC
it
= �0 + �1 LnCrop

it
+ �2LnGdp

it
+ �3 LnFish

it
+ �4 LnAr

it
+ �5LnCLM

it

+ �6LnFoodEX
it
+ �7LnFoodIM

it
+ �8LnPop

it
+ �9LnLiveS + �

it
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The ARDL equations of correlation between food production (food availability), 

climate change, agriculture and economic growth nexus equations can be formulated 

as:

ARDL model

where �1, �2, �3 �4, �5and so on are the coefficients that measure the short-run rela-

tionship while �1, �2, �3, �4, �5, �6 and so on are the coefficients that measure the 

long-run relationship. To test for co-integration, we will use the bounded test that 

was proposed by Pesaran and Shin (1999) and Pesaran et al. (2001).

Error correction model

VECM (vector error correlation model) model Drawing on the work of Granger (1988), 

the causal link can be tested within the framework of the error-correction model 

(ECM). ECM is connected with the multiple time series models typically realistic for 

the data when the primary variables have long-run stochastic trends that often called 

co-integration. ECMs compute the rate at which the variable of attention moves back 

towards the equilibrium after a variation in other variables and henceforth, character-

ize the short-run dynamics. We implement the Granger causality ECM test method in 

this study since it can treat both large and small sample sizes and therefore having a 

comparative advantage over the other traditional methods. The Granger causality test 

based of VECM is thus determined by the following ARDL models:

(7)

lnGDP = �0 +

p
∑

i=1

�ilnGDPt−1 +

q
∑

i=0

�1ilnCropt−1 +

p
∑

i=0

�2ilnFOSECt−1

+

p
∑

i=0

�3ilnAgrt−1 +

p
∑

i=0

�4ilnCLMt−1 +

p
∑

i=0

�5iLnFoodEXt−1 +

p
∑

i=0

�6iLnFoodIMitt−1

+

p
∑

i=0

�7iLnLiveSt−1 + �1lnGDPt−1 + �2lnCropt−1 + �3lnFOSECt−1

+ �4lnAgrt−1 + �5lnCLMt−1 + �6lnFoodEXt−1 + �7lnFoodIMt−1 + �8lnLiveSt−1 + �

(8)

lnFOSEC = �0 +

p
∑

i=1

�ilnFOSECt−1 +

q
∑

i=0

�1ilnCropt−1 +

p
∑

i=0

�2ilnGDPt−1

+

p
∑

i=0

�3ilnAgrt−1 +

p
∑

i=0

�4ilnCLMt−1 +

p
∑

i=0

�5iLnFoodEXt−1 +

p
∑

i=0

�6iLnFoodIMitt−1

+

p
∑

i=0

�7iLn Pop t−1 +

p
∑

i=0

�8iLnLiveSt−1 +

p
∑

i=0

�9iLFisht−1 + �1lnGDPt−1

+ �2lnCropt−1 + �3lnFOSECt−1 + �4lnAgrt−1 + �5lnCLMt−1

+ �6lnFoodEX t−1 + �7lnFoodIM t−1 + �8lnLiveS t−1 + �9LFisht−1 + �,
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where  ECMt−1 represents lagged error-correction model term which is derived from 

co-integration equation of ARDL-bound testing of co-integration.

Nida et  al. (2018) used the ARDL-bound testing method and found that along 

with a long-run relationship between natural disasters and economic growth, there 

is also a unidirectional causality between these two variables. The causality between 

these variables cannot be determined without assessing the F-statistic and the lagged 

error-correction term. If we understand the Granger causality test very well, it is 

not difficult to know that if the F-statistic of the descriptive or explanatory variable 

is significant, then the short-run causal effects and long-run causal effects can be 

determined by the coefficient of the lagged error correlation term in the model. We 

have included ECMs in both the Eqs. (3) and (4).

(9)

lnGDP = �0 +

p
∑

i=1

�ilnGDPt−1 +

q
∑

i=0

�1ilnCropt−1 +

p
∑

i=0

�2ilnFOSECt−1

+

p
∑

i=0

�3ilnAgrt−1 +

p
∑

i=0

�4ilnCLMt−1 +

p
∑

i=0

�5iLnFoodEXt−1 +

p
∑

i=0

�6iLnFoodIMitt−1

+

p
∑

i=0

�7iLfisht−1 +

p
∑

i=0

�8iLnLiveSt−1 + ECMt−1 + �

(10)

lnFOSEC = �0 +

p
∑

i=1

�ilnFOSECt−1 +

q
∑

i=0

�1ilnCropt−1 +

p
∑

i=0

�2ilnGDPt−1

+

p
∑

i=0

�3ilnAgrt−1 +

p
∑

i=0

�4ilnCLMt−1 +

p
∑

i=0

�5iLnFoodEXt−1 +

p
∑

i=0

�6iLnFoodIMitt−1

+

p
∑

i=0

�7iLfisht−1 +

p
∑

i=0

�8iLnLiveSt−1 + ECMt−1 + �.

Table 1  Descriptive statistics

Source: Authors’ computation, 2020

Variables No. of observa-

tion

Mean Standard 

deviation

lnGDP 48 19.730 0.985

LnFoodImprot 48 3.469 0.176

LnFOSEC 48 4.321 0.248

LnLifesto 48 4.162 0.429

InCO2 48 − 0.928 0.205

LnCrop 48 4.351 0.258

LnAg 48 3.237 0.193

LnFoodEX 48 4.402 0.256

LFish 48 9.977 0.610
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Econometric results

The data for this study were generated from World Development Indicators for the 

periods 1960–2017. Table 1 below shows the descriptive statistics for the variables 

used in the study. The natural logarithm of GDP has the highest mean and it is also 

associated with the highest standard deviation.

Descriptive statistic

The correlation matrix is used to determine the relationship between two vari-

ables (see Table 2 below). The Pearson correlation coefficient is used to represent 

Table 2  Correlation matrix

Source: Authors’ computation, 2020

Variables lnGDP LnCrop LnAg LnLifesto LFish LnFOSEC LnFoo-

dEX

LnFood-

Improt

InCO2

lnGDP 1.000 0.170 − 0.700 0.900 0.920 0.490 − 0.560 0.720 0.600

LnCrop 0.170 1.000 0.300 0.360 0.350 0.920 0.010 0.180 o.11

LnAg − 0.730 0.300 1.000 − 0.660 − 0.580 − 0.040 0.510 − 0.560 − 0.200

LnLifesto 0.900 0.360 − 0.700 1.000 0.930 0.690 − 0.460 0.710 0.390

LFish 0.920 0.350 − 0.600 0.930 1.000 0.650 − 0.470 0.690 0.540

LnFOSEC 0.490 0.920 0.000 0.690 0.650 1.000 − 0.190 0.440 0.220

LnFoodEX − 0.560 0.010 0.510 − 0.460 − 0.470 − 0.190 1.000 − 0.410 − 0.420

LnFood-

Imp

0.720 0.180 − 0.600 0.710 0.690 0.440 − 0.420 1.000 0.210

InCO2 0.600 0.110 − 0.200 0.390 0.540 0.220 − 0.422 0.210 1.000

Fig. 1  The Fluctuation of time series plot for the Gambia. Source: Drawn by the authors using research 

data, 2020
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this relationship which ranges from − 1.00 to + 1.00. The results of the test of 

correlation show that the relationship between the growth of crop production in 

the Gambia and GDP growth rate is slightly positive (a correlation coefficient of 

0.17). Thus, if the growth of crop production increases by 1%, the growth rate 

of GDP rises by 0.17%. In the Gambia, due to the lack of mechanization ways in 

agriculture, the growth of agriculture is negatively related to the growth of GDP 

(the correlation coefficient of − 0.73). In addition, the growth of C02 emission 

per person has a negative relationship with the growth of agriculture (Table 2).

The growth rate of GDP and the growth of food production (food availability 

proxy) are positively correlated with a correlation coefficient of 0.49. Finally, the 

growth of fish production in the Gambia is positively correlated with the GDP 

growth rate (with a correlation coefficient of 0.92). Hence, if the growth of fish 

production increases by 1%, the growth rate of gross domestic product (GDP) 

increases by 0.92%. With this huge increase, the youth and the government of 

the Gambia should take advantage of the fish production as a means of not only 

enhance the livelihood of Gambians but also as a means of boosting the country’s 

economic growth. In Fig. 1, the growth of GDP fluctuated in the Gambia since 

the country’s economy experienced some form of breakpoint 1981 and 1995 

when we estimated the breakpoint date.

It can be seen from Fig. 1 that while the growth of food imports rises in the 

Gambia, the growth of agriculture decreases. This is since the economy of the 

Gambia is import-based, and since the country’s agriculture is not producing 

enough, the country imports the vast majority of the goods and services it needs.

On the other hand, the growth of export is falling and this can be attributed to 

the persistent decline in the growth of agricultural output.

The persistent falls in the growth rate of agricultural output have implica-

tions for food production because increased food production depends mostly on a 

growing agricultural sector. However, falling growth rates in agriculture are offset 

by the growth rates in both fish and livestock production (Fig. 1).

Table 3  Unit root test

Source: Authors’ computation, 2020

*, ** and *** are statistically significant at 10, 5 and 1%, respectively

Variable ADF level 1st diff. PP level 1st diff. KPSS level 1st diff.

lnGDP 0.055* 0.075* 0.055*** 0.000*** 0.662*** 0.357***

LnCrop 0.001*** 0.001*** 0.001*** 0.000*** 0.393*** 0.0.273***

LnAg 0.018** 0.019** 0.019*** 0.000*** 0.439*** 0.261***

LnLifesto 0.312 0.398 0.312*** 0.000*** 0.387*** 0.214**

LFish 0.180 0.216 0.180*** 0.000*** 0.159** 0.103

LnFOSEC 0.013** 0.013** 0.013*** 0.000*** 0.456*** 0.315***

LnFoodEX 0.001*** 0.001*** 0.001*** 0.000*** 0.201*** 0.141*

LnFoodImp

InCO2

0.068*

0.302

0.069*

0.174

0.068***

0.302***

0.000***

0.000***

0.286***

0.433***

0.185***

0.247***
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Table 3 presents the results of the augmented Dickey–Fuller (ADF) test, Phil-

lips–Perron (PP) test, and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test for 

all variables in levels and first differences using the time series annual data from 

1960 to 2017. The results confirmed that the null hypothesis of unit root at the 

5, 1, and 10% critical values for all series can be rejected, except for growth rate 

of GDP, growth of fish production, growth of  CO2, and growth of livestock for 

ADF test only. Yet, the null hypothesis is rejected at different percentage levels 

of the critical value for the series in the first difference and the levels. The results 

in Table 3 show that there is a combination of I (0) and I (1) of the regressions in 

the models. Hence, it is appropriate to use the ARDL and ECM approaches for 

the analysis. The lag length is selected using the minimum values of AIC criteria, 

which shows the smaller the AIC, the better for the model. This finding is consist-

ent with the results from the study done by Shrestha and Chowdhury (2005). The 

optimal lag for the model is 3. The study also applied the VAR Granger with lag 

3 as well, because at some point, the series is not stationary and the study needs 

to transform the model into stationary time series.

ARDL analysis

The ARDL analysis is carried out based on the results in Table 4. In the long run, 

the growth of crop production in the Gambia has a positive effect on the growth of 

GDP. From Table 4, it can be seen that a 1% increase in growth of crop production, 

increases the growth of GDP by 0.054%. In our study, it revealed that the growth 

rate of GDP and the growth of food production are positively correlated with a cor-

relation coefficient of 0.49 in the Gambia. This is since in the dry seasons’ crop 

production by Gambian helps to contribute to the growth of GDP by a very small 

amount due to the traditional method of gardening.

Table 4  ARDL model growth of GDP as dependent variable
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Furthermore, the study also confirmed that using the ARDL framework, the 

growth of food production (food availability proxy) in the Gambia negatively 

affects the growth of GDP by 0.0731% in the long run. The possible reason 

underlying such a result is since the coefficients of the growth of agriculture are 

negative in both the short run and long run. Agriculture being the backbone of 

the economy of the Gambia, insufficient food production affects the entire econ-

omy, including the consumption of agricultural produce. In both the short run 

and long run, growth in fish production and livestock in the Gambia has positive 

impacts on the growth of GDP. This finding is supported by anecdotal evidence, 

which suggests that Gambian youth are increasingly getting involved in livestock 

and fish production, which in turn helps boost the economy of the Gambia. The 

world in general and the Gambia in particular, due to the unachievable of cer-

tain SDGS, such as poverty (SDG no.1), Hunger (SDG no 2), and climate change 

(SDG no.13), the world is still facing starvation, conflict, insufficient water sup-

ply, and food production, malnutrition, and poor agricultural practices. In their 

part, according to Manap and Ismail (2019), they wrote on Food Security and 

Economic Growth nexus confirmed that food security has an impact on economic 

growth, especially in dry-land developing countries. Their study revealed that an 

increase in food security results to an increases in economic growth.

In terms of the impact of the growth of average precipitation and  CO2 emission 

(a proxy for climate change) on the growth of GDP, the findings in Table 4 have 

shown this to have a positive impact on the Gambian economy. This is consistent 

with the study done by (Cederborg and Snöbohm 2016) confirmed in their study 

that the empirical result of the cross-sectional study implies that, there is in fact 

a relationship between per capita GDP and per capita carbon dioxide emissions. 

It shows a positive correlation which suggests that growing per capita GDP leads 

to increased carbon dioxide emissions. In contrast to the study done by Ali et al. 

(2019) in which they wrote a paper on Analysis of the Nexus of  CO2 Emissions, 

Table 5  ARDL model growth of food production as dependent variable
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Economic Growth, Land under Cereal Crops and Agriculture Value-Added in 

Pakistan, using an ARDL approach confirmed in their results of the short-run 

ARDL analysis which pointed out that there is a negative and statistically insig-

nificant association between carbon dioxide emissions and gross domestic prod-

uct in Pakistan. In most of the developed world, the higher the countries’ emis-

sions into the atmosphere, the higher the GDP growth. On the other hand, the 

growth of agriculture and the growth of food imports have negative effects on the 

growth of GDP in both the short run and in the long run. This is why the impor-

tation of food products rises in the Gambia, with traditional ways of agriculture 

increasing.

Table 4 further shows that the growth of food export has a positive effect on 

the growth of GDP in the short run and a negative effect on the growth of GDP in 

the long run.

The results in Table 5 are analyzed below. Table 5 shows that in the long run, 

the following variables have positive effects on the growth of food production in 

the Gambia: the growth of agriculture, the growth of crop production, and the 

growth of livestock production. This means that for the economy of the Gambia 

to grow, the government needs to develop policies that are geared towards the 

growth in crops, livestock, and agriculture if the country’s food production is to 

be enhanced.

In the short run, however, the following variables have positive effects on the 

growth of food production in the Gambia: growths in crop production, food imports, 

and growth of  CO2 emission per person.

On the other hand, the following variables have both short- and long-run positive 

impacts on the growth of food production in the Gambia: growths in both crop and 

livestock production. It can be observed in Table 5 that the following variables have 

both short- and long-run negative impacts on the growth of food production in the 

Gambia: GDP growth, growth of food export, and growth of fish production.

8.4
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LFish

Fig. 2  The time series graph for the growth of fish production in the Gambia from 1960 to 2017. Source: 

Drawn by the authors using research data, 2020
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The following variables have mixed impacts on the growth of food production in 

the Gambia: growth of agriculture has a long-run positive impact but in the short 

run, the impact is negative. In terms of the growth of food import and the growth of 

 CO2, evidence from Table 5 shows that these have positive effects in the short run, 

but long-run negative impacts.

Table 6  Vector autoregressive (VAR) model results

Fig. 3  The mean point of economic growth and agricultural growth. Source: Drawn by the authors using 

research data, 2020
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Figure  3 indicates that there is a negative relationship between agriculture and 

the growth of GDP in the Gambia as illustrated by the regression line. This means 

that the sum of the squares of the residual and the sum of squares is explained by the 

regression has large errors. The outliers from minimum values to maximum values 

are large and that downward-sloping has an inverse relationship between the growth 

of agriculture and the growth of GDP. The time series trend for the growth of fish 

production in the Gambia has an upward trend from 1960 to 2017 as illustrated 

below (Fig. 2).

Vector autoregressive VAR results

The vector autoregressive (VAR) results are shown in Table 6 below. Before apply-

ing the Granger causality test, the study first applied the VAR model with an optimal 

lag of 3 based on AIC criteria, which indicates that the lower the lags, the better. As 

the results generated in Table 6 indicate, the p value of growth of crop production 

is significant at lag 1 and lag 2 and not significant at lag 3. Both lags 1 and 2 have 

significant positive impacts on the growth of GDP. The growth of agriculture is not 

statically significant at all in both lags and has a negative coefficient at lag 2. The 

growth of livestock and growth of fish production have significant impacts on the 

growth of GDP at lag 2. The third lag for growth of livestock and growth of food 

production does not have a causality impact on the growth of GDP. The growth of 

food production in the Gambia has statistically significant negative impacts on the 

growth of GDP. Growth of food export is highly significant at lag 1 and lag 3 while 

the growth of food import is significant at lags 1, 2, and 3. The growth of climate 

change is also significant at lag 1 and lag 3.

As Fig. 3 shows, the mean point—the yellow dot at the center of the distribution 

confirmed the linearity between the growth of economic and the growth of agricul-

ture value-added in the Gambia has a downward slope. This negative influence of 

the variables in question confirmed that growth of agriculture value-added does not 

cause the growth of the economy, the study asserted. In Fig. 4, the growth of climate 

change and the growth of GDP have a positive relationship, which suggests that in 

Fig. 4  The mean point of climate change and economic growth. Source: Drawn by the authors using 

research data, 2020
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the Gambia, as climate change (–CO2 emission) grows, the economy of the Gambia 

also grows.

In Fig. 5, the fluctuation of climate change in the Gambia over the period from 

1960 to 2017 is stationary, because the series fluctuates around its mean. The p val-

ues are statistically significant for the periods 1981, 1995, and 2017. Climate change 

also is expected to grow shortly as indicated below (Figs. 6, 7).

Fig. 5  Time series plot for climate change in the Gambia. Source: Drawn by the authors using research 

data, 2020

Fig. 6  The trajectory of economic growth in the Gambia from 1960 to 2017. Source: Drawn by the 

authors using research data, 2020
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The growth of food imports in the Gambia from 1980 to 1999 has a constant 

trend. It means those years’ agriculture is good in the Gambia because the govern-

ment does not spend much on food importation. Import of goods and services costs 

the economy to grow negatively and the growth of food import shortly has a nega-

tive sign and until policy recommendation about agriculture is taken into account, 

the Gambia may experience food import for some time from now.

Fig. 7  The trajectory of growth in food import in the Gambia. Source: Drawn by the authors using 

research data, 2020

Table 7  Granger causality test results

Source: Authors’ computation, 2020

*p = 0.10, **p = 0.05, ***p = 0.01. note DI is direct/granger, INDI is indirect/not granger

Equation Excluded Direction p value Equation Excluded Direction p value

lnGDP LnCrop DI 0.006*** LnFOSEC LnGDP INDI 0.244

lnGDP LnAg INDI 0.576 LnFOSEC LnCrop DI 0.024**

lnGDP Lnlifestock INDI 0.113 LnFOSEC LnAg DI 0.024**

lnGDP LFish DI 0.000*** LnFOSEC Lnlifestock DI 0.014***

lnGDP LnFOSEC DI 0.008*** LnFOSEC LFish DI 0.026**

lnGDP LnFoodEX DI 0.000*** LnFOSEC LnFoodEX DI 0.043**

lnGDP LnFoodImport DI 0.001*** LnFOSEC LnFoodImp INDI 0.506

lnGDP InCO2 DI 0.001*** LnFOSEC InCO2 DI 0.018**

lnGDP Overall DI 0.000*** LnFOSEC Overall DI 0.000***
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Granger causality test

The objective of applying the VAR Granger causality test is to verify whether there 

is a causal relationship between the different variables in our empirical investiga-

tion. The causality test indicates that the following variables of Granger cause the 

growth of GDP in the Gambia: the growth of crop production, growth of fish pro-

duction, growth of food production, growth of food export, growth of food imports 

and growth of  CO2 (Table 7; Fig. 8). 

The results in Table 7 show a surprising picture as the growth of agriculture and 

the growth of livestock does do not granger cause the growth of GDP. However, the 

following variables of Granger cause the growth of food production: growth of crop 

production, growth of agriculture, growth of livestock, growth of fish production, 

growth of food export, growth of  CO2. Nevertheless, the growth of GDP and growth 

of food import do not garger cause growth of food production in the Gambia. These 

results are shown in Table 7.
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Fig. 8  The trajectory of agricultural growth in the Gambia. Source: Drawn by the authors using research 

data, 2020

Table 8  Granger causality test results

Source: Authors’ computation, 2020

*p = 0.10, **p = 0.05, ***p = 0.01.nte DI is direct/granger, INDI is indirect/not granger

Equation Excluded Direction p value Equation Excluded Direction p value

LnCrop LnGDP INDI 0.276 LnAg LnGDP DI 0.001***

LnCrop LnAg DI 0.050** LnAg LnCrop DI 0.000***

LnCrop Lnlifestock DI 0.008*** LnAg LnFOSEC DI 0.000***

LnCrop LFish DI 0.072* LnAg Lnlifestock DI 0.000***

LnCrop LnFOSEC DI 0.008*** LnAg LFish DI 0.014***

LnCrop LnFoodEX DI 0.026** LnAg LnFoodEX DI 0.000***

LnCrop LnFoodImport INDI 0.629 LnAg LnFoodImp INDI 0.000***

LnCrop InCO2 DI 0.014*** LnAg InCO2 DI 0.000***

LnCrop Overall DI 0.001*** LnAg Overall DI 0.000***
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From Table  8 below, it can be seen that the growth of GDP does not cause 

growth of crop production but the growth of crop production Granger causes growth 

of GDP, which is a unidirectional relationship. On the other hand, the growth of 

agriculture Granger causes the growth of crop production, and growth of crop pro-

duction Granger causes the growth of agriculture in the Gambia, which shows a 

Fig. 9  Plot of GDP-right and plot of agriculture-left. Source: Drawn by the authors using research data, 

2020

Table 9  Granger causality test results

Source: Authors’ computation, 2020

*p = 0.10, **p = 0.05, ***p = 0.01.nte DI is direct Granger, INDI is indirect/not Granger

Equation Excluded Direction p value Equation Excluded Direction p value

Lnlifestock LnCrop INDI 0.114 LFish LnGDP INDI 0.200

Lnlifestock LnAg DI 0.054** LFish LnCrop DI 0.063*

Lnlifestock LnGDP INDI 0.601 LFish LnAg DI 0.001***

Lnlifestock LFish DI 0.000*** LFish Lnlifestock DI 0.082*

Lnlifestock LnFOSEC INDI 0.134 LFish LFOSEC DI 0.080*

Lnlifestock LnFoodE INDI 0.243 LFish LnFoodEX DI 0.005***

Lnlifestock LnFoodIm DI 0.020** LFish LnFoodImp DI 0.020**

Lnlifestock InCO2 DI 0.006*** LFish InCO2 DI 0.039**

Lnlifestock Overall DI 0.000*** LFish Overall DI 0.000***
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bidirectional relationship between these variables. In fire8, the growth of economic 

and the growth agriculture is in opposite direction (Fig. 9).

The following variables of Granger cause the growth of crop production and at 

the same time Granger causes the growth of agriculture in the Gambia: growth of 

livestock, growth of fish production, growth of food production, growth of food 

export and growth of  CO2.

The growth of food imports does not cause the growth of crop production 

(Table 8). The result is not significant statistically. This is true because the country 

is indebted through importing rather exporting. Furthermore, according to Ceesay 

et al. (2019), export does not cause growth in the Gambia. Total imports of Granger 

caused growth and growth of Granger caused import in the Gambia (Ceesay et al. 

2019). Growth of food import and growth of GDP do not cause the growth of crop 

production, because the budget from GDP is used for the importation not the pro-

duction of crops in the Gambia.

From Table 9, it is clear that the growth of crop production does not influence 

the growth of livestock. The result is indirect. Growth of GDP does not cause 

the growth of livestock and growth of livestock does not garger cause the growth 

of GDP–unidirectional relationship. Growth of agriculture causes livestock and 

growth of livestock significantly causes growth of the agriculture–bidirectional 

relationship. Growth of fish granger causes growth of livestock and growth of 

livestock is also a leading significant positive influence to the growth of fish pro-

duction–bidirectional. The growth of livestock causes food production but food 

production does not cause the growth of livestock–unidirectional. Growth of live-

stock and growth of food export do not influence each other indirectly.

In the Gambia, because of poor agriculture, livestock production only benefits 

local farmers but is not exported to other countries to drive revenue and boost eco-

nomic growth. The growth of  CO2 is an important variable for the growth of live-

stock. There is a bidirectional relationship between growth of food import to growth 

of livestock and growth of livestock to growth of food import–bidirectional rela-

tionship. Growth of GDP does not garger cause growth of fish production, but the 

Table 10  Granger causality test results

Source: Authors’ computation, 2020

*p = 0.10, **p = 0.05, ***p = 0.01. note DI is direct/Granger, INDI is indirect/not Granger

Equation Excluded Direction p value Equation Excluded Direction p value

LnFoodImport LnCrop INDI 0.343 InCO2 LnGDP INDI 0.000***

LnFoodImport LnAg DI 0.005*** InCO2 LnCrop INDI 0.178

LnFoodImport Lnlifestock DI 0.030** InCO2 LnAg INDI 0.893

LnFoodImport LFish DI 0.014*** InCO2 Lnlifestoc INDI 0.178

LnFoodImport LnFOSEC DI 0.238 InCO2 LFish DI 0.086*

LnFoodImport LnFoodEX DI 0.010*** InCO2 LnFoodE INDI 0.128

LnFoodImport LnGDP DI 0.001*** InCO2 LnFoodI DI 0.000***

LnFoodImport InCO2 DI 0.000*** InCO2 LnFOSEC INDI 0.172

LnFoodImport Overall DI 0.000*** InCO2 Overall DI 0.000***
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growth of fish production causes growth of GDP–unidirectional relationship. The 

policymaker should look at the production of fish as an important indicator of the 

growth of GDP in the Gambia. There is a bidirectional relationship between the 

growth of agriculture and the growth of fish production. This is since fish produc-

tion is part of an improvement in agricultural activities. The growth of  CO2 Granger 

causes the growth of both fish production and livestock production in the Gambia. 

Together, growth of food export and growth of food import both Granger cause the 

growth of fish production. Fish production Granger causes food production and 

food production also garger causes fish production–bidirectional relationship. These 

results are shown in Table 9 above.

Table  10 shows the unidirectional relationships between the growths of crop 

production to the growth of food import, but a bidirectional relationship between 

growth of agriculture to growth of food import and growth of food import to the 

growth of agriculture. The growth of livestock and the growth of fish production are 

a leading indicator for the growth of food imports.

A very important finding is that growth of food production does not cause growth 

of food import. Growth of food export together with the growth of GDP Granger 

causes growth in food import. Growth of  CO2 Granger causes growth in food import 

and growth of food import Granger causes growth of  CO2. Growth of  CO2 Granger 

causes GDP and growth of GDP Granger causes  CO2, which shows a bidirectional 

relationship. The following variables do not cause  CO2: the growth of crop produc-

tion, growth of agriculture, growth of fish production, and growth of food export.

The results in Table 11 below indicate that the following variables are leading 

indicators of growth of food export: growth of GDP, growth of agriculture, growth 

of fish production growth of food production, growth of food import, and growth of 

 CO2 emission.

Both the growth of crop production and the growth in livestock production do not 

cause growth in food export. This is since agriculture is not a leading indicator for 

the growth of GDP in the Gambia.

Table 11  Granger causality test 

results

Source: Authors’ computation, 2020

*p = 0.10, **p = 0.05, ***p = 0.01. note DI is direct/granger, INDI is 

indirect/not Granger

Equation Excluded Direction p value

LnFoodEX LnGDP DI 0.000***

LnFoodEX LnAg DI 0.000***

LnFoodEX Lnlifestock INDI 0.216

LnFoodEX LFish DI 0.000***

LnFoodEX LnFOSEC DI 0.038**

LnFoodEX Lncrop INDI 0.152

LnFoodEX LnFoodImport DI 0.000***

LnFoodEX InCO2 DI 0.000***

LnFoodEX Overall DI 0.000***
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Econometric tests

Ramsey reset test for specification

The hypothesis test is as follows:

H0: the model is well specified (the model has no omitted variables).

Ha: the model is poorly specified (the model has omitted variables).

The Ramsey Reset test is a test of omitted variables.

If the null hypothesis is rejected, then there are omitted variables whose integra-

tion would improve the estimate. In this case, we can conclude that the model is 

poorly specified, after having estimated the parameters by the least ordinary squares 

method.

Ramsey RESET test

Equation: UNTITLED

Specification: LNGDP INCO2 LFISH LNFOODEX LNAG 

LNCROP

LNFOODIMPROT LNFOSEC LNLIFESTO

Omitted variables: powers of fitted values from 2 to 4

Value df Probability

F-statistic 37.01 (3, 37) 0.0000

Likelihood ratio 66.55 3 0.0000

Source: Authors’ computation, 2020

The Ramsey statistics (F-statistic) of 37.01 has a p value of 0.0000. The model 

is well specified at the 0.01 level because p = 0.000 > 0.01. Note: Why is the choice 

of 3 for “Number of fitted terms”? The conclusion reached by Thursby and Schmidt 

(1977) who carried out an extensive Monte Carlo exercise is that the value 3 seems 

to be generally the best choice.

Jarque–Bera normality test

The hypothesis test is as follows:

H0: the errors of the model follow a normal law of parameters � and �.

Ha: the errors of the model do not follow a normal law of parameters � and �.

After having estimated the parameters by the OLS.
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Source: Authors’ computation, 2020
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Kurtosis   2.796077

Jarque-Bera  0.884453

Probability  0.642604

The Jarque–Bera statistics of 0.8845 has a p value of 0.6426. The residuals of the 

model follow a normal law at the 0.05 level because p = 0.8845 > 0.05.

Heteroskedasticity tests

White test

The hypothesis test is as follows:

H0: if errors of the model are homoscedastic (the errors have the same variance) 

and Ha: if errors of the model are heteroskedastic (the errors have different vari-

ances). There are 2 options for White test.

Option 1: No cross terms After having estimated the parameters by the OLS.

Heteroscedasticity test: White

F-statistic 0.386897 Prob. F(4,43) 0.8168

Obs*R-squared 1.667525 Prob. Chi-Square(4) 0.7966

Scaled explained SS 2.908828 Prob. Chi-Square(4) 0.5732

Source: Authors’ computation, 2020

The White statistic (Obs*R-squared) of 1.6675 has a p value of 0.7966. The 

errors of the model are homoscedastic at the 0.05 level because p = 0.7966 > 0.05. 

The White test is a Lagrange multiplier (LM) test. The Lagrange multiplier statistic 

is nR2 where n is the number of observations or sample size.
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Option 2: Include cross terms 

Heteroscedasticity test: White

F-statistic 0.93952 Prob. F(10,37) 0.5097

Obs*R-squared 9.720179 Prob. Chi-Square(10) 0.4654

Scaled explained SS 16.95587 Prob. Chi-Square(10) 0.0753

Source: Authors’ computation, 2020

The White statistic (Obs*R-squared) of 9.7202 has a p value of 0.4654. The errors 

of the model are homoscedastic at the 0.05 level because p = 0.4654 > 0.05. Both the 

two-option results indicated the model is free from heteroscedasticity.

Discussion of the results

Results from our finding revealed that the growth of  CO2 emission per person (Proxy 

for climate change in our model) has a positive influence on the growth of GDP in the 

economy of the Gambia. (Cederborg and Snöbohm 2016) confirmed in their study that 

the empirical result of the cross-sectional study implies that, there is in fact a relation-

ship between per capita GDP and per capita carbon dioxide emissions. It shows a posi-

tive correlation which suggests that growing per capita GDP leads to increased carbon 

dioxide emissions. In contrast to the study done by Ali et al. (2019) in which they wrote 

a paper on Analysis of the Nexus of CO2 Emissions, Economic Growth, Land under 

Cereal Crops and Agriculture Value-Added in Pakistan, using an ARDL approach con-

firmed in their results of the short-run ARDL analysis which pointed out that there is 

a negative and statistically insignificant association between carbon dioxide emissions 

and gross domestic product in Pakistan. In most of the developed world, the higher the 

countries’  CO2 emission into the atmosphere, the higher the GDP growth.

In the Gambia, an agricultural sector which includes production, in fish, livestock, 

forestry and hunting, crop and so on serves as the backbone of the economy. In our 

results, it pointed out that economic growth and growth in agriculture value addition 

in the Gambia show a downward slope. This negative correlation may be attributed 

to the suggestion that agricultural funds are being diverted and do not reach farmers 

to adopt new ways in agricultural practices, such as adaptation, mitigation, and resil-

ience, a way of improving agricultural productivity. This is confirmed in the study 

done by Ceesay (2020), Employment in agriculture, migration, bilateral aids, eco-

nomic growth, and remittance: evidence from the Gambia found out that, economic 

growth has a significant negative impact on employment in agriculture with a 10% 

increase in economic growth and a decrease in employment by 0.05% vice versa. 

Another study conducted by Belford et  al. (2020) confirmed that in Anglophone 

West African countries, the growth rate of the agricultural sector and temperature is 

statistically significant and hurts the growth rate of GDP.

In our study, it revealed that the growth rate of GDP and the growth of food pro-

duction are positively correlated with a correlation coefficient of 0.49 in the Gambia. 
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Furthermore, the study also confirmed that using the ARDL framework, the growth 

of food production in the Gambia negatively affects the growth of GDP by 0.0731% 

in the long run. This is since the coefficients of the growth of agriculture are negative 

in both the short run and long run. Agriculture being the backbone of the economy 

of the Gambia, insufficient food production affects the entire economy, including the 

consumption of agricultural produce. In both the short run and long run, growth in 

fish production and livestock in the Gambia has positive impacts on the growth of 

GDP. This finding is supported by anecdotal evidence, which suggests that Gambian 

youths are increasingly getting involved in livestock and fish production, which in 

turn helps boost the economy of the Gambia. The world in general and the Gam-

bia in particular, due to the unachievable of certain SDGS, such as poverty (SDG 

no.1), Hunger (SDG no 2), and climate change (SDG no.13), the world is still facing 

starvation, conflict, insufficient water supply, and food production, malnutrition, and 

poor agricultural practices. According to Manap and Ismail (2019), they wrote on 

Food Security and Economic Growth nexus and confirmed that food security has an 

impact on economic growth, especially in dry-land developing countries. Their study 

revealed that an increase in food security results in an increase in economic growth.

Limitations of the study

This study has limitations that further researchers need to address. The first limi-

tations go to the type of data used in this study which was generally taken from 

the World Bank. Thus, the results might bring some important outcomes for food 

security if in the case household’s survey is conducted on this topic, such as house-

holds characteristics, the demographic status of the households, social and economic 

status of the households, production of food, and consumption of food by the house-

holds. This will have additional policy implications for the policymakers to imple-

ment possible solutions to address the issues of climate change, food production, 

agriculture, and economic growth nexus. The second limitation is that the paper can 

use cross-sectional variation on food security to study different regions or countries 

or continents that will yield sound results as well. Basically, even more, interesting 

results are built in this present study but using panel data model especially fixed 

effects model will address some issues of specific error term in-country or regions, 

such as differences in climate and weather, differences in agriculture practice, dif-

ferences in the political situation, different in institution and governance and so 

on, all of these will have some outstanding results for the nexus between climate, 

food security, agriculture, and economic growth. The third limitations are the links 

between the HDI index and agriculture productivity and food security that the study 

failed to address. The future researcher could add the specific country’s Human 

Development Index (HDI) to see its relationship with food security through agricul-

ture value-added. Finally, the last limitation can be based on the type of model, as 

the study addresses the dynamic model (ARDL) to see the trend of the variables in 

question. The results are actually very impressive, but it could also be nicer if some 

future research used instrumental variables, to select carefully the instruments so 
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that the number of the equation be endogenous and the number of the equation to be 

exogenous is to be identical. This will help to select a good proxy for the study.

Conclusion and policy implications and areas for future research

This paper tests the ARDL model and Granger causality linkage between climate 

change, growth in value-added agriculture, food production (food availability 

proxy), and economic growth, utilizing annual data from the period 1960–2017. 

The results empirically demonstrate the nexus that exists between food production, 

agriculture, climate change, and economic growth (1) in both short run and long 

run, the ARDL model established that the growth of fish production and growth of 

livestock production in the Gambia have significant positive impacts on the growth 

of GDP, thus illustrating the importance of an increase in the production livestock 

and fishery on the economic growth of the Gambia. The possible policy impli-

cation is that it will affect the social–economic interaction in the Gambia, such 

as employment of youth in these sectors, education for children from their guid-

ance working on these sectors, the research for fishing and livestock, monitoring 

and control, and so on (2) in both short run and long run, ARDL model mani-

fested that growth of food import and growth of agriculture have negative impacts 

on the growth of GDP. The possible policy implication is that the growth in food 

importation will increase government spending and budget deficit, thus negatively 

impacting on government’s ability to provide essential productive infrastructure 

and development. (3) The Granger causality analysis between the growth of GDP 

and growth of food production indicates a unidirectional relationship, the direc-

tion of Granger causality may change according to the level of development. This 

illustrates that growth in GDP causes growth in food production or vice versa. 

(4) Growth of GDP Granger causes the growth of agriculture but the growth of 

agriculture does not Granger cause growth of GDP, hence there exists an indirect 

relationship between growth in GDP and agriculture using Granger causality. (5) 

There exists a bidirectional relationship between the growth of crop production 

and growth of agriculture, thus manifesting that growth in crop production and 

growth in agriculture Granger cause each other. (6) It is worth noting that food 

production indicators (crop production, livestock production, and fish production), 

economic growth indicators (food import and food export) and climate change 

indicator  CO2) for this study Granger cause agriculture. Finally, ARDL approaches 

and Granger causality tests manifested that all the associated indicators have 

a degree of significance as captured in the methodology of the study. It is vital 

to note that there may exists a non-linear relationship that cannot be taken into 

account by the ARDL approaches and Granger causality methodology even though 

that might be important to consider when analyzing the food production, climate 

change, and economic growth nexus. These nuances thus create avenues to pos-

sible future research. We hereby proffer the below-stated policy recommendations.

1. Gambian policymakers should devise a mechanism to increase the production of 

food and livestock to stimulate economic growth and development.
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2. The Gambia needs to reduce its reliance on food importation by investing in food 

production to feed the rapidly growing population since food imports hurt GDP 

growth.

3. Provide the necessary infrastructure to expand agriculture (food, livestock, etc.) 

production to spur economic growth.

4. Streamline and simplify regulations in the agriculture sector to harness energy 

towards increasing productivity and growth.

Finally, the new directions of future research can add all the components of food 

security, such as food availability, food accessibility, food stability, and food utiliza-

tion, to understand the effect of food production on economic growth in the Gambia 

in particular and the World in general. In addition, future researchers should also 

look at some of the variables closely, such as  CO2 emission per person, average 

precipitation, temperature, pollution or environmental quality, or industrialization 

level as a possible proxy of climate change. In a similar vein, future researchers 

can also do a comparative study on climate change, food production, agriculture, 

and economic growth nexus by looking at specific regions, countries, continents, 

West Africa, Sub-Saharan Africa, and so on, to see the nexus between food security 

and economic growth. Furthermore, further research can address the issues using 

primary data by doing the household survey to ask not only one parameter of food 

security, such as food availability but different parameters, such as food accessibil-

ity, stability of the food, and as well as utilization. In that, it will help us to under-

stand as climate change worsen or GDP is down or agriculture is affected, what is 

the likely consequence of food supply and food demand that are needed to solve 

the problems of food security to achieve the demand of the growing population. 

Another important issue the future researchers can address is this issue to use ran-

domizing control trials by looking at the population that is eligible or ineligible 

to participate in the trial. Future researches on this topic in the Gambia cases can 

compare which region is more food-secure by looking at the vulnerability part of it.
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