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Abstract

Considering population projections, which are estimated to be 10 billion people in the world by 2050,
agricultural demand is expected to rise by about 50% compared to 2013 levels, even under a moderate
economic development scenario. The number of people will increase in cities, and higher income levels
per person will all have a significant impact on future food demand. There is only one way to raise food
production without further depletion of natural resources, and that is to boost Total Factor Productivity
(TFP). This study uses panel data analysis to investigate the factors that affect agricultural TFP in both
developed and developing countries. Data is taken from the USDA/ERS (the United States Department
of Agriculture/Economic Research Service), the World Bank, Penn World Table, and FAO over the peri-
od of 2002-2016 and consists of 32 developed and developing countries. According to our results, TFP
in agriculture is increasing with the high level of human capital in developing countries. Moreover, the
results of the study indicate that increases in gross fixed capital formation and the amount of arable land
in both groups of countries contribute positively to TFP. However, TFP decreases while the agricultural
employment rate increases for both developed and developing countries.

Keywords: Agricultural Total Factor Productivity, Agricultural production, Food demand, Natural
resources.

moderate economic development (Searchinger
et al., 2019). Food demand will undergo struc-
tural changes because of population expansion,
urbanization, and rising per capita income above
2013 levels under a scenario of moderate eco-

1. Introduction

The agricultural sector is crucial to the eco-
nomic development of nations and their sub-
sequent industrialisation. However, challenges
like hunger and poor nutrition remain prominent

due to the rapid growth of the world’s population
(Oguz and Yener, 2018). By 2050, the world’s
population is projected to reach 10 billion peo-
ple, increasing agricultural demand by almost
50% above 2013 levels under a scenario of

nomic development. Food demand will undergo
structural changes because of population expan-
sion, urbanization, and rising per capita income.
Income development in low- and middle-income
countries would accelerate the move away from
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grains toward meat, fruits, and vegetables, re-
quiring commensurate production changes and
placing strain on natural resources (FAO, 2017).
However, natural resource depletion, agricul-
tural underinvestment, and technological gaps
may make maintaining the current rate of output
growth more difficult than in the past. Recent
research indicates that natural resources are un-
der stress. The global “ecological footprint™ is
about 21.2 billion hectares, whereas the glob-
al “bio capacity” is approximately 12.1 billion
hectares as of 2018. Additionally, the ecological
footprint per capita reached 2.77 global hectares
in 2018, whereas the bio capacity of each person
was only 1.6 global hectares. Thus, in per capita
terms, the ecological deficit exceeds the earth’s
biosphere capacity by 1.73 times. This ratio was
equal to one in 1971 and continued to rise after-
wards, reaching 1.41 and 1.73 in 2002 and 2018,
respectively (https://data.footprintnetwork.org,
viewed on January, 2023).

According to the report of the Food and Agri-
culture Organization (FAO) published in 2017,
population, both in absolute numbers and pop-
ulation dynamics such as regional trends, age
group composition, and residential location
(rural or urban), all play a major role in deter-
mining changes in demand for food and agri-
cultural products. The urban population portion
will double to two-thirds of the total by 2050,
from 54 percent now. Even though agricultural
expenditures and technical advancements have
increased productivity, yield growth has stalled
at unacceptably low levels. Indeed, worldwide
yearly average growth in maize, rice, and wheat
has been little more than 1% on average during
the 1990s, a pace much lower than in the 1960s.
Degradation of natural resources, loss of biodi-
versity, and the spread of transboundary pests
and diseases of plants and animals, some of
which are becoming resistant to antimicrobials,
all act to stifle productivity gains (FAO, 2017).

Increased food production without further de-
pletion of natural resources is achievable only
via an increase in Total Factor Productivity
(TFP). TFP refers to gains in agricultural output
that occur because of overall process efficiency
improvements rather than increased resource
consumption. It assesses the change in output

brought about by technological advancements,
efficiency gains, management skills, and pro-
duction structure rather than a direct rise in input
consumption (European Commission, 2016).

Meeting increasing agricultural demand with
existing farming methods is expected to result in
greater competition for natural resources, higher
greenhouse gas emissions, and more deforesta-
tion and land degradation. These developments
create a slew of issues, including food securi-
ty and agricultural sustainability. High-input,
resource-intensive farming techniques are in-
capable of ensuring sustainable food and agri-
cultural production since they have resulted in
substantial deforestation, water shortages, soil
degradation, and high levels of greenhouse gas
emissions. Conserving and enhancing the natu-
ral resource base while boosting production re-
quires innovative methods. Furthermore, certain
issues, such as climate change, strain on natural
resources, underinvestment in agriculture, and
technological gaps, may make sustaining the
current rate of output growth more challenging
than in the past. Rapid technological advance-
ments and innovation offer promise for sustain-
ably meeting future food needs. This, however,
can only be achieved via well-considered public
policies, greater investment, and public-private
partnerships that capitalise on possibilities to
maintain current levels of productivity, sustain-
ably improve yields, and alleviate poverty and
food insecurity (FAO, 2017).

Increases in input consumption accounted for
about 60% of the threefold increase in glob-
al agricultural production between 1961 and
2009, leaving 40% to improvements in TFP. On
the other hand, TFP’s share of output growth
has increased over time, accounting for almost
three-quarters of global agricultural output
growth in the last decade (2001-09). The pace
of growth of natural resource usage (land and
water) has decreased somewhat over time, while
the rate of intensification of inputs has slowed
significantly. As a result, the source of agricul-
tural production growth has moved significant-
ly away from input intensification and toward
TFP enhancement (Fuglie and Wang, 2013).
Increased productivity, it is generally acknowl-
edged, is the primary driver of economic devel-
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opment in the agriculture sector of the United
States. Farm production in the United States
was about 2.9 times that of 1948, increasing at
an average annual rate of 1.53 percent through-
out the period. At the same time, aggregate in-
put consumption increased by 0.07 percent year
on year. The increase in agricultural sector pro-
duction was mostly due to an increase in Total
Factor Productivity of 1.46 percent each year on
average (USDA/ERS, 2020).

Even though agricultural research and devel-
opment continues to be one of the most profita-
ble investments, with returns ranging from 30%
to 75%, it is mostly neglected in the majority of
low-income countries. In underdeveloped na-
tions, agricultural research is presently dominat-
ed by the public sector, which means that further
expenditures will have to come from govern-
ment funds. Increased private sector investment
will require resolving intellectual property rights
while still allowing smallholder farmers access
to new technology (FAO, 2010).

Enhancing agricultural efficiency — producing
more with the same inputs — is critical for food
security. TFP is a measure that agricultural sys-
tems use to determine their effectiveness. It is a
proxy for the efficiency with which agricultural
land, labour, capital, and materials (agricultural
inputs) are utilised to produce a country’s crops
and animals (agricultural output) — it is calculat-
ed as the ratio of total agricultural output to total
production inputs. When more output is generat-
ed from a given set of resources, TFP increases,
indicating that resources are utilised more effec-
tively. TFP aids policymakers and investors in
their understanding of agricultural systems by
enabling cross-country and cross-regional com-
parisons (IFPRI, 2019).

Although numerous studies have measured
TFP in agriculture and its drivers at various lev-
els (regional, national, and cross-country) using
cross-sectional, time-series, or panel data, they
have not come across a comprehensive empir-
ical study focusing on the determinants of TFP
in agriculture in countries classified according
to their level of development. The purpose of
this research is to use panel data analysis to in-
vestigate the drivers of TFP in agriculture in de-
veloped and developing nations. We add to the

relevant literature by giving empirical support
for policy initiatives that promote sustainable
agricultural production. The following sections
make up the paper: The theoretical context is
discussed in Section 2. Section 3 summarises
the current state of knowledge about TFP and
its determinants. The empirical model and data
utilised are described in Section 4. Finally, Sec-
tion 5 covers the discussion of the findings, and
Section 6 concludes.

2. Theoretical background

Several recent studies have suggested that the
agricultural economy is experiencing a deceler-
ation in productivity growth, which could exac-
erbate supply-side constraints while population,
income, and energy growth continue to increase
demand for agricultural products (Fuglie, 2010).
Growth in agricultural productivity is often
seen as a major factor, which explains why the
global food supply can keep up with expanding
demand. Moreover, findings indicate that invest-
ments in food and agricultural research systems
generate new knowledge and technologies that
accelerate productivity improvements (Fuglie
and Toole, 2014).

Total Factor Productivity (TFP) is the percent-
age of total output that is not attributable to the
amount of inputs used in production. Whereas
partial productivity does not accurately reflect
whether productivity growth is due to increased
input use, increased efficiency in input use, or
increased technology, TFP measures the net
growth of output per unit of total inputs (Sai-
ki, 2014). The level of TFP, therefore, indicates
how proficiently and intensely those inputs are
utilized. However, the term “productivity” is
grossly misused in the literature; it is used syn-
onymously with labour productivity in the man-
ufacturing sector and with yield productivity in
agriculture. However, using yield as the sole
indicator of productivity in agriculture creates
a deceptive picture of the extent of productivity
growth (Coelli, 1996).

TFP is the most informative indicator of agri-
cultural productivity. The total amount of land,
labour, capital, and material resources used in
agricultural production is compared to the to-
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tal amount of crop and livestock output in TFP.
An increase in Total Factor Productivity occurs
when total output exceeds total inputs. TFP dif-
fers from other production indicators such as
crop yield per acre or agricultural value added
per worker in that it considers a larger range of
inputs. TFP refers to the average productivity of
all of these inputs employed in the production
of all crops and animal commodities as a whole
(USDAVERS, 2021).

Measuring agricultural productivity and pro-
ductivity growth over time provides informa-
tion on natural resource effectiveness (Dhehibi
et al., 2014) and also an insight into the agri-
cultural sector’s competitiveness, contributing
to the identification of critical government food
security policies (Hayami and Ruttan, 1985;
Ball, 1985). There are two distinct ways to
quantify TFP growth: frontier and non-fron-
tier approaches (Figure 1). Both techniques are
further classified as parametric and non-para-
metric. The purpose of the frontier technique is
to determine the best possible positions based
on the estimation of a boundary function and
given input amounts and prices. For example,
a cost frontier denotes the lowest cost possible
given input prices and output, but a production
frontier denotes the maximum output possible
given a set of inputs and technology (Frija et
al., 2015).

The methodology that the United States De-
partment of Agriculture/Economic Research
Service (USDA/ERS) uses to calculate TFP and

Source: Frijaetal., 2015.

TFP growth is taken from Fuglie (2012). The
study defines TFP as the ratio of total output to
total inputs. If X denotes total inputs and Y de-
notes total output, then TFP is as follows:

TFP=Y/X

(M

Due to the variability of outputs produced
and inputs utilized, it is usually difficult to of-
fer meaningful definitions of real output or in-
put. However, using index number theory, it is
possible to construct meaningful definitions of
output and input growth between any two time
periods (Caves et al., 1982). To do so, Fuglie
(2012) calculates the rate of change in total
output compared to the rate of change in total
input to determine changes in TFP over time by
changing Equation (1) to be expressed as log-
arithms as:

dIn(TFP) _ dIn(Y) dIn(X)
dt dt dt

Equation (2) indicates plainly that the rate of
change in Total Factor Productivity is equal to
the difference between the rates of change in
aggregate output and input. As agriculture is a
process with multiple outputs and inputs, X and
Y are vectors. When the underlying technology
is depicted by a constant-returns-to-scale pro-
duction function, producers maximise profits
to the extent that the output elasticity of output
with respect to an input equals the cost share
of that input, and markets are in long-run com-
petitive equilibrium while total revenue equals

2
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total cost. Equation (2), on the other hand, can

be represented as:
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R; is the revenue share of the i output, and S;
is the cost share of the j* input in Equation (3).
The total output growth rate is calculated by add-
ing the growth rates of all output commodities
weighted by their revenue share. Likewise, total
input growth is calculated by adding the growth
rates of all inputs and weighting them by their
cost share. Thus, in Equation (3), TFP growth is
defined as the value-share-weighted difference
between total output and total input growth.

One distinction between growth accounting
approaches is whether the revenue and cost
share weights are constant throughout time or
fluctuate. While the Paasche and Laspeyres indi-
ces employ constant weights, the Tornqvist-Thi-
el and other chained indices employ variable
weights. Allowing for weight variation mitigates
the risk of “index number bias.” When produc-
ers swap between outputs and inputs based on
their relative profitability or cost, index number
bias occurs. In other words, the rates of growth
of Y; and X are dependent on changes in R; and
S;. For instance, if labour wages increase in re-
lation to the cost of capital, producers are likely
to substitute more capital for labour, lowering
labour growth and increasing capital growth.

In agriculture, as economic development pro-
gresses, the cost shares of agricultural capital
and material inputs tend to increase, while the
cost share of labour tends to decline. Cost shares
are varied by decade if available to reduce the
possibility of index number bias in TFP growth
projections. Base year prices (or, more precise-
ly, base year revenue shares) are fixed for out-
puts, as they are determined by the FAO’s esti-
mate of constant gross agricultural output. The
2004-2006 period is used as the base period for
the output prices (https://www.ers.usda.gov, ac-
cessed in February, 2023).

The approach of Fuglie (2012) that USDA/
ERS adopts enables a straightforward decompo-
sition of the relative contributions of TFP and
inputs to output growth. To be able to denote the

annual growth rate of a variable, Equation 4 can
be used.
J
g(Y)=g(TFP)+ZS.,-g(X/) “4)
Jj=1
As each Sjg(Xj) term represents the increase
in cost associated with increasing output by us-
ing more of the jth input, Equation (4) is a cost
decomposition of output growth. Additionally,
one can concentrate on a single input, say land
(designated as X1), and breakdown growth into
the component owing to resource expansion and
the yield of this resource as:

etn)=e(x)r o 1|

1

)

This decomposition of Equation (5) is syn-
onymous with extensification (land expansion)
and intensification (land yield growth). Then,
yield growth can be decomposed into the share
due to TFP and the share owing to more inten-
sive use of other inputs per unit of land with the
help of Equation (6). This will represent a re-
source-based decomposition of growth since it is
concerned with the quantity change of a physi-
cal resource (land) rather than its contribution to
changes in the cost of production.

g<xl)+g<rFP>+is,g[Xf} ©)

Y
g(¥) 258 %

Measuring productivity and technological
change is crucial for two reasons. To begin, the
measures can be used to make comparisons in
specific, well-documented situations. That is,
the productivity and technological accomplish-
ments of one period or location can be com-
pared to those of another. Second, measures of
productivity and technological change can be
used to assess the statistical relationship be-
tween productivity change and certain explan-
atory variables.

TFP increase, often referred to as “technical
change,” is both a required and sufficient condi-
tion for the agricultural sector’s and economy’s
development. It is an essential requirement in
that it helps agriculture avoid falling victim to
Ricardo’s law of decreasing returns, into which
the sector has a tendency to fall. On the other
hand, it is a necessary condition as it results in
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increased production over the long term with
lower unit costs and prices (Desai and Nam-
boodiri, 1997).

Technological advancement is determined out-
side the model (in other words, it is exogenous)
according to the neoclassical growth models
(Solow, 1957). Modern growth theories (Romer,
1986 and 1990) aspire to explain technological
development and so supplement the old para-
digm by elucidating how knowledge is generat-
ed (hence technological advancement is endog-
enous). Indeed, current growth models enable
eternal growth through endogenous knowledge
generation. Innovation is critical for technolog-
ical advancement and is complimented by spe-
cialisation in that the latter boosts the former by
increasing the sum total of knowledge. Combin-
ing ideas generates new ones, and this process is
dynamically self-generating and self-feeding.

3. Literature review

Growth in TFP in agriculture and its determi-
nants are the subject of various studies in the
literature, as productivity and technical change
measures at a relatively detailed level are ben-
eficial for policy analysis. Earlier research has
examined a variety of factors that contribute
to productivity increases and technological
change in agricultural output and other sec-
tors of the economy. Suer (1995), for example,
has conducted research from 1955 to 1981 on
technical change and productivity in the food,
beverage, and tobacco industries in the Unit-
ed Kingdom (UK). The author discovered that
technical change in industries has been input
biassed using a trans-log cost function. Fire et
al. (1994) have calculated productivity growth
for 17 OECD countries using a non-parametric
programming model. They have found that Ja-
pan’s productivity growth was the fastest in the
sample, with more than half of the rise attribut-
able to technical advances. Additionally, Fére et
al. (1994) have shown that the long-run increase
in Total Factor Productivity has been driven by
technological development (TFP). Kim and Sa-
chish (1986) have studied the period 1966-1983
and found that technological progress decreased
labour input use and turned to be capital-inten-

sive. MclIntosh (1986) has used a two-factor vin-
tage model to aggregate time series data from
1950 to 1978. The input-output coefficients of
the model obtained indicate that technical pro-
gress and capital accumulation have been geared
toward decreasing the amount of labour needed
to produce a unit of output rather than increasing
output. Bloch and Madden (1995) have used a
model of technological change reflected in cap-
ital equipment to evaluate average labour pro-
ductivity increases in a cross-section of Australi-
an manufacturing sectors. The authors identified
three drivers of productivity growth: the rate
of advancement toward labour-saving technol-
ogies, the difference between wage and capital
rental price changes, and the rate of expansion in
industrial productive capacity. The authors have
discovered that each of the drivers studied had
a positive and statistically significant correla-
tion with the rise in average labour productivity.
Frisvold and Ingram (1995) have used an aggre-
gate agricultural production function to perform
research. According to their findings, land pro-
ductivity has been the main driver of agricultural
productivity increases.

The literature identifies human capital (la-
bour quality and education levels), R&D, in-
frastructure (institutional factors), government
programmes and policies (government expend-
iture), technology transfer and foreign R&D
spillovers, health, structural change, resource
redistribution, and trade openness as drivers of
agricultural total productivity change.

In economic terms, human capital refers to
the stock of knowledge and abilities carried by
the working population. Capital in the form of
a well-educated and talented workforce can eas-
ily integrate the latest innovations brought by
foreign direct investment (Kariuki and Kabaru,
2022). Increased human capital does not only
have the potential to increase productivity of the
workers but also may have a moderating effect
on the nexus of other determinants of TFP and
productivity growth (Malikane and Chitambara,
2017). In fact, many studies in literature reveal
the positive effect of human capital on TFP
(Tsamadias et al., 2019; Habib et al., 2019; Liu
and Lv, 2021; Rehman and Islam, 2023; Yu et
al., 2022).
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Increase in human capital in a country will
result with a qualified labour force and labour
quality is essential for the growth of the economy
(Barro, 2001). It has a direct effect on econom-
ic growth through improved labour productivity
(Yadav, 2020; Wang et al., 2021) and an indirect
effect through increased productivity via spill
over effect on TFP (Wang et al., 2021). A nation
with a higher standard of living gains more from
openness and foreign direct investment’s fa-
vourable externalities. Consequently, improved
worker quality is anticipated to result in great-
er productivity growth (Loko and Diouf, 2009;
Ngo and Nguyen, 2020; Yu ef al., 2022). At this
point, the level of education has great impor-
tance in achieving a high level of labour quality.
It is a well-known fact that education is a kind of
human capital investment through which people
gain general problem-solving skills, similar to a
farmer’s physical capital investment. Scientists’
education expedites the creation of new technol-
ogies. Additionally, education facilitates farm-
ers’ adoption of new technology. Farmers with a
greater level of education are better prepared to
assess the benefits of new technology, embrace
it more rapidly, and effectively adapt it to their
unique circumstances than farmers with a lower
level of education (Frija et al., 2015). By extend-
ing accessible resources and increasing the pro-
ductivity of private capital, infrastructure helps
to increase productive capacity (Munnell, 1992).

By restricting different kinds of capital and
technology adoption, health has a direct impact
on TFP growth (Misra, 2019; Yu et al., 2022)
through household income and wealth and indi-
rectly through labour productivity savings and
investment, and demography. When all other
circumstances are equal, healthy employees pro-
duce more (Isaksson, 2007). Cole and Neumay-
er (2003) investigate the impact of poor health
on TFP during the period 1965-1996 using data
from 52 developed and developing countries.
They argue that, although previous studies have
examined the impact of poor health on produc-
tion growth, this effect is probably underesti-
mated since it is only indirect and occurs as a
consequence of the effects of poor health on la-
bour productivity and physical and human cap-
ital. The authors make a significant addition by

examining the direct impact of ill health on ag-
gregate output levels across nations. The study’s
findings indicate that health indicators include
the proportion of the population that is malnour-
ished (which mainly impacts the workforce), the
prevalence of malaria and other related illness-
es that reduce labour productivity and human
capital, and life expectancy. Additionally, there
are studies that integrate life expectancy into
the production function in order to investigate
the relationship between health and TFP. For
example, Bloom et al. (2004) found that a one-
year increase in the population’s life expectancy
leads to a 4% rise in production.

Increased productivity may be accomplished
via the use of more sophisticated technology and/
or more efficient management, whether techni-
cal, allocative, or scale-based. While some of the
factors are within the control of the farm manag-
er and are dependent on his or her management
abilities, such as some efficiency improvements,
others are external to the farm manager, such as
the natural environment, technology develop-
ment, investment in research and development,
the advisory system and infrastructure, the avail-
ability of similar farms and value chains, and the
applicability. Long-term productivity growth is
primarily driven by innovation, which is fuelled
by research spending. New technologies, includ-
ing big data, whether open source or proprietary,
plant breeding technologies, multi-actor busi-
ness models, and precision farming, to name a
few, have the potential to accelerate technologi-
cal progress. Adoption of new technologies can
easily be demonstrated by increasing the pro-
duction frontier in frontier-based research (Eu-
ropean Commission, 2016).

Agricultural research has concentrated on de-
veloping higher yielding crop types, optimising
animal breeding procedures, developing more
efficient fertilisers and pesticides, and improv-
ing farm management techniques. Agricultural
research and development (agricultural R&D)
is essential not only to increase agricultural pro-
duction but also to prevent it from declining.
For example, production gains associated with
a specific plant variety are frequently lost over
time as pests and diseases evolve to make the
variety more vulnerable. Therefore, a significant
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part of agricultural research spending is spent on
upkeep. Farmers gain from agricultural research
in the short term since it results in lower costs
and higher income. On the other side, agricultural
research helps customers in the long term by re-
ducing food costs. Additionally, agricultural re-
search helps a nation maintain its competitiveness
in global markets. Agricultural research can also
contribute to the reduction of income and living
standard inequality, as individuals with low-in-
come benefit more from lower food prices than
high-income individuals do and spend a greater
proportion of their income on food than high-in-
come individuals do (Frija et al., 2015).

Considering the significant role of R&D in in-
novation and technological progress, many re-
searchers concentrate on the connection between
research and development and productivity. As
demonstrated by the European Union’s Horizon
2020 framework, this is also a key topic on the
political agenda (Haider ef al., 2021). Following a
decade of stagnant growth in the 1990s, worldwide
agriculture R&D expenditure increased by an av-
erage of 3.1 percent per year on average between
2000 and 2009, increasing from US$25 billion
to US$33.6 billion. Around half of the increase
in expenditure is attributable to China and India.
Argentina, Brazil, Iran, Nigeria, and the Russian
Federation all increased their public agricultural
research and development investment significant-
ly, accounting for one-fifth of the global increase.
However, R&D expenditure growth remains rel-
atively small in many low- and middle-income
nations (FAO, 2017). Coe and Helpman (1995)
and Coe et al. (2009) empirically investigate the
spillover effects of R&D expertise across nations
by including institutional factors (such as ease of
doing business, patent protection, and common
vs. statute law). The idea is that productivity gains
from R&D are not entirely dependent on local
expertise but also on foreign R&D activity. They
were able to demonstrate a positive connection be-
tween domestic research and development efforts
and production in a sample of 22 highly developed
nations, but also a parallel correlation for foreign
research and development. Additionally, trade
openness amplifies the impact of spillovers from
overseas R&D, which is especially important in
smaller countries.

A robust innovation system is essential for
TFP expansion (Isaksson, 2007; Saleem et al.,
2019; Kijek and Matras-Bolibok, 2019; Liu et
al.,, 2020/2022). An innovation system may be
described as a network of institutions (for exam-
ple, universities, public and commercial research
institutes, and policy research institutions), regula-
tions, and procedures that influence how a nation
obtains, produces, disseminates, and utilises infor-
mation (Chen and Dahlman, 2004). An innovation
system’s main purpose is to foster research and de-
velopment that results in new goods, technologies,
and knowledge. R&D is often described in terms
of two components: invention and enabling the
understanding and replication of others’ findings.
The latter is linked with absorptive ability and aids
in the transmission of technologies. While R&D
is more likely to occur at the company or industry
level, improved productivity will ultimately con-
tribute to wider economic growth. R&D may orig-
inate from two sources: domestic (as described
above) or foreign spillovers (Isaksson, 2007).

According to the data, R&D investments in
food and agricultural research systems result in the
development of new knowledge and technologies
that boost agricultural output. Nonetheless, during
the past few decades, these research systems have
experienced substantial organisational and finan-
cial changes. Numerous traditional public sector
activities, such as finance and research, are being
taken over by the private sector. Three significant
developments in the system that generates most
of the new agricultural technology in the United
States can be summarised as the slowdown of
public agricultural research funding, the increase
in private agricultural research spending, and the
emergence of new institutional models for public
and private agricultural research and technology
development (Fuglie and Toole, 2014).

A strong relationship exists between investment
in research and innovation and increases in agri-
cultural productivity (Fuglie and Heisey, 2007; Qi
and Yang, 2021). There is, however, a significant
time lag between the stage of research on a new
technology and the point at which it is adopted and
starts to affect production. The authors assert that
monitoring research spending in food and agricul-
ture is a critical indication of future agricultural
productivity development trends. Agricultural
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research expenditures have a delayed impact on
production due to the length of the research pro-
grammes and the time required for farmers to ad-
just to and learn about new technology. The earlier
farmers and consumers benefit from research, the
higher the rate of return on that investment. Thus,
the agricultural extension system’s goal is to re-
duce the period between technology development
and deployment. Agents of extension are respon-
sible for educating farmers about crops, animals,
and management techniques, as well as demon-
strating innovative ways. Furthermore, they ad-
vise farmers directly on particular production and
management problems. In contrast to studies, it is
reasonable to assume that expansion instantly in-
creases output (Frija ez al., 2015).

Studies in literature reveal a strong positive
connection exists between agricultural produc-
tion and infrastructure (Gopinath and Roe, 1997,
Khanna and Sharma, 2021). The most apparent
example of how public investment in infrastruc-
ture may boost agricultural production is via
public transportation and irrigation infrastruc-
ture. For example, an improved highway infra-
structure may promote the integration of farmers’
markets and decrease the cost of acquiring inputs
and transporting products to market (Frija et al.,
2015). Also, improvements to the telecommuni-
cations and electricity infrastructure may enable
the usage of particular machines and transporta-
tion (Hultén and Mélleryd, 2003) or better access
to telecommunication networks is anticipated to
increase the flow of information, which could
result in efficient market clearing and increased
competitiveness (Jensen, 2007).

Government efforts boost productivity by opti-
mising resource allocation and output distribution
through price control. Government engagement in
agriculture is most common through agricultural
programs. However, there are many more exam-
ples, such as where tax policy may be used to en-
courage private sector investment in technology
development and adoption by farmers. Increased
intellectual property protection may increase
private business incentives to do agricultural re-
search. Regulatory requirements have an effect on
the pace of market entry for new fertilisers and ag-
ricultural chemicals (Frija et al., 2015). Although
research on the impact of government farm sub-

sidies on agricultural production has been limit-
ed, a few studies have found a significant positive
relationship (Huffman and Evenson, 1993). Direct
government incentives, for example, may expe-
dite the adoption of new technologies by encour-
aging the substitution of increased capital inputs
for labour (Makki et al., 1999).

Additionally, there are studies that demonstrate
that TFP is significantly affected by the economy’s
structure and that institutions play a key role in the
formation of the structure (Chanda and Dalgaard,
2005; Akhremenko et al., 2019; Li and Tanna,
2019). For example, Chanda and Dalgaard (2005)
argue that the connection between institutions and
TFP occurs because the former affects the agri-
cultural and non-agricultural composition of the
economy. According to the authors, when an econ-
omy’s institutions are weak, it results in a lack of
money for investment and, therefore, capital accu-
mulation. This affects the mix of production since
capital-intensive non-agricultural industries may
pay more, luring labour away from agriculture.

There is uncertainty about the connection be-
tween government spending as a proportion of
GDP and productivity growth. Numerous studies
indicate that government spending increases pro-
ductivity growth through the generation of bene-
ficial externalities because of a variety of factors,
including the development of legal and adminis-
trative institutions, the development of economic
infrastructures, and numerous interventions to
address market failures (Ghali, 1998). Indeed, it
is generally recognized that some level of govern-
ment expenditure, especially on public goods, is
necessary to promote productivity growth.

Excessive government spending, on the oth-
er hand, may stall productivity growth owing to
government inefficiencies, the burden of taxes,
and distortions created by government inter-
ference in free markets (Barro, 1991; Dar and
Khalkhali, 2002). Thus, it is uncertain wheth-
er the size of the government has a net positive
or negative impact on productivity growth or if
the relationship is monotonic. However, the bulk
of empirical research shows conclusively that a
big and expanding government does not result in
better productivity growth or economic success
(Loko and Diouf, 2009).

Another driver of TFP growth is technology
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transfer through international research and de-
velopment spillovers. According to Isaksson
(2007), a limited number of technologically
sophisticated nations generate knowledge. Be-
cause the bulk of nations do not produce cut-
ting-edge technology, it must be imported. Ac-
cording to the author, there are many ways for
information to transcend national borders. For
instance, goods often integrate technology. As a
result, importers with a moderate degree of ex-
pertise may be accessed. Trade, in general, helps
to build international connections and may act as
a conduit for information. Foreign research and
development spillovers may also involve tech-
nological transfers in the form of research (new
technologies and money) performed in a foreign
nation. Trade and international research and de-
velopment spillovers, as information carriers,
should undoubtedly be regarded as having indi-
rect impacts on TFP as their efficacy improves.
According to several research studies, fa-
vourable agricultural terms of trade are a key
requirement for boosting technology adoption
and mobilising higher levels of investment in
agriculture transformation (Dantwala, 1976; De
Janvry and Subbarao, 1986). According to anoth-
er perspective, when prices are used as a policy
instrument to accomplish a desired resource al-
location, non-price elements (mainly technology,
infrastructure, research, and extension) are more
essential for sustaining agricultural development
in countries. Sectoral terms of trade are important
for policymakers to understand. Income redistri-
bution across sectors and socioeconomic levels
occurs because of changes in inter-sectoral terms
of trade. Income redistribution has an impact
on one’s ability to save and on one’s incentives
to invest, produce, and sell. The term “terms of
trade” refers to the relationship between export
and import unit values. Agricultural exports and
irrigation have been proven in the literature to
have the greatest impact on decreasing technical
inefficiency (Jemaa and Dhif, 2005). Exports of
agricultural products expose producers in a coun-
try to worldwide competition, which promotes the

development of efficient production methods. Ag-
ricultural imports, according to Frija et al. (2015),
are symptomatic of a problematic agriculture sec-
tor. Increased terms of trade decrease inefficien-
cy, resulting in a rise in Total Factor Productivity
(TFP). This implies that any increase in the value
of export units (or, conversely, any decrease in the
value of import units) increases TFP.

Additional factors that may accelerate TFP
growth include sustainable management of agri-
cultural production resources (e.g., agriculture’s
share of water use), the proportion of primary
cropland harvested relative to total cropland har-
vested, equitable territorial development (GDP
per capita in rural areas), and the percentage of ir-
rigated land relative to total agricultural land (Frija
etal.,2015).

4. Methodology

4.1. Econometric model

The aim of the study is to investigate the deter-
minants of agricultural Total Factor Productivity
with a cross-country analysis. We estimate the
following panel-data model:

ATFPy = By + B1ALy + B AE; + B3GFCy +
+ B4RD;; + BsAHC; +9; + A + €5

In this model, subscripts i and ¢ denote respec-
tively the country and the year. represents the
agricultural total productivity index (base year
2005=100) which is computed by the United
States Department of Agriculture, Economic
Research (USDA/ERS), using data collected by
FAO and ILO. AL; is the arable land measured
by hectares per person. Agricultural employment
AEj refers to the employment in agriculture as
the percentage of total employment. GFCj; rep-
resents the gross fixed capital formation as the
share of the gross value added in agriculture.
Other covariates controlled in the model are the
human capital index! (HC) and the research and
development expenditures (RD;;) as the share of

! The human capital index is calculated using Barro et al. (2013) average years of schooling and an expected rate
of return on education based on Mincer equation estimates globally (Psacharopoulos, 1994).
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GDP. Moreover, a full set of country dummies
(¢), a full set of year dummies (4,), and an er-
ror term (e;;), capturing all other omitted factors,
with E(e;) is equal to 0 for all / and .

We do not prefer to estimate the regression us-
ing the pooled-OLS estimator, which will be bi-
assed and inconsistent since it ignores individual
heterogeneity and assumes that each individual
has a unique influence. Moreover, unobserved
cultural and institutional factors, which are un-
observable, country-specific, and time-invariant,
can influence both the Total Factor Productivity
of countries and the possible determinants. The
fixed effect estimator can remove this source of
bias, and on the other hand, it is reliable due to
the assumption that each individual has a dis-
tinct influence. Therefore, we apply the fixed
effect (FE) estimation method with robust stand-
ard errors (White, 1980) along with the Dri-
scoll-Kraay standard errors and panel corrected
standard errors (PCSE) (Beck and Katz, 1995).
Our Hausman test results are also in favor of
fixed effect estimation rather than random ef-
fects. Fixed effect with Driscoll-Kraay standard
errors is considered a more precise technique,
while Driscoll-Kraay standard errors are well
calibrated when cross-sectional dependence ex-
ists. A fixed effect with robust standard errors
produces a covariance matrix that is robust to
certain violations of the regression model, such
as heteroskedasticity or autocorrelation, but they
do not consider cross-sectional correlation.

Beck and Katz (1995) show that their large
T asymptotic-based standard errors (PCSE),
which correct for contemporaneous correlation
between the subjects, perform well in small
panels. However, the finite sample properties of
their estimator, panel corrected standard errors,
function poorly when the panel’s cross-sectional
dimension N is larger than the time dimension T.
Therefore, Driscoll and Kraay’s approach elim-
inates this problem when the cross-sectional di-
mension N gets large (Hoechle, 2007).

4.2. Data

The summary statistics of variables reported
in Table 1. These variables were obtained from
the USDA/ERS (the United States Department
of Agriculture/Economic Research Service),
the World Bank, Penn World Table, and FAO
over the period of 2002-2016. The data set
consists of 32 developed and developing coun-
tries.? Our empirical work relies on balanced
panel data, thus, from the dataset, we have re-
moved countries with missing observations. In
Table 1, we report the summary statistics of the
variables employed in the empirical work.

Overall, we observe an average agricultur-
al productivity index of 107.2. TFP is defined
as “an indicator of how efficiently agricultural
land, labour, capital, and materials (agricul-
tural inputs) are used to produce a country’s
crops and livestock (agricultural output)”. The
minimum value is 80.97 in the dataset for ag-
ricultural total productivity, which belongs to
Romania in 2007. On the other hand, 155.68
is the maximum value that agricultural total
productivity reached in Portugal in 2015. As
we expect, the average value of research and
development expenditures (% of GDP) is quite
low at only 1.54 percent. In 2016, Israel spent
the most on research and development. Simi-
lar to Israel, South Korea also dedicates around
4 percent of its GDP to research and develop-
ment. The minimum value for the research and
development expenditure in the dataset is 0.03
spent by Trinidad and Tobago in 2008. Further-
more, the average human capital index is 3.07.
It is measured based on the years of schooling
and return to education. Developing and de-
veloped countries have similar human capital
indices ranging from 1.81 to 3.76. Israel is the
country with the highest value of the human
capital index, while India has the lowest. Re-
garding other variables, arable land and gross
fixed capital formation, Canada has the highest
amount of arable land per person, while India,

2 Data covers Argentina, Bulgaria, China, India, Mexico, Panama, Romania, and Turkey as the developing coun-
tries, and Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland,
Israel, Italy, Japan, Kuwait, Lithuania, Poland, Portugal, the Republic of Korea, Slovakia, Spain, Trinidad and Tobago,
the United Kingdom, and the United States as the developed countries.
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Table 1 - Summary statistics.

Variables Data Source Obs. Mean S.d Min. Max
Agricultural Total Factor Productivity
(ATFP): 2005=100 USDA/ERS 480 107.25 | 12.33 | 80.98 | 155.68
Research and Development Exp. (RD);

% of GDP The World Bank 480 1.54 1.09 0.03 4.51
Human Capital Index (HC) Pen World Table | 480 3.07 0.48 1.81 3.77
Gross Fixed Capital Formation (GFCF);

% Gross Value Added in Agriculture FAO 480 2.92 201 0.06 112
Arable Land (AL); Hectare Per Person The World Bank | 480 0.28 0.25 0.06 1.30
Agricultural Employment Rate (AE): | 0 worid Bank | 465 | 930 | 11.81 | 0.13 | 58.60
% of Total Employment

Lithuania, and Argentina are the leading coun-  Table 2 - Pre-analysis tests.

tries for gross fixed capital fgrmatlon (https:// o Tost Significance

data.worldbank.qrg acqessed in Janqary 2022). ests Statistics p-value

lHov.veer., one }issuehm ou1.r1 alrjl.a#ymsfc;ould bs Modificd Wald Test 16 0s

se ectlon. ias, where the availabi .1ty of data an for Heteroskedasticity . .

the selection of the sample countries explored in

the study may not be random. Nevertheless, in Peseran Test for

y may - e > Cross-Sectional 1640.52 0.00

order to avoid the problem of attrition and losing | Dependence

information, we prefer to use a balanced dataset, .

. . . Baltagi-Wu

including 32 (9 developing and 23 developed) | Autocorrelation Test 1.25 -

countries (Wooldridge, 2010).

As we mentioned in the previous section, the
empirical results are obtained using the fixed ef-
fects (FE) regression with robust standard errors,
the fixed effects regression with Driscoll Kraay
standard errors (FE-DK), and the linear regres-
sion with panel corrected standard errors (PCSE).
Due to the short time span, we have not checked
the stationary nature of the variables using unit-
root tests. However, we have done the necessary
tests for the problems of heteroskedasticity, au-
tocorrelation, and contemporaneous correlation.
Based on those test results, to account for het-
eroskedasticity, autocorrelation, and contempo-
raneous correlation, we have employed FE-DK
standard errors. Moreover, as a robustness check,
we have obtained panel-corrected standard error
(PCSE) estimates for the linear cross-sectional
time series models, assuming that the disturbanc-
es are heteroskedastic and contemporaneously
correlated across panels. To investigate whether
countries are cross-sectionally dependent or con-
temporaneously correlated, we have employed
the Pesaran (2004) CD test. Based on the test re-
sult, we could not reject the dependence across
countries (p = 0.24) and reveal the cross-sectional

dependency. In addition, the Baltagi-Wu autocor-
relation test and the modified Wald test for het-
eroskedasticity reveal the existence of these two
problems. Therefore, we analyse the fixed-effects
regression with DK standard errors (Driscoll and
Kraay, 1998; Drukker, 2003).

5. Results and discussion

The motivation of this paper is the paucity of
macro level studies that analyse the determi-
nants of agricultural Total Factor Productivity
in developed and developing countries. Accord-
ing to the World Bank’s “World Development
Indicators Country Classification,” high-income
countries are considered developed, while up-
per-middle and lower-middle income countries
are considered developing. Our dataset does not
contain low-income countries due to the unavail-
ability of data for these countries. Table 3 shows
the FE estimation results with robust standard
errors. Moreover, we report FE-DK and PCSE
estimates in Table 4 and Table 5, respectively.

Regarding the coefficients of covariates, esti-
mates using three different methods show con-
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sistency. The coefficient of the human capital
index is positively significant in increasing the
agricultural Total Factor Productivity only in
developing countries. In other words, Total Fac-
tor Productivity in agriculture is increased with
high level of human capital in the developing
countries. The negative but insignificant coeffi-
cients of human capital variable for developed
countries in all estimations can exist due to the
already existing high levels of human capital in
developed countries. In developed countries,
levels of human capital may have reached to a
threshold and may have made the potential con-
tribution to productivity gains already. In addi-
tion, institutional infrastructure of a country is
also important to be able to benefit from human
capital. For instance, in their study which aims to
examine foreign direct investments on TFP tak-
ing into consideration the moderating effect of
human capital on FDI-TFP growth nexus, Li and
Tanna (2019) reveal that improving institutions
is relatively more important than human capital
development for developing countries to real-
ise productivity gains. As developing countries
focus on establishing new required institutions
and empowering the existing ones to be able
to achieve economic growth and development,
human capital’s positive impact on Total Fac-
tor Productivity in developing countries may be
higher when compared to developed countries.
Human capital’s positive impact on TFP is
revealed by many studies in the literature re-
gardless of whether the considered countries are
developing or developed. For instance, Schultz
(1975) shows that the human capital, associated
with formal schooling increases the productivity
of farmers. Moreover, Norton and Davis (1981)
and Jamison and Lau (1982) review many stud-
ies investigating the relationship between human
capital and agricultural Total Factor Productivi-
ty. The findings of these studies all point to the
importance of human capital in the efficiency
and productivity of farmers and family business-
es in the agricultural sector. Also, from the fact
that the transition from agricultural economy to
an industrial one is brought about by an increase
in human capital according to endogenous de-
velopment theory (Tamura, 2002), human cap-
ital increase in countries (particularly in devel-

oping countries where the increase is faster as
their human capital levels are much lower when
compared to the levels in developed countries)
may promote technological change and create
an increase in the usage of machinery in agri-
culture by increasing the farmers’ abilities to
adapt themselves to technological developments
in agricultural production and by increasing ef-
ficiency. The increase in human capital can have
the potential to substitute excessive labour usage
in agriculture while increasing Total Factor Pro-
ductivity that can allow a more efficient resource
allocation. As a result, human capital increase
has the potential to lower the need for excessive
agricultural employment and for a developing
country which is still on the way to complete its
transition to an industrial economy from an ag-
ricultural economy, one can expect that human
capital increase will bring together the substi-
tution effect of machinery use for agricultural
employment. The farmers who are not educat-
ed enough to adapt themselves to technological
changes may decrease the efficiency in agricul-
tural production, hence may create a detrimental
effect on Total Factor Productivity. Considering
the significant difference between the developed
and developing countries in the level of educa-
tion represented by higher rates of basic literacy
or advanced understanding of technical issues,
human capital would not be significant any more
in increasing the Total Factor Productivity for
the farmers in the developed countries. Howev-
er, it can still be an important determinant for the
productivity of farmers in developing countries.

Surprisingly, research and development (RD)
expenditures as a share of GDP are not a sig-
nificant determinant in changing the level of
Total Factor Productivity. This can be related to
the covariate used in the model that represents
general RD expenditures rather than the RD ex-
penditures allocated specifically to the agricultur-
al sector. Due to the lack of this data, we have
used the general RD expenditures in all sectors,
which may not directly represent the RD spend-
ing solely done in the agricultural sector. Another
explanation can be that the productivity-boosting
effects of R&D expenditures may need time to be
captured (Salim et al., 2020). The conclusion that
R&D has a negligible impact on TFP in the short
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term is consistent with both empirical evidence
and theoretical logic. For example, Huffman and
Everson (2006) provide empirical evidence that
the influence of R&D requires a longer period of
time to manifest, which is not covered within one
year. This is also consistent with the theoretical
premise that boosting productivity through R&D
expenditure requires time. Furthermore, recent
studies in the agriculture of the United States of
America (USA) have proven that it takes between
14 and 50 years for R&D to influence agricultur-
al TFP growth (Salim et al., 2020). For instance,
Rahman and Salim (2013) have used a 14-year
lag in their studies to capture the impact of R&D
on Total Factor Productivity. In literature, the em-
pirical findings of some studies imply that agri-
cultural TFP and R&D have long-run equilibrium
linkages. Also R&D expenditures and agricultur-
al productivity are often thought of as having long
lags (Chebil et al., 2015). For example, Huffman
and Evenson (2006) have used a 35-year lag of
the variable reflecting R&D expenditure to ac-
count for the effects of R&D on TFP increase. Al-
though our data does not cover a very short time
span, the time needed to make innovations by the
researchers can be longer.

In addition, not only the amount of R&D ex-
penditures but also the intensity of R&D is im-
portant to be able to increase productivity. For
instance, in their study that examines the deter-
minants of ATFP in China, Huang et al. (2019)
found out that the intensity of R&D does not
specifically contribute to productivity increase
in agriculture and the beneficial effect of R&D
can be seen only after R&D intensity rises above
a particular threshold.

Also, the diffusion of innovations and adap-
tations of new technologies to applications may
need more time to have a significant effect on
agricultural productivity. This point of view can
be an explanation for the differences between de-
veloping and the developed countries in terms of
estimation results. For R&D expenditures to have
visible and positive effects on Total Factor Pro-
ductivity, longer periods of time may be required.
However, not only the innovations created by
R&D expenditures, but also the diffusion of these
innovations have great importance in enhancing
productivity growth. In developing countries,

where the human capital and gross capital for-
mation are respectively lower than the developed
countries, the diffusion and widespread use of in-
ventions also may require longer periods of time.
R&D expenditures yield much more contribution
to productivity growth in developed countries
where the levels of human capital and gross capi-
tal formation are already high.

Other studies, primarily country-case studies,
that examine the effect of agricultural research
and development spending on Total Factor Pro-
ductivity generally show a positive effect of RD
spending (e.g., Suphannachart and Warr, 2012;
Cardarelli and Lusinyan, 2015). More spending
on agricultural research and development would
enhance farmers’ productivity. Sequentially, the
growth in agricultural productivity can perform
as the engine of economic growth and cause the
reduction of poverty or inequality by raising the
incomes of producers.

Considering the coefficients of arable land in
Table 3-5, we have consistent estimates since
land scale is one of important source of ATFP.
This result is showing consistency with recent
studies in the literature (Dhehibi et al., 2014;
Sheng et al., 2020; Azizi, 2020; Liu et al.,
2020/2022). According to entire findings, as the
arable land per person increases in countries,
we observe an increase in the Total Factor Pro-
ductivity both in the developed and developing
countries. But for the Total Factor Productivity,
the related literature puts more emphasis on how
well the land is used than on how much arable
land is available. Comparing with extensifica-
tion (the number of new lands) or the intensifi-
cation (the increased use of inputs such as land),
Coomes et al. (2019) declare that the efficient
use of land or other inputs (such as capital or la-
bour) is more useful for boosting the agricultural
yield and productivity. The positive coefficient
of the arable land variable shows that arable
land in the developed or developing countries
still contribute to the Total Factor Productivity
efficiently. However environmental problems,
such as freshwater stress or decreasing quality of
lands due to the climate change, may prevent the
efficient use of lands in the future and thereby
would not positively affect the Total Factor Pro-
ductivity in the estimates covering next years.
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Regarding the negative coefficients of ag-
ricultural employment, we can state that the
related estimates show its detrimental effect
on Total Factor Productivity. In other words,
increasing amount of labour employed in agri-
culture decreases agricultural Total Factor Pro-
ductivity. For instance, according to the results
of the study of Oguz and Yener (2018) in which
they conduct a productivity analysis of dairy
cattle farms in Konya province in Turkey, dairy
farms considered in the research either need to
decrease their reliance on total active capital,
and in particular, labour force without increas-
ing any other inputs in order to be able to in-
crease productivity. This can be because of the
inefficient use of labour or the superior contri-
bution of capital or technological inputs in the
era of new-generation agricultural production.
Even though labour is an important input for
traditional production in the agricultural sector,
recent developments reveal the importance of
capital, including machinery operating with ad-
vanced technology. As Acemoglu and Restrepo
(2019) emphasize, the development and the of-
ten use of new technologies enable capital to
substitute labour. In other words, capital replac-
es labour for many tasks, and the performance

of labour is reduced due to the displacement
effect. Moreover, the shift from an agricultural
economy to an industrial one can significant-
ly improve agricultural TFP, and this can also
be used to explain our finding that agricultural
employment has a major negative impact on
agricultural TFP. Since an increase in indus-
trial output is likely to lure people away from
agriculture and towards manufacturing, reduc-
ing agricultural employment has the potential
to create incentives for capital investment and
technological improvement, allowing farmers
to increase their output per capita (Nin-Pratt
et al., 2010). New institutions are introduced
by the transition processes, which improve
institutional infrastructure and are anticipated
to increase agricultural output. The inefficient
use of labour can be the reason for the decreas-
ing effect of agricultural employment on Total
Factor Productivity, but this effect may also be
mitigated by the fact that capital and technolo-
gy are now playing a larger role in agricultur-
al production. Despite the fact that labour has
always been essential to agriculture’s output,
contemporary conditions emphasise the signifi-
cant role that capital, particularly machines that
make use of cutting-edge technologies, plays

Table 3 - Determinants of Total Factor Productivity in agriculture (fixed effect estimates with white robust

standard errors).

. 1 2 3
Gl FE-All (Cf)untries FE—ng)eloped FE—De(viloping
HC 10.4212 -2.1260 162.7997%*

(18.2902) (19.1464) (57.9000)
RD 2.3011 1.5076 9.8238
(3.4218) (4.2007) (10.6122)
GFC 2.2210%* 1.6723* 4.0998%**
(0.8541) (0.9428) (1.1945)
AE -1.3346%** -0.8171 -1.1499*
(0.4730) (1.9349) (0.5758)
AL 36.2052%* 43,1984 ** 47.5784%*
(14.3195) (17.8658) (23.0598)
Constant 59.7067 91.2633 -330.7695*
(53.8954) (60.2142) (143.5986)
Observations 465 344 121
R-squared 0.5972 0.5426 0.7779
Number of Countries 32 23 9

White robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 4 - Determinants of Total Factor Productivity in agriculture (panel corrected standard errors estimates).

(1) 2 3)
Variables PCSE PCSE PCSE
All Countries Developed Developing
HC 10.0204 -1.6920 159.6886**
(9.6554) (11.9694) (72.4438)
RD 1.9142 1.2195 8.3107
(2.0384) (2.1954) (5.0643)
GFC 1.6811%** 0.8673 3.953]***
(0.5678) (0.8387) (0.9048)
AE -1.2747%** -0.8038 -1.1834%#**
(0.2406) (0.7896) (0.2853)
AL 31.4200%* 34.6919** 50.1331%%*
(12.9699) (16.6121) (9.5585)
Constant 23.5676 91.0883** -421.8683%*
(30.7200) (40.8790) (196.3443)
Observations 465 344 121
R-squared 0.6733 0.6663 0.7819
Number of Countries 32 23 9

Panel corrected standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 5 - Determinants of Total Factor Productivity in agriculture (fixed effect estimates with Driscoll Kraay

standard errors).

Variabl FhpK Fhpk ()
ariables - - .
All Countries Developed SN Do
HC 10.4212 -2.1260 162.7997%***
(7.8395) (11.2403) (44.9862)
RD 2.3011 1.5076 9.8238
(1.7734) (1.7836) (5.7532)
GFC 2.2210%** 1.6723 4.0998*%**
(0.7094) (1.1827) (1.0426)
AE -1.3346%** -0.8171%** -1.1499%**
(0.1857) (0.2724) (0.3358)
AL 36.2052%%%* 43.1984*** 47.5784%*%*
(7.8065) (7.0956) (17.9232)
Constant 14.8904 0.0000 -429.7901*%**
(30.3103) (0.0000) (136.0797)
Observations 465 344 121
R-squared 0.7213 0.6717 0.8559
Number of countries 32 23 9

Driscoll-Kraay standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

in the industry. Acemoglu and Restrepo (2019)
emphasise that the proliferation and widespread
adoption of new technology allow capital to
substitute for labour. Therefore, the perfor-
mance of labour is diminished as a result of the
displacement effect, since capital is substituted

for labour in many contexts. The same result
is indicated in the study of Xu et al. (2022).
According to the authors, the widespread use
of machinery in agriculture has resulted in a
dramatic increase in the efficiency of agricul-
tural production by displacing a major portion
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of the labour input of traditional agriculture,
particularly in developing countries in which the
increase in machinery use is respectively faster
when compared to developed countries. Thus,
in the context of agricultural mechanisation, an
excessive amount of labour input in agricultural
production impacts the overall allocation effi-
ciency between different input elements, which
is not favourable to the improvement of agricul-
tural efficiency and thus has a negative influence
on agricultural Total Factor Productivity.

6. Conclusion

This study aims to determine the primary
factors of agricultural TFP for both develop-
ing and developed countries using a panel da-
taset containing 32 countries for the period of
2002-2016. Regarding biassed and inconsistent
results of the pooled-OLS estimation due to ig-
norance of heterogeneity across individuals, the
fixed effect estimator is found to be reliable as
it accounts for individual heterogeneity. Thus,
for the panel data analysis, the fixed effect (FE)
estimation method is used instead of the pooled-
OLS framework to account for the time-invari-
ant characteristics that are specific to countries.
As a further robustness check, and to account for
potential econometric concerns such as autocor-
relation, heteroscedasticity, and cross-section-
al correlation, we reported the FE results with
Driscoll-Kraay (DK) standard errors and panel
corrected standard errors (PCSE).

Based on the estimates, the level of human
capital is found to have a positive impact on TFP
only in developing countries. The results also
indicate that gross fixed capital formation and
arable land per capita significantly increase TFP,
while increased agricultural employment has a
detrimental effect on TFP. However, the impact
of research and development expenditures is not
found to be significant, contrary to our expecta-
tions and the findings of the previous empirical
studies. This result may be because of using total
RD expenditures rather than agricultural RD ex-
penditures in regressions due to the lack of data.

The coefficients of gross fixed capital forma-
tion are found to be positive and statistically sig-
nificant in all estimation procedures, indicating

that increases in gross fixed capital stocks for all
countries will increase agricultural Total Factor
Productivity. As a result, governments should
implement policies to boost gross fixed capital
formation. One way to do this is to stimulate the
private sector to make investments in agriculture
by ensuring economic stability, providing neces-
sary infrastructure, and launching policies that
promote efficient resource allocation to boost
investment levels.

These findings have significant policy impli-
cations to motivate a sustainable increase in ag-
ricultural production for developed and develop-
ing countries. First, as emphasised in the study
of Maudos et al. (1999), investment in human
capital and improving the education and health
status of individuals are necessary for TFP
growth. Public investment in agriculture is not
complete without attention to the development
of human capital (Zepeda, 2001). Thus, govern-
ments should develop policies to increase hu-
man capital in all sectors, including the agricul-
tural sector. Gains in productivity and efficiency
can be obtained with enhanced levels of training
and education.

Based on the findings of this study, an optimal
level of agricultural employment should be tar-
geted and the labour force in agriculture should
have higher human capital levels. The policy
recommendation that may be made at this point
is that the governments (especially the govern-
ments of developing countries) should facilitate
the transition process for agricultural workers
by providing them education and training pro-
grammes to lower illiteracy rates, facilitate work
force redistribution (Mulungu and Ng’ombe,
2017), modernise teaching practises by updat-
ing and expanding the agricultural and farming
education system, as well as investing in edu-
cation aimed at the farming community (Salim
et al., 2020), and make the adaptation process
for workers shorter. In addition, governments
should empower the newly established institu-
tions during the transition.

In terms of innovations and R&D activities, the
most important thing for developing countries to
do in order to catch up to the developed ones is
to take advantage of the technology that already
exists. Thus, although developed countries lead
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the way in innovation, developing ones take in
new ideas and practises. Hence, the advance tech-
nology created in developed countries should be
modified to be productive in developing countries
(Isaksson, 2007). One policy recommendation for
the governments of developing countries at this
point is to provide support to farmers to modify
the advanced technologies to the specific needs
and conditions of the countries.

This study not only gives a clear map of agri-
cultural productivity increase and its drivers in
both developed and developing countries, but
it also provides the relevant research on agri-
cultural productivity analysis considering the
socio-economic factors that have effect on ag-
ricultural Total Factor Productivity. But in terms
of sustainability, future research on the topic
should include not only socio-economic factors
but variables concerning efficient allocation of
environmental resources and the consequences
of climate change in terms of green Total Factor
Productivity in agriculture.
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