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The primary sector is vital for growth and sustainable development in emerging countries. The combined effects

of COVID-19 and geopolitical uncertainty on capital flows are likely to have profound impacts on many develop-
ing countries. In particular, decreased capital inflows into agriculture will negatively affect food security and growth.
However, there remain limited literature on the role of capital inflows in this sector. In this paper, we examine the role
that foreign capital inflows play in the development of the agricultural, forestry and fishing sectors in developing
countries. Specifically, we use the panel vector autoregression approach that accounts for endogeneity. Using data
from sixteen developing economies, we find that there exists bidirectional causality between foreign direct invest-
ments in agriculture, forestry and fishing and value added in these sectors. These bidirectional relationships reflect a
cyclical effect between FDI and value added in the agriculture, forestry and fishing. The effect of FDI on value added
in agriculture, forestry and fishing remains positive for up to five years in our model. This implies FDI has a medium-
to long-term positive impact on value added in agriculture, forestry and fishing. The implication of this result is that
countries with currently high FDI transaction costs or that have a generally less conducive investment environment
can improve agriculture by eliminating these obstacles. This is because FDIs can lead to improved technologies and
technical expertise, practices, management and other systems that benefit the host countries.
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Introduction

Food security and environmental quality are crucial
requirements for sustainable development. Investments
that address both can enhance growth opportunities in
poor and developing economies, where the contribution
of agriculture to the economy tends to be relatively large
and sustains a disproportionately large share of the pop-
ulation. Castafieda et al. [10] estimate that 65% of poor-
working adults earn a living via agriculture. The share
of agriculture to global gross domestic product (GDP)
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is estimated to be 4% but compared to other sectors, the
growth in this sector can be two to four times more effec-
tive in raising incomes among the poorest [50] and two to
three times more effective in reducing poverty in Africa
[51].

The 2021 Food and Agricultural Organization (FAO)
statistical yearbook estimates the global value added gen-
erated by agriculture, forestry and fishing to be US$3.5
trillion in 2018, growing by 73% in real terms between
2000 and 2019 [17]. In Africa, the value added more
than doubled in the same period and Asia accounted
for sixty-four percent world total value added benefit
in global agriculture, forestry and fishing in 2019. In
terms of employment, the share of the global workforce
in agriculture, forestry and fishing was twenty-seven
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percent in 2020, representing 874 million people. In
Africa, agricultural employment increased to 224 mil-
lion people, around 200 million people in China and the
same number in India work in agriculture [17]. At the
same time, climate change poses significant risks to this
sector. Smith et al. [48], under the auspices of the IPCC,
estimate that agriculture, forestry and other land use
are the source of around twenty-five percent of anthro-
pogenic emissions of carbon dioxide (CO,), methane
(CH,) and nitrous oxide (N,O). Mitigating and adapting
to climate change, improving food security, enhancing
and maximizing employment, value added and growth
will require substantial investments in the sector. The
demand for food is estimated to increase by seventy per-
cent by 2050 [14]. According to the World Bank [56],
this growth in food demand will require at least $80 bil-
lion annual investments, and most of this will need to be
sourced from the private sector. However, financial sec-
tor institutions in developing countries tend to lend a
disproportionately lower share of their loan portfolios to
agriculture compared to the agriculture sector’s share of
GDP [56]. One way to alleviate this is to attract foreign
direct investments into the sector. While the data indi-
cate increasingly high levels of capital inflows into the
sector in developing countries, there is surprisingly lim-
ited literature examining the contribution of these flows
in the agricultural sector. The goal of this paper is to con-
tribute to filling this gap in the literature. It is worth not-
ing that the limited literature on this issue is in line with
the broader lack of literature on effective interventions in
the agricultural sector, as indicated by findings in Stewart
et al. [47].

Specifically, we investigate the role of foreign direct
investments in agriculture, forestry and fishing in devel-
oping countries between 2001 and 2020. Our goal is to
identify the degree to which foreign capital inflows con-
tribute to value added in the sector. This issue is of great
importance for several related reasons. First, the agricul-
tural sector, especially in developing and poor countries,
draw their funding largely from the public sector. Sec-
ond, even prior to the COVID-19 pandemic, such fund-
ing was often insufficient (see, for example, Borgomeo
and Santos [9]) and the negative effects of the pandemic
on public sector budgets are likely to exacerbate the
problem. The fall in global capital flows, induced by the
COVID-19 pandemic, is likely to compound the fund-
ing problems in the agricultural sector as well [38]. It is
estimated that the annual financing gap for agricultural,
small and medium enterprises (SMEs) in sub-Saharan
Africa stands at USD 65 billion and in East Africa where
65% of the population works in the agricultural sector
and accounts for twenty-five percent of GDP, and only
5% of commercial bank lending goes to the sector [39].
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Globally, the amount of investments required to meet
the sustainable development goals on food security is
reported at about US$300billion per year [25]. Private
and/or foreign investments are expected to contribute a
significant share of this number, and understanding the
extent of the contributions of these private investments
to the food security is necessary for policies to reduce
obstacles to private financing in the sector. Typical obsta-
cles to investment in the sector include high transaction
costs of access for populations in remote areas, frag-
mentation in agricultural value chains, which reduces
investment demand, and lack of expertise at the level of
financial institutions related to agricultural loan portfo-
lios as well as a lack of appropriate instruments for man-
aging risks in such a portfolio [56]. Third, the funding
problems in the primary sector in developing economies
are likely to be exacerbated by the current geopoliti-
cal conflict in Eastern Europe. The war in Ukraine and
sanctions on Russia are having substantial negative food
security impacts on countries in the Middle East, Africa,
and elsewhere that rely on wheat imports from Ukraine
and Russia [7, 41, 42], and food prices in global mar-
kets risking a 22% increase this year alone [16]. Both the
COVID-19 pandemic and uncertainties associated with
the current geopolitical events have implications for
global supply chains, which themselves are closely linked
to capital flows. For example, the conflict between Russia
and Ukraine has disrupted wheat and fertilizer supplies
in the world market, with Africa seen as the region most
at risk (see [31]). Similarly, trade flows are expected to
fall, with the World Trade Organization [55] projecting
merchandise trade volume growth of 3% in 2022 com-
pared to an earlier estimate of 4.7%, and approximately
twenty percent of global air cargo is affected by airspace
bans between Russia and other countries [22]. These have
implications for trade, supply chains and foreign direct
investment, especially in the agricultural sector due to
the interdependencies between them. According to find-
ings in Punthakey [44], FDI plays a crucial role in driving
participation in agro-food global value chains. Similarly,
Amendolagine et al. [3] find that FDI accounts for an
intense global value chain participation and upstream
specialization in Vietnam and sub-Saharan Africa. Fur-
thermore, Alam and Bagchi [2] find that supply chain
capability of a country is an important driver of FDI flows
and that this effect varies by size of the host’s economy.
This supports current projections that ongoing disrup-
tions in supply chains will have negative effects on FDI
flows and growth. This will reduce the ability of develop-
ing countries to achieve their sustainable development
goals across various areas, for example gender inequal-
ity (see Fernandes and Kee [18] on the link between
EDI, supply chain linkages and women empowerment).
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Furthermore, the general trend of trade disputes and
restrictions will negatively affect FDI, even if the effects
will be asymmetric [28].

Much of the current literature on FDI and agriculture
focuses on food security or other development indica-
tor; some of it consider disaggregated FDI and others
use total FDI. A common weakness of this literature is
the disregard for problems of endogeneity. To examine
the role of FDI flows to agriculture, forestry and fishing,
we apply a panel vector autoregression (or panel VAR)
model that also allows us to address the potential issue
of endogeneity. Specifically we consider FDI flows into
this sector, partly motivated by the fact that the effect of
FDI flows differs across sectors and industries (see “Lit-
erature” section). Our results show that there is a bidirec-
tional causality between FDI in agriculture, forestry and
value added by this sector. This bidirectional causality is
present in most variables of our model. These bidirec-
tional relationships reflect a cyclical effect between FDI
and value added in the agriculture, forestry and fishing.
These results imply that reducing these obstacles can
have considerable benefits in the short and long term.
The rest of the paper is organized as follows: We present
a review of the literature in “Literature” section and dis-
cuss methods and data in “Methods and data” section. In
“Results and discussion” section, we present and discuss
the results and conclude in “Conclusions and discus-
sions” section.

Literature

The literature on the effects of FDI on the agricul-
tural sector or food security remains scant, despite the
importance of this sector as well as evidence on the sig-
nificant rise in global capital flows into and out of vari-
ous sectors of the world’s economies. Our work draws
from to three, albeit limited strands of literature on this
topic, all built on two theoretical foundations: the mod-
ernization thesis and dependency theory; both tied to
the discourse on globalization. The modernization the-
sis holds that foreign capital inflows produce growth
that benefits both the host country and the source
country. On the other hand, the dependency theory
posits that foreign capital inflows increase income
inequality and reduce food security (see Mihalache-
O’Keef and Li [36] for a summary of the supporting
literature). The three strands of literature that motivate
our analysis include the relationship between FDI and
food security, FDI and food production, FDI and food
security (or poverty, as well as other development indi-
cators). The latter exploits the requirement that achiev-
ing the Sustainable Development Goal of zero hunger
recognizes the paramount importance of investments
in agriculture. Recognizing the links between various
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sustainable development goals, Dhahri and Omri [13]
uses foreign direct investments and other forms of
foreign assistance (such as social infrastructure aid,
investment aid, agriculture-forestry-fishing aid and
non-investment aid) reduce poverty and improve food
security through their effects on the agricultural sector.
They find that FDI has positive impacts on agricultural
production, which in turn reduces food insecurity and
poverty. In their three-step approach, no causal link
running from agriculture to FDI is established.

The findings on the relationship between FDI and food
security remain not just limited but mixed as well, with
the former considered as overall FDI flows or only at
the sectoral level. Authors such as Firebaugh and Beck
[19], Jenkins and Scanlan [30] find positive effects of
foreign capital on food security, while others Wimber-
ley and Bello [54], Wimberley [53] find a negative rela-
tionship between food security and FDI. The results for
the literature focusing on sectoral FDI are also mixed.
Mihalache-O’Keef and Li [36] were the first to consider
disaggregated FDI and its effects on food security. Spe-
cifically, they study three types of FDI: primary sector
EDI, manufacturing FDI and service-sector FDI. Using
data for 56 developing and transition economies, they
find that manufacturing sector FDI improves food secu-
rity. They find, however, that primary sector FDI reduces
food security, while the effects of service-sector FDI on
food security ranges from negative to ambiguous. Their
results on the effect of primary sector FDI, though coun-
terintuitive, is to be expected since much of the FDI
into this sector tends to be focused on extractive activ-
ity rather than agricultural investment and growth. In
our paper, we focus specifically on FDI in the agriculture,
forestry and fishing and consider value added rather than
food security as our outcome variable of interest. These
results are partially in line with those obtained by Ben
Slimane et al. [8] who consider FDI in agriculture, sec-
ondary and tertiary sectors in fifty-five countries during
the period 1995-2009. They find that agricultural sector
EDI improves food security, while FDI in the secondary
and tertiary sectors reduces food security. While Ben Sli-
mane et al. [8] examine agricultural FDI and food secu-
rity, our paper considers the broader sector of agriculture
to include forestry and fishing, and our outcome variable
is value added in the sector rather than food security.
Santangelo [45] studies the effect of FDI on food secu-
rity by focusing on the most recent controversial aspects
of foreign capital flows from rich to poor but resource-
rich countries, specifically targeting the choicest of land
(commonly referred to as ‘land grabbing’) in these coun-
tries. The study, using a sample of 65 developing econo-
mies for the period 2000-2011, finds that FDI in land
originating from developed economies positively affects
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food security but that the opposite is true for FDI in land
flowing from developing economies.

Empirical evidence on the relationship between FDI
and poverty can depend on sample selection, methods
and the measure of poverty used. Magombeyi et al. [34]
uses a time-series model to examine the relationship
between FDI and poverty reduction in Botswana from
1980 to 2014. However, their results were found to be
sensitive to measures of poverty, with FDI having a short-
run positive impact on poverty reduction but a negative
long-run impact in the long run when life expectancy is
used as a poverty reduction measure. Neither short-run
nor long-run statistically significant effects of FDI are
observed for mortality rate as a poverty reduction proxy.
However, short-run negative impact of FDI on poverty
reduction is confirmed when household consumption
expenditure is used as a poverty reduction proxy, while
an insignificant relationship is reported for the long run.
Their results are mostly in line with Gohou and Sou-
maré [21], who investigate the same relationship for the
period 1990-2007 for African countries and find strong
positive relationship between FDI and welfare measures,
specifically the human development index published by
the United Nations Development Program (UNDP). A
related topic is the relationship between foreign aid and
food security (see Dhahri and Omri [13] for a brief out-
line of this literature), whose empirical evidence remains
mixed.

Our work is most related to the strand of literature
focusing on the relationship between FDI and agriculture.
Findings in the existing literature, while mixed, generally
support the view that FDI has positive effects on agricul-
ture. Furtan and Holzman [20] examine the effect of FDI
in the Canadian agriculture and food industry and find
positive effects of FDI on the level of agriculture and food
trade. Edeh et al. [15] use quarterly data for the period
1981-2017 to study the impact of foreign direct invest-
ment on the agriculture sector in Nigeria. They find that
EDI has a positive and significant impact on the output
of the agricultural sector and that this impact is stronger
in the short run than in the long run. In a study of how
sectoral FDI inflows affect growth of respective sectors in
India, Jana et al. [29] find that FDI inflows do not con-
tribute to output growth in the agricultural sector. Inter-
estingly, they find a reverse causality wherein agricultural
output attracts more FDI into the sector. In a study of the
effect of FDI on sectoral growth, Opoku et al. [40] find
that the pass-through impact of FDI is significant for the
agricultural and service sectors. Furthermore, Tondl and
Fornero [49] investigate the productivity effects of FDI in
different sectors in Latin America, including agriculture
and find agriculture to be one of the sectors where direct
productivity effects are highest. The effect of FDI on
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agriculture manifests via various channels. Walkenhorst
[52] investigates these channels by examining the impact
of foreign investment in the sugarbeet-processing indus-
try on the wider agro-food sector, using data on Central
European transition economies. Empirical findings of the
study indicate that foreign direct investment brings not
only much needed capital to the region but also manage-
rial and technological skills which are in similarly short
supply. Technical support in the form of training pro-
grammes, pilot demonstration projects and innovative
contract designs is found to help foreign affiliates secure
sufficient high-quality raw material supplies, while induc-
ing sector-wide improvements in agricultural productiv-
ity and agri-business practices’

Though limited, a similar strand of the literature exam-
ines the relationship between foreign aid and agricultural
production or output. McArthur and Sachs [35] illus-
trate via simulations of a general equilibrium model that
official development assistance (ODA) for agriculture is
capable of generating an expansion in the primary trad-
able sector and positive permanent productivity. Dhahri
and Omri [12] examine the effect of FDI and various
forms of aid on agricultural output using data for 50
developing countries over the 1995-2015 period. They
find that FDI alone (excluding foreign aid) has a positive
and statistically significant effect on agricultural produc-
tion. They further find that all four forms of foreign aid
considered (social-infrastructure aid, investment aid,
non-investment aid, and agriculture—forestry—fishing
aid) also have positive and significant effects on agricul-
tural production. However, only social-infrastructure
aid and agriculture—forestry—fishing aid maintain their
effects on agricultural output when all forms of aid and
FDI are included in the same estimation. Kherallah et al.
[32] apply a simultaneous equation model to data on 56
developing countries for the period 1974-1990 to study
the relationship between foreign aid and agricultural
growth, finding a positive and statistically significant link
between foreign aid and agricultural growth, where a 1%
increase in foreign aid is associated with a 0.75% growth
in agriculture. Norton et al. [37] use data on a sample of
98 less developed countries from 1970 to 1985 to study
the impact that foreign aid has on agriculture produc-
tivity. Their results differ across various geopolitical
groupings or regions and countries, with aid enhancing
agricultural productivity in Asia and sub-Saharan Africa,
while Latin America and the Middle East experience a
negative impact of foreign aid on agricultural produc-
tivity. They also find that aid appears to be less effective
in countries with large fiscal deficits and high external
debt. Instead of using general foreign aid as in Norton
et al. [37] and Kherallah et al. [32], Barkat and Alsamara
[6] use data for 29 African countries over the period of
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1975-2013 to examine the impact of foreign agricultural
aid and foreign aid on agricultural output. Their results
show a small and positive impact of foreign agricultural
aid and total foreign aid on agricultural output for low-
and middle-income countries. Their further assessment
of the data reveals evidence of a bidirectional causal rela-
tionship between agricultural aid and agricultural output.
Similarly, Dewbre et al. [11] use data on 87 developing
countries for the period 1985 to 2004 to study the rela-
tionship between agricultural aid flows and agricultural
growth. Contrary to other literature, they found that agri-
cultural aid flows negatively affect agriculture growth.
Rather than aid flows and agricultural growth, our paper
focuses FDI and value added in a broader agricultural
sector that includes forestry and fishing.

Methods and data

Given the numerous strands of literature on the role of
EDI in the economy, a wide variety of methods has been
used in the literature. Time-series methods are com-
monly used to examine the relationship between FDI and
agricultural growth. The choice of a particular method
aims at addressing some of the intractable problems
associated with the characteristics of the data. In par-
ticular, the problem of endogeneity remains underappre-
ciated in the current literature. In this paper, we use the
panel vector autoregression model, which treats our vari-
ables of interest in the model as endogenous. The model,
first introduced by Holtz-Eakin et al. [26], is widely used
in analyzing the spillover effects of macroeconomic and
financial shocks. We use the model to account for pos-
sible endogeneity, supported by existing evidence in the
literature. Specifically, Jana et al. [29] find a reverse cau-
sality wherein agricultural output is found to be attract-
ing more FDI into the sector. This is in line with other
sectors as well; for example, Srikanth and Kishore [46]
established bidirectional causality from FDI and indus-
trial production of India measured by Index of Industrial
Production. Furthermore, Awunyo-Vitor and Sackey [5]
find a statistically significant and positive relationship
between economic growth and foreign direct invest-
ment flows to the agricultural sector, implying that FDI
flows into the sector simultaneously affect two variables
of our model. Applying the panel vector autoregression
model helps us bypass the difficult problem of choosing
valid instruments in alternative estimations. A multivari-
ate panel vector autoregression of order 1 with country-
specific fixed effects can be expressed as:
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Yii = Bo+ P1Yie—1 + BoXip + Uir + &5y (1)

where Y;; represents an n-variable vector and X;  is a vec-
tor of exogenous variables. U;; and ¢;; are dependent-
variable-specific fixed effects and idiosyncratic errors,
respectively. B, and B, are (I x k) and (k x k) vectors of
parameters to be estimated, where k is the number of
parameter estimates. We use a 4-variable vector consist-
ing of value added, FDI, official development, and gross
fixed capital formation in agriculture, forestry and fish-
ing. We use the share of value added in gross domes-
tic product from agriculture, forestry and fishing as an
exogenous variable in the model. The model allows us to
examine the dynamic relationship between FDI in agri-
culture, forestry and fishing and the performance of this
sector (using value added as a proxy for performance). It
also estimates fixed effects by augmenting a standard vec-
tor autoregression with a cross-country dimension. This
is done via the system generalized method of moments
(GMM) estimation, which uses lagged values as instru-
ments to address endogeneity and provide unbiased
estimates. The lag length we use is based on the model
selection criteria laid out by Abrigo and Love [1], who
derive criteria based on the guidelines of model selec-
tion for GMM estimation by comparing the J-statistics
obtained from testing the over-identifying restrictions on
the number of parameters of interest. We follow Abrigo
and Love [1] by using the Bayesian information crite-
ria (BIC), Hann—Quinn information criteria (QIC), and
Akaike information criteria (AIC). These metrics capture
the trade-off between over-specification and precision.
The goal is to choose the lag order that minimizes these
metrics, which for our model is the first-order lag.

Data

All our data come from the Food and Agricultural Organ-
ization database.! We collect data on sixteen developing
countries over the period 2001-2020.> Our FDI variable
is represented by foreign direct investment inflows in
agriculture, forestry and fishing. According to the Inter-
national Monetary Fund [27], FDI refers to ‘an invest-
ment involving a long-term relationship and reflecting
a lasting interest and control by a resident entity in one
economy (foreign direct investor or parent enterprise)
in an enterprise resident in an economy other than that
of the foreign direct investor (FDI enterprise or affiliate
enterprise or foreign affiliate’

! https://www.fao.org/faostat/en/#data.

% See Table 5 in the Appendix for a list of the countries included in our
sample.
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Table 1 Summary statistics
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Table 3 Panel VAR-Granger causality Wald test

Variable Obs Mean Std. dev Min Max Ho: Excluded variable does not Granger-cause equation variable
VA 320 21,538.16 25,799.46 250.3882 139,998.7 Ha: Excluded variable Granger-causes equation variable
FDI 320 —365.232  9064.165 — 161,700 6500 Equation\Excluded  Chi2 d.f Prob > chi2
DFA 320 1.460547 07058823  —2.30698 2713789
AFFGDP 320 10.53824 5.69123 2.784589 2747565 FOI
GFC 300 5044757 1405692  —441989 1338619 VA 14.322 1 0.0000
DFA 12.284 1 0.0000
GFC 4.856 1 0.028
ALL 22512 3 0.0000
Table 2 Harris—Tzavalis unit root test VA
Variable Number Number Statistic:rho Zvalue Pvalue FDI 70468 ! 0.0000
of panels of periods DFA 847 1 0.004
VA 16 20 0.7353 —3.295 0.0005 GFC 4377 ] 0036
FDI 16 20 —0.058 —24.7455  0.0000 ALL 93032 3 00000
DFA 16 20 0.2838 —15.5027 0.0000 DFA
AFFGDP 16 20 0.6929 —4.4405  0.0000 DI 0858 ] 0354
GFC 16 20 —0.1192 —26402  0.0000 VA 13.885 ] 00000
GFC 0.249 1 0.618
ALL 14.846 3 0.002
GFC
We consider the annual growth (in US$) rate of this P! 9409 ! 0.002
variable, rather than its levels. Agriculture, forestry and VA 1721 1 0.19
fishing is represented by the value added (VA) in these D™ 7.735 1 0.005
ALL 15.099 3 0.002

three subsectors sector (measured in US$ 2015 prices in
millions).

We include official development assistance (DFA) or
flows in agriculture, forestry and fishing. According to
FAO [17], these are ‘flows to countries and territories,
which are provided by official agencies, including state
and local governments, or by their executive agencies,
and each transaction of which: is administered with the
promotion of the economic development and welfare of
developing countries as its main objective! The data on
this variable are measured in millions US$, 2019 prices.
This variable helps reduce the likelihood of misidentify-
ing any observed effects of FDI on agriculture, fishing and
forestry. To account for investments and attractiveness of
agriculture, forestry and fishing, we include fixed capital
formation (GFC) in this sector. According to FAO [17],
‘capital in the agriculture sector includes the machinery,
equipment and tools as well as the farm buildings, and
is essential in the production of all agricultural outputs.
The gross fixed capital formation is an indication of the
amounts that are reinvested in new fixed assets that are

part of capital! To control for the size of the agriculture,
forestry and fishing as a proxy for the absorptive capacity
for the growth is share of value added in GDP (AFFGDP),
expressed in percentage. The summary statistics of these
variables are presented in Table 1.

Table 1 shows large variances in FDI flows and value
added in agriculture, forestry and fishing. We then trans-
form our variables that expressed at levels into logarith-
mic form and de-trend each variable in the model. We
then implement a Harris—Tzavalis unit root test, and the
presence of stationarity is validated for all four variables.
The results of the unit-root tests are presented in Table 2,
showing that the null hypothesis of the presence of a
unit root is rejected. Therefore, all the variables used in
the panel-VAR are stationary. The null hypothesis in the
Harris—Tzavalis unit root test is that panels contain unit
roots, and the alternative is that panels are stationary.
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Table 4 Eigenvalue stability condition

Eigenvalue

Real Imaginary Modulus
9,572,009 0 0.9572009
—0.3501007 0 0.3501007
0.0840641 0 0.0840641
0.0220289 0 0.0220289

Results and discussion

The results we report use a system GMM-style estima-
tion of the panel-VAR. It fits homogeneous panel-VAR
model by fitting a multivariate panel regression of each
dependent variable on lags of itself and on lags of all
other dependent variables using generalized method
of moments [1]. We follow the standard analytical pro-
cess for a panel-VAR models. Specifically, Granger cau-
sality is first tested, stability of the model is established,
impulse response functions and variance decomposition
measures are obtained. First, the results of the Granger
causality test are presented in Table 3. In this test, we are
interested in whether past values of one variable (say FDI
in our model) can be used to predict values of another
variable (say VA in our model), conditional on the past
values of the latter — that is, whether FDI Granger-causes
VA [23]. Each row in Table 3 represents an equation. For
example, for FDI, the equation shows the test on whether
the coefficients on the lag of each of VA, DFA, GFC in
the FDI equation are statistically different from zero. The
label ‘ALL’ is with respect to the coefficients of all lags of
all endogenous variables other than those of the depend-
ent variable being jointly zero. The null hypothesis that
VA, DFA, GFC individually and collectively does not
Granger-cause FDI is rejected at levels between 1 and
5%. Similarly, the null hypothesis that FDI, DFA, GFC
individually and collectively does not Granger-cause VA
is rejected at levels between 1 and 5%. According to the
results of the Granger causality test in Table 3, there is
a bidirectional causality between FDI in agriculture, for-
estry and value added by this sector. Except for DFA and
EDI, DFAA and GFC, VA and GFC, the bidirectional
causality is present in all other variables of our model.
These bidirectional relationships reflect a cyclical effect
between FDI and value added in the agriculture, forestry
and fishing and the rest of the variables in the model.
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We can examine the dynamic relationships between the
variables of our model with the help of impulse response
functions and variance decomposition measures. This
requires that that the panel-VAR be invertible and has an
infinite-order vector moving average representation [1].
We can establish this by examining the stability condi-
tion, which grants validity to any dynamic inferences we
make about our model. Specifically, after fitting panel
VAR, the moduli of the companion matrix based on the
estimated parameters can be estimated. This is shown in
Table 4. We require that all moduli be smaller than one
for the model to be stable.

We conclude that our model is stable because all the
moduli are smaller than one. The stability condition can
be graphically illustrated, as given in Fig. 1. In Fig. 1,
model stability requires that the roots of the companion
matrix all fall inside the unit circle. This stability allows
us to be able to compute the impulse response func-
tions as well as variance decomposition (see Table 6 in
Appendix).

There is no empirical test for the ordering in panel-
VAR estimation. Instead, we simply use the ordering of
variables specified in panel VAR estimation procedure.
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The impulse response (IRF) functions for our estimation
are shown in Fig. 2, and the GMM estimation is shown
in Table 7 in appendix. In the results, we focus only on
the most two important variables of interest in our analy-
sis: FDI and value added in agriculture, forestry and fish-
ing. In addition, the impulse response functions (Fig. 2)
present the main results to be interpreted. Figure shows
the causal effects between FDI and value added in agri-
culture, forestry and fishing. According to the results, the
effect of FDI on value added in agriculture, forestry and
fishing is not immediate but rises and remains a positive
for up to five years in our model. This implies FDI has a
medium- to long-term positive impact on value added in
agriculture, forestry and fishing.

Similarly, value added in agriculture, forestry and fish-
ing serves as a pull factor to FDI, and this effect persists
in the medium to long term. The relationship between
value added and development assistance shows positive
and self-reinforcing effects. Another variable with strong
explanatory power in the model is the development assis-
tance in agriculture, forestry and fishing. According to
Fig. 2, only after value added has achieved a certainly
level of performance does development assistance begins
to have a statistically significant impact on agriculture,
forestry and fishing.

Conclusions and discussions

The COVID-19 pandemic and current geopolitical
events have created high levels of uncertainty in food
chains across the globe, and this issue will increasingly
pull the agricultural sector into focus in policy circles
for governments and international bodies. Among
the factors that will likely be focused on is the role of
investment and technology in the agricultural sector.
FDI is a crucial determinant of agricultural produc-
tion via technology transfer and skills that benefit host
country’s farmers. Empirical analyses on this topic,
especially in the context of the global pandemic and
geopolitical conflict, remain limited. The goal of this
paper is to contribute to the discourse. Specifically,
we aim to examine the role of FDI and performance
in agriculture, forestry and fishing. To achieve this, we
apply a panel VAR model to data on sixteen develop-
ing countries over a twenty-year period. This model is
particularly suitable because of its ability to deal with
the problem of endogeneity. Our results show that FDI
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have medium- to long-term positive effects on value
added in agriculture, forestry and fishing. This suggests
that developing countries would benefit from eliminat-
ing policies that and other regulations that increase
transaction costs for foreign investments. This includes
improving institutional mechanisms that deter foreign
investments—Amendolagine et al. [4] as well as Hasan
et al. [24] lend support to the argument that good insti-
tutions boost foreign direct investments and enhanc-
ing the efficient management of public sector budgets.
Public policy can also work to create a conducive envi-
ronment that facilitate corporate treasury management
to increase corporate effectiveness and productivity,
which in turn would draw more investments (see Polak
et al. [43] for analysis on treasury management). Such
improvements can help developing countries attract
FDI in sector in which they currently underperform, for
example in advanced business services, which require
considerably high levels of skilled labor [33].

Appendix
See Tables 5, 6 and 7.

Table 5 Countries in the sample

Bangladesh

Chile
Colombia
Costa Rica
Ecuador
Guatemala
Honduras
Indonesia
Malaysia
Mauritius
Mexico
Mozambique
Paraguay
Thailand
Turkey
Viet Nam
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Table 6 Variance decomposition
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Table 7 Panel vector autoregression GMM estimation

Response variable  Impulse variable Coeff Stad Err z P>|z|
and forecast
horizon FDI VA DFA GFC FDI
ol FDI —0.0070339 0.014192 —05 0.62
VAL, 94903.57 2507741 3.78 0.0000
0 0 0 0 0
! : 0 0 0 DFA, —11184.71 3191.266 —35 0.0000
GFC, —71.00288 32.21997 —22 0.028
2 0.8055624  0.0546782 0.1305487 0.0092107
AFFGDP, —745.8474 410.6999 —1.82 0.069
3 0.7869866 0.0755716  0.128301 0.0091408 A
4 0.7688392 0.0933242 0.1284195 0.0094171
FDI4 —2.11E-07 2.52E—08 —839 0.0000
5 0.7548875 0.1085172 0.1272704 0.0093249
VAL, 1.058401 0.0999634 10.59 0.0000
6 0.7420815 0.1220162 0.1265758 0.0093265
DFA.; —0.0269734 0.009268 —291 0.004
7 0.730903  0.1339534 0.1258464 0.0092972
GFCy, —0.0002521 0.0001205 —2.09 0.036
8 0.7209082 0.1445763  0.1252346  0.0092809
AFFGDP, —0.0117889 0.002094 —5.63 0.0000
9 07120129 0.1540474 0.1246768 0.009263 DEA
10 0.7040535 0.1625162 0.124182  0.0092482
VA FDI —6.00E-07 6.48E—-07 —093 0.354
0 0 0 0 0 VAL, 3.123305 0.8381881 373 0.0000
DFA, 0.0079548 0.1044854 0.08 0.939
1 0.0716618 0.9283382 0 0
GFC, —0.0007275 0.0014581 —05 0618
2 0.0429272  0.8907034 0.0580759  0.0082936
AFFGDP, 0.1124806 0.021866 5.14 0.0000
3 0.037063  0.8926349 0.0627992 0.0075029 GFC
4 0.0336507 0.890612  0.0679352 0.007802
FDI4 —0.0000634 0.0000207 —3.07 0.002
5 0.0318229 0.8902867 0.0701147 0.0077756
VAL, 72.98603 5562858 1.31 0.19
6 0.0305822 0.8898315 0.0717713 0.0078151
DFA.; —20.0784 7.219461 —2.78 0.005
7 0.0297245 0.8895843  0.0728654 0.0078258
GFCy, —0.3461282 0.0791308 —437 0.0000
8 0.029087  0.8893798 0.0736944 0.0078388
AFFGDP, 4242586 1.141165 3.72 0.0000
9 0.0285999 0.88923 0.0743229 0.0078472
10 0.0282158 0.8891097 0.0748201  0.0078543
DFA
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