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Abstract

Multiple disruptions in health sectors and geopolitics has been alarming food security worldwide.
This study provides insights by assessing the determinants of food security in Indonesia and
creating a map of the country's most food insecure areas as a basis of developing anticipating
strategies. This study is quantitative in nature using secondary data from the Statistics Indonesia.
1o estimate the model, we used Non-Parametric Splines Regression and Clustering Analysis. The
results show that food security in Indonesia is greatly impacted by rice production, population
density, purchasing power index, food expenditures, and harvested area. Additionally, most of
the provinces in Indonesia has a medium to high food security level. The results showed the need
for integrating Indonesian food chain policies such as land, water, and fertilizer availability. In
addition, the Indonesian Bureau of Logistics must take measures to preserve the availability and
distribution of staple foods.

Keywords: food insecurity index; non-parametric splines regression, regional economics activity,
food chair policies, staple foods

INTRODUCTION

Millions of people suffer from hunger, which has become a global nutritional concern, especially in low-
and middle-income countries (LMICs) with the largest populations such as Indonesia, this was exacerbated
by the covid-19 pandemic and the prolonged war between Russia and Ukraine (Celik & Dane, 2020; Janssen
et al., 2021). Various strategies such as physical distancing, school closures, trade restrictions, and country
lockdowns, have been implemented to control the pandemic (Honein et al., 2020) which disrupt economic
activities including the agricultural sector (Arita et al., 2022; Blazy et al., 2021; Stephens et al., 2022). Food
imports, particularly those of Russian fertilizer and grain from Ukraine, have been sluggish. This is exacerbated
by the fact that several countries, such as India and China, have started limiting the flow of food products in
anticipating the food crisis. These impacts manifest as a disruption in food access, a shift in consumer desire for
cheaper foods with low nutritional value, and price volatility in the food market (Laborde et al., 2020; Siche,
2020). Hence, food availability is the most significant out of the four food security dimensions, encompassing
availability, access, utilization and stability (Godfray et al., 2010; Kakaei et al., 2022; Samia et al., 2021).

The Food and Agriculture Organization (2019) report showed that approximately 820 million people suffer
from hunger worldwide. The Global Report on Food Crisis (2020) shows that around 135 million people in
55 countries are affected by acute food insecurity, of which 73 million are in 36 countries in Africa. This food
crisis has the potential to disrupt the stability of a country. Moreover, research by Vasary et al. (2014) and Zahrmt
(2011) revealed that food security in Asian countries did not increase enough to meet the regional demand. The
gap between the national food supply and demand has led to an increase in the import of food and livestock. The
United Nations (UN) reports that COVID-19 is likely to increase poverty and food insecurity on a global scale.
Therefore, achieving sustainable development goals is considered a top priority. Other international organizations
such as the Food and Agriculture Organization of the United Nations (FAO) and the International Food Policy
Research Institute (IFPRI) have also endorsed this concept. The health and nutrition of people in a food crisis
are at greater risk because of their inability to access health services and their inability to recoup their expenses.
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One form of support from the FAO and the World Food Program (WFP) is the issuance of a stern warning
to the various causes of the food crisis that has overshadowed many countries. FAO explained that the food
crisis is a condition when acute food hazards and net malnutrition increase sharply. The impact, starting from
the national scale to the international level, is that there are 107 countries affected by the crisis, some of which
are estimated to have gone bankrupt. It is estimated that 553 million people are threatened with extreme
poverty, and 345 million people are threatened with food shortages and up to starvation (International Labour
Organization, 2022).

Food security is defined by FAO, IFAD and UNICEF (2019) as a situation when all people, at all times,
have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs
and food preferences for an active and healthy life. In line with the conceptualization of 'food system' which is
now widely adopted in the literature such as The High Level Panel of Experts (2017), the two main concepts
used are the concept of Food Security (Food and Agriculture Organization, 1996, 2008) and the concept of
Food Environment (Downs et al., 2020; Herforth & Ahmed, 2015). The complementary dimensions of the two
concepts include the four elements of food security (availability by the indicator of land area, access by the
purchasing power index indicator, utilization by proxy for food spending and population density, and stability
by proxy for rice production) (Kakaei et al., 2022) and the five important elements for the food environment
(proximity, convenience, availability, affordability, and quality of foodstuffs) were considered.

To date, research on the impact of the COVID-19 phenomenon and Russia-Ukraine’s war on food security
tends to be anecdotal. At the end of 2020, more and more peer-reviewed articles began to be published regarding
the food security crisis during the economic shock including COVID-19 and Russia-Ukraine’s war (Kakaei et al.,
2022; Léaderach et al., 2021; O’Hara & Toussaint, 2021) thereby increasing the quality of available information.
However, most of this article remains based on a limited sample, focusing on specific geographic areas and case
studies (Breisinger & Ecker, 2014; Ceesay & Ben Omar Ndiaye, 2022; Corriero et al., 2022; Lever et al., 2022).

There are several theories that discuss food security, one of which is the Neo-Malthusian theory which
analyzes food security from the perspective of food production (Hopfenberg, 2003; Hopfenberg & Pimentel,
2001; Maisonet-Guzman, 2011; Scanlan, 2001).

According to Kakaei et al. (2022), Food Security Indeks consists of for dimensions, those are availability,
access, utilization and stability. the relationship between each independent variable and the dependent variable
in this study can be explained as follows: the greater the amount of rice production, the greater the availability
of food so that it is able to meet the food needs of the community and make food prices more stable. Population
density shows the number of people in a certain area. The higher the population density causes the need for food
to increase so that the impact on access to food is increasingly limited The people's purchasing power index is
an indicator of the people's purchasing power, including to meet their food needs. People's purchasing power
is getting higher causing more and more people to be able to meet their food needs, so that it will facilitate
access and utilization of food by the community. Greater spending on food reflects greater food needs. This
will cause food demand to increase so that it needs to be supported by adequate food availability and if food
expenditure is able to be met by its availability it will cause food prices to stabilize. Additionally, the relations
between household expenditure and welfare is stated by Mankiw (2001) that consumption expenditure has a
positive correlation with welfare. The wider the harvested land can have an impact on the ability to produce
more rice so that it can increase food availability. Thus, overall the existence of the five independent variables
in this study will affect the food security index. The variables relationship are relations as depicted in Figure
1 (Wang et al., 2019).

| Rice Production |

| Population Density |

| Purchasing Power Index I Food Security Index (FSI) |

| Food Expenditure |

| Harvested Land Area |

Figure 1. Conceptual Framework
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One of the largest commodity food producers is the country of Indonesia with a harvested land area in
2021 reaching 10,606,513.22 Ha (Statistic Indonesia, 2022). Based on Statistics Indonesia (2022), Indonesia
is a relatively large rice producing country. Indonesia's total rice production in 2021 reach 54,415,294.22 tons.
Indonesia succeeded in achieving self-sufficiency in rice in the 2019-2021 period. Efforts to maintain Indonesia's
rice production level in a pandemic situation are not easy, however, during the 2020-2021 period, stability in
the supply and price of rice throughout the year can be maintained.

Even though Indonesia is one of the largest rice producing countries globally, the risk of a food crisis still
overshadows Indonesia's population of 270 million (Statistic Indonesia, 2020). Several studies have investigated
the relationship between populations and food insecurity (He et al., 2022; Niza-Ribeiro, 2022). The threat of
a crisis that has the potential to occur in 2023 is considered to be far more risky in terms of food (Mohidem et
al., 2022; Nodin et al., 2022; VASA et al., 2020). In fact, the National Food Agency (NFA) has taken a number
of steps to mitigate the potential for a food crisis in Indonesia, starting from synergizing national food data to
encouraging diversity in consumption.

Apart from the quantity aspect, there are concerns about food affordability due to price fluctuations. (Mehrabi
et al., 2022; Mostenska et al., 2022). Food prices are one aspect of the food economy that is always monitored
by the government on a regular basis because sharp price increases have the potential to cause social unrest.
This food price will affect people's purchasing power as reflected in the Community Purchasing Power Index
figures. Until 2021, the condition of the people's purchasing power index in Indonesia is relatively stable, but
if the Russia-Ukraine war continues and climate change worsening, food security requires serious attention.
Based on Statistic Indonesia (2022) data, nationally, food security in Indonesia is relatively safe, as reflected
in the average food security index value of 73.55. However, when viewed regionally, conditions are not evenly
distributed because there are several provinces that have a relatively low index of food security.

In new normal era, the whole world needs to prioritize food, energy and water security programs as basic
human needs. To anticipate the food security crisis in Indonesia, this study aims at analyzing the level of food
insecurity and its antecedents in Indonesia. Moreover, we also attempt to portray areas based on the level of
food insecurity in various provinces in Indonesia as a basis for formulating strategies to strengthen food security.

METHODS

This study is quantitative in nature. Data sources were obtained through secondary data such as Food Security
Index (FSI) score, rice production (ton), population density level (people/km?2), Purchasing Power Index, Food
Expenditure (IDR) and Harvested Land Area (hectare) from FAO, World Bank, Statistics Indonesia, and the
Ministry of Agriculture. Secondary data was obtained through a review of several sources of literature that are
relevant to the research objectives. The technique used in collecting research data was a library research by
conducting a study of several related literature through the official website.

Technical data analysis was carried out in several stages. The first step in modeling the rice food security
index is to create a Scatterplot between the response variables and each predictor variable. This is done to see
whether there is a relationship pattern between the rice food security index data and the influencing factors.
If the data has a certain pattern, then the parametric regression method is used, whereas if there is no certain
pattern, the nonparametric regression approach is used (Budiantara, 2011).

Because previously there were no assumptions about the shape of the regression curve, this study employed
nonparametric regression models particularly spline regression - a regression method approach where the shape
of the curve of the regression function is unknown (Conover, 1999). In nonparametric spline regression the
regression curve is assumed to be contained in a certain function space so that it has high flexibility (Breunig
& Haan, 2021). Splines are segmented polynomial pieces that have the property of flexibility. The point of the
combination of these pieces or the point that shows changes in the behavior of the curve at different intervals.

Second, we determine the knot point. It is a joint point where there is a change in behavior in the data (Chang
etal.,2012). According to Stone & Huang (2002), the best spline regression model depends on the optimal knot
point. The methods for finding optimal knot points that are often used are Generalized Cross Validation (GCV)
and Mean Squared Error (MSE). The optimal knot point is obtained from the minimum GCV value. Spline
is a flexible piece of continuous segmented polynomial (Doksum and Koo 2000). This property distinguishes
spline regression from ordinary polynomial regression. The point of joining together of these pieces that causes
a change in the behavior of the curve is called the knot point.

The third step is to estimate the spline functions. In general, spline functions of order m and knot points K',
K2, ..., Kk are functions that can be written as follows:

£(X) = Byt BrX + Ba (K-K)I eoerveeeereeeeeeeeeeseeeeeseeeeseseeeseseesesseeseseens (1)
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Computation or calculations in estimating the model, is the main obstacle in nonparametric regression.
Along with the rapid development of computer media today, nonparametric regression is also developing. The
calculation process uses R software.

To achieve the second goal, the K-Means Clustering method is used to classify areas for food insecurity.
K-Means Clustering is one of the popularly used Machine Learning algorithms in Unsupervised Learning (Liu
et al., 2020). In this algorithm, the value of k is the number of clusters to be formed. K-Means has a function to
group data into data clusters. This algorithm can accept data without any category labels. K-Means Clustering
Algorithm is also a non-hierarchy method (Murai et al., 2022). Algorithm clustering method is to classify
some data into groups that have the same characteristics (Ardani et al., 2022). Cluster Sampling is a sampling
technique in which population units are randomly selected from pre-existing groups called clusters. The K-Means
Clustering method aims to minimize the objective function that is set in the clustering process by minimizing
variations between data in a cluster and maximizing variation with data in other clusters. It also aims to find
groups in the data, with the number of groups represented by the variable K (Cerqueti & Ficcadenti, 2022).
According to Liao et al. (2022), the variable K is the desired number of clusters. This Algorithm Cluster divides
the data into several groups and receives input in the form of data without class labels. This is different from
supervised learning which accepts input in the form of vectors (x1, y1), (x2, y2), ..., (xi, yi), where xi is data
from a training data and yi is a class label for xi.

RESULTS
The first step is to determine the estimation method by using a scatterplot diagram to identify the relationship

between the food security index and the factors that are thought to influence it. Figure 2 shows an identification
of the relationship between the rice Food Security Index (IHP) and the factors thought to influence it.
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Figure 2. Scatterplot results of predictor variables and response variables.

The scatterplot results show that the relationship between the food security index and its determinants,
namely the amount of rice production, population density, purchasing power index, food expenditure, and
harvested area, does not show any tendency to form a particular pattern. Therefore, the Spline nonparametric
regression estimation method was chosen.

The next step is to select the optimal knot point using the Generalized Cross Validation (GCV) method, by
selecting the minimum GCV value.

Table 1. Point knots.

Knots GVC
1 6.3294
2 5.8732
3 4.8623

combination 3.9592
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Table 1 shows the results of estimation using the GCV method and the optimal knot point obtained from
calculating the minimum GCV value is 3.9592 with a combination of knots 3, 3, 2, 3, 3 (Stone & Huang, 2002).
This shows that the best Spline nonparametric regression model is to use a combination of knots. The combined
GCV value will then be used to model the Food Security Index in Indonesia. Based on the estimation results
of the Spline regression model using a combination of knots, the p-value = 0 and R2 = 91.73%, which means
that the predictor variable variant is able to explain the food security index variant of 91.73%. A high R2 value
indicates that the model is good at explaining the relationship between variables. Then the parameter test is
carried out simultaneously. The test results can be seen in Table 2.

Table 2. Simultancous Anova Test.

Sources df SS Ms Stat-F p-values
Regression 18 432.4973 24.02762778 9.952131 0
Error 15 36.2148 2.41432
Total 33 468.7121

Table 2 shows the results of simultaneous parameter tests conducted to see the significance of the parameters
on the overall response variable involving all predictor variables. From the results of simultaneous parameter
estimation tests, a p-value of 0,000 is obtained which is smaller than the value of a (0.05), so that a decision can
be taken to reject HO, which means that the model includes all the determinant variables of the Food Security
Index (FSI) or model able to explain the determinants of FSI well.

Furthermore, a partial test was carried out to identify the variable significance level partially. The results
of the partial variable significance test show that the five variables have a significant influence on the response
variable in the model (Table 3).

Table 3. Spline Regression Estimation Results

Variables Parameters coefficient Stat-t p-values

Rice Production (X;) Bo 0.371 4,017 0.0081*
B 25,327 3,391 0.0217**

i 1,454 4.104 0.0007*

Bs 0.651 3,191 0.0228%**

B4 1932 2,912 0.0672

Population Density Level (X5) Bs 1037 5,001 0.0000*
Be -0.182 -4,619 0.0001*

B, -0.092 -3,187 0.0093*

Bs -0.085 -2017 0.0654

Purchasing Power Index (X3) Bo 0.7371 5,091 0.0000*
Bio -0.2821 -4,981 0.0000*

B -0.7891 -1,719 0.1290

Food Expenditure (X4) Bia 0.6871 4,091 0.0072*
K -0.3282 -4,212 0.0062*

Brs -0.8521 -3,901 0.0194**

Pis -0.701 -2,981 0.0917

Land Area (Xs) Bis 5.1182 5,901 0.0000*
B17 0.7901 3,871 0.0457%*

P1s 0.0982 3,698 0.0489%*

B1o 0.0819 2091 0.1920

Note: *,** means significant at 1% and 5% respectively.
DISCUSSIONS

Estimation of the partial spline regression model for the factor of rice production (X,) begins by determining
the lower and upper values to be able to classify provinces based on the amount of rice production produced in
the area. Based on the results of the xx test, the lower value and upper value were 7,215 and 54,241 respectively.
Provinces that produce paddy: (1) below 7,215 tons are classified as province group 1; 7,215 to 54,241 classified
as province group 2; more than 54,241 are classified as members of the province group 3. Therefore, the equation
of the Food Security Index (Y) which is affected by rice production of rice production (X;) to the food security
index (Y) looks like it can be arranged in equation 2.
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25.327X, ifX; <7.215
Y=< 21.796 + 1.454X, if7.215 S X; < 54241 coovvoooooeeeeceeeeeeeeeeeeeeeeeeeeeee e )
18.490 + 0.651X, ifX, > 54.241

Based on the partial test results, if rice production in province group 1 increases by 10,000 tons of rice, the
food security index will increase by 25,327. This condition applies to the provinces of the Bangka Belitung Islands,
North Kalimantan, North Maluku, West Papua, DKI Jakarta and the Riau Islands. The rice production factor has
a positive effect on the food security index. This means that the higher the food availability factor in a region will
have an influence on increasing the food security index in that region. This can happen due to the use of indicators
to measure food availability factors that are less representative of the real situation in the field related to community
food availability. In this study, the food availability factor was only measured by rice production indicators.

The government is always trying to improve food security, especially those originating from increased
domestic rice production. These considerations are becoming increasingly important for Indonesia because the
population is getting bigger with a wide population distribution and geographical coverage. In order to meet the
food needs of its population, Indonesia requires the availability of sufficient and dispersed food, which meets
the adequacy of consumption and sufficient national stock according to the operational requirements of a wide
and dispersed logistics. Indonesia must maintain its food security.

Based on the results, the lower value and upper value for the population density factor (X,) are 70 and 1240
respectively. Provinces with population density: (1) below 70 are classified as province group 1; 70 to 1,240 are
classified as province group 2; more than 1,240 are classified as members of the province group 3.

The level of population density (X,) on the food security index (Y) is described in formula (2) below. The
partial test results for the effect of population density on the food security index show that the p-value is 0.0261.
This means that the dimension of population density has a significant influence on the dimension of food security.

225.325 = 0.182X5 170 < Xy < 1240 weoooeereeeeeeeeeeeeeeeeseeeseeeeeeeeeeeeesesseseseeeeeseeseenes 3)

7.9127 + 1.0371X, ifX, <70
Y:
198.285 - 0.0917X, ifX, > 1240

There are 9 provinces included in province group 1, namely North Kalimantan, West Papua, Papua, Central
Kalimantan, East Kalimantan, West Kalimantan, Maluku, North Maluku and Central Sulawesi. If the province
experiences an increase of 1 level of population density, it will increase the food security index. This is contrast
to provincial groups 2 and 3, namely Banten, West Java, and DKI Jakarta where if there is an increase of one
level of population density, it will lower the food security index.

The condition of a very dynamic population certainly has an impact on the condition of food security in
a region and vice versa. Malthus' theory (Montano & Garcia-Lopez, 2020), which states that food growth is
an arithmetic progression and population growth is a geometric progression, showing that as the number and
population growth increase, the need for food also increases. This makes a study of the influence of population
dynamics on food conditions indispensable as input for efforts to achieve food security, particularly in Indonesia.

Indonesia's large population (more than 270 million) and continues to grow require food products in increasing
quantities (increase in national food demand 1-2% per year), so that there is sufficient and proper amount of
paddy fields to support availability and resilience absolutely necessary food. Besides that, it is necessary to
increase food production (especially rice) in a sustainable manner. Relying on imported food for national food
security is certainly risky for various aspects of life, including the national economy, social and politics.

Food security is not only influenced by the availability and adequacy of food, but also by the people's
purchasing power towards food prices. In addition, food security also means eliminating dependence on food
sources from other countries. This is identified through the purchasing power index factor. The form of the
functional relationship between the purchasing power index (X;) and the food security index (Y) is modeled in
the form of the following spline regression equation.

z{ 0.7371X; ifX3 <107 4)
107.325 - 0.282X; ifX3 > 107

From the results of the partial test of the purchasing power index factor, a p-value of 0.0087 was obtained.
This means that the purchasing power index factor has a significant effect on the food security index. The Riau
Islands Province, DKI Jakarta and Papua are three regions that have a purchasing power index below the cut
off value of 107. Each increase of one level for the purchasing power index will increase the value of the food
security index by 0.7371. On the other hand, for areas outside the three provinces, if there is an increase of one
level in the value of the purchasing power index, it will decrease the food security index by 0.282.
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Based on the results of the partial test of the purchasing power index factor, the lower value and upper
value for the food expenditure (X,) were 51 and 70 respectively. Provinces with population density: (1) below
51 are classified as province group 1; 50 to 71 are classified as province group 2; more than 71 are classified
as members of province group 3.

The following is a form of functional relationship in the spline regression model involving the food
expenditure with the food security index.

76.5826 - 0.3282X 4 ifST <Xy <T0 oo %)

45.7891+0.6871X, ifX, <51
Y =
125.8170 - 0.8521X, ifX4,>70

The three provinces in province group 1 are Southeast Sulawesi, East Nusa Tenggara and West Sulawesi.
In province group 1, if there is an increase of one level of the food expenditure index, it will increase the food
security index by 0.6871. In equation (5) the cut off value for group 1 is 51. In DKI Jakarta, Riau Islands, Papua,
Bangka Islands, Banten, North Kalimantan, East Kalimantan, Central Kalimantan and South Kalimantan, if
there is an increase in the food expenditure index by one level, will reduce the food security index by 0.8521.

The process of determining the upper and lower values for the land area factor (Xs) produces values of
10 and 105. Provinces with population density: (1) below 10 are classified as province group 1; 10 to 105 are
classified as province group 2; more than 105 are classified as members of province group 3.

The modeling of harvested area (X;) to the food security index (Y) is as in Equation (5) below.

6.9187 +0.7901X5 10 < X5 < 105 eovvveeeerreeeseeeeeseeeeeeseesessesseeseseeeeeeesessessseeeee ()

32.914 + 5.1182X;s ifXs < 10
Y =
0.0982X5 ifXs > 105

There are four provinces included in province group 1, namely Riau Islands, DKI Jakarta, North Maluku
and West Papua. In province group 1, if there is an increase of 1000 hectares of harvested land, the food security
index will increase by 5.1182. Whereas for the three big regions where the rice harvest area is dominant or
included in province group 3, namely East Java, Central Java and West Java, if the harvested area increases by
1000 hectares, the food security index value will increase by 0.0982.

Classification of the level of food insecurity based on parameters of rice production, population density,
purchasing power index, consumption of food spending, and area of harvested land on the food security index is
divided into four criteria, namely vulnerable, almost vulnerable, almost safe, and safe. The following is the result
of an analysis of food security in Indonesia. The classification method used in this analysis is K-Means Clustering.

Based on the results of the analysis, there are six provinces which are categorized as vulnerable areas, 11
provinces are almost vulnerable, 12 are almost safe, and five provinces are safe. Provinces that are categorized
as vulnerable (in red) are Bengkulu, Riau Archipelago, DKI Jakarta, East Nusa Tenggara, North Maluku and
West Papua. Near-prone criteria characterized in yellow are the provinces of Riau, Jambi, Bangka Belitung
Islands, Banten, North Kalimantan, North Sulawesi, Southeast Sulawesi, Gorontalo, West Sulawesi, Maluku,
Papua. Then the provinces that are almost safe (in blue) are Aceh, North Sumatra, South Sumatra, Lampung,
West Java, Central Java, DI Yogyakarta, East Java, West Nusa Tenggara, West Kalimantan, East Kalimantan and
South Sulawesi. Finally, provinces in the safe category (green color) are West Sumatra, Bali, Central Kalimantan,
South Kalimantan and Central Sulawesi.

The characteristics of food insecure areas in Indonesia are characterized by areas that have low rice production
and have a fairly large distribution of dry land (Mohidem et al., 2022; Nodin et al., 2022; VASA et al., 2020).
The need for water is an important issue both for consumption and for irrigation. Crop failure is often caused
by dry seasons that are too long (Caparas et al., 2021). In addition to production, the causes of food insecurity
in Indonesia are based on indicators of food insecurity used, namely consumption of food needs, population
density and area of harvested land (Anwar et al., 2010). The aspect of food availability is used to see the ability
of an area to produce its own food. The resource potential of each region is different (Suharno et al., 2019).
Some are centers of food crops while other areas are centers of horticultural crops, plantations and others. The
difference in agricultural production potential is of course very much related to climate and weather conditions
as well as very specific soil conditions in each region.

This classification of food insecurity can be used as one of the determinants of the direction of strengthening
food security in the future. Suggestions that can be given as a follow-up to this research are that the data used
in the analysis should have a larger size (big data) with the aim of increasing the accuracy of the classification
carried out. Variable additions can also be made so that the characteristics possessed can be more visible. In
addition, the addition of ensembles or other approaches can also be done so that the best approach can be
identified.
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CONCLUSIONS

Food security in Indonesia is greatly impacted by rice production, population density, purchasing power
index, food expenditures, and harvested area, both individually and collectively. Nevertheless, the influence
of each variable on food security in each province of Indonesia varies according to each province's threshold
value. Regional mapping based on the extent of food insecurity in several provinces of Indonesia reveals that
six provinces are classified as vulnerable, eleven provinces are virtually in critical care, twelve provinces are
almost safe, and five provinces are safe. This research is without its limitations. The result of the study cannot
be generalized across countries without further investigation.

REFERENCES

Anwar, N., Novra, A., & Ridwansyah, M. 2010. Structural Model Of Land Use Change In Protected Area : 3rd
International Conference on Quantitative Methods Used in Ecomonomics and Business, 2.

Ardani, M. S. H., Sarno, R., Malikhah, M., Purbawa, D. P., Sabilla, S. I., Sungkono, K. R., Fatichah, C.,
Sunaryono, D., & Susilo, R. I. 2022. A New Approach To Signal Filtering Method Using K-Means Clustering
And Distance-Based Kalman Filtering. Sensing and Bio-Sensing Research, 38(July), 100539. https://doi.
org/10.1016/j.sbsr.2022.100539

Arita, S., Grant, J., Sydow, S., & Beckman, J. 2022. Has Global Agricultural Trade Been Resilient Under
Coronavirus (COVID-19)? Findings from an Econometric Assessment of 2020. Food Policy, 107(November
2021), 102204. https://doi.org/10.1016/j.foodpol.2021.102204

Blazy, J. M., Causeret, F., & Guyader, S. 2021. Immediate Impacts of COVID-19 Crisis On Agricultural And
Food Systems In The Caribbean. Agricultural Systems, 190(February), 103106. https://doi.org/10.1016/].
agsy.2021.103106

Breisinger, C., & Ecker, O. 2014. Simulating Economic Growth Effects On Food And Nutrition Security In
Yemen: A New Macro—Micro Modeling Approach. Economic Modelling, 43, 100-113. https://doi.org/
https://doi.org/10.1016/j.econmod.2014.07.029

Breunig, C., & Haan, P. 2021. Nonparametric Regression With Selectively Missing Covariates. Journal of
Econometrics, 223(1), 28-52. https://doi.org/10.1016/j.jeconom.2020.07.050

Budiantara, I. N. 2011. Penelitian Bidang Regresi Spline Menuju Terwujudnya Penelitian Statistika Yang Mandiri
Dan Berkarakter. Prosiding Seminar Nasional FMIPA Undiksha, 9-28.

Caparas, M., Zobel, Z., Castanho, A. D. A., & Schwalm, C. R. 2021. Increasing Risks Of Crop Failure And
Water Scarcity In Global Breadbaskets By 2030. Environmental Research Letters, 16(10). https://doi.
org/10.1088/1748-9326/ac22c1

Ceesay, E. K., & Ben Omar Ndiaye, M. 2022. Climate Change, Food Security And Economic Growth Nexus
In The Gambia: Evidence From An Econometrics Analysis. Research in Globalization, 5, 100089. https://
doi.org/https://doi.org/10.1016/j.resglo.2022.100089

Celik, B., & Dane, S. 2020. The effects of COVID-19 Pandemic Outbreak on Food Consumption Preferences and
Their Causes. Journal of Research in Medical and Dental Science, 8(3), 169—173. https://www.researchgate.
net/profile/Bilal-Celik-2/publication/341678973 The effects of COVID - 19 Pandemic Outbreak on_
Food Consumption Preferences and Their Causes/links/5ece6881299bf1c67d206069/The-effects-of-
COVID-19-Pandemic-Outbreak-on-Food-Consumpt

Cerqueti, R., & Ficcadenti, V. 2022. Combining Rank-Size And K-Means For Clustering Countries Over the
COVID-19 New Deaths per Million. Chaos, Solitons and Fractals, 158, 111975. https://doi.org/10.1016/j.
chaos.2022.111975

Chang, L. Y., Chu, H. C., Lin, D.J., & Lui, P. 2012. Analysis Of Freeway Accident Frequency Using Multivariate
Adaptive Regression Splines. Procedia Engineering, 45, 824-829. https://doi.org/10.1016/j.proeng.2012.08.245

Conover, W. J. 1999. Practical Nonparametric Statistics (Vol. 350). John Wiley & Sons Inc.

Corriero, A. C., Aborode, A. T., Reggio, M., & Shatila, N. 2022. The Impact Of Covid-19 And The Economic
Crisis On Lebanese Public Health: Food Insecurity And Healthcare Disintegration. Ethics, Medicine and
Public Health, 24, 100802. https://doi.org/10.1016/j.jemep.2022.100802

Downs, C. J., Brown, J. L., Wone, B. W. M., & .... 2020. Effects Of Selection For Mass-Independent Maximal
Metabolic Rate On Food Consumption. Physiological and .... https://doi.org/10.1086/706206

Food and Agriculture Organization. 1996. The State Of Food And Agriculture: Food Security:some Macroeconomics
Dimensions (pp. 43—44).

Food and Agriculture Organization. 2008. The State of Food Insecurity in the World 2008. In FAO. ftp://ftp.
fao.org/docrep/fao/011/10291e/10291e00.pdf



Escaping Hunger: Indonesia's Regional ...

109

Food and Agriculture Organization of the United Nations., International Fund for Agricultural Development,
UNICEF, World Food Programme, & World Health Organization. 2019. FAO, IFAD, UNICEF, WFP and
WHO. 2019. The State And Food Security And Nutrition In The World 2019. Safeguardin against economic
slowdowns and downturns. Rome: FAO. Retrieved from http://www. fao.org/3/ca5162en/ca5162en.pdf.

FSIN. 2020. Relatorio Global Sobre Crises Alimentares, Analise Conjunta Para Melhores Decisoes.

Godfray, H. C. J., Crute, 1. R., Haddad, L., Muir, J. F., Nisbett, N., Lawrence, D., Pretty, J., Robinson, S.,
Toulmin, C., & Whiteley, R. 2010. The Future Of The Global Food System. Philosophical Transactions of
the Royal Society B: Biological Sciences, 365(1554), 2769-2777. https://doi.org/10.1098/rstb.2010.0180

He, P., Dai, W., Luo, Y., Ding, R., & Zheng, X. 2022. Towards Sustainable Development Goals: Study on the
Consequences of Food Insecurity Among Global Population — Worldwide, 2022. China CDC Weekly,
4(27), 583-587. https://doi.org/10.46234/ccdcw2022.128

Herforth, A., & Ahmed, S. 2015. The Food Environment, Its Effects On Dietary Consumption, And Potential
For Measurement Within Agriculture-Nutrition Interventions. Food Security, 7(3), 505-520. https://doi.
org/10.1007/s12571-015-0455-8

Honein, M. A., Christie, A., Rose, D. A., Brooks, J. T., Meaney-Delman, D., Cohn, A., Sauber-Schatz, E. K.,
Walker, A., McDonald, L. C., Liburd, L. C., Hall, J. E., Fry, A. M., Hall, A. J., Gupta, N., Kuhnert, W. L.,
Yoon, P. W., Gundlapalli, A. V., Beach, M. J., Walke, H. T., ... Williams, 1. 2020. Summary of Guidance for
Public Health Strategies to Address High Levels of Community Transmission of SARS-CoV-2 and Related
Deaths, December 2020. MMWR. Morbidity and Mortality Weekly Report, 69(49), 1860-1867. https://
doi.org/10.15585/mmwr.mm6949e2

Hopfenberg, R. 2003. Human Carrying Capacity Is Determined by Food Availability. Population and Environment,
25(2), 109—117. https://doi.org/10.1023/B:POEN.0000015560.69479.c1

Hopfenberg, R., & Pimentel, D. 2001. Human Population Numbers As A Function Of Food Supply. Environment,
Development and Sustainability, 3(1), 1-15. https://doi.org/10.1023/A:1011463231976

International Labour Organization. 2022. The Least Developed Countries : Crisis , structural transformation. https://
www.ilo.org/wemspS/groups/public/---ed_norm/---relconf/documents/meetingdocument/wems 844922 pdf

Janssen, M., Chang, B. P. L., Hristov, H., Pravst, [, Profeta, A., & Millard, J. 2021. Changes in Food Consumption
During the COVID-19 Pandemic: Analysis of Consumer Survey Data From the First Lockdown Period
in Denmark, Germany, and Slovenia. Frontiers in Nutrition, 8(March), 1-20. https://doi.org/10.3389/
fhut.2021.635859

Kakaei, H., Nourmoradi, H., Bakhtiyari, S., Jalilian, M., & Mirzaei, A. 2022. Effect of COVID-19 On Food
Security, Hunger, And Food Crisis. In COVID-19 and the Sustainable Development Goals. Elsevier Inc.
https://doi.org/10.1016/b978-0-323-91307-2.00005-5

Laborde, D., Martin, W., Swinnen, J., & Vos, R. 2020. COVID-19 Risks To Global Food Security. Science (New
York, N.Y.), 369(6503), 500-502. https://doi.org/10.1126/science.abc4765

Léaderach, P., Pacillo, G., Thornton, P., Osorio, D., & Smith, D. 2021. Food Systems For Peace And Security In A
Climate Crisis. The Lancet Planetary Health, 5(5), €249—e250. https://doi.org/10.1016/S2542-5196(21)00056-5

Lever, J., Blake, M., Newton, D., & Downing, G. 2022. Working Across Boundaries In Regional Place-Based
Food Systems: Triggering Transformation In A Time Of Crisis. Cities, 130(June), 103842. https://doi.
org/10.1016/j.cities.2022.103842

Liao, H., Wu, Z., Tang, M., & Wan, Z. 2022. An Interactive Consensus Reaching Model With Updated Weights
Of Clusters In Large-Scale Group Decision Making. Engineering Applications of Artificial Intelligence,
107(C). https://doi.org/10.1016/j.engappai.2021.104532

Liu, W, Liu, A., Zhao, R., Pan, F., Liu, Z., Sui, H., & Li, J. 2020. Development Of Packaging Factors For The
Risk Assessment Of Food Contact Substances From Food Consumption Survey Of Chinese Infants And
Toddlers. Food Packaging and Shelf .... https://www.sciencedirect.com/science/article/pii/S2214289419306817

Maisonet-Guzman, O. E. 2011. Food Security and Population Growth in the 21st Century Written by Olimar E.
Maisonet-Guzman. Food Security and Population Growth in the 21st Century, Juli, 1-10. https://www.e-ir.
info/2011/07/18/food-security-and-population-growth-in-the-21st-century/

Mankiw, N. G. 2001. Principle of Microeconomics (2nd Editio). Harcourt College Publisher.

Mehrabi, Z., Delzeit, R., Ignaciuk, A., Levers, C., Braich, G., Bajaj, K., Amo-Aidoo, A., Anderson, W., Balgah,
R.A., Benton, T. G., Chari, M. M., Ellis, E. C., Gahi, N. Z., Gaupp, F., Garibaldi, L. A., Gerber, J. S., Godde,
C. M., Grass, I., Heimann, T, ... You, L. 2022. Research Priorities For Global Food Security Under Extreme
Events. One Earth, 5(7), 756—766. https://doi.org/10.1016/j.oneear.2022.06.008

Mohidem, N. A., Hashim, N., Shamsudin, R., & Man, H. C. 2022. Rice for Food Security: Revisiting Its
Production, Diversity, Rice Milling Process and Nutrient Content. In Agriculture (Switzerland) (Vol. 12,
Issue 6). https://doi.org/10.3390/agriculture12060741



110 Trikonomika Nurul Anwar
Volume 21, No. 2, December 2022

Montano, B., & Garcia-Lopez, M. 2020. Malthusianism of the 21st century. Environmental and Sustainability
Indicators, 6, 100032. https://doi.org/10.1016/j.indic.2020.100032

Mostenska, T. L., Mostenska, T. G., Yurii, E., Lakner, Z., & Vasa, L. 2022. Economic Affordability Of Food
As A Component Of The Economic Security of Ukraine. PLoS ONE, 17(3 March), €0263358. https://doi.
org/10.1371/journal.pone.0263358

Murai, N., Saito, N., Nii, S., Nishikawa, Y., Suzuki, A., Kodama, E., Iida, T., Mikura, K., Imai, H., Hashizume,
M., Kigawa, Y., Tadokoro, R., Sugisawa, C., Endo, K., lizaka, T., Otsuka, F., Ishibashi, S., & Nagasaka,
S. 2022. Diabetic Family History In Young Japanese Persons With Normal Glucose Tolerance Associates
With K-Means Clustering Of Glucose Response To Oral Glucose Load, Insulinogenic Index And Matsuda
Index. Metabolism Open, 15(June), 100196. https://doi.org/10.1016/j.metop.2022.100196

Niza-Ribeiro, J. 2022. Chapter 5 - Food And Water Security And Safety For An Ever-Expanding Human
Population (J. C. Prata, A. L. Ribeiro, & T. B. T.-O. H. Rocha-Santos (eds.); pp. 155-204). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-822794-7.00003-4

Nodin, M. N., Mustafa, Z., & Hussain, S. I. 2022. Assessing Rice Production Efficiency For Food Security
Policy Planning In Malaysia: A Non-Parametric Bootstrap Data Envelopment Analysis Approach. Food
Policy, 107(C). https://doi.org/10.1016/j.foodpol.2021.102208

O’Hara, S., & Toussaint, E. C. 2021. Food access in crisis: Food security and COVID-19. Ecological Economics,
180(June 2020), 106859. https://doi.org/10.1016/j.ecolecon.2020.106859

Samia, N., Toth, Z. N., & Vasa, L. 2021. The Role Of Food Aid And Livelihood Interventions In Mediating
The Relationship Between Household’s Resilience And Economic Empowerment. Economic Annals-XXI,
194(11-12), 151-163. https://doi.org/10.21003/ea-v194-19

Scanlan, S. J. 2001. Food Availability and Access in Lesser-Industrialized Societies: A Test and Interpretation
of Neo-Malthusian and Technoecological Theories. Sociological Forum, 16(2), 231-262. https://doi.
org/10.1023/A:1011000717740

Siche, R. 2020. What is the impact of COVID-19 disease on agriculture? Scientia Agropecuaria, 11(1), 3-9.
https://doi.org/10.17268/sci.agropecu.2020.01.00

Statistic Indonesia. 2020. The 2020 Population Census. https://www.bps.go.id/pressrelease/download.html?n
rbvfeve=MTgINA%3D%3D&sdfs=sdngrbfjgrdejrh&twoadfnoarfeauf=MjAyMyO0wMSO0xNiAxMzo1OT
01NA%3D%3D

Statistic Indonesia. 2022. Paddy Harvested Area and Production in Indonesia 2021. https://www.bps.go.id/
publication/2022/07/12/c52d5cebe530c363d0ead 198/wide-panen-dan-production-padi-di-indonesia-2021.html

Stephens, E., Timsina, J., Martin, G., van Wijk, M., Klerkx, L., Reidsma, P., & Snow, V. 2022. The Immediate
Impact Of The First Waves Of The Global Covid-19 Pandemic On Agricultural Systems Worldwide:
Reflections On The Covid-19 Special Issue For Agricultural Systems. Agricultural Systems, 201, 103436.
https://doi.org/10.1016/j.agsy.2022.103436

Stone, C. J., & Huang, J. Z. 2002. Free Knot Splines In Concave Extended Linear Modeling. Journal of Statistical
Planning and Inference, 108(1-2), 219-253. https://doi.org/10.1016/S0378-3758(02)00280-X

Suharno, Anwar, N., & Saraswati, E. 2019. A Technique Of Assessing The Status Of Sustainability Of Resources. IOP
Conference Series: Earth and Environmental Science, 250(1). https://doi.org/10.1088/1755-1315/250/1/012080

The High Level Panel of Experts. 2017. Nutrition and Food Systems. In Committee of World Food Security
(CFS) (Vol. 44, Issue September). http://www.fao.org/3/a-17846e.pdf

Vasa, L., Huseynov, R., Varga, 1., & David, L. 2020. The Regional And Geographical Aspects Of Food Security:
A Spatial Analysis In The Case Of Azerbaijan, Hungary, Austria, Singapore And Georgia. Geographia
Technica, 15(2), 161-170. https://doi.org/10.21163/GT_2020.152.16

Vasary, M., Vasa, L., & Baranyai, Z. 2014. Analysing Competitiveness In Agrotrade Among Visegrad Countries.
Actual Problems of Economics, 151(1), 24-35.

Wang, H., Cheng, Z., & Smyth, R. 2019. Consumption and Happiness. Journal of Development Studies, 55(1),
120-136. https://doi.org/10.1080/00220388.2017.1371294

Zahrnt, V. 2011. Food Security And The Eu’s Common Agricultural Policy: Facts Against Fears. Agriculture,
32(01), 1-37. http://www.acp-eu-trade.org/library/files/Zahrnt EN 01012011 ECIPE Food security.pdf



