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Abstract: Food is the substance eaten or drunk to provide nutrition for the body. Among problems faced in
the food production industry are climate changes, lack of land for cultivation, inadequate resources, expensive
high technology and also natural disaster. The objective of the study is to find the relevant factors that
contribute more to the food production index. The relevant quantitative variables chosen for this study are
Livestock Production Index, Agricultural Machinery, Land under Cereal Production and Food Export. On the
other hand, Food and Agricultural Organization (FAO) membership and Tropical Climate have been used as
the qualitative variables. Using Random Effects Model under Panel Data Analysis; the results indicate strong
significant relationship of Livestock Production Index, Agricultural Machinery and Land under Cereal
Production towards food production. It is to be concluded that most of the variables used in the study
including time are significant in explaining the food production worldwide. For future studies more independent
variables should be added such as employment in the agriculture sector, technology, fertilizer production, water
sources, population rate and World Trade Organization (WTO) rules and regulations.
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INTRODUCTION decision of different levels on perceived logistics service

The right to food is a human right derived from the supply chain complexity may play in a proposed
International Covenant on Economic, Social and Cultural relationship. In pre industrialization agriculture,
Rights (ICESCR) made out in 1966 and came into force in production depended entirely on natural soil fertility and
1976, recognizing the “right” to an adequate standard of climatic conditions. However, the European industrial
living, including adequate food. Today, most of the food revolution in the 17th century that spread all over the
consumed by the world population is supplied by the world brought in new technologies for improving crop
food production industry operated by multinational and animal agriculture [4]. Based on research [5], livestock
corporations using intensive farming and industrial production is undertaken in a multitude of ways across
agricultural methods. It is estimated that by the year 2000, the planet, providing a large variety of goods and services
the global population will be 25% higher than that of the and using different animal species and different sets of
mid 1980s. It is also estimated that 90% of this population resources, in a wide spectrum of agro-ecological and
increase will be in developing countries. Thus, there will socio-economic conditions. With a continually rising
be an increased demand for food and agricultural global demand for food, feed and fuel, it will become
products for this increased population. This also means increasingly important to identify and promote policy and
that the use of modern agricultural machine and institutional mechanisms besides the agricultural and
technology will be employed to food production [1]. environmental systems already in place [6].
Managing food production systems on a sustainable A study by [7] found that a concrete policy to
basis is one of the most critical challenges for the future provide sufficient tractors would help to increase
of humanity, for people cannot survive without food [2]. agricultural productivity without replacing human labour
 A research by [3] discuss the effect of the outsourcing and    draught    animal   power.   The   need   to   increase

performance, including the moderating role that the
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agricultural production will have profound and lasting 2005. This study used a single equation of log-log model.
impacts on the sectors providing inputs to agriculture. As a result, the estimated coefficient can be interpreted as
One of these key sectors is the agricultural machinery elasticity. Variables ln(LIVESTOCK), ln(AGCMACH),
industry. A study [8] made in Ethiopia, suggested that the ln(LANDUC) and ln(FOODEX) are entered as quantitative
facts about land use at the national level have potentially variables. While (D-FAO) and (D-TROPICACLI) are
imposed limits on an increase in areas sown as a major treated as qualitative variables.
source of increase in production of cereal. Many tropical
developing countries are facing major challenges in The log-log model is as follows:
successfully implementing national development goals
and achieving global targets and yet they now have to ln(FOODIN ) =  + ln(LIVESTOCK ) +
deal with climate change which is another layer of ln(AGCMACH ) + ln(LANDUC ) + ln(FOODEX )
constraint besides other global environmental change + (D-FAO ) + (D-TROPICACLI ) + u
issues which are already limiting national development. (Equation 1)

Culture also plays a role in the design and
management of food production systems. How food Hypothesis: In the above specification, variables such as
production systems are designed, managed and LIVESTOCK, AGCMACH, LANDUC and FOODEX
redesigned throughout the world depends on a myriad of estimated parameters are expected to have a positive sign.
social and ecological factors, such as soil type, climate, Countries that joined FAO are expected to contribute
water availability, pest control, genetic advances, more for food production. Countries that are located at
economic incentives driven by market forces and policy areas of tropical climate also affect the production of food.
and cultural influences including tastes, traditional
practices and urbanization [9]. The need to raise food Data Retrieval:
production should not be limited to the current status.
Instead, further increases in agricultural production and FOODIN - Food Production (DV): The demand for food
productivity will be essential to meet further increases in product is shown by the food production index. The data
the ever-growing future demand [10]. is retrieved from World Bank: World Development

There are also other several factors contribute for the Indicator 2010. The sample consists of 206 countries
food production. Referred to article, [11] Small and which come from different socio political and economic
Medium Enterprises (SMEs) have been recognized as one backgrounds. It is valued in index=100.
of the most important contributors for the economic
development of many countries. Domestic livestock have LIVESTOCK - Livestock (IV ): The data on livestock
played a role in human societies and evolution for the production index is retrieved from World Bank: World
past ten thousand years, providing important sources of Development Indicator 2010. It is valued in index=100.
protein, fertilizer, fuel, traction and transport [12-13]. The
future and viability of the small farms under climate AGCMACH- Agricultural Machinery (IV ): The data for
change impacts and the implications for food production, agricultural machinery is retrieved from World Bank:
the environment and the livelihood of smallholding World Development Indicator 2010. It is valued in unit.
families remain as issues of great concern both for
research and policy development [14]. LANDUC - Land under cereal production (IV ): The data

Therefore, the objective of this paper is to analyze the for land under cereal is retrieved from World Bank: World
relationship between selected variables such as livestock Development Indicator 2010. It is valued in hectares.
production index, agriculture machinery and land under
cereal and  food  export  with  a  food  production  index. FOODEX - Food export (IV ): The data on food export is
In addition, tropical countries and membership of FAO retrieved from World Bank: World Development Indicator
have been added as qualitative variables to capture the 2010. It is valued in percentage (%).
composite effect on food production.

Methodology membership. It is a specialized agency of the United
The Model: The model uses the panel/pooled data set of Nations that leads international efforts to defeat hunger.
six (6) independent variables and one (1) dependent Value 1 is given for countries that joined FAO as members
variable over a seven (7) year period from year 1999 to and 0 for countries that did not join FAO.
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D-FAO - FAO Membership (IV ): This defines FAO5
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D-TROPICACLI - Tropical climate (IV ): Tropical climate6

is one of the factors that contribute a lot in food
production. Value 1 is given for countries that are located
at the tropical climate area and 0 for countries located at
non-tropical climate area.

Data Processing: The raw data was inserted into the
Microsoft Excel software to be modified due to model
restrictions. All the data inserted are on a yearly basis. All
the data, then, including the dependent variable were
converted into a natural log value (log10) before being
processed using Stata 10.1 software. Breusch and Pagan
Lagrangian Multiplier test had been conducted to choose
between the Pooled Ordinary Least Squares (POLS)
method or Random Effects Model (REM) method. In
addition, the Hausman Fixed test was also employed in
order to determine the choice between Random Effects
Model (REM) and Fixed Effects Model (FEM) for further
analysis. From the tests conducted, the relationship
between food production on one hand and the
independent variables on the other is estimated using
panel data analysis (REM).

RESULTS AND DISCUSSION

The descriptive statistics related to the stock index
and macroeconomic variables are presented in the
following Table 1. These statistics are; maximum,
minimum, mean, variance, standard deviation and
coefficient of variations.

The Breusch and Pagan Lagrangian multiplier test is
conducted to test whether to employ pooled OLS or panel
data method. With a null hypothesis pooled regression,
the following results were obtained as shown in Table 2.

Based on the Chi  and p-value, it is apparent that the2

model is significant at 1% significance level, thus
supporting the motion to reject the null hypothesis. Panel
data (random effect) estimation will be conducted as the
preferred option.

In the next step, a Hausman Fixed test is performed to
recognize the appropriateness of employing either REM
or FEM. The result, as illustrated in Table 3, shows that
the model succeeds in meeting asymptotic assumptions
of the test. Since the p value of chi2 is significant at the
1% significance level, the null hypothesis is rejected,
which means that the differences between the FEM and
REM coefficients are systematic. This shows that the
coefficients for FEM are efficient. Therefore the FEM-Two
Way Estimation is performed due to the significant p-
value in the Hausman Fixed test.

Table 1: Descriptive statistics

Table 2: Breusch and Pagan Lagrangian Multiplier test for Random Effects

Table 3: Hausman Fixed test

The result shows that three out of six independent
variables are significance as presented in Table 4. Plus,
two independent variables have to be dropped due to
serious collinearity problem. However, according to
research [15], even though FEM can estimate individual
and/or time-specific effects from time- and individual-
variant variables, contrastingly, it cannot detect the
individual-specific effects regarding the individual-variant
but time-invariant variables. The model cannot capture
time-specific effects for variables which are variant over
time but invariant across individuals. Thus, respective
time   or    individual   specific   effects  for   the  invariant
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Table 4: FEM-Two Way Estimation Table 6: GLS-Two Way Estimation (include individual yearly time series)

Table 5: Random Effect GLS regression

variables   are    subsumed   under   the   intercept  term.
An alternative FEM model expresses the specific effects
for time- or individual invariant variables as random
variables (error terms) in the equation, instead of
expressing the fixed intercept as the unobserved effects
in FEM. This is the so-called Random Effects Model
(REM).

From the regression result in Table 5, time
(collectively) has become the seventh independent
variable and was taken into consideration for the model.
Based on the p-values of the z-test, four independent
variables, namely livestock production, agricultural
machinery,  land  under  cereal  and   year   is  significant
at  1%. The  results  suggest  that the livestock
production  and  land  under  cereal  and  time  are
positively      related to      the      dependent     variable.

Meanwhile, the agricultural machinery and food
production are indeed, inversely related. It indicates that
an increase in agricultural machinery would significantly
decrease the food production index. From the results also,
the time series is found to be significant, in explaining the
food production index and it proves that the relation is
unchanged and stable through time. The relationship is in
a positive magnitude.

For a more specific time-effect, the study divides the
time based on yearly time series and tests each
individually and the result is shown in Table 6. Based on
the significant p-values of the z-test, during this period
(1999-2005), the results suggest that there is a significant
impact of the selected independent variables (livestock
production, agricultural machinery and land under cereal)
and is unchanged and stable when the timing factor is
accounted for. This GLS estimation result also suggests
that the food production is related to the individual yearly
time series since the p-values of the z test are significant
from the first year (1999) until the 5th year (2003) and the
6th year (2004) is not significant to the food production,
while during the 7th year (2005), it has dropped because
of collinearity. Based on the result mentioned above, three
out of six independent variables namely the livestock,
agricultural machinery and land under cereal are
significant with the food production index.

Meanwhile, the others independent variables are not
significant towards food production index. It is supported
by a study [16], that it is generally recognized that
livestock has a potential to make a significant contribution
to food security. It has been reported that increasing
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cereal production through the expansion of cultivated 5. Steinfeld, H., T. Wassenaar and S. Jutzi, 2006.
areas also increases the food production in many Livestock Production Systems in Developing
countries. The significant relationship of agricultural Countries: Status, Drivers, Trends. Rev. Sci. Tech.,
machinery towards food production was proven by 25(2): 505-516.
research [7]. The study proves that a concrete policy to 6. Robertson G.P. and S.M. Swinton, 2005. Reconciling
provide sufficient tractors would help to increase Agricultural Productivity and Environmental
agricultural productivity without replacing human labour Integrity: A Grand Challenge for Agriculture.
and draught animal power. Frontiers in Ecol., 3: 38-46.

CONCLUSION Determinants of Tractorisation in Arid Areas of

Applying the panel data analysis (REM), the results 40(4): 257-260.
shows that food production is significantly influenced by 8. Alemu, Z.G., 2002. How Successful the Agricultural
all economic variables except for food export, FAO Development Led Industrialization Strategy (ADLI)
members and tropical countries. The time series factors will be by Leaving the Existing Landholding System
are found to be statistically significant in influencing the Intact. Ethiopian Economic Association, 4(4): 16-20.
dependent variable, both individually and collectively and 9. Naylor, R.L., 2008. Managing food production
it is stable over time. For future studies, researchers systems for resilience, Principles of Natural Resource
should add more independent variables such as Stewardship: Resilience-Based Management in a
employment in the agriculture sector, technology, fertilizer Changing World. New York: Springer.
usage, water sources, population rate and World Trade 10. Bingxin, Y., Y. Liangzhi and F. Shenggen, 2010.
Organization (WTO) rules and regulations. Toward a Typology of Food Security in Developing
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