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Abstract: Indonesia has been renowned as an agricultural nation, giving paramount importance to agriculture in meeting its food 

requirements. Due to its large population, there is a significant demand for food, and insufficient food supply can jeopardize the 

country's food security. This research aims to develop a model for the food security index and determine the factors influencing 

provincial food security in Indonesia using the probit ordinal regression method with panel data and random effects. The analysis 

reveals that variables such as the percentage of households with access to electricity, the percentage of stunted toddlers, and rice 

production have a substantial impact on the provincial food security index in Indonesia. Moreover, the panel probit regression 

model with random effects achieves a classification accuracy of 44.83% and an AIC value of 236.79, surpassing the standard ordinal 

probit regression model. This conclusion is further supported by the model suitability test, which yields a p-value of 0.000, indicating 

that the panel ordinal probit regression model with random effects is more suitable than the standard probit regression model. 
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1. INTRODUCTION 

Indonesia has been known as an agricultural country and 

makes agriculture an important field in maintaining food 

needs. The large population makes food needs needed in large 

quantities so that when the amount of food available is less 

than the national food needs this can damage the condition of 

national food security [5]. According to [13] if a country has 

strong food security and is able to meet national food needs, 

then self-sufficiency the country will have strong national 

security. The Ministry of Agriculture realizes efforts in 

maintaining national food security through sustainable 

development programs in the Sustainable Development Goals 

(SGD's) program to achieve No Poverty and Zero Hunger. 

There are three aspects of food security according to the World 

Health Organization (WHO) which include food availability, 

food affordability, and food utilization. 

The value of food security in Indonesia has fluctuated from 

2019 to 2022 and in 2022 has improved when compared to 

2021, which is at a score of 60.2. The trend of fluctuations in 

the food security index during the period 2019 to 2022 has 

resulted in changes in food security status in each province and 

based on Global Food Security Index (GFSI) data, Indonesia's 

food security score in 2022 is still below the global average 

and Asia Pacific average of 62.2 and 63.4 respectively [1]. In 

addition, the food supply in Indonesia is considered inadequate 

with a score of 50.9. Nutrients contained in food also only get 

a score of 56.2, while sustainability and adaptation get a score 

of 46.3. In these three indicators, Indonesia's resilience is 

considered worse than the average of countries in the Asia 

Pacific region. This proves that significant results have not 

been seen after the government made various efforts to 

improve food security in Indonesia. 

Research on food security has been carried out by several 

researchers.  [14] Modeling food security in Indonesia using 

the binary logistic regression method. The results stated that 

the variables of the rice field area, corn production, soybean 

production, chicken meat production, beef production, 

population density, the consumer price index for housing, 

electricity, and gas; consumer price index for health, the 

consumer price index for transportation and financial services; 

and the Food Insecurity Multidimensional Index has a 

significant effect on Indonesia's food security. [12] Modeling 

household food security using the ordinal logistic regression 

method. The results showed that rice price variables, other 

consumer prices, and other household income had a positive 

effect on household food security. The availability of various 

nuts, the price of finished food and beverages, and the number 

of household members negatively affect household food 

security in Central Lampung Regency. [11] Modeling food 

security in Indonesia based on bivariate binary probit 

regression approach. The results showed that the variables of 

gross regional domestic product, percentage of poor people, 

and human development index had a significant effect on food 

security indicators. 

Based on previous research, the authors suspect that 

changes in food security status are influenced by the 

percentage of stunted toddlers, the percentage of households 

with access to electricity, rice production, and the rate of 

economic growth. In addition, there are allegations that there 

are other factors that randomly affect the food security index 

but cannot be observed directly. In this context, researchers are 
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interested in modeling the food security index in Indonesia 

using a probit ordinal regression approach of panel data with 

random effects. The novelty of this study is that there has been 

no previous study that modeled the food security index in 

Indonesia using probit ordinal regression panel data with 

random effects. The expected outcome of this study is to 

identify factors influencing food security status in Indonesia, 

estimate the probability of food security status in each 

province in Indonesia, and provide guidance in government 

policy-making related to food security in the country 

2. LITERATURE REVIEW 

2.1 Probit regression Ordinal Random Effects Panel Data 

Panel data probit regression model is a form of 

development of the probit regression model. In this model, 

response variables are divided into two categories and the data 

used for analysis is panel data. The probit regression model is 

expressed as follows: 

𝑦𝑖𝑡
∗ = 𝐱𝑖𝑡𝜷 + 𝑢𝑖 + 𝑣𝑖𝑡   (1) 

𝜀𝑖𝑡 = 𝑢𝑖 + 𝑣𝑖𝑡   
With 

𝑦𝑖𝑡 =

{
 

 
1 if               𝑦𝑖𝑡

∗ ≤ 𝜅1
2 if     𝜅1 < 𝑦𝑖𝑡

∗ ≤ 𝜅2
⋮

𝑞 if          𝜅𝑞−1 < 𝑦𝑖𝑡
∗

  (2) 

When 𝑦𝑖𝑡  is an observation for the i-th data at the t-th time, 

𝐱𝑖𝑡 is a vector that is 1 x p for the predictor variable, 𝜷 is the 

vector p x 1 for the parameter coefficient.  𝑢𝑖 is an unobserved 

individual effect and 𝑣𝑖𝑡  is a random error. The probit error 

model also assumes errors are independent and standard 

normally distributed [7]. In addition, random effect models 

also assume variation at the unit level [4]. 

2.2 Parameter Estimation 

Testing this parameter aims to determine the significance 

of the influence of predictor variables on response variables in 

the model. In probit regression, there are two types of tests 

performed, namely overall testing (simultaneous testing) and 

individual testing (partial testing). Here is a further explanation 

of both types of testing. 

2.2.1 Simultaneous Testing 

Concurrent tests are used to test the effect of overall cefficient 

𝛽 in the model. The test hypothesis is 𝐻0 ∶  𝜷 =  𝟎 dan 𝐻1 ∶
 𝜷 ≠  𝟎. The statistical test used is the Wald Test, with the 

following requirements [6]. 

𝑊 = (𝜷̂ − 𝟎)
𝑇
𝐼(𝜷̂)(𝜷̂ − 𝟎) = (𝜷̂ − 𝟎)

𝑇
𝑽−𝟏(𝜷̂ − 𝟎)  

= 𝜷̂𝑇𝑽−1𝜷 ̂~ 𝜒𝑝
2  (3) 

= 𝜷̂𝑇𝑽−1𝜷 ̂~ 𝜒𝑝
2  

This Wald statistical test follows the Chi-Square distribution 

with a degree of freedom equal to the number of parameters 

in the model. Test decisions are made by comparing values of 

𝑊 with values of 𝜒2. The test criterion is that H0 will be 

rejected if the value 𝑊 > 𝜒2(p; ), where p is the number of 

predictor variables in the model, or H0 will be rejected if the 

p-value is < α. 

2.2.2 Individual Testing 

Individual tests are used to test the significance of each 

parameter, to find out whether the predictor variables are 

significantly influential in the model or not. This partial test 

is also known as the Wald test (W) or Wald test. The Wald 

test is obtained by comparing the β estimate with the standard 

estimate of error, with the test hypothesis 𝐻0 ∶  𝛽𝑘   =  0 and 

𝐻1 ∶  𝛽𝑘   ≠   0, 𝑘 =  1, 2, … , 𝑝 and test statistics as follows 

[9]. 

𝑍𝑘 =
𝛽̂

𝑆𝐸(𝛽̂𝑘)
; 𝑘 = 1,2, … , 𝑝  (4) 

Wald's statistics follow a normal distribution, so test decisions 

are made by comparing values 𝑍𝑘 with value of 𝑍𝛼
2⁄
. The test 

criterion is H0 will be rejected if the value  |𝑍𝑘| > 𝑍𝛼 2⁄
or 

value of p-value < α. 

2.3 Model Compatibility 

Model conformity testing is used to evaluate whether the 

model that has been created is suitable or not yet matches the 

observed data. The hypotheses used are H0 : The ordinal 

probit regression model of panel data is not appropriate 

whereas H1 : The ordinal probit regression model of panel 

data is appropriate.  The test statistics used are the Likelihood 

Ratio Test formulated as follows [8]: 

Λ = −2ln (
𝐿𝐻0

𝐿𝐻1
) (5) 

The statistics of the Likelihood Ratio Test test follow the Chi-

Square distribution with a degree of freedom of 1. The test 

decision is obtained by comparing the value of the Likelihood 

Ratio Test with the value of 𝜒2 of the table. The H0 decision 

is rejected if the value Λ > 𝜒2(1; ), or H0 will be rejected if the 

p-value < α. 

2.4 Selection of The Best Model 

1. Akaike’s Information Criterion (AIC) 

Akaike's Information Criterion (AIC) is an evaluation 

method used to select the best model from several existing 

models. AIC can be used as a model selector that is able to 

evaluate the relative quality of each model using maximum 

likelihood estimation as a precise calculation [2]. The 

selection of the best model is based on the smallest AIC 

criteria, this is because the AIC value is directly proportional 

to the value of model devians. The smaller the devians value, 

the error rate value is also smaller, so the resulting model will 

be more precise. The following is the formula for calculating 

the AIC value [3]. 

𝐴𝐼𝐶(𝑝) = −2
ln 𝐿(𝑃)

𝑛
+ 2

𝑝

𝑛
  (6) 

Where ln 𝐿(𝑃) is the maximum likelihood with k predictor 

variables, p is a lot of 𝛽 parameters with p = 1.2,... k, and n 

represents the sample size. 

2. Apparent Error Rate (APPER) 

Apparent Error Rate (APPER) is a metric used to assess 

the degree of accuracy of model classification in classifying 
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objects. APPER describes the probability of error in the 

classification process. The formula used to calculate the 

APPER value is as follows: 

𝐴𝑃𝑃𝐸𝑅 =
∑ 𝑛𝑖𝑗
𝑞
𝑖≠𝑗=1

∑ 𝑛𝑖𝑗
𝑞
𝑖,𝑗=1

× 100%  (7) 

In ordinal probit regression, the value of the accuracy of the 

model classification is measured using equation 1 - APPER, 

where 𝑛𝑖𝑗 is the number of Y events in category i of 

observations classified in category j of the prediction results 

[10]. 

 

3. RESULT AND DISCUSSION 

3.1 Descriptive Statistics 

The descriptive statistical analysis outcomes of the variables 

related to the food security index over a span of four years are 

presented in Table 1, as shown below.: 

Table 1: The Food Security Index Descriptive Statistics 

 Year Minimum Maximum Average 

Food 

Security 

Index 

2019 25.13 85.15 65.95 

2020 34.79 84.54 72.11 

2021 35.48 83.82 72.43 

2022 37.80 85.19 71.68 

Referring to Table 1, it can be observed that Indonesia's food 

security index values from 2019 to 2022 averaged at 65.95, 

72.11, 72.43, and 71.68, respectively. The highest values 

recorded were 85.15, 84.54, 83.82, and 85.19, with Bali 

Province achieving the top ranks. Conversely, the lowest 

index values were 25.13, 34.79, 35.48, and 37.80, 

respectively, and were reported by Papua Province.. 

Table 2: Percentage of Regions by Food Security Category 
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2019 5,88 2,94 11,76 14,71 32,35 32,35 

2020 2,94 0 2,94 11,76 32,35 50 

2021 2,94 2,94 0 8,82 32,35 52,94 

2022 0 5,88 0 11,76 38,23 44,12 

Total 2,94 2,94 3,68 44,44 33,82 44,85 

Based on Table 2, it can be seen that provinces with the food 

security index values are in the high food security category of 

44.85%; medium food security category of 38.82%; low food 

security category of 44.44%; low food vulnerable category of 

3.68%; medium food vulnerable category of 2.94%; and high 

food vulnerable category of 2.94%. 

 

3.2 Food Security Index Modeling Provincial in 

Indonesia Based on Probit Ordinal Regression 

Approach Panel Data 

The Probit ordinal regression model for panel data with 

random effects can be expressed as a linear representation of 

latent response variables. These latent response variables are 

transformed into ordinal response variables, denoted as 𝑦𝑖𝑡 , 
which are obtained from continuous latent response variables. 

𝑦̂𝑖𝑡
∗ = 0,1414026𝑥1𝑖𝑡 − 0,0825694𝑥2𝑖𝑡 +
+0,000000374𝑥3𝑖𝑡 − 0,0247079𝑥4𝑖𝑡  (8) 

as 

𝑦̂𝑖𝑡 =

{
 
 

 
 
1 if
2 if
3 if
4 if
5 if
6 if

         

 𝑦𝑖𝑡
∗ ≤ 5,523174

5,523174 < 𝑦𝑖𝑡
∗ ≤ 7,333561

7,333561 < 𝑦𝑖𝑡
∗ ≤ 8,602362

8,602362 < 𝑦𝑖𝑡
∗ ≤ 10,28933

10,28933 < 𝑦𝑖𝑡
∗ ≤ 13,17075

13,17075 < 𝑦𝑖𝑡
∗

  (9) 

  

In this case  𝑦̂𝑖𝑡it refers to the estimated food security index. 

If 𝑦̂𝑖𝑡= 1 it means that the alleged food security index is in the 

category of high food vulnerability. If 𝑦̂𝑖𝑡= 2 it means that the 

alleged food security index is in the category of medium food 

vulnerability. If 𝑦̂𝑖𝑡= 3 it means that the alleged food security 

index is in the low food vulnerable category. If 𝑦̂𝑖𝑡= 4 it means 

that the alleged food security index falls into the category of 

food security lace. If 𝑦̂𝑖𝑡= 5 it means the alleged food security 

index is in the medium food security category and 𝑦̂𝑖𝑡= 6 it 

means that the alleged food security index is in the high food 

security category. 

3.2.1 Parameter Estimation 
Test results for each predictor variable are presented in the 

following. 

Table 3: Simultaneous Test Results and Individual Tests 

Variables 
Simultaneous 

Test 

Individual Test 

𝒁𝒄𝒐𝒖𝒏𝒕  
P-

Value 

Percentage of 

Households with 

Access to 

Electricity (𝑋1) W = 31,98 

𝜒2(4;0,05) = 9,488 

p-value = 0,000 

4,33 0,000 

Percentage of 

Stunting 

Toddlers (𝑋2) 

-3,81 0,000 
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Percentage of 

Economic 

Growth Rate (𝑋3) 

-1,12 0,263 

Rice Production 

(𝑋4) 
2,14 0,033 

 

Based on simultaneous tests, it is known that the 𝑊 value is 

31,98 and value of 𝜒2
(4;0,05)

 is 9,488 with a p-value of 0,000. 

It was decided to reject 𝐻0 because 𝑊 > 𝜒2
(4;0,05)

 or p −

value < α so that the conclusion obtained is that there is at 

least one predictor variable that has a significant effect on the 

food security index in Indonesia.  In addition, individual tests 

show that there are three variables that have a significant 

effect on the food security index in Indonesia, namely the 

percentage of stunted toddlers, the percentage of households 

with access to electricity, and rice production. This is 

evidenced by the value of 𝑍𝑐𝑜𝑢𝑛𝑡 In the variable percentage of 

stunting toddlers is -3,81 and p-value of 0,000 which is the 

value |𝑍𝑐𝑜𝑢𝑛𝑡| > 𝑍(0,025) or p-value < 𝛼 thus resulting in a 

decision to reject 𝐻0. On the other hand, the value of 𝑍𝑐𝑜𝑢𝑛𝑡 
In the variable percentage of households with access to 

electricity is 4,33 and the p-value is 0,000 where the value 

|𝑍𝑐𝑜𝑢𝑛𝑡| > 𝑍(0,025) or p-value < 𝛼 thus resulting in a decision 

to reject 𝐻0. As for the value 𝑍𝑐𝑜𝑢𝑛𝑡 in the variable rice 

production of 2,14 and p-value of 0,033 which is the value 

|𝑍𝑐𝑜𝑢𝑛𝑡| > 𝑍(0,025) or p-value < 𝛼 thus resulting in a decision 

to reject 𝐻0 . Therefore, it was concluded that the variables of 

the percentage of stunted toddlers, the percentage of 

households with access to electricity, and individual rice 

production affect the food security index in Indonesia. 

3.2.2 Likelihood Ratio Test 

The results of model conformity testing are presented in 

Table 5 as follows. 

Table 5: Model Conformity Test Results 

Measurement Value 

Λ 59,99 

𝜒2(1;0,05) 3,842 

p-value 0,0000 

Based on Table 5 it is known that the value 𝛬 is 59.99 and the 

value 𝜒2
(4;0,05)

 is 3,842 with 𝑝 − 𝑣𝑎𝑙𝑢𝑒 of 0,000. The 

decision was rejected 𝐻0 because 𝛬 > 𝜒2
(4;0,05)

 or 𝑝 −

𝑣𝑎𝑙𝑢𝑒 < 𝛼, so it can be concluded that there is enough 

variability between provinces to satisfy the ordinal probit 

regression model of random effects panel data compared to 

the standard probit regression model or in other words the 

ordinal probit regression model of random effects panel data 

is appropriate. 

3.2.3 Best Model Determination 

After the modeling and model estimation process is 

complete, the next step is to calculate the accuracy value of 

the model classification based on 1 – APPER. This study 

compares the goodness of the ordinal probit regression model 

of random effects panel data (xtologit) with the standard 

ordinal probit regression model (ologite) based on 

classification accuracy values and AIC values.  

Table 4: Results of Model Classification Accuracy 

Calculation 

Classification Accuracy 

Model xtoprobit Model oprobit 

0,4483 0,0441 

The determination of the model goodness criteria is also based 

on the AIC value by comparing the AIC value of the xtologit 

model with the ologite model. 

Table 5: AIC Value Calculation Results 

Models AIC Value 

Model xtoprobit 236,79 

Model oprobit 294,78 

 

According to the calculations, the xtoprobit model has a 

classification accuracy value of 0.4483 or 44.83%. This 

indicates that the xtoprobit model has been correctly classified 

by 44.83%, while the remaining 55.17% is classified 

incorrectly or differently. On the other hand, the oprobit 

model has a classification accuracy value of 0.0441 or 4.41%. 

This means that the oprobit model has only been correctly 

classified by 4.41%, while the remaining 95.59% are 

classified incorrectly or differently. In addition, based on the 

AIC value, it is known that the AIC value of the xtoprobit 

model is smaller than the AIC value of the oprobit model.  

Based on the calculation of classification accuracy and AIC 

value, it can be concluded that the ordinal probit regression 

model of random effects panel data (xtoprobit) is better 

because it is able to produce a more precise classification 

model and the AIC value is smaller when compared to the 

standard ordinal probit regression model (oprobit).  

 

4. CONCLUSION 

1. The value of the food security index of each province in 

Indonesia shows a fluctuating trend from 2019 to 2022. 

The distribution of food security levels in Indonesia is as 

follows: 44.85% falls under the high food security 

category, 33.82% falls under the medium food security 

category, 44.44% falls under the low food security 

category, 3.68% falls under the low food vulnerability 

category, 2.94% falls under the medium food vulnerability 

category, and 2.94% falls under the high food 

vulnerability category. 

2. Using panel data probit regression modeling with random 

effects, it has been revealed that three variables exert a 

notable impact on the food security index. These variables 

encompass the percentage of stunted toddlers, which 

negatively affects the food security index, the 

considerable scale of food production, which holds a 

position in relation to the food security index, and the 
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percentage of households with access to electricity, which 

positively influences the food security index. 

3. The Likelihood Ratio Test method was conducted to 

assess the suitability of the model. The results indicate that 

there is sufficient variability in each province to support 

the use of the ordinal probit regression model with random 

effects in panel data. This finding suggests that the random 

effects panel data model is more suitable compared to the 

standard probit regression model. Furthermore, the ordinal 

probit regression model with random effects yielded a 

calibration accuracy value of 44.83% and an AIC value of 

236.79. 
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