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AbsTrACT
food insecurity is one of the major issues in the developing countries 
which are debate seriously. The affected countries suffer from hunger 
and undernourishment, due to their incapability to provide sufficient 
nutritious food. Insufficiency on nutritious food is cause by several 
factors such as climate change, food crisis and natural disaster problem. 
The united States agency International development (uSaId) food 
policy highlights food availability, accessibility and utilization as 
three major dimensions in achieving food security. The proxy for food 
insecurity is based on three important variables namely prevalence 
of food Inadequacy (pfI), prevalence of undernourishment (pou) 
and Depth of Deficit (DFD). This paper examines the impact of these 
dimensions on food insecurity in selected developing countries, using 
the country fixed effect model. The findings of this study show that an 
increase in food production, food import, purchasing power parity and 
water improvement are found to have positive impacts on improving 
food insecurity. 
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INTrODUCTION
The world has seen continued famine, starvation and malnutrition in many 
countries, mostly among the poor and developing third-world countries. Starvation 
and malnutrition have a negative impact on health, leading to poor productivity 
and gradually affecting overall economic growth. factors such as climate change, 
natural disasters, overpopulation, food crisis, higher food prices and diminishing 
resources have worsened the situation and are now beginning to affect the rich 
and developed countries. These problems have become a global concern and are 
recognized worldwide as food insecurity issues. 

food insecurity occur when people do not have adequate physical, social 
or economic access to sufficient, safe and nutritious food that meet their dietary 
needs and preferences for an active and healthy life (fao, 2010). These situations 
can cause undernourishment when calorie intake is below the Minimum dietary 
Energy Requirement (MDER). The MDER defines the amount of energy needed to 
maintain a minimum acceptable weight for one’s attained height. food insecurity 
began in the days of World War II due to the limited supply of food, which led to 
higher food prices, and consequently resulted in a food crisis. 

In this paper, the food insecurity improvement is examined based on the three 
dimensions identified in the United States Agency International Development 
(uSaId) food policy, namely food availability, accessibility and utilization. There 
are limited literature and research that have examined the impact of these dimensions 
on food insecurity in developing countries. 

bACKgrOUND OF sTUDy
The World Food Programmed has defined malnutrition as a situation where 
people have a difficulty in growing and fighting for disease. Malnutrition also 
affects the ability to learn and do physical work. The State of food Insecurity in 
the World shows that the number of undernourished people based on the dietary 
Energy Supply (dES) is 870 million people, which is 12.5 per cent of the global 
population, with 852 million people living in developing countries (fao, 2012). 
according to figure 1, there is an increase in the percentage of undernourished 
people in Southern asia, Sub-Saharan africa, Western asia and Northern africa 
from the period 1990-1992 to the period 2010-2012. however, other developing 
regions namely Eastern asia, South-Eastern asia, latin america and the Caribbean, 
oceania, Caucasus and Central asian have shown a reduction in the percentage of 
undernourished people between the two time periods.  
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Generally, there are two types of food insecurity. The first type is known as the 
chronic food insecurity, which is a long-term or persistent situation. This situation 
occurs when people are not capable to meet their minimum food requirement at all 
times. The chronic food insecurity is caused by long-term poverty problem, lack of 
assets and insufficient access to productive and financial resources. This problem 
can be overcome with long-term development such as improving education and 
increasing access to the productive resources, in order to raise the ability to meet 
the minimum food requirement and reduce the poverty problem. The second type 
of food insecurity is known as the transitory food insecurity and it is a short-term 
and temporary situation. The availability of food is reduced because of short–term 
shocks and fluctuations in the domestic food production, food price and household 
income. To achieve food security, the affected countries must strive to reduce 
poverty, increase cognitive and physical development, raise productivity and 
promote economic growth. 

Source: fao, 2012

Figure 1 percentage of undernourished by region, 1990-1992 and 
2010-2012
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To improve food insecurity, a country must fulfill the needs for food availability, 
accessibility and utilization as a whole (uSaId, 1992). food availability plays an 
important role in providing the necessary nourishing element to citizens of each 
country. The quantity of food comes in the form of supplies through domestic 
production, food imports and food aid. domestic food production is very important 
to improve food insecurity. based on Conceicao et al. (2011), food Security and 
human development have a strong relationship through food production. Increasing 
in food production can improve food insecurity problem, reduce famine and hunger 
problem. besides domestic food production, improvement in food insecurity also 
relies on food imports and food aids. This situation are supported by Wagstaff 
(1982), this author has claim that there is no strong relationship between food supply 
and food production. This shows that food production is not the only solution for 
food insecurity, food aids and food imports also need to play a simultaneous role 
(Magnan et al., 2011). Moreover,  developing countries are classified as net food 
exporters for commercial food products such as coffee, cocoa, tea, spices, sugar and 
tropical fruits and are also known as net food importers because of their insufficient 
production of staple food (Valdés and Mccalla, 1999). beside food import, food aid 
also plays an important role to overcome food insecurity problem. food aids plays 
an important role in emergency situation and also to fulfilled the food shortage 
in long term situation del Ninno et al. ( 2007). Moreover food aids also plays an 
important role in increasing national food stocks through financial support and 
technical assistance for national food strategies (Thomson, 1983). 

Accessibility is where individuals have sufficient income or other resources 
for acquiring suitable food for a nutritious diet. The availability of a better access 
to the food system is important to achieve food security (Kennedy et al. 2004). 
accessibility to safe water, sanitation, communication and paved roads as well as 
better infrastructure are considered as the Millennium development Goals (MdG) 
for improving food insecurity. Roads, specifically paved roads that are not subject to 
seasonal deterioration, are relevent measures of accessibility because they represent 
the interstate movement of goods and the market access. World bank (1997), has 
discovered that paved roads have a huge impact on agriculture sector where based 
on world bank report, improvement in market access in term of paved road can 
improve food insecurity problem in developing countries. The World bank report 
then support by breisinger et al. (2010), the author has claimed that paved road is 
one of the indicators for food insecurity improvement. however, Chen and Kates 
(1994) found that the economic access, in terms of household income, also plays 
an important role in improving food insecurity.

Food utilization is the third dimension identified as important for food security. 
Food utilization benefits food security through adequate diet, clean water, sanitation 
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and health care that enables people to reach a state of nutritional well-being where 
all physiological needs are met. based on the Sanitary and phytosanitary Measures, 
sanitation services are important in order to achieve food safety and food security 
(WTo, 1995). The lack of sanitation facilities and clean water has contributed to 
925 million people being categorized as chronically undernourished people (howard 
and bartram, 2003). Clean water and sanitation improvement are very important in 
poor and developing countries to promote healthy living (Mara, 2003). by 2025, 
these countries need to meet the target for water supplies and sanitation improvement 
with access to water supplies for 2.9 billion people and improvement in sanitation 
for 4.2 billion people. Mara (2003) found that all developing countries have simple, 
appropriate, affective and affordable technologies for access to a good water supply 
and to improve sanitation services for their people, but the government expenditure 
is spent more on other needs. however, water supplies and sanitation improvement 
may not depend solely on government expenditures; these facilities can also be 
financed by investment, specifically public health investment (Watson, 2006). This 
study investigated the impact of the project on improving sanitation infrastructures 
in the U.S. Indian reservation in 1960. The investment for sanitation benefits the 
country by reducing the cost of supplying clean water for households and helping 
to reduce Native american infant diseases such as the waterborne 

MODel sPeCIFICATION
In this model, three sets of variables are used to represent the three dimensions 
identified in the USAID food policy.  Food Availability (FAVs), Food Accessibility 
(faCs) and food utilization (fu) are examined of their impact on improving food 
insecurity (fIS), especially in developing countries. 

FIS = f (FAVs, FACs, Fu) (1)

The measurement for food availability (faVs) is based on food production 
(fp), food imports (fm) and food aid (fa). purchasing power parity (ppp) and 
paved road (pr) are used to measure food accessibility (faCs), while sanitation 
services (SS) and water improvement (WI) are used to measure food utilization (fu). 

FAVs = f (Fp, Fm, Fa) (2)

FACs = f (PR, PPP) (3)

Fu = f (SS, WI) (4)
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The proxies for food insecurity are based on three indicators identified as the 
Prevalence of Undernourishment (POU), the Depth of the Food Deficit (DFD) 
and the prevalence of food Inadequacy (pfI). These proxies are obtained from 
the food and agriculture organization Statistic (faoSTaT). The food insecurity 
improvement models are as follows:

ln FISit = α0 + β1 ln FPit + β2 ln FMit + β3 ln Fait + β4 ln PR  
+ β5 ln Pppit + β6 ln SSit + β7 ln WIit + β8 ln Xi,t  
+ μ r + τt + εit 

(5)

ln FISit = α0 + β1 ln FPit + β2 ln FMit + β3 ln Fait + β4 ln PR  
+ β5 ln Pppit + β6 ln SSit + β7 ln WIit + β8 gdpcci,t  
 + β9 ln ali,t + μ r + τt + εit 

(6)

food production is measured based on the net per capita food production 
Index (2004-2006=100). By definition, this index is calculated from the net food 
production after deduction for feed and seed of a country’s agriculture sector per 
person relative to the base period 2004-2006, covering all agriculture food products 
containing nutrients except coffee and tea (united Nations). food aid includes 
various instruments and it is based on three important channels of distribution, 
which are known as programmed food aid, project food aid and emergency food 
aid (lowder and raney, 2005). programmed food aid involves donated food or 
food that has been sold to a government at a concessional price for the government 
to sell in its domestic market (Clay and benson, 1990). project food aid offers free 
food distribution to participants in programs that are run by non-governmental 
organizations to promote the agriculture sector or to enhance the economic 
development. Emergency food aid distributes food to the recipient countries that 
face food insecurity due to crises such as war, famine or natural disasters. for food 
imports, we use the food Import Value Index as a proxy. This index represents the 
current value of imports that has been converted to the uS dollar and stated as a 
percentage of the average for the base period 2004-2006 (FAOSTAT) The second 
variable is food accessibility, which is proxy by paved road (lnprit). In addition, 
food accessibility also depends on the individual, household and national purchasing 
power. We refer to the food and agriculture organization / food Insecurity and 
Vulnerability Information and Mapping System (fao/fIVIMS) framework to 
measure food accessibility in terms of the national purchasing power parity (lnpppit). 
food utilization is achieved through adequate clean water, good sanitation services 
and proper health care through the application of nutritional food. based on the 
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Sanitary and phytosanitary Measures, sanitation services are important in order to 
achieve food safety and food security (WTo, 1995). data for sanitation services 
improvement (lnSSit) and improvement in clean water (lnWIit) are obtained from 
the faoSTaT. a set of controlled variables, ln Xi,t, is added in this model to control 
other factors that can affect food insecurity. These controlled variables consist of 
the Gdp per capita (gdpcc) and the arable land (ln ali,t), as adopted from akramov 
et al. (2010). 

MeThODOlOgy
This paper employs the country fixed effects model because this model is suitable to 
consider unobserved individual characteristics that are assumed to be correlated with 
the error term. The fixed effects model is used to analyze the impact of fluctuating 
variables over time and to determine the relationship between the predictor variable 
and the outcome variable. Each country has their own characteristics that may or 
may not influence predictor variables. The basic model for estimation is as follows;

yit = β1 xit + ai + uit (7)

where, ai(i=1…..n) is the intercept for each country, yit is the dependent variable, 
xit is the independent variable, β1 is the coefficient for the independent variable, uit 
is the error term, i and t represent country and time, respectively.

Meanwhile, the random effects model is an alternative for the fixed effects 
model to estimate coefficients on time-constant exogenous variable. The difference 
between the fixed effects model and the random effects model depends on whether 
the unobserved individual effect represents the elements that are correlated with 
the regressors in the model, notwithstanding whether the effect is stochastic or 
non-stochastic. The random effects model is more suitable if the error term or the 
differences across countries are related to the dependent variable. Time-invariant 
variables can be included in the random effects model. The random effects model 
can be represented as;

yit = β1 xit + ai + εit (8)

where uit is a between countries error and εit is a within countries error. 
To identify which estimation is more suitable for this study, we run the hausmen 

test to choose between the random effects model and the fixed effects model. The 
null hypothesis of the test states that there is no correlation between the individual 
effects and the explanatory variables. This implies that both random and fixed effects 
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are consistent but only the random effect is efficient. Meanwhile, the alternative 
hypothesis states that the individual effects are correlated with the explanatory 
variables, implying that only the fixed effects approach is consistent and efficient. 
Based on the Hausmen test, the best choice for this study is the fixed effects model.  

DATA
The analysis is conducted by compiling balanced panel datasets from 57 developing 
countries for the period 1990 to 2007. These datasets are obtained from the World 
bank and the food and agriculture organization (fao) databases. Three dependent 
variables are used as proxies to measure food insecurity. These proxies are based 
on the measurements defined by the FAO, namely Prevalence of Food Inadequacy 
(PFI), Prevalence of Undernourishment (POU) and Depth of Food Deficit (DFD). 
Meanwhile, the independent variables are food Import Index, food production 
Index, food aid, purchasing power parity, paved road, Sanitation Services, Water 
Improvements and arable land. data for all dependent and independent variables 
are log-transformed to measure the elasticity of the variables, except for the Gross 
domestic product (Gdp) which is represented as growth rate. 

eMPIrICAl resUlT
Table 1 shows the empirical result for the fixed effects model. In examining food 
availability, the result reveals that food imports and food production have negative 
and significant impacts on food insecurity. This implies that higher food imports 
and food production increase the availability of food in developing countries, 
reduce the prevalence of food inadequacy and undernourishment, and decrease 
depth of food deficit. On the other hand, food aid is not significant in reducing food 
insecurity because food aid further depends on three distribution channels (lowder 
and raney, 2005). programmed food aid, project food aid and emergency food aid 
may not benefit all developing countries at the same time. 

The second set of factors represents food accessibility, which is divided into 
two categories namely physical access and economic access. The latter is proxy by 
the purchasing power parity while the former is proxy by paved road. The result 
reveals that the purchasing power parity has a negative impact on food insecurity. an 
increase in purchasing power parity increases economic access, and thus decreases 
the prevalence of food inadequacy and undernourishment, and reduces the depth 
food deficit. In other words, the result implies that improvement in economic access 
leads to a reduction in food insecurity in developing countries. however, physical 
access does not show a significant impact on food insecurity. 
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Table 1 regression results for the fixed Effects Model

Dependent Variable / 
Independent Variable

Prevalence of  
Food Inadequacy 

(PFI)

Prevalence of 
Undernourishment 

(POU)

Depth of  
Food Deficit  

(DFD)

food Import Index (fm) -0.0822
(-4.31)***
[0.0191]

-0.0970
(-4.70)***
[0.0206]

-0.1232
(-5.01)***
[0.0246]

food production Index (fp) -0.6908
(-8.00)***
[0.0863]

-0.7720
(-8.27)***

[0.933]

-1.0317
(-9.28)***
[0.1112]

food aid (fa) 0.0047
(0.79)

[0.0059]

0.0045
(0.70)

[0.0065]

0.0095
(1.23)

[0.0077

purchasing power parity 
(ppp)

-0.4046
(-6.03)***
[0.0671]

-0.3365
(-5.64)***
[0.0596]

-0.3276
(-4.40)***
[0.0744]

paved road (pr) 0.0007
(0.02)

[0.0384]

-0.0224
(-0.54)

[0.0415]

-0.0021
(-0.04)

[0.0495]

Sanitation Services (SS) 0.4467
(6.51)***
[0.0687]

0.4153
(5.60)***
[0.0742]

0.5761
(6.51)***
[0.0884]

Water Improvement (WI) -0.4868
(-4.11)***
[0.1184]

-0.4556
(-3.56)***
[0.1281]

-0.4341
(-2.84)***
[0.1526]

Gdp per Capita (gdpcc) 0.0015
(1.27)

[0.0012]

0.0015
(1.13)

[0.0013]

0.0004
(0.25)

[0.0015]

arable land (al) -0.1451
(-3.70)***
[0.0392]

-0.1353
(-3.19)***
[0.0424]

-0.1574
(-3.12)***
[0.0505]

Intercept 10.7982
(21.29)***
[0.5072]

10.9364
(19.94)***
[0.5484]

12.9560
(19.83)***
[0.6533]

observation 491 491 491
Countries 57 57 57
r-Square 0.1334 0.1989 0.4587
f-Test 50.78*** 47.31*** 40.02***
hausman fixed 58.71*** 46.12*** 37.26***
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The third set of factors represents food utilization, which is proxy by sanitation 
services and water improvement. based on the result, sanitation services show a 
positive and significant impact on food insecurity, which implies that, an increase 
in sanitation services increases food insecurity. This is probably due to the high 
cost of improving sanitation services, with estimated costs of uS$115billion for the 
period 2010 to 2015, where 46 per cent is for the rural area (UNICEF, 2014). On 
the other hand, a negative impact of water improvement on food insecurity reveals 
that an increase in water improvement leads to an increase in the quality of water 
and thus enhances productivity in food production which reduces the prevalence 
of food inadequacy and undernourishment, as well as the depth of food deficit. 

CONClUsION
This paper examines the improvement of food insecurity in selected developing 
countries, based on the three dimensions identified in the USAID food policy. 
There are three major findings in this study, with regards to food availability, food 
accessibility and food utilization. firstly, based on food availability, an increase food 
production and food imports can improve undernourishment and food insecurity. 
developing countries that have underdeveloped agriculture sectors and rely highly 
on the primary agriculture sectors need to increase the quality of fertilized soils, 
reduce the environmental pollution and improve the irrigation system. Improvement 
in agricultural inputs will increase crop and food production, and thus reduce 
undernourishment and food insecurity. Secondly, based on food accessibility, an 
increase in the purchasing power parity can improve food insecurity. however, 
the impact of physical access is insignificant due to the poor infrastructure. 
Improvement in infrastructure like paved road can reduce transportation costs and 
increase physical market access to nutritious food. Thirdly, based on food utilization, 
our results show that sanitation services have a significant positive impact on food 
insecurity. Sanitation services involve high costs and may not be affordable by some 
developing countries, but alternatively, they could invest in water improvement to 
help increase food production.

reduction in food insecurity can be achieved by making improvement 
in all three important policy dimensions identified by USAID. Governments 
and international institutions should contribute by providing aids to improve 
infrastructure, provide training and better education for farmers and households, 
build more affordable health care centers and introduce rural off-farm opportunities 
for farmers to achieve higher productivity. an increase in food production can help 
households to gain profit from selling their crops and food. They can increase their 
purchasing power parity and enable them to purchase quality food. Governments 
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benefit from the contribution to the economic growth and can afford to invest in 
better sanitation services. overall, the problems of undernourishment and food 
insecurity can be reduced.  
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