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ABSTRACT
The Food Security Index (IKP) is a comprehensive indicator for evaluating the multidimensional aspects of

food availability, accessibility, and quality adoption. From 2019 to 2024, IKP in Central Sulawesi showed consider‑
able variation amongdistricts and cities. Although there is signiϐicant growth at the provincial level, certain districts
remained stagnant and slightly vulnerable. These inequalities underscore the importance of identifying key drivers
of IKP to guide more effective and localized interventions that cover all aspects. This study aimed to employ an In‑
strumental Variable (IV) approach, leveraging climate data, to identify the determinants of IKP in the region. The
selected instrument was validated for its relevance to rice production, which served as the primary endogenous
variable. Using the IV Two‑Stage Least Squares (2SLS) approach, the analysis outlined the signiϐicant influence of
local government expenditure on goods and services, village funds, population density, and rice production on the
IKP. The results showed that only expenditures on goods and services, as well as rice production, had a positive and
substantial impact on food security, increasing it by 0,0807 and 0,0513 points, respectively, for every 1% increase
in realization. Conversely, population density, village funds, real economic output, and other local government ex‑
penditureswere associatedwith IKP reduction, suggesting demographic pressure, imbalanced income distribution,
and inefϐiciencies in fund allocation. These ϐindings emphasized the need for more strategic, productivity‑oriented,
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and better‑targeted ϐiscal allocation. Additionally, the study outlined the importance of correlating policy actions
with evidence‑based determinants of IKP to support inclusive and resilient development in Central Sulawesi.
Keywords: Climate Change; Food Security; Government Expenditure; Instrumental Variable; 2SLS Regression

1. Introduction
Food security is a crucial aspect of Indonesian

socio‑economic stability and development. The need for
food sufϐiciency and sustainability has intensiϐied along‑
side the nation’s growing population and expanding eco‑
nomic aspirations. Furthermore, the signiϐicance has
drawn attention from policymakers, academics, and the
public, particularly following its prioritization as one of
the eight National Priority Programs for 2025–2029, as
outlined in Law Number 59 of 2024. This presidential
priority programhasbeen further elaborateduponby re‑
gional governments, including those in Central Sulawesi.
Central Sulawesi’s Regional Medium‑TermDevelopment
Plan (RPJMD) incorporates food security and diversiϐica‑
tion policies as part of its regional acceleration program.

Food security has been deϐined andmeasured from
various scientiϐic perspectives [1]. Previous studies out‑
lined that food security comprised multiple dimensions,

including food supply adequacy to meet public needs [2],
farmers’ empowerment [3], the attainability of social,
economic, and environmental justice [4], as well as the
usefulness in promoting the general welfare such as sup‑
porting poverty alleviation programs [5].

In the local context, the Indonesian government,
through the National Food Agency (Bapanas), publishes
the Food Security Index (Indeks Ketahanan Pangan/IKP)
as an indicator of food security. The IKP is adapted
from the Global Food Security Index (GFSI) with consid‑
erations for local characteristics [6]. It is also evaluated
based on three primary components, namely Food Avail‑
ability, Affordability, and Adoption. Food Availability as‑
sesses the correlation between the supply and public
consumption needs. The affordability aspect reflects the
population’s purchasing power to acquire food. Finally,
Food Adoption measures the extent to which food con‑
tributes to community welfare. A detailed breakdown of
the IKP components is presented in Table 1.

Table 1. Indonesian food security index indicators.
No Indicators Weight

Food Availability Aspect
1 The ratio of normative consumption to net production of rice, corn, sweet potatoes,

cassava, and sago, as well as regional government rice stocks
0.30

Food Affordability Aspect
2 Percentage of the population below the poverty line 0.15
3 Percentage of households with a proportion of expenditure on food of more than

65% of total expenditure
0.075

4 Percentage of households without access to electricity 0.075
Food Adoption Aspect

5 The average length of schooling for girls aged over 15 years 0.05
6 Percentage of households without access to clean water 0.15
7 The ratio of the number of residents per health worker to the population density

level
0.05

8 Stunting Prevalence 0.05
9 Life expectancy at birth 0.10

Source. Bapanas, 2024.

The current condition in Central Sulawesi reflects
growing food security with continued improvements
over time. However, in 2024, a sub‑regional analysis

revealed that three districts were categorized as mod‑
erately food secure, and one district was classiϐied as
slightly vulnerable, as indicated in Figure 1. This con‑
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dition suggests that food security development policies
remain less integrated across territories. Furthermore,
as outlined in Central Sulawesi’s RPJMD for 2021–2026,

the region’s geographical conditions and vast expanse
pose signiϐicant challenges, particularly in food produc‑
tion and distribution.

Figure 1. Central Sulawesi IKP 2019–2024 (Bapanas, edited).

Efforts to improve food security have faced nu‑
merous challenges that hinder progress. Suryana [7]

asserted that Indonesian sustainable food production
was affected by climate change and competition among
farmers. Climate variability and change pose increasing
threats to food productivity and the quality of food out‑
put [8, 9]. Additionally, rising input costs for food produc‑
tionworsenhousehold economic conditions [10] andmay
lead to farmers leaving the profession due to declining
proϐitability. High food prices have also become a signif‑
icant concern [11], speciϐically for underprivileged popu‑
lations [12], potentially limiting access to adequate food
consumption.

In the context of food affordability and adoption,
government expenditure has been widely studied due
to its signiϐicant role in improving community welfare
by supporting overall economic conditions and house‑
hold consumption. Arestis et al. [13] argued that govern‑
ment expenditure has a positive impact on economic
output, with ϐiscal instruments delivering a multiplier
effect on economic growth and reducing the poverty
level [14]. However, some studies have shown that ϐis‑
cal tools can be ineffective in addressing existing socio‑
economic challenges. For example, Tran et al. [15] out‑
lined that higher government consumption would in‑
crease the budget deϐicit and expand the shadow (infor‑
mal) economy rather than strengthening the formal sec‑
tor. From an environmental perspective, government ex‑

penditure has been found to impact environmental sus‑
tainability negatively [16]. Considering these diverse im‑
plications, government budget refocusing evolves as a
critical tool for achieving public objectives throughmore
targeted strategies, particularly when food security is
designated as a national priority.

Adequate and collaborative strategies are crucial
for addressing the growing challenges of food security.
Elzubair et al. [17] proposed cooperation‑based agricul‑
tural activities, which were empirically successful in
South Kordofan State, Sudan. Governments are moti‑
vated to adopt environmental and green economic poli‑
cies, as suggested by Fajri et al. [18], such as creating
sustainable agricultural production systems [19] to ad‑
dress these issues effectively. Additionally, the demand
for ϐinancial inclusion is rapidly increasing in rural ar‑
eas. This was underscored by Hu et al. [20], who outlined
the positive impact of ϐinancial inclusion on agricultural
growth.

Recognizing the multiple factors that determine
food security, there is a need for empirical modeling
to identify which variables contribute most signiϐicantly
to achieving food security. This is especially relevant
given the decline in rice harvest area observed in Cen‑
tral Sulawesi in 2024 [21]. A recent study by Meliala et
al. [22] found that government expenditure had a positive
effect on Indonesian food security, although the model
had low explanatory power (R‑squared < 3%). Another
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study by Farooq et al. [23] also highlighted how climate
change threatens food security qualityworldwide. From
a different perspective, Molotoks et al. [24] identiϐied pop‑
ulation growth as a dominant factor influencing food
adoption. It is argued that population increases could
strain progress in food security when there is a mis‑
match between food supply and demand, unless popu‑
lation growth is accompanied by strong human capital
development.

This study aimed to develop an empirical model to
assess the determinants of IKP in Central Sulawesi. The
model integrates both endogenous and exogenous vari‑
ables to minimize bias and enhance accuracy by using
instrumental variable regression, which will be detailed
in the methodology section. Key variables include pop‑
ulation density, government expenditure and account‑
ability, economic output, and climate‑related indicators
such as temperature variability, precipitation, and soil
moisture. As explained previously, the use of climate
data as an instrument variable for rice production is
based on its impact on determining the success of the
rice harvest. Anshari et al. [25] found that changing rain‑
fall patterns, rising temperatures, and intensifying solar
radiation could potentially reduce rice farming produc‑
tivity in Keduang Watershed, Central Java. Similarly, Se‑
tiadi et al. [26] explained that rice plants required rela‑
tively more water than other plants, making the moni‑
toring of soilmoisture conditions crucial formaintaining
the quality of the rice produced. In a broader context,
changes in temperature, precipitation, and soil moisture
are often interrelated. For example, rising temperatures
can reduce precipitation and soil moisture, thereby in‑
creasing the risk of rice production failure. By incorpo‑
rating these diverse factors, the model aims to provide
a comprehensive framework for understanding the dy‑
namics of food security in the region while fostering a
more targeted and thematic study of the critical issue.

This study serves as a valuable reference for
evidence‑based policymaking in Central Sulawesi. By
identifying the key drivers of food security, the results
can support the development of regional strategies to ad‑
dress vulnerabilities, optimize resource allocation, and
design targeted interventions that promote food sufϐi‑
ciency, affordability, and sustainability. Ultimately, inte‑

grating scientiϐic research into policy formulation is es‑
sential for developing resilient and adaptable food secu‑
rity systems in response of the current economic, demo‑
graphic, and environmental challenges.

2. Materials and Methods

2.1. Data

This study utilized secondary data collected from
government ofϐicial sources and open‑source datasets,
covering the period from 2019 to 2024, for each district
and city in Central Sulawesi. Therefore, aminimumof 78
data points were observed in the analysis. To enhance
the clarity of the variables, the detailed deϐinitions of
each variable were presented in Table 2.

This study incorporated multi‑domain variables to
enhance the explanatory quality of the determinants (in‑
dependent variables) influencing IKP, serving as the de‑
pendent variable. Among these determinants, govern‑
ment intervention was represented by various compo‑
nents of government expenditure, such as GEem, GEgs,
GEcap, GEot, andDD, as well as Accwhich represents the
local government accountability. Additionally, the study
examined the influence of current economic conditions,
such as population density and GDRP, on IKP variability.

Although the majority of independent variables
were considered exogenous, Rice was treated as an en‑
dogenous variable due to its dependence on climate‑
related factors. These factorsweremodeledusing instru‑
mental variables, including temperature, precipitation,
and soil moisture quality, to address endogeneity con‑
cerns and ensure robust results. The simpliϐied variable
connections were visually represented in Figure 2.

The justiϐication for the effect of independent vari‑
ables on food security relies on both conceptual rea‑
soning and empirical evidence. First, the government
ϐiscal instruments—such asGEe, GEgs, GEcap, GEot,DD,
and Acc—play a crucial role in promoting food secu‑
rity, particularly by enhancing the aspects of Food Af‑
fordability and Food Adoption. This concept is rooted
in the 1945 Constitution of the Republic of Indonesia,
which mandates the use of public funds for the great‑
est prosperity of the people. Moreover, such govern‑
ment spending has been empirically shown to support
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poverty reduction programs (Food Affordability) [27],
increase years of schooling (Food Adoption) [28], pro‑
mote better health quality as proxied by the Human
Development Index (HDI) (Food Adoption) [29], and
reduce stunting prevalence within the village level
(Food Adoption) [30, 31]. Second, the economic indica‑
tor is to influence Food Affordability and Food Adop‑
tion. A higher economic level generally leads to bet‑
ter community welfare [32] under fair income distribu‑

tion. Furthermore, increasing population density in‑
tensiϐies food demand, which can threaten the Food
Availability aspect if not adequately addressed. Last,
as stated in the Introduction, rice—being the staple
food in Indonesia—plays a key role in determining
food availability. The treatment of rice production as
an endogenous variable stems from its susceptibility
to climate factors, which can affect both the quantity
and quality of agricultural outputs.

Table 2. Operational variable deϐinition.
Variable Deϐinition Domain Source

IKP Composite indicator of Indonesian food security denoted in
the index point

Food Security [Y] National Food Agency
(Bapanas)

GEem Local government expenditure for government ofϐicials
(wage) noted in billion Indonesia Rupiah (IDR)

Government
Expenditure (GE) [X]

Ministry of Finance
(MOF) of The Republic

of Indonesia
GEgs Local government budget for goods and services, repre‑

sented in billion IDR
GE [X] MOF

GEcap Capital expenditure realization in billion IDR GE [X] MOF
GEot Other expenditures budgeted from APBD (Local Revenue

and Expenditure Budget) in billion IDR
GE [X] MOF

Acc Audit opinion fromBPK that represent accountability quality
of local budget management, ranged from Disclaimer (TMP)
to Reasonable Without Exception (WTP)

GE [X] The Audit Board of
The Republic of
Indonesia (BPK)

DD Realization of Village Funds, aggregated into district‑level,
which delivered from the State Revenue and Expenditure
budget in billion IDR

GE [X] MOF

E Constant valuedGross Domestic Regional Product (GDRB) in
billion IDR which reflects the current economic level of cer‑
tain regions.

Economy [X] Central Bureau of
Statistics (BPS)

Popden Regional population density that occupied a certain area, de‑
noted in headcount/km3

Economy [X] BPS

Rice Rice production in Ton Economy [X] BPS
Temp Yearly‑averaged temperature 2 meters from the ground in

Celsius
Climate [Z] Open‑meteo

P Total precipitation for a yearly period in mm Climate [Z] Open‑meteo
Soil Soil moisture indicator measurement, measured in m3/m3

units
Climate [Z] Open‑meteo

Ln_ Natural logarithm function
i District/city
t Year

Source. Compiled by authors with, credit goes to the primary providers.
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Figure 2. Variables relationship (authors).

2.2. Study Model

This study employed a quantitative approach us‑
ing Instrumental Variable (IV) regression. The authors
aimed to develop amore robust and precisemodel to ad‑
dress endogeneity issues [33] in identifying the determi‑
nants of food security in Central Sulawesi. Speciϐically,
the analysis employed the Two‑Stages Least Square (IV‑
2SLS) model, a method commonly used to ensure ro‑
bustness and minimize bias [34, 35] in estimating the re‑
lationship between variables. IV‑2SLS model was imple‑
mented using the linear model library in Python within
Jupyter Lab. The empirical model was formulated as
Equations (1) and (2):

ln_IKPit = β0 + β1ln_GEemit

+β2ln_GEgsit + β3ln_GEcapit−1

+β4ln_GEotit + β5Accit−1 + β6ln_DDit

+β7ln_Eit−1 + β8ln_Popdenit

+β9ln_R̂iceit

(1)

ln_R̂iceit = β10ln_Tempit + β11ln_Pit

+β12Soilit
(2)

Where IKP represented Food Security Index,
GEem…GEot denoted local government expenditure for
each respective account, Acc referred to audit results
from BPK, DD represented the village fund, E suggested
constant GDRP, Rice indicated rice production while
R̂ice was the estimated rice production obtained us‑
ing instrumental variables as deϐined in Equation (2).
Temp corresponded to the yearly‑averaged temperature,

P represented precipitation, and Soil measures average
soil moisture quality. β0 denoted the constant variable,
while β1…β12 were the coefϐicients or weights of the re‑
spective variables. A detailed deϐinition of each variable
is provided in Table 2 of the Data subsection for further
elaboration.

The validity of instruments served as a critical
assumption for conducting IV regression [36, 37]. Ullah
et al. [36] explained that the Instrument validity test
was based on endogeneity and causal identiϐication,
ensuring the instruments affect the endogen variable
(Z→X→Y). In this study, endogeneity testing for Rice
was conducted using Wooldridge Regression to conϐirm
whether IV regression was necessary. When no endo‑
geneity (omitted variable) problem was detected, an Or‑
dinary Least Square (OLS) would sufϐice to provide an
unbiased estimator [36]. Additionally, the overidentiϐica‑
tion test was used to ensure the instrument’s validity
through the Sargan test [38]. To further strengthen the
analysis, this study also incorporated classical assump‑
tion tests, such as the Multicollinearity Test and a ro‑
bust Heteroscedasticity covariance estimator embedded
in the IV‑2SLS model.

Furthermore, descriptive or explanatory analysis
of the data was used in the later section to enrich the
context and provide deeper insights into the phenom‑
ena reflected in these results. Sarker [39] outlined that
descriptive analysis was an essential approach in em‑
phasizing “what has occurred,” thereby effectively show‑
casing underlying patterns. By connecting the results
with explanatory analysis, a more comprehensive and
nuanced insight can be observed more clearly.
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3. Results

3.1. Empirical Model Findings

Using the IV‑2SLS estimator, this study examined
the determinants of IKP in Central Sulawesi, providing

a robust analysis that addressed potential endogeneity
concerns. The study model incorporated a comprehen‑
sive set of variables across multiple domains, including
government ϐiscal intervention, economic factors, and
climate variability indicators.

Table 3. IV‑2SLS regression result.
Dep. Variable IKP R‑squared 0.8251
Estimator IV‑2SLS Adj. R‑squared 0.8020
Cov. Estimator Robust F‑statistic 1069.4
No. Observations 78 P‑value (F‑Stat) 0.0000

Parameter Estimates

Parameter Std. Err. T‑Stat P‑Value Lower CI Upper CI

Constant 4.5350 0.3386 13.392 0.0000 3.8713 5.1987
GEem_t −0.0579 0.0627 −0.9236 0.3557 −0.1807 0.0650
GEgs_t** 0.0807 0.0332 2.4328 0.0150 0.0157 0.1456
GEcap_t‑1 −0.0109 0.0221 −0.4913 0.6232 −0.0541 0.0323
GEot_t −0.0120 0.0131 −0.9132 0.3611 −0.0377 0.0137
Acc_t‑1 0.0211 0.0134 1.5737 0.1156 −0.0052 0.0474
DD*** −0.0825 0.0094 −8.8228 0.0000 −0.1008 −0.0642
E_t‑1 −0.0158 0.0149 −1.0592 0.2895 −0.0450 0.0134
Popden*** −0.0550 0.0110 −4.9836 0.0000 −0.0767 −0.0334
Rice*** 0.0513 0.0064 8.0348 0.0000 0.0388 0.0638
Endogenous: Rice
Instruments: Temp, P, Soil
Robust Covariance (Heteroskedastic)
Debiased: False

Source. Data Analysis with Jupyter Lab. ***p‑value < 0,01; ** p‑value < 0,05; *p‑value < 0,10.

As shown in Table 3, IV‑2SLS regression was con‑
ducted using 78 observable data points. The model
achieved an R‑squared value of 82.51%, which was
considered highly acceptable in the absence of multi‑
collinearity among the independent variables [40]. Fur‑
thermore, the signiϐicance level of less than 5% outlined
the reliability and validity of the estimated values. The
following mathematical equation could represent the
key determinants of IKP in Central Sulawesi based on IV‑
2SLS estimation:

ln_IKPt = 4.5350− 0.0579 ln_GEemt

+0.0807 ln_GEgst − 0.0109 ln_GEcapt−1

−0.0120 ln_GEott + 0.0211Acct−1

−0.0825 ln_DDt − 0.0158 ln_Et−1

−0.0550 ln_Popdent + 0.0513 ln_R̂icet

(3)

The empirical model found that not all aspects or
determinants exert a signiϐicant and positive influence
on food security inCentral Sulawesi. Basedon the regres‑
sion equation, the results were summarized as follows:

a. Default condition: In the absence of all other vari‑
ables, the default IKP level was approximately
4.5350, as reflected by the constant value.

b. Government Expenditure on Employee wages
(GEem) had a counterproductive effect, reducing
IKP by approximately 0.0579 points for each addi‑
tional unit of expenditure. This suggested inefϐi‑
ciency in employment‑related government expen‑
ditures in improving community food security.

c. Government Expenditure on goods and services
(GEgs) showed a positive coefϐicient of 0.0807.
This implied that higher expenditure on goods
and services contributed positively to food secu‑
rity.

d. The negative coefϐicient of ‑0.0109 for one‑year‑
lagged capital expenditures (GEcap) suggested
that these expenditures had a slight negative im‑
pact on IKP. This could indicate delayed or inef‑
fective impacts of the local government infrastruc‑
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ture projects.
e. Other forms of government expenditure (GEot)

exhibited a minimal negative impact with a coefϐi‑
cient of ‑0.0120, suggesting limited contributions
to food security.

f. The one‑year‑lagged audit results (Acc) showed a
positive impact on IKPwith a coefϐicient of 0.0211.
This suggested that improved accountability and
effective local budget execution enhanced govern‑
ment performance in delivering successful pro‑
grams.

g. DD indicated a negative impact on IKP of approx‑
imately ‑0.0825 points for each village fund real‑
ization, suggesting potential inefϐiciencies in this
fund.

h. The past constant GDRP (E) had a minor nega‑
tive impact on IKP with a coefϐicient of ‑0.0158,
suggesting its limited inϐluence on food security
progress in Central Sulawesi.

i. The population density was identiϐied as a
counter‑productive determinant for IKP progress.
The negative coefϐicient of ‑0.0550 indicated that
higher population density was associated with a
decline in food security.

j. As an endogenous or instrumented variable, rice
production became another primary contributor
to food security in Central Sulawesi. The highposi‑
tive coefϐicient emphasized its crucial role inmain‑
taining IKP, resulting in an additional output of

around 0.0513 points.

The coefϐicients mentioned were further discussed
in the Discussion Sub‑section, along with respective ex‑
planatory analyses of the data.

3.2. Model Validity Testing

The overall estimation conϐirmed the model’s sig‑
niϐicant level in explaining thedeterminants of food secu‑
rity in Central Sulawesi. As stated earlier, the R‑square
value of 0.8251 indicates that approximately 82.51% of
IKP variability is explainedby the independent variables,
while the remaining 17.49% is attributed to unobserved
factors outside the model. Additionally, the p‑value of
the F‑stats indicated model signiϐicance (p‑val < 0.05)
and conϐirmed its usability in this study [41].

Although the model showed overall signiϐicance,
not all determinants were statistically signiϐicant in ex‑
plaining IKP. This conclusion was supported by t‑test re‑
sults, which assessed the individual importance of each
determinant on the dependent variable [42]. As shown
in Table 4, four out of nine independent variables had
a strong individual impact on the food security index
in Central Sulawesi. This included government expen‑
diture on goods and services, village funds, population
density, and rice production. The variables were con‑
sidered individually signiϐicant as the p‑values fell below
the 5% threshold.

Table 4. T‑test or variable partial test result.
Variable Coefϐicient T‑Statistic P‑Value

GEem_t −0.0579 −0.9236 0.3557
GEgs_t** 0.0807 2.4328 0.0150
GEcap_t‑1 −0.0109 −0.4913 0.6232
GEot_t −0.0120 −0.9132 0.3611
Acc_t‑1 0.0211 1.5737 0.1156
DD*** −0.0825 −8.8228 0.0000
E_t‑1 −0.0158 −1.0592 0.2895
Popden*** −0.0550 −4.9836 0.0000
Rice*** 0.0513 8.0348 0.0000

Source. Data Analysis with Jupyter Lab. ***p‑value < 0,01; ** p‑value < 0,05; *p‑value < 0,10.

As emphasized by Azizah et al. [43] and Mahardini et
al. [44], ensuring the absence of multicollinearity was cru‑
cial to maintaining estimation quality. Technically, vari‑
ables highly affected by multicollinearity could introduce

errors in the IV‑2SLS regression process when using the
linear model Python library. Priambodo et al. [45] used the
Variance Inflation Factor (VIF) to conductmulticollinearity
tests in the publication, applying a threshold value below
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10 points. Following the approach, this study conϐirmed
that all determinants of IKP in Central Sulawesi were free

from multicollinearity problems, including the instrumen‑
tal variables as observed inTable 5.

Table 5. VIF test result for multicollinearity detection.
Variable VIF Value Threshold Status

GEem_t 5.807687 < 10 No Multicollinearity Detected
GEgs_t 8.801562 < 10 No Multicollinearity Detected
GEcap_t‑1 1.801177 < 10 No Multicollinearity Detected
GEot_t 2.631355 < 10 No Multicollinearity Detected
Acc_t‑1 1.254326 < 10 No Multicollinearity Detected
DD 7.211131 < 10 No Multicollinearity Detected
E_t‑1 6.409191 < 10 No Multicollinearity Detected
Popden 4.738942 < 10 No Multicollinearity Detected
Rice 9.799574 < 10 No Multicollinearity Detected
Temp 2.642734 < 10 No Multicollinearity Detected
P 1.974303 < 10 No Multicollinearity Detected
Soil 5.546904 < 10 No Multicollinearity Detected

Source. Data analysis with Jupyter Lab.

In the IV regression context, the validity of the
instrumental variables was tested using Wooldridge’s
Regression for endogeneity and the Sargan test for
overidentiϐication. Initially, the signiϐicant p‑value of
Wooldridge’s Regression indicated that the null hy‑
pothesis (H0) was rejected, conϐirming the endoge‑
nous variables were not exogenous (Table 6). Conse‑
quently, the Rice variable was identiϐied as an endoge‑

nous variable, justifying the need for instrumental vari‑
ables. The overidentiϐication test also showed the in‑
ability to reject H0, indicating that the model was not
overidentiϐied. The high p‑value (0.9477) correlated
with the recommendations of Kiviet et al. [38], show‑
ing that the current instruments were strongly valid,
which further enhanced the robustness of IV‑2SLS re‑
gression results.

Table 6. Instrumental variables validity results.
Endogeneity Test Overidentiϐication Test

Wooldridge’s regression test of exogeneity Sargan’s test of overidentiϐication
H0: Endogenous variables are exogenous H0: The model is not overidentiϐied
Statistic: 5.4407 Statistic: 0.1074
P‑value: 0.0197 P‑value: 0.9477
Distributed: chi2(1) Distributed: chi2(2)

Source. Data analysis with Jupyter Lab.

4. Discussion
Before delving further into the discussion, it is es‑

sential to revisit themultidimensional aspects of food se‑
curity, as outlined earlier in Table 1. Indonesian food
security is represented by IKP, which comprises three
primary dimensions, namely food availability, affordabil‑
ity, and adoption. Understanding these dimensions pro‑
vides essential context for interpreting the current con‑
ditions and the results of this study.

4.1. Government Expenditure Effect on IKP

The results showed that only Government Expendi‑
ture on Goods and Services (GEgs) and the Village Fund
possessed a signiϐicant effect on food security develop‑
ment in Central Sulawesi. Moreover, only GEgs have a
positive impact on IKP. The role of government ϐiscal in‑
tervention remains a topic of debate within the scope of
the respective study. Governments are expected to de‑
liver adequate services to improve community welfare,
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strengthen economic conditions, and address income in‑
equality. For instance, Poku et al. [46] argued that public
expenditure could beneϐit Ghana’s economic growth in
the short run. Similarly, Kusuma et al. [47] observed that
local government expenditure on health programs had
a positive impact in leveraging the community welfare
in Pati Residency, Jawa Tengah. However, the publica‑
tion also asserted that educational and social assistance
expenditure possessed no meaningful effect on improv‑
ing human development quality. In another study con‑

ducted at the district/city level in Indonesia, Khairun‑
nisa et al. [48] reached two primary conclusions, namely
(a) local government expenditure had no signiϐicant ef‑
fect on poverty alleviation, and (2) only the local ed‑
ucation budget has a signiϐicant impact, but positively
increasing the income inequality. Additionally, govern‑
ment accountability is identiϐied as an impactful indica‑
tor [49, 50] in determining the effectiveness of government
services.

Figure 3. Local government expenditure distributions by accounts (MOF, compiled by authors).

In Central Sulawesi, the results can be related to the
distribution of local government expenditure, as shown
in Figure 3. The local government budget is primarily
allocated to the wages of government ofϐicials, consis‑
tently absorbingmore than30%of the total budget. This
allocation has increased over the years, reaching 38% in
2024. The focus on employee expenses further limits the
resources available for food security programs.

Food affordability, which is a dimension influenced
by poverty levels and household food expenditure, is
unlikely to improve signiϐicantly under this expendi‑
ture pattern. Furthermore, spending classiϐied un‑
der ”Other Government Expenditure” (yellow segment)
ranged from 17% to 27%, outlining additional ϐiscal bur‑
dens that further constrain impactful interventions. Al‑
though expenditure on goods and services (orange seg‑

ment) has maintained a steady share of 26% to 30% in
recent years, its capacity to enhance food security de‑
pends on the speciϐic programs funded under this cat‑
egory. The allocation of goods provided to the commu‑
nity also has a direct impact on improving community
welfare.

The relatively lowallocation for local infrastructure
expenditure, ranging fromRp 2.37 trillion to Rp 3.44 tril‑
lion, contributes to the lack of signiϐicance in addressing
food security challenges. In the food security context,
inadequate infrastructure expenditure can worsen the
current situation when capital projects primarily sup‑
port large economic sectors (e.g. downstream industry
and mining) while having minimal impact on underpriv‑
ileged communities and food‑supporting sectors (e.g.,
agriculture).

Table 7. Village funds yearly realization (in Billion IDR).
2019 2020 2021 2022 2023 2024

Dana Desa 1564,36 1589,46 1592,47 1476,94 1561,06 1568,81
Villages Count 2020 2020 2020 2020 2020 2020
Average Village Fund 0,77 0,79 0,79 0,73 0,77 0,78

Source: MOF.

The signiϐicant negative impact of the village fund
contradicted Raharjo [51], who stated that the village

fund was intended for village development and empow‑
erment. Similarly, it does not correlate with the results
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of Hardianto [52], which outlines improvements in local
community welfare and poverty reduction due to the vil‑
lage fund.

In food affordability and adoption dimensions, the
results of the village fund in Central Sulawesi can be at‑
tributed to twomain factors. First, the relatively lowallo‑
cation of the village fund as observed inTable7, amount‑
ing to only Rp0.78 billion per village in 2024, is insuf‑
ϐicient to address the complex food security challenges.
These challenges include poverty alleviation, improving
household access to electricity and water, enhancing the
effectiveness of schooling programs, and tackling issues
such as stunting prevention. Second, the current policy
does not adequately design the village fund to address
these complexproblems. AsHardianto [52] explained, the
authority of village governmentswas limited, restricting
the usage of the village fund despite the promoted pri‑
ority programs by the Ministry of Villages, Development
of Disadvantaged Regions, and Transmigration. Further‑
more, the earmarked design for the village fund is only
recently enacted through the Regulation of the Ministry
of Finance Number 145/2023 for the 2024 ϐiscal year.
This regulation aims to enhance the fund’s effectiveness
in supporting national priority programs, but the impact
on addressing food security challenges remains to be
seen.

Limited local budgets, combined with this alloca‑
tion pattern, restrict the implementation of effective
strategies to address food affordability and strengthen
other dimensions of food security, such as food avail‑
ability and adoption. Both local and central govern‑
ments need to advocate rational budget allocation and
increase local revenue [53] to ϐinance upcoming strategic
programs.

4.2. Demographic and Economic Chal‑
lenges on Food Security and Rice Pro‑
ductivity

Food security progress in Central Sulawesi faces
signiϐicant challenges posed by demographic and eco‑
nomic conditions, as evidenced by the negative impact
of population density and GDRP. A study by Cahyono et
al. [54] outlined the higher vulnerability of larger popula‑
tions, particularly at the household level. On the other

dimension, the primary concern of GDRP or economic
growth lies in the limited trickle‑down effect on income
distribution. As asserted by Tasyim et al. [55] and Arfa et
al. [56], economic growth did not immediately lead to im‑
provements in public welfare, such as poverty reduction
or increased employment opportunities.

Economic growth in Central Sulawesi has not signif‑
icantly improved the quality of life, particularly in terms
of increasing yearly per capita expenditure. Over the
past decade, GDRP has consistently grown, ranging from
4.86% (year‑on‑year/yoy) to as high as 20.6% (yoy)
even during the challenging COVID‑19 period. However,
adjusted per capita expenditure has only grown by ap‑
proximately 1‑3 percentage points annually in compari‑
son, reaching Rp10.5 billion in 2024.

Additionally, data from BPS indicates that eco‑
nomic growth has been concentrated mainly in the
nickel downstream industrial zones, speciϐically in Mo‑
rowali and North Morowali Districts. These results un‑
derscore the limited trickle‑down effect of economic de‑
velopment to other regions and sectors. The dimen‑
sions of food affordability and adoption are unlikely to
perceive signiϐicant improvement with minimal trickle‑
down effect on household purchasing power, validating
the insigniϐicant economic impact on IKP.

The rising population may also threaten food avail‑
ability and drive up food costs due to increased scarcity.
A comprehensive study by Giller et al. [57] found that
densely populated areas faced similar levels of food in‑
security and poverty. It is argued that without a sufϐi‑
cient income, households are more inclined to experi‑
ence food insufϐiciency. Moreover, the growing popula‑
tion density poses a risk to environmental conditions [58],
which may threaten agricultural productivity.

As projected by BPS in Figure 4, this situation has
the potential to increase food insecurity among house‑
holds. Considering the average rice consumption per
capita, the forecasted population growth is expected to
signiϐicantly increase food demand, particularly for rice,
as it is the primary food commodity. By holding the aver‑
age rice consumption constant from2019 to2024 for the
upcoming years, it is estimated that total rice demand
will reach aminimumof 290,465 tons by 2030, as shown
in Figure 5.
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Figure 4. Population growth forcast (BPS).

Figure 5. Yearly rice consumption in Central Sulawesi and up‑
coming rice need (BPS, further analyzed by authors).

The challenges posed by the rising populations can
be addressed through sufϐicient local production. The re‑
sults indicate that, rice as an instrumental variable, has
played a signiϐicant role in advancing food security. This
claim is supported by the current rice production data
for Central Sulawesi, as shown in Figure 6. Between
2019 and 2024, local rice production consistently ex‑
ceeded 400,000 tons, ensuring food availability to meet
the population’s demands. However, the variability of
Central Sulawesi’s rice productivity needs to be recog‑
nized in future governmental programs to address po‑
tential gaps in productivity, maintain long‑term food se‑
curity, and anticipate climate change dynamics.

Figure 6. Recent rice production in Central Sulawesi (BPS, Compiled by authors).

Addressing the results requires collaborative
strategies that engage multiple stakeholders. These
strategies should encompass not only local and central
government efforts but also active participation from
community groups, the private sector, and international
organizations. A uniϐied approach is essential to tackle
the interconnected challenges of food security, such as
improving agricultural productivity, enhancing house‑
hold income, and ensuring the quality of food adoption.
By fostering partnerships and connecting resources to‑
ward targeted interventions, Central Sulawesi can build
a resilient food security framework that proposes long‑
term solutions beneϐiting all levels of society.

4.3. Additional Discussion on Climate‑
Affected Rice Production

Many recent studies have outlined current climate
variability and the future challenges to food security. Ex‑

treme temperatures are widely recognized as a threat
to the agricultural sector [59]. Furthermore, declining
soil quality, increased weed growth, and volatile rainfall
patterns pose signiϐicant problems for plantation qual‑
ity [60]. During the climate challenges, Azadi et al. [61]
proposed Vulnerable‑Smart Agriculture practices to ad‑
dress the food security approach. In this study, rice pro‑
duction is instrumented using climate data, including av‑
erage temperature, precipitation, and soil moisture. As
previously discussed, this approach addresses the exist‑
ing endogeneity problem and captures the regional cli‑
mate conditions that influence the primary food com‑
modity. Through the IV‑2SLS model, the Rice variable
shows a signiϐicant positive impact on food security de‑
velopment in Central Sulawesi. Although the underly‑
ing factors contributing to the effect have beendiscussed
earlier, it is also essential to examine how the instrumen‑
tal variables influence the endogenous variable.
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Table 8. First‑stage result of IV‑2SLS.
Endogenous Rice

R‑squared 0.8980
Partial R‑squared 0.4847
Partial F‑statistic 0.4847
P‑value (Partial F‑statistic) 0.0000
Temp [Temperature] −2.5202 (−1.3267)
P [Precipitation] −1.0785 (−1.3481)
Soil [Soil Moisture] 14.268 (7.9406)
T‑stats reported in parentheses (t‑stat)
T‑stats use the same covariance type as the original model

Source. Data analysis with Jupyter Lab.

Using the ϐirst‑stage regression results from the
IV‑2SLS model, this study shows that current rice pro‑
duction is highly correlated with the climate instru‑
ments. R‑squared, Partial R‑squared, Shea’s R‑squared,
and F‑statistics probability values conϐirm that the in‑
struments are not weak [62]. The results suggest that soil
moisture plays a primary role in increasing rice produc‑
tion, while temperature and precipitation pose potential
threats to rice output. For clarity, the ϐirst‑stage regres‑
sion results are presented in Table 8.

As previously analyzed by Famiono et al. [63] in the
Regional Fiscal Study (KFR) of Central Sulawesi Province
for the Second Quarter of 2024, the region has expe‑
rienced an ongoing temperature increase of approxi‑
mately 1.2°C over the past decade. Moreover, the anal‑
ysis of open‑meteo data, as outlined in KFR, identiϐies a
decline in rainfall events in the Central Sulawesi region,
with the ratio decreasing from 46.39% (4,074.7 hours)
in 2020 to 34.8% (3,046.5 hours) in 2023. This study
supports the challenges posed by the instrumental vari‑
ables.

5. Conclusion
In conclusion, food security in Central Sulawesi,

as measured by IKP, comprises multidimensional as‑
pects that ideally should beneϐit from economic growth
and government expenditure. However, by analyzing
district‑level data from 2019 to 2024, the IV‑2SLSmodel
identiϐied four out of nine variables as statistically sig‑
niϐicant determinants of food security in Central Su‑
lawesi. The variables included government expenditure
on goods and services, village funds, population density,

and rice production. Among these, only local govern‑
ment expenditure on goods and services, as well as rice
production, showed a positive impact on food security,
contributing approximately 0.0807 and 0.0513 points,
respectively, for each additional realization. Further‑
more, the rising population density hindered progress
in food security, reducing the IKP by ‑0.055 points. The
village fund exhibited a contradictory impact on Central
Sulawesi’s IKP, despite being a ϐiscal tool.

Moreover, the ineffective government expendi‑
tures, non‑inclusive economic growth, and a rising pop‑
ulation posed challenges to the future food security of
Central Sulawesi. Although rice production satisϐies the
demand, mitigation strategies should be implemented
to address potential risks from future climate volatility
affecting agricultural output. Based on the results, the
following policy recommendationswere proposed to en‑
hance food security in Central Sulawesi.

a. In budget constraints, the government should en‑
sure efϐicient expenditure and effective program
implementation. For example, investing in con‑
nectivity infrastructure to support agricultural ar‑
eas could enhance productivity and lower distri‑
bution costs.

b. Strengthen social protectionmechanisms by effec‑
tively expanding direct cash assistance, food sub‑
sidies, and employment‑based social programs to
ensure vulnerable households possess access to
adequate nutrition.

c. Promoting labor‑intensive job opportunities
aimed to increase local household incomes,
thereby improving access to adequate food con‑
sumption.
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d. Establishing clear and rational authority for each
level of government concerning national priority
programs was necessary. Food security respon‑
sibilities should also be appropriately distributed
based on each government level’s ϐiscal capacity,
administrative authority, and program execution
capabilities.

e. At the local government level, reallocating the gov‑
ernment budget toward expenditures on goods
and services, including agricultural inputs, exten‑
sion services, irrigation maintenance, food dis‑
tribution systems, and community nutrition pro‑
grams, signiϐicantly enhanced food security out‑
comes. This shift in expenditurepriorities directly
supported farmers’ productivity, improved access
to essential food items, and strengthened the ca‑
pacity of local institutions to address food security
challenges.

6. Limitations
In conducting this study, the authors intentionally

limited the scope of local government expenditure data
to maintain propriety. It was widely recognized that the
respective regional governments had incorporated in‑
puts from academics, the central government, and other
stakeholders into their policy‑making processes. How‑
ever, recognizing the inherent limitations in the execu‑
tion of governmental interventions was equally impor‑
tant. For example, while reducing the number of gov‑
ernment ofϐicials could alleviate the budget burden, such
actions would be impractical and lead to broader social
and administrative challenges. These constraints out‑
lined the complexity of balancing ϐiscal efϐiciency with
effective governance and emphasized the need for inno‑
vative solutions to optimize resource allocation without
compromising essential services or social stability.

Several avenues remained open for future investi‑
gation. A broader analysis acrossmultiple regions, along
with more detailed accounts of government budgets,
could reveal patterns in government spending that most
effectively support food security outcomes. Addition‑
ally, incorporating household‑level welfare data could
provide a more granular understanding of how govern‑

ment programs affect food affordability and adoption.
The use of geospatial and remote sensing data could also
strengthen the analysis of how infrastructure develop‑
ment, such as roads and irrigation systems, contributes
to long‑term food security resilience.
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