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Abstract: Household food security is a critical issue for Indonesia, which is investigated in this study. Many
of rural household in Indonesia depends on agricultural sectors and facing challenges of global warming
that threatening food security and poverty alleviation in the country. We use panel data at the household
level for a sample of households living in Central Sulawesi at the rainforest margin in Indonesia. For the
purpose of this study, we apply principal component analysis to develop an indicator of food security and
used the index in determining the household’s condition to be persistent food secure or insecure. The
findings present the fact that over the period the household’s food security in the study area has changed
to better food condition. The number of people who are food insecure has declined by 23.73 % over the
year. However, the results suggest that public services on health, education and infrastructure need to be
strengthened, investments in access to credit and off-farm employment policies, as well as insurance
programs on social protection and disaster management, need to be developed.
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1. Introduction

Food security is a broad concept in which the main goal is for all individuals to have an
adequate level of food at all times and to be able to utilize the food to meet increasing
consumption demand. Food security exist when all people, at all times, have physical and
economic access to sufficient, safe, and nutritious food, enabling them to meet their dietary needs
and food preferences for an active and healthy life (FAO, 1996). According to the definition, there
are four main dimensions of food security: food availability, food accessibility, food utilization, and
food system stability or affordability, which all need to be met in order to properly address the
food security problem.

All dimensions of food security are at great risk due to climate change. According to
projections by the Intergovernmental Panel on Climate Change (IPPC), global temperatures could
increase by 4°C or more above mid-18th-century levels by 2100, which combined with increasing
food demand, would pose large risks to food security, both globally and regionally. All aspects of
food security are potentially affected with projected reductions in food supplies, income, and
employment (IPCC, 2014). Climate-induced changes in agricultural productivity can occur through
crop failure, new patterns of pests and diseases, lack of appropriate seeds and planting material,
and the loss of livestock, which can all lead to a reduction in food production (FAO, 2008). This
will threaten food production, income and become a main factor-influencing household’s
capability to ensure their food security.

Indonesia is likely to be affected by the challenges that accompany global warming, such as
increasing temperatures, intense rainfall, and rising sea levels, which will threaten food security
and poverty alleviation (Measey, 2010). Indonesia classified by the World Bank as a lower
middle-income country, has experienced significant economic growth in recent decades. Since the
economic crisis of 1997-98, the GNI per capita of the country increased steadily from $560 (using
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market exchange rates) in the year 2000 to $3,650 in 2014, and the country was successful in
improving macroeconomic stability. This includes a significant drop in the Debt-to-GDP ratio from
61 to 24 percent from the year 2003 to 2014 (World Bank, 2015). Indonesia is also the fifth most
populous country in the world with a total population of 254.5 million. Most of this population
lives in rural areas and depends on agriculture for their income and livelihood. The agricultural
sector makes up the second largest share of GDP of the country, accounting for 15.30 percent of
total GDP, which employs 40 percent of all rural workers (Netherlands Commission for
Environmental Assessment, 2015; Food Security Council and WFP, 2015). The workers engaged in
the agricultural sectors, which are already faced with climatic challenges. Therefore, any
irregularities in climate patterns may lead to serious consequences and pose serious problems to
agricultural production as well as the growth and development of the country.

Considering millions of poor households in the rural areas of Indonesia are dependent on
agriculture, these adverse conditions can have substantial negative effects on income and food
security through problems associated with agricultural production that will threaten individual and
household welfare in the country. Therefore, the aim of this study is to highlight the vulnerability
of the food security problem in rural areas in Indonesia.

2. Materials and Methods

2.1. Data

This study uses three-year panel data collected in 2001, 2004 and 2006 in Central Sulawesi.
The surveys covered a sample of 261 households for each year, selected randomly from 13
different villages in the vicinity of the Lore Lindu National Park in Central Sulawesi, Indonesia. Most
of these households comprise small-scale farmers with rain-fed farms, which more than 60
percent of Indonesians farmers fall into this category. In addition, the main source of data on
socio-economic factors with attributes to the regions and the country comes from the Central
Bureau of Statistics, which collates data from ministerial and non-ministerial departments.

2.2. Analysis

To establish the food security status of the rural households we constructed a food security
index (FSI). A time-variant household food security was developed from Principal Component
Analysis (PCA), where we correlated the amount of the total production of the farming
households, total household income and the amount of land value of the households that we
assumed could present an indicator of food security availability, access and stability.

Principal Component Analysis is a type of factor analysis, based on a statistical technique used
to reduce the given number of variables, by extracting a linear combination, which best describes
these variables and then transforms them into one index (Cavatassi et al, 2004; Vyas and
Kumaranayake, 2006). The first principal component is the linear combination, capturing the
greatest variation among the set of variables; it can be converted into factor scores, which serve as
weights for the creation of the marginality index (Cavatassi et al, 2004). Stated mathematically,
from an initial set of n correlated variables, PCA creates uncorrelated indices or components,
whereby each component is a linear weighted combination of the initial variables. For example,
from a set of variables X; through to X,, as follows:

PCrn = am Xy +amyXy + amMaXz + .o + @M pXn e et aer v e e st stestesteeeaaeesrestesasneaes (1)
where :

amn represents the weight for the my, principal component

Ny, variable, which are the weights of the respective food security variables identified.

X1, Xy, ... X, are the food security-related variables that we will use (i.e. food production, cash
crop and off-farm income and land value, see the equation below).
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The first component explains the largest amount of variance in the given data, subject to the
constraint where the sum of the squared weights is equal to one. However, as the first principal
component is expressed in terms of the original (non-normalized) variables, the food security
index for each household is then derived based on the formula from Filmer and Pritchett (1998) as
follows:

FS; =F1(X;1-X1)/S1.... FN (X;N - XN)/SN; or
FSI = 3 Fil{Xij= Xi/SI0] weeeeirerereeeeeeiire ettt e sttt s ser e st sen e
(2)

FSl; is the food security index and follows a normal distribution mean of 0 and a standard
deviation of 1. Fi is the weight of the iy, variable in the PCA model. X; is the ji, household's value of
the iy, variable. Xi and Si are the mean and standard deviations of the it, variable for all
households. In line with the discussion above, we will build an index of food security focusing on
the three dimensions in terms of the availability, accessibility and the stability of food.

3. Results and Discussion

3.1. Indicator food security

The availability of food is one indicator of food security. As a proxy for this availability, we use
farmers’ production of food, i.e. the ability of farmers to directly meet their food security needs
through their own food production, which on average accounted for 369,931 IDR per capita (Table
2). As shown in Figure 1, the main cultivated crops in the research area are perennial, annual,
vegetable, fruit and others types of crops. Almost 40% of total production comes from the
perennial crops cultivation, whereas cash crops, such as cocoa, are the main crop cultivated by
28% of the farmers contributing the biggest share to the total crop production (Figurel). Those
cash crops that do not directly provide for food needs are not considered in this dimension of food
security. On the other hand, annual crop cultivation accounted for 60.00% of the total crops
production, whereas rice as a staple food has a share of 19.47%, followed by maize and
vegetables, which contribute 11.74% and 10.45% respectively.
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Figure 1. Crops Cultivated in the research areas

Another important indicator of food security is access to food, which could be a proxy by
measuring the ability of households to generate income to procure sufficient food. Included in this
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income is the value of cash crop production, as well as non-farm incomes, both of which can be
used to access food indirectly through markets. Food production, which is often included in
income calculations, is not included here as it is already covered in the dimension of availability
and reflects direct access to food. Figure 2 shows food accessibility of the household measured
through agricultural income from cash crops (cocoa and coffee cultivation), from renting the land
and from agricultural wage employment. While non-agricultural income may derive from
pensions, government subsidies, NGO help etc. as well as incoming private remittances. On
average, households earned 572,061 IDR/month, where cash crops and non-farm income
contributed 171,717 IDR/month and 309,983 IDR/month respectively to the total household
income (Figure 2). Income is thus expected to increase a household's accessibility to a larger
guantity of food and better quality food. Therefore, it has positive effects on food security.

Food Accessibility and the sources
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Figure 2. Household food accessibility and the sources

Total Land Owned Total Value Land Owned
300
1400000
250 1200000 -
200 1000000 -
[J] |
£ 150 o 800000
< =]
600000 -
1
00 400000 -
50 200000 -
0 0 -
2001 2004 2006 2001 2004 2006
Year Year

Source: Author calculation from survey data

Figure 3. Total area owned and the value of area owned in 2001 - 2006
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The stability of food refers to the stability of food availability and access to food over time.
This is in line with Gregory et al (2005); FAO, (1996); Kuwornu et al., (2011) which states that food
system stability or affordability refers to the continuous supply of adequate food at all times
without shortages as the key element to preventing post-harvest losses. To be food secure
requires a household to have access to adequate food at all times. It means people should have
the capability of coping with unexpected food crisis conditions brought on by sudden shocks (e.g.
an economic or climatic crisis) or cyclical events (e.g., seasonal insecurity). As such, food security
not only includes the availability of food, but also the accessibility and stability of food, as well as
the sustainability of the production system. It is not easy to find proxies for stability, but one
important foundation of food stability is productive assets. As most respondents in the research
area are small-scale farmers, land-holding becomes the most important source in ensuring the
continuous supply and demand of food production as well as in generating income and food. Thus,
we use the value of land-holding as a proxy to measure food stability of the sample households.

The average land holding per household has declined from 248.92 to 168.22 acre during the
years 2001-2006, with the total cultivated area being on average 209.43 acre (Figure 3). This land
holding declined by 31.82% during the years 2001 to 2006. This implies the important role of land
holding, and how it can be a proxy for the capacity to bear risk, grow food and earn income.
Therefore, we consider the possibility that food stability will be influenced through the land value
of farming households.

3.2. Principal Component Analysis

The food security index derived from the principal component analysis is presented in Table 1.
The results show that the PCA is able to explain 41.83% of the variation in food security using the
first component. This implies that the model was adequate in explaining the food security status of
rural households and that all the three components have a positive correlation with the food
security hypothesized. Hence, the first component is considered to be the index of food security of
the households. This captures the greatest information from the given variables. The value of the
Kaiser Meyer Olkin (KMO) measures of sampling adequacy is 0.5365, indicating a 53% level of
correlation between the pairs of components, which can be explained by the other variables in the
index (Table 1).

Table 1. Summary statistics (Mean) and component loading food security indicators

Indicator of food security Mean Component loading
Availability (IDR) 369,931 0.5911
(778,372)
Accessibility (IDR) 575,457 0.4742
(920,079)
Stability (IDR) 980,793 0.6525

(1,543,815)

Proportion variation explained =0.4183
KMO =0.5365
Number observation =771

Source: Author’s calculation from the survey data, Monetary values in real Indonesia rupiah with
base year 2001 and provincial CPIs for Palu. Incomes are monthly.

4, Discussion

From the three indicators of food security, the component loading shows that all three
variables, food production, cash crop and non-farm income and land value are significant in
explaining the variations in food security in the study areas with positive signs as expected. We
tested this correlation of the food security index over the indicators through the Pearson



Forest and Society. Vol. 1(1):154-161, November 2017 159

correlation analysis. This was conducted to determine to what extent the food security index
correlates with the indicators. Table 2 shows the results of a strong correlation between the
component and the index, given the positive sign of Pearson's analysis (| r | >.5). From the results,
the availability and stability of food presented by food production and the total value of land
owned, are the most important and significant components for the food security of the
households. The correlation coefficient (r, 0.6621 and 0.7309) was significant at the 1% level. This
is followed by the component accessibility of food (represented by the value of cash crops and
non-farm income) with the correlation r, 0.5312, statistically significant at 1% (Table 2).

Table 2. Correlation of food security index and the components

Variable Food Security Availability Accessibility Stability
(1) (2) (3) (4)
Food Security 1 0 0 0
Availability 0.6621* 1 0 0
Accessibility 0.5312* 0.0801 1 0
Stability 0.7309* 0.1952* 0.1769* 0

Source: Author’s calculation from the survey data, correlation coefficient at 1% significant level

This indicates that all of the variables used to capture the variance of the food security
indicator are reliable and interconnected with each other. The result is in full conformity with prior
expectations, indicating that food production, cash crops, and non-farm income, as well as land
value, represent important complementary dimensions of household food security. Interestingly,
availability and accessibility are only weakly correlated, suggesting that doing well in one of the
indicators does not imply that one is doing well in the other. Based on the PCA result and after
normalizing the food security index, we used the mean from the index in determining the cut-off
point of the household in our study area to be fall in secure or insecure food over time. We
categorized households to be food secure for those who have a positive index value and food
insecure otherwise. Overall, the results suggest that food insecurity levels have changed over the
three years (Figure 4).
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insecure 5.05837
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Source: Author’s calculation from the survey data

Figure 4. Status food security of the households in Central Sulawesi, Indonesia
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The pattern shows that household food security rose gradually, with 628 households standing
in better food condition, increasing from just above 70% to 90% over the period of study (Figure
4). This is associated with the increasing food security of the household throughout the period.
This was experienced by 61 of the households that have experienced better food conditions. On
the other hand the number of people who are food insecure has declined by 23.73 % over the year
(Table 3).

Table 3. Food Security and the distributions

Variables Year

Pooled 2001 2004 2006

(N) (N) (N) (N)

Secure 628 183 201 244
(81.45) (71.21) (78.21) (94.94)

Insecure 143 74 56 13
(18.55) (28.79) (21.79) (5.06)

N 771 257 257 257

Source: Author’s calculation from the survey data. Percentage is in parentheses.

5. Conclusion

The results indicate that over the periods (2001-2006), the sample household’s food security
in the areas studied have changed towards better food conditions. The number of people who are
food insecure has declined by 23.73 % over the year. However, the results suggest that public
services concerning health, education and infrastructure need to be strengthened. In particular
investment in access to credit and off-farm employment policies, as well as insurance programs on
social protection and disaster management, need to be developed to help mitigate these
problems.

The limitation of this study is the used of the panel data households for 2001, 2004, and 2006,
in measuring the food security condition of the households. We used this result in order to
combine with the further research when we compare food security of the rural households over
the periods with their current food security condition.
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