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ABSTRACT

Research Originality: This study provides a new contribution
by examining climate stress, inflation, and foreign investment
within a single integrated framework. By uniting environmental,
macroeconomic, and governance factors, it offers a clearer

understanding of the structural drivers of inequality in ASEAN-4.

Research Objectives: The study examines the impacts of
climate change, inflation, and foreign investment on inequality
and evaluates how economic growth and corruption control
moderate these effects.

Research Methods: The study uses annual panel data for
Indonesia, Malaysia, Thailand, and the Philippines from 2002
to 2023 and applies moderated panel regression analysis to
estimate both direct and interaction effects.

Empirical Results: Climate pressures and foreign investment
increase inequality, while inflation slightly reduces it. The
analysis also shows that economic growth lessens the inequality
effect of foreign investment, whereas stronger corruption control
unexpectedly amplifies it, suggesting that better governance does
not automatically ensure fairer investment outcomes.
Implications: These findings suggest that ASEAN-4 policymakers
must align inclusive growth, inflation stability, environmental
action, and improved governance to effectively reduce inequality
and support sustainable development.
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INTRODUCTION

Income inequality remains a major challenge in modern economic development
(Kuznets, 2019; Vitkovics, 2023; Agustina et al., 2023). Although many countries have
succeeded in reducing poverty and improving average living standards, unequal income
distribution persists and, in some cases, has even widened (Umair et al., 2024). The
effects of inequality go beyond issues of fairness. Large income gaps are closely linked
to political instability, weaker social cohesion, and slower long-term economic growth
(Paddu et al., 2025). In developing and emerging economies, inequality is often shaped
by multiple structural problems, such as climate risks, macroeconomic instability, and weak
governance (Sahu & Mabhalik, 2024; Tavares et al., 2025). These issues are particularly
relevant in the ASEAN region, where rapid economic growth has not always produced

equally shared benefits.

Evidence from ASEAN highlights the seriousness of the problem. The International
Monetary Fund notes that inequality can influence economic growth and sustainability.
When income growth is concentrated among the richest 20 percent, medium-term
GDP growth may actually slow because the benefits are not widely shared (Norris et
al., 2015). Data from the World Inequality Database (2025) show that the average
Gini ratio in ASEAN has remained around 0.46 over the last two decades, which is
considered high globally. Indonesia has the highest inequality in the region, with an
average Gini ratio of 0.54, followed by Cambodia at 0.51, while Brunei Darussalam
records the lowest at 0.36. In the ASEAN-4 countries, inequality also remains high:
Thailand reached 0.52 in 2023, the Philippines averages about 0.47, and Malaysia
records 0.42. These differences are largely caused by uneven economic development,
regional disparities, and differences in labor skills (Fai & Tomlinson, 2023). Although
Indonesia, Malaysia, Thailand, and the Philippines are classified by the World Bank
as upper-middle-income countries with per capita incomes between USD 4,466 and
USD 13,845, their high levels of inequality indicate that economic growth has not

been fully inclusive.

Climate change is another important factor that can worsen inequality. Studies show
that environmental shocks—such as extreme weather events and rising temperatures—tend
to affect low-income groups more severely, which increases income inequality (Cevik &
Jalles, 2023; Singer, 2018; Parsons et al., 2025). For example, a one-percent increase in
climate vulnerability is associated with a 1.5-percent rise in inequality. This occurs because
poorer households and sectors generally have less capacity to adapt to environmental risks.
As a result, climate change is now widely seen not only as an environmental problem
but also as an issue related to fairness and income distribution (Davidson, 2021). Recent
studies reinforce this argument. Barra et al. (2025) show that uncertainty in economic,
climate, and energy policies can change the relationship between environmental conditions
and economic growth, often increasing inequality. Similarly, Acheampong et al. (2024)
find that high inequality can slow the transition to renewable energy and maintain
reliance on non-renewable resources, indicating a strong link between energy systems

and income inequality.
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Macroeconomic conditions, particularly inflation, also play an important role in
shaping income inequality (Memon & Qureshi, 2021). While moderate inflation can
support economic activity, high or prolonged inflation tends to reduce the purchasing
power of poorer households and increase inequality. Research suggests a threshold effect:
when inflation rises above 6%, it generally worsens income disparities (Glawe & Wagner,
2024). However, the evidence is not always consistent. Some studies argue that wealthier
groups are better protected from inflation because they own assets, while others find
nonlinear or U-shaped relationships between inflation and inequality (Zheng et al., 2020;
Walsh & Yu, 2012). Inflation can also increase inequality over time, especially when it
occurs alongside unemployment and weak institutions (Abdi et al., 2025). These mixed
findings highlight the importance of examining inflation in specific economic contexts,
particularly in emerging markets where inflation shocks often occur and affect social
groups differently.

Foreign Direct Investment (FDI) is another factor that influences income
inequality, though its impact remains debated. On one side, FDI can create jobs,
transfer technology, and increase productivity, which may help reduce inequality over
the long run (Ravinthirakumaran & Ravinthirakumaran, 2018). On the other side, when
FDI is concentrated in capital-intensive industries or specific regions, it may increase
inequality by benefiting mainly skilled workers or urban areas (Le et al., 2021; Suanes,
2016). Research also suggests that the effect of FDI may be nonlinear and depend
on institutional quality and a country’s ability to absorb investment benefits (Figini
& Gorg, 2011). Supporting this complexity, Abdi et al. (2025) find that FDI reduces
inequality only in the short term, while globalization may increase disparities over time.
In Indonesia, Handayani et al. (2022) show that FDI can reduce inequality when it is
accompanied by strong economic growth. Meanwhile, research on ASEAN+3 by Shaari
et al. (2022) indicates that lower corruption attracts more FDI, although environmental
degradation can also draw investment, reflecting pollution-haven behavior. Therefore, the
effect of FDI on income distribution must be understood within the broader economic

and governance context.

The effects of these factors are also shaped by moderating variables such as economic
growth and corruption control. Strong economic growth can reduce the inequality effects
of FDI by creating more jobs and enabling redistribution through government spending
(Gam et al., 2023). In contrast, weak or uneven growth may increase inequality if the
gains from foreign investment benefit only a small group. Governance quality, particularly
corruption control, is also crucial. Strong institutions and effective anti-corruption policies
can ensure that FDI contributes to inclusive development. In contrast, weak governance
may lead to elite capture, rent-seeking, and concentration of investment benefits in certain
regions, which can increase inequality (Acemoglu & Robinson, 2012; Le et al., 2021).
Supporting this argument, Hakimi and Hamdi (2017) find that corruption reduces
economic growth and discourages FDI, thereby reinforcing inequality. Other evidence also
emphasizes that reducing corruption and inequality is important for achieving inclusive
development and supporting cleaner energy transitions (Acheampong et al., 2024).
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These issues are particularly relevant for the ASEAN-4 countries—Indonesia,
Malaysia, Thailand, and the Philippines. Although these economies have experienced
steady economic growth, inequality remains deeply rooted and continues alongside
climate vulnerability, inflation instability, and governance challenges. As members of an
increasingly integrated regional economy, ASEAN-4 countries are highly exposed to global
capital flows. This makes FDI both an important source of economic growth and a
potential contributor to inequality. However, only a limited number of studies examine
how environmental pressures, macroeconomic conditions, and governance factors together

influence inequality in these countries.

Existing empirical research also provides mixed results. Some studies find that FDI
can reduce inequality when economic growth is strong (Gam et al., 2023). However,
other research shows that in countries with weak institutions, FDI may actually increase
inequality (Le et al., 2021). The relationship between inflation and inequality is also
debated, with some studies finding no effect, while others report inequality-reducing or
inequality-increasing outcomes depending on the context (Wijayanti & Aisyah, 2022;
Glawe & Wagner, 2024; Zheng et al., 2020). These differing findings suggest that
earlier studies have not fully considered the combined effects of environmental pressures,
macroeconomic conditions, and institutional quality, nor how these factors interact to

influence inequality in ASEAN-4 countries.

Against this background, this study positions itself by addressing a clear research gap.
First, it integrates climate change, inflation, and FDI into a single analytical framework,
a rare approach in ASEAN-focused inequality studies. Second, it introduces economic
growth and corruption control as moderators to capture how structural and governance
conditions shape the effects of macroeconomic and environmental forces on inequality.
Third, it provides a region-specific comparative analysis, offering insights that global or

single-country studies cannot capture.

Using annual panel data for 2002-2023 and panel regression with moderation
analysis, this study contributes to the literature in three key ways. It presents a unified
model linking environmental, macroeconomic, and institutional determinants of inequality;
delivers comparative evidence tailored to ASEAN-4's shared development challenges; and
generates policy-relevant implications for how growth and anti-corruption strategies can
reduce inequality under climate and economic pressures. Together, these contributions
establish the study's novelty and relevance and underscore why the topic remains

compelling for both scholars and policymakers.

METHODS

This study uses annual panel data that combine cross-sectional observations from four
ASEAN countries—Indonesia, Malaysia, Thailand, and the Philippines—with time-series
data from 2002 to 2023, resulting in 88 observations. These countries are selected because
they represent the core ASEAN-4 group and are consistently classified by the World Bank

as upper-middle-income economies with similar structural characteristics. They also have
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more complete data on environmental, macroeconomic, and governance indicators. Other
ASEAN countries lack consistent long-term data for key variables such as corruption control,
climate indicators, and income inequality, making it difficult to construct a balanced panel
for moderation analysis. The period 2002-2023 is chosen because 2002 is the earliest year
when all variables—climate indicators, FDI inflows, inflation, and governance measures—
are available and consistently reported for the ASEAN-4. The endpoint of 2023 allows
the study to capture recent economic developments, including post-Asian Financial Crisis

reforms, deeper global integration, and increasing climate-related pressures.

The dataset includes six main variables to examine the interaction between
environmental factors, macroeconomic conditions, and institutional quality. The dependent
variable is income inequality (IIE), measured by the Gini index from the World Inequality
Database. Two moderating variables are economic growth (EGR) and corruption control
(CRC). Economic growth is represented by GDP per capita, while corruption control is
taken from the Worldwide Governance Indicators and reflects the extent of corruption,

state capture, and the effectiveness of institutions.

The independent variables capture the key economic and environmental factors
that affect inequality. Climate change (CLC) is measured using CO, emissions intensity,
defined as the amount of carbon dioxide emissions per unit of GDP, which reflects the
environmental impact of economic activity. Inflation (INF) is measured as the annual
percentage change in the Consumer Price Index (CPI), indicating price instability and
its impact on household purchasing power. Foreign direct investment (FDI) is measured
as net inflows as a percentage of GDD, representing foreign capital entering the economy

and its potential influence on income distribution.

The empirical analysis applies panel regression techniques to estimate the relationships
among these variables. The baseline specification tests the effects of climate change,
inflation, and FDI on income inequality, followed by extended models incorporating
interaction terms to assess the moderating roles of economic growth and corruption

control. The baseline model is expressed in Equation (1):
lIE, = o + B,,CLC, + B,,INF, + B FDI + ¢ (1)

Because the independent variables differ in scale and magnitude, the model is further

transformed using natural logarithms, as shown in Equation (2):

LoglIEit = o + B,,LogCLC, + B,INF,_+ B FDI + ¢ (2)

To extend the analysis, this study also incorporates a moderation framework using
Moderated Regression Analysis (MRA). Specifically, it evaluates the roles of economic
growth and corruption control as moderating variables in the relationship between FDI
and income inequality. These are captured in the following models:
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LoglIE,
LoglIE,

a + B, FDI, + B, LogGRW, + B_.FDI *LogGRW_ + ¢ (3a)
a + p, FDI + B, LogCRC_ + B, FDI *LogCRC + €, (3b)

where Log is the natural logarithm, IIE is income inequality, CLC is climate change,
INF is is inflation is is foreign direct investment, a is the constant, € is the error term,

i denotes the cross-sectional unit (country), and t represents the time period.

For estimation, the study employs three alternative panel regression models: the
Common Effect Model (CEM) or Pooled Least Squares (PLS), the Fixed Effect Model
(FEM), and the Random Effect Model (REM). The CEM represents the simplest
specification, assuming homogeneous behavior across both cross-sections and time periods.
By contrast, FEM controls for unobserved country-specific effects that remain constant
over time, while REM assumes that unobserved heterogeneity is random and uncorrelated
with the regressors. REM is also known as the Error Component Model (ECM), estimated
using Generalized Least Squares (GLS) techniques. The general functional form is
presented in Equation (4):

Y, =+ BX, +e, (@

where Y, denotes the dependent variable for country i at time 7 « is the intercept
term, X is the vector of independent variables, B represents the corresponding regression
coeflicients that measure the magnitude and direction of the relationships, and €, is the

stochastic error term capturing unobserved factors not included in the model.

The appropriate specification of the panel regression model was determined through
a sequence of model selection tests, namely the Chow test, the Hausman test, and
the Lagrange Multiplier (LM) test. The Chow test is used to discriminate between the
Common Effect Model (CEM), also known as Pooled Least Squares (PLS), and the
Fixed Effect Model (FEM). It does so by evaluating whether cross-sectional intercepts are
homogeneous across entities. The Hausman test is subsequently applied to differentiate
between FEM and the Random Effect Model (REM). This test assesses whether the
unobserved individual-specific effects are correlated with the regressors. Finally, the
Lagrange Multiplier (LM) test, as introduced by Breusch and Pagan (1980), is conducted
to decide between REM and CEM.

RESULTS AND DISCUSSION

The results of this study reveal three key empirical findings. First, climate change
significantly increases income inequality in ASEAN-4, indicating that environmental stress
disproportionately affects lower-income groups. Second, inflation within the observed
range reduces inequality, suggesting a mild equalizing effect when price increases remain
manageable. Third, foreign direct investment tends to widen inequality, though its

impact varies when economic growth and corruption control are considered moderating
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factors. These main findings are elaborated through descriptive statistics and econometric

estimations presented below.

To provide initial context, Table 1 presents the descriptive statistics for the variables
used in this study, offering a preliminary picture of the economic, environmental, and
institutional characteristics of the ASEAN-4 countries over the period 2002-2023. The
results highlight considerable heterogeneity across observations, particularly for inflation

and foreign direct investment, which exhibit the widest fluctuations among the variables.

The descriptive statistics for all variables included in this study are reported in
Table 1. The results reveal that income inequality (IIE), measured by the Gini index,
averages 0.46 across ASEAN-4, ranging from 0.40 to 0.56, confirming the persistence
of relatively high inequality during the period of analysis. Economic growth (GRW),
proxied by GDP per capita, has a mean of USD 13,473 but ranges from USD 3,580
to USD 36,417, reflecting substantial differences in output levels across countries and
years. Corruption control (CRC) scores only 0.13 on the governance index, underscoring
limited institutional effectiveness in curbing rent-seeking and uneven enforcement of

anti-corruption measures.

Table 1. Descriptive Statistics

113 GRW CRC CLC INF FDI
(Index) (US$) (Index) (US$) (Percent) (Percent)
Mean 0.4664 13473.09 0.1394 0.6471 3.4726 2.2879
Median 0.4600 11547.50 0.1378 0.6750 3.0900 2.2900
Maximum 0.5600 36417.00 0.1603 0.9800 13.1000 5.4200
Minimum 0.4000 3580.000 0.1223 0.3500 -1.2300 -0.8600
Std. Dev 0.0458 7560.582 0.0097 0.1831 2.6387 1.2418

Source: Processed results from secondary data (2025).

Turning to the independent variables, climate change intensity (CLC), expressed as
CO, emissions per unit of GDP, averages 0.64, ranging from 0.35 to 0.98, highlighting
the environmental burden of economic activity in the region. Inflation (INF) shows
considerable volatility, ranging from —1.23 percent to 13.1 percent, although its average
remains moderate at 3.47 percent. FDI inflows, expressed as a share of GDP, average
2.28 percent but fluctuate sharply between —0.86 and 5.42 percent, indicating uneven
patterns of external capital integration. Overall, the descriptive results emphasize three
important features: (i) inequality remains structurally entrenched at relatively high levels;
(i) economic growth and external investment are marked by significant variation across
space and time; and (iii) governance weaknesses and environmental stress persist as
additional constraints on inclusive development. These dynamics provide the rationale
for further econometric investigation into how growth and corruption control may

moderate the effects of macroeconomic and environmental factors on inequality in

ASEAN-4.
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Selecting an appropriate panel data model is a critical step to ensure the accuracy
and consistency of econometric estimation. In this study, model specification was guided
by both theoretical considerations in variable selection and econometric diagnostics to
determine whether the Common Effect Model (CEM), Fixed Effect Model (FEM), or
Random Effect Model (REM) provides the best fit for the dataset. To this end, three
complementary statistical procedures were applied: the Chow test, the Hausman test,
and the Lagrange Multiplier (LM) test. These tests are designed to evaluate unobserved
heterogeneity across cross-sections, the correlation between regressors and individual

effects, and the efficiency gains from random effects estimation.

The results presented in Table 2 demonstrate a consistent pattern across all
three model specifications. In Model I, which estimates the direct effects of climate
change, inflation, and FDI on income inequality, both the Chow and Hausman tests
yield highly significant results, rejecting the null hypotheses in favor of FEM. In
Model II, where economic growth interacts with FDI as a moderating variable, the
Chow and Hausman statistics again confirm FEM as the superior model. Finally, in
Model III, which examines the moderating role of corruption control on the FDI-
inequality relationship, the same conclusion holds: the FEM is the most appropriate
specification. These findings suggest that unobserved country-specific characteristics—
such as structural differences in economic development, institutional quality, or social
policy regimes—are not only present but also correlated with the explanatory variables.
The FEM, by allowing intercepts to vary across countries, captures this heterogeneity
more effectively than either the pooled or random specifications. Consequently, all
subsequent estimations in this study rely on the Fixed Effect Model, ensuring both

statistical consistency and theoretical coherence.

Table 2. Results of the Chow and Hausman Tests

Model Effects Test Statistic Prob. Decision

Cross-section F 99.4887" 0.0000

Model | Uji Chow . FEM
(I1E) Cross-section Chi-square 135.8998™ 0.0000

Uji Hausman  Cross-section random 298.4662™ 0.0000 FEM
Cross-section F 82.9542™ 0.0000

Model Il Uji Chow FEM
(GRW*FDI) Cross-section Chi-square 123.5720™ 0.0000

Uji Hausman  Cross-section random 248.8627" 0.0000 FEM
Cross-section F 96.3841™ 0.0000

Model IlI Uji Chow FEM
(CRC*FDI) Cross-section Chi-square 133.7129™ 0.0000

Uji Hausman  Cross-section random 289.1523™ 0.0000 FEM

Source: Processed results from secondary data (2025).
Note: " denotes significance at the 1% level.

The first stage of the analysis examines the direct effects of climate change,

inflation, and foreign direct investment (FDI) on income inequality in the ASEAN-4
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countries. The results, estimated using a fixed-effect model, are presented in Table 3.
The findings show that climate change has a positive and highly significant impact on
income inequality. The coeflicient of 0.17 suggests that a one-point increase in climate
vulnerability is associated with a 17.39% increase in inequality. This result highlights
the unequal impact of environmental shocks, which tend to affect poorer households
and workers in climate-sensitive sectors more severely. Similar findings are reported
by Malpede and Percoco (2021) and Cevik and Jalles (2021), who argue that the
negative distributional effects of climate risks are stronger in developing countries due
to limited capacity for adaptation and mitigation. More recent research by Méjean et
al. (2024) also shows that climate-related disruptions, such as extreme weather events,
can increase inequality both directly—through productivity losses in agriculture and
informal sectors—and indirectly by reinforcing poverty traps. However, Otrachshenko
and Popova (2021) note that extreme temperature exposure does not always increase
inequality, as factors such as labor mobility and regional industrial structures may

influence the outcome.

For inflation (INF), the estimated coefficient is —0.0056, indicating a negative
relationship between inflation and inequality. This means that a 1% increase in inflation
is associated with a small reduction in inequality of about 0.004%. This result supports
the idea of a nonlinear or U-shaped relationship between inflation and inequality. At
lower levels, inflation may reduce inequality by lowering the real value of debt and
narrowing wage differences, thereby benefiting lower-income groups. However, when
inflation becomes too high, it can harm poorer households by reducing their purchasing
power. Similar patterns have been found in studies of OECD countries and the United
States (Zheng et al., 2020; Balcilar et al., 2018). In the ASEAN context, Walsh and Yu
(2012) argue that food inflation does not always increase inequality because income gains
in other sectors may offset the negative effects on poorer households. However, other
studies provide different conclusions. Uspri (2023) and Gros & Shamsfakhr (2023) find
that inflation can reduce real wages and purchasing power, thereby increasing inequality

under certain conditions.

Table 3. Panel Regression Results (Model 1):
Direct Effects of Climate Change, Inflation, and FDI on Income Inequality

Variable Coefficient Std. Error t-Statistic Prob
Cc -0.6812™ 0.0300 -2.2686 0.0000
CLC 0.1739™ 0.0490 3.5460 0.0007
INF -0.0056™ 0.0024 -2.3283 0.0224
FDI 0.0089" 0.0045 1.9721 0.0520
R-squared 0.8041 F-statistic 55.4228
Adjusted R-squared 0.7896 Prob(F-statistic) 0.0000

Source: Processed results from secondary data (2025).
Note: ™ and ™ denote significance at the 1% and 5% levels, respectively.
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Finally, the results reveal that FDI inflows are positively associated with inequality.
This result implies that a 1% increase in FDI inflows increases income inequality,
reflecting the uneven distribution of investment benefits across regions and industries.
In many developing economies, FDI tends to be concentrated in capital-intensive or
export-oriented sectors, thereby disproportionately benefiting skilled labor and urban
centers while bypassing rural areas. This is consistent with Suanes (2016) in Latin
America, Saucedo et al. (2020) in Mexico, and Ma (2025 in China, which collectively
argue that FDI often widens wage gaps in developing countries. Nonetheless, the
literature also points to nonlinear effects. Figini and Gorg (2011) and Le et al. (2021)
report that while FDI inflows initially worsen inequality, at higher levels they can
reduce inequality by creating broader spillovers, enhancing technology diffusion, and
expanding labor demand. Similarly, Chen and Wu (2019) find that FDI can reduce
the Gini coeflicient by improving productivity, suggesting that the inequality effect
of FDI depends heavily on the absorptive capacity and institutional quality of host

countries.
Table 4. Interaction Test Results (Model Il):
The Moderating Role of Economic Growth in the FDI-Inequality Nexus

Variable Coefficient Std. Error t-Statistic Prob
C -0.5279™ 0.1848 -2.8566 0.0054
FDI 0.1757™ 0.0734 2.3941 0.01%90
GRW -0.0275 0.0197 -1.3965 0.1664
GRW*FDI -0.0174™ 0.0077 -2.2641 0.0262
R-squared 0.8105 F-statistic 57.7590
Adjusted R-squared 0.7965 Prob(F-statistic) 0.0000

Source: Processed results from secondary data (2025).
Note: ™ and ™ denote significance at the 1% and 5% levels, respectively.

The interaction test using economic growth as a moderating variable is reported in
Table 4. The results show that FDI maintains a positive and significant effect on income
inequality, indicating that, in the absence of moderating influences, capital inflows tend
to widen disparities. Economic growth, proxied by GDP per capita, exhibits a negative
coefhicient, suggesting that, although the effect is statistically insignificant, higher economic
growth is associated with reductions in inequality. Substantively, a 1% increase in economic

growth is estimated to lower income inequality by 0.02%.

More importantly, the interaction term between FDI and economic growth is negative,
implying that economic growth effectively moderates the relationship between FDI and
inequality. In practical terms, this means that in countries with higher economic growth,
the inequality-widening effect of FDI diminishes, and FDI can even help reduce disparities.
Thus, economic expansion enhances the absorptive capacity of host economies, enabling

a broader distribution of the benefits from foreign investment. These findings align with
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those of Gam et al. (2023), who show that although FDI tends to widen inequality, strong
economic growth can reverse this effect by broadening employment opportunities and
boosting productivity. This pattern reflects the Kuznets (1955) hypothesis, which predicts
rising inequality during early industrialization followed by declines as economies diversify
and labor markets strengthen—a view echoed by Alamanda (2021), who notes that early-
stage rural-urban migration and wage stagnation initially heighten disparities before inclusive
policies and rising labor demand gradually narrow gaps. Evidence from Abdi et al. (2025)
further supports this trajectory, showing that GDP per capita initially increases inequality
in Somalia but that this effect weakens over time, while FDI reduces inequality only in the
short run. These results underscore the importance of growth conditions and institutional
context, consistent with the moderating role of growth observed in the ASEAN-4. Fazaalloh
(2019) similarly finds that FDI's inequality-reducing effects emerge only when growth is
taken into account, as technology transfer, skill upgrading, and productivity gains materialize

more broadly in expanding economies.

Beyond growth, the interaction between climate pressures and inequality in this
study reflects broader global evidence. Barra et al. (2025) show that environmental and
policy uncertainty can alter the Environmental Kuznets Curve, intensifying distributional
vulnerabilities, while Acheampong et al. (2024) demonstrate that inequality itself can
reinforce environmental degradation by reducing renewable energy adoption. This mirrors
the ASEAN-4 context, where climate stress, low adaptive capacity, and unequal access to
environmental protection jointly amplify inequality. Indonesian evidence from Handayani
et al. (2022) further confirms that while growth and FDI can reduce inequality, higher
CO, emissions worsen it by disproportionately harming low-income groups through both
economic and health channels. These parallels collectively strengthen the positioning of
the present study by showing that ASEAN-4 shares common structural constraints, and
that the interplay between growth, investment, and environmental pressures is central to
understanding inequality dynamics in the region.

The third model introduces corruption control (CRC) as a moderating variable
to examine whether stronger governance institutions influence the impact of foreign
direct investment (FDI) on inequality. The results, shown in Table 5, indicate that
FDI continues to have a positive and significant effect on income inequality, consistent
with Model 1. This suggests that foreign capital inflows may widen disparities when
their benefits are unevenly distributed. The coeflicient for corruption control is negative
(-0.271), implying that stronger institutions are associated with lower inequality,
although the effect is statistically insignificant (p = 0.117). A one-unit increase in
CRC is estimated to reduce inequality by about 0.27%, indicating that anti-corruption
efforts may support more equitable outcomes, even though their direct impact remains
limited in this sample.

The interaction between FDI and corruption control (CRC*FDI) is positive.

This unexpected result suggests that when corruption is more effectively controlled, the

inequality-increasing effect of FDI becomes stronger. One possible explanation is that FDI
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in ASEAN-4 tends to be concentrated in certain regions and sectors. As a result, even
with better governance, foreign investment mainly benefits skilled workers, urban areas, or
well-connected firms. In this situation, reducing corruption does not automatically ensure
that investment benefits are distributed widely, especially when FDI remains focused on

capital-intensive industries.

Table 5. Interaction Test (Model Ill):
The Moderating Role of Corruption Control in the FDI-Inequality Nexus

Variable Coefficient Std. Error t-Statistic Prob
C -1.3139™ 0.3345 -3.9271 0.0002
FDI 0.3231™ 0.1334 2.4208 0.0177
CRC -0.2710 0.1712 -1.5827 0.1174
CRC*FDI 0.1601™ 0.0682 2.3470 0.0214
R-squared 0.7889 F-statistic 50.4531
Adjusted R-squared 0.7732 Prob(F-statistic) 0.0000

Source: Processed results from secondary data (2025).
Note: ™ and ™" denote significance at the 1% and 5% levels, respectively.

These findings are consistent with those of Le et al. (2021), who argue that
although FDI often increases inequality, its impact depends on institutional quality
and the extent of investment distribution. Even strong institutions may not prevent
inequality if FDI remains concentrated in urban or capital-intensive sectors, a pattern
also seen in ASEAN-4. This supports the argument of Acemoglu and Robinson (2012)
that institutional reforms alone cannot reduce inequality without inclusive development
and redistribution policies. The result may also reflect the dynamics discussed by
Dobson & Ramlogan-Dobson (2012) and Davidescu et al. (2022), who suggest that
in economies with large informal sectors, corruption can sometimes act as an informal
redistribution mechanism. When corruption is reduced without expanding formal
economic opportunities, inequality may increase. In contrast, Hakimi and Hamdi
(2017) find that corruption discourages FDI in MENA countries, while in ASEAN-4
foreign investment continues despite governance differences. This means inequality
outcomes depend more on sectoral concentration and the ability of economies to
absorb investment benefits than on corruption levels alone. Evidence from Shaari et
al. (2022) also shows that environmental degradation can attract FDI in ASEAN+3,
suggesting that when FDI flows to pollution-intensive industries, economic gains are
concentrated while environmental costs fall more heavily on poorer communities, further
increasing inequality.

Other studies also highlight complex relationships between corruption and
inequality. Davidescu et al. (2022) and Dobson & Ramlogan-Dobson (2012) suggest
that higher corruption can sometimes be associated with lower inequality because

informal-sector activities may redistribute resources. When the informal sector accounts

12 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.46506


http://journal.uinjkt.ac.id/index.php/signifikan

https://doi.org/10.15408/sjie.v15i1.46506

Riska Zahara
Climate Stress, Inflation, and Foreign Investment

for a large share of GDP, corruption may serve as an alternative allocation mechanism.
However, when the informal sector accounts for more than one-fifth of total output,
corruption no longer reduces inequality, suggesting that this relationship depends
heavily on economic conditions. Overall, Model III's results show the complex role
of institutions in the relationship between FDI and inequality. Although stronger
corruption control is expected to reduce inequality, in ASEAN-4, it appears to strengthen
the inequality-increasing effect of FDI. This suggests that institutional reforms must
be supported by policies that more evenly distribute foreign investment. Such policies
may include targeted infrastructure development, investment in human capital, and
incentives for FDI in labor-intensive sectors so that the benefits of improved governance

can lead to more equal outcomes.

More broadly, the study contributes to the literature in several ways. First, it
combines environmental, macroeconomic, and institutional factors in a single empirical
framework, an approach rarely used in studies of ASEAN economies. Second, the
results show that the impact of FDI on inequality depends strongly on structural
conditions, especially economic growth and corruption control, extending the findings
of Abdi et al. (2025), Le et al. (2021), and Fazaalloh (2019). Third, the study shows
that improvements in governance can unintentionally increase inequality when foreign
investment remains concentrated in specific sectors or locations. Together, these findings
help explain mixed results in previous research and provide new insights into how
environmental pressures, macroeconomic conditions, and institutional quality shape

inequality in ASEAN-4.

CONCLUSION

This study provides new evidence on the drivers of income inequality in the
ASEAN-4 by examining environmental, macroeconomic, and institutional factors together.
The results show that climate change and foreign direct investment (FDI) tend to increase
inequality, while inflation slightly reduces inequality within the observed range. The
analysis also finds that economic growth weakens the inequality-increasing effect of FDI.
In contrast, stronger corruption control appears to intensify the inequality impact of
FDI, suggesting that investment benefits are not evenly distributed. Overall, the findings
indicate that inequality in ASEAN-4 is shaped not only by external shocks but also by

economic growth patterns and institutional conditions.

These findings have several policy implications. First, governments need to ensure that
FDI supports inclusive development rather than benefiting only specific sectors or regions.
This can be done by encouraging investment in labor-intensive industries, strengthening
connections between foreign companies and local suppliers, and promoting balanced
regional investment. Second, improving absorptive capacity is essential. Investments in
education, skills, and technology can help workers and domestic firms benefit from
productivity gains brought by FDI. Third, inflation management should not focus only

on price stability. Because moderate inflation may sometimes reduce inequality, monetary
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policy should also be supported by social protection programs such as wage support, food
price policies, and targeted cash transfers to protect low-income households. Fourth, the
strong effect of climate change on inequality highlights the need to integrate climate
policies into development strategies. Expanding climate-resilient infrastructure, protecting
vulnerable livelihoods, and reducing environmental risks are important to prevent climate
shocks from widening income gaps. Finally, the results suggest that governance reforms
alone are not enough. Anti-corruption policies should be combined with transparent
investment allocation, monitoring of sectoral concentration, and safeguards against elite
capture. Measures such as public disclosure of investment flows, participatory local
budgeting, and clear requirements for foreign investors can help ensure that investment

benefits are distributed more fairly.

Future research can expand this analysis by including additional institutional indicators,
such as the rule of law and regulatory quality, to better understand governance differences
within ASEAN-4. Examining sectoral differences in FDI—such as manufacturing, services,
and extractive industries—could also provide deeper insights into how foreign investment
affects inequality. From a methodological perspective, future studies may employ dynamic
panel models or nonlinear approaches to better capture long-term and threshold
effects. Comparative studies involving other emerging regions would also help broaden
understanding of how climate change, macroeconomic conditions, and governance jointly

influence income inequality.
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ABSTRACT

Research Originality: This study contributes to environmental
economics by examining the relationship between economic
growth and greenhouse gas emissions across Asian countries,
while accounting for differences in income levels. Using a
dynamic STIRPAT framework, the analysis also incorporates
urbanization, energy intensity, and carbon intensity to understand
how emission drivers vary across stages of development.

Research Objectives: The study aims to explore the dynamic
link between economic growth and greenhouse gas emissions
and to identify how demographic and technological factors
influence emission patterns in lower-middle-, upper-middle-,
and high-income Asian economies.

Research Methods: The analysis uses panel data from 41 Asian
countries during 1990-2022 and applies a dynamic panel
estimation method, the two-step System Generalized Method
of Moments (System-GMM).

Empirical Results: Economic growth and urbanization generally
increase greenhouse gas emissions. However, the main drivers
differ by income level. In lower-middle-income countries,
emissions are mainly driven by economic growth and carbon
intensity. In upper-middle-income countries, urbanization and
energy intensity play a larger role, while in high-income countries,
the link between growth and emissions becomes weaker.

Implications: These findings suggest that environmental policies
should be tailored to each stage of economic development.
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INTRODUCTION

Asia has experienced one of the fastest rates of economic growth globally in recent
decades. The regions economic prosperity has been significantly enhanced by rapid
industrialization, growing urban populations, and rising income. Simultaneously, this
economic growth has intensified environmental pressure, particularly through increased
greenhouse gas (GHG) emissions. Asia currently accounts for a significant share of
global carbon emissions, mainly due to energy-intensive industrial activities and fossil-
fuel-dependent production methods. Therefore, understanding the relationship between
economic growth and environmental deterioration has become an increasingly important

issue in environmental economics and sustainable development (Adebayo et al., 2023;
Ahmad et al., 2023).

Recent empirical studies have emphasized that economic growth remains a key driver
of carbon emissions in developing and emerging economies. Rapid economic growth
increases energy demand, infrastructure development, and industrial production, all of
which contribute to higher emissions. Empirical studies across several regions confirm that
increases in GDP per capita are often associated with rising carbon emissions, particularly
in economies that still rely heavily on fossil fuels (Khan et al., 2023; You et al., 2022).
Nathaniel (2020) and Li et al. (2022) show that energy consumption and economic
expansion remain closely linked to rising CO, emissions in several emerging economies.
In many developing regions, the impact of economic growth often outweighs technological
improvements, resulting in a tenacious growth—emission linkage. Similarly, recent studies
applying the STIRPAT framework find that economic growth, population dynamics, and
technological factors jointly influence environmental outcomes across countries (Amer et
al., 2024; Kumar, 2023).

Urbanization is usually recognized as a major factor influencing environmental
outcomes. The development of new urban areas often leads to higher energy consumption,
increased transportation demand, and intensive infrastructure growth. These structural
changes often lead to higher carbon emissions in rapidly urbanizing economies. Empirical
evidence across Asian countries shows that urban population growth and infrastructure
development significantly contribute to rising emissions, particularly in densely populated
developing regions (Qian et al., 2024; Wei et al., 2022). Similarly, studies on urban
development patterns have shown that large metropolitan areas tend to increase energy
demand and carbon footprints due to intensive economic activity and transportation
networks (Acheampong et al., 2022; Wang et al., 2018; Li et al., 2022). Other studies
also emphasize the role of energy intensity and technological efficiency in shaping
environmental outcomes, indicating that economies with inefficient energy structures tend

to generate higher emissions per unit of output (Amer et al., 202).

Another important determinant of environmental degradation is energy efficiency,
often measured through energy intensity and carbon intensity indicators. Economies with
high energy intensity require greater energy input per unit of economic output, increasing

emissions. Empirical evidence suggests that energy intensity and carbon intensity remain
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major contributors to environmental degradation in emerging economies, particularly
where industrial production still relies heavily on fossil fuels (Adebayo et al., 2023; Khan
et al.,, 2023). Studies focusing on ASEAN and Asian economies also emphasize that
energy efficiency improvements play a critical role in mitigating environmental impacts

associated with economic growth (Yaseen, 2024).

Despite the growing literature on the growth—emission nexus, several limitations
remain in existing empirical studies. First, many studies rely on static panel regression
models that do not adequately address endogeneity and reverse causality between economic
growth and emissions. Economic growth may increase emissions through higher energy
consumption, but environmental degradation can also affect economic performance through
environmental regulations or resource constraints. Static models often fail to capture this

dynamic relationship, potentially leading to biased estimations (Khan et al., 2023).

Second, previous studies frequently analyze countries as a homogeneous group,
ignoring differences in their levels of economic development. However, the determinants
of environmental degradation may vary significantly across income groups. Lower-income
countries often rely on energy-intensive industrial sectors, while higher-income economies
tend to adopt cleaner technologies and stricter environmental regulations. Consequently,

the growth—emission relationship may differ significantly across development stages (Qian
et al., 2024; Wei et al., 2022).

Third, only a limited number of studies integrate demographic factors, technological
efficiency indicators, and economic development within a single dynamic framework.
While several studies examine individual determinants of emissions—such as energy
consumption, urbanization, or economic growth—few studies simultaneously analyze these
factors using a dynamic panel approach that accounts for endogeneity and cross-country
heterogeneity (Adebayo et al., 2023; Ahmad et al., 2023). This limitation creates a gap
in understanding how economic, demographic, and technological factors jointly influence

environmental degradation in Asia.

This study aims to address these empirical gaps by investigating the dynamic
relationship between economic growth and greenhouse gas emissions in Asian countries
using an extended STIRPAT framework and a dynamic panel estimation approach.
Specifically, this research employs the two-step System Generalized Method of Moments
(System-GMM) estimator to control for endogeneity, unobserved heterogeneity, and
potential reverse causality. In addition, this study stratifies the analysis by income group—
namely, lower-middle-income, upper-middle-income, and high-income economies—to

capture structural differences in emission dynamics across development stages.

The main novelty of this study lies in three aspects. First, it provides a dynamic
empirical investigation of the growth—emission relationship in Asia using System-GMM
estimation, which is more appropriate for panel datasets with many countries and relatively
short time periods. Second, this study incorporates demographic and technological
indicators—urban population, energy intensity, and carbon intensity—within the STIRPAT

framework to provide a more comprehensive explanation of emission dynamics. Third,
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disaggregating the analysis by income level highlights how environmental determinants

vary across development stages, providing more nuanced insights for policy formulation.

Based on these motivations, this study aims to examine the dynamic relationships
among economic growth, urbanization, energy intensity, carbon intensity, and greenhouse
gas emissions across Asian countries. By applying a System-GMM estimation to panel
data covering the period 1990-2022, this study seeks to provide new empirical evidence
on the determinants of emissions across different income groups and to contribute to

the ongoing debate on sustainable economic development in rapidly growing economies.

METHODS

This study employs panel data covering 41 Asian countries over the period 1990—
2022. The dataset is primarily obtained from the World Development Indicators (WDI)
published by the World Bank, which provides internationally comparable macroeconomic
and environmental indicators. The selected time span reflects the availability and
consistency of environmental and energy-related indicators across Asian economies.
Previous empirical studies on environmental sustainability also commonly employ similar
time horizons due to limitations in consistent emissions data across countries (Sugiharti
et al., 2025).

Table 1. Operational Variables

Variables Definitions Measurements Sources References
Total Greenhouse Gas Megatons of CO, World York, Rosa & D|§tz
ghgex Emissions equivalent Bank (2003); Wang, Li & Fang
(2018); Su et al. (2023)
Grossman & Krueger
dpcaita GDP per capita Constant 2015 US World (1995); Azomahou,
gdpcap P P dollars Bank Laisney & Van Phu
(2006); Ito (2017)
World Poumanyvong & Kaneko
urban Total urban population People Bank (2010); Lin et al. (2017);
Wang et al. (2018)
Total energy (kg of oil equivalent) Fan & Hossain (2018);
. . ; . World Acheampong et al.
energyintensity consumption per unit of  per $1,000 GDP .
- Bank (2022); Adebayo et al.
economic output (constant 2017 PPP)
(2023)
co2intensit CO, emissions per unit kilogram CO, / World maanngest( jh?200(22§))'15);
Y of GDP $GDP (PPP) Bank : ’

Adebayo et al. (2023)

The dataset includes five key variables that represent the environmental, economic,
demographic, and technological dimensions. Greenhouse gas emissions (GHGEX) are
used as the dependent variable, measured in megatons of CO,-equivalent. Economic
development is proxied by GDP per capita in constant 2015 US dollars. Population
dynamics are represented by the urban population, which captures the scale of urban

economic activities. Technological and energy-related factors are represented by energy

22 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.50310


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.50310

Hari Nugroho
Economic Growth and Greenhouse Gas Emissions in Asia

intensity and carbon intensity. Energy intensity measures energy consumption per unit

of economic output, while carbon intensity measures carbon emissions per unit of GDP.

The selection of these variables follows the extended STIRPAT framework, which
emphasizes that environmental degradation is influenced by population dynamics, economic
affluence, and technological factors (Sugiharti et al., 2025). Recent empirical studies
on environmental economics frequently incorporate energy intensity and urbanization
indicators to capture technological efficiency and structural economic transformation
(Qian et al., 2024). The urban population is used instead of the total population because

urban activities tend to generate higher energy demand and carbon emissions than rural
areas (Acheampong et al., 2022; Wang et al., 2022).

The analysis covers the period 1990-2022 for two main reasons. First, the early
1990s represent the beginning of rapid economic transformation in many Asian economies
following trade liberalization and industrial expansion. Second, reliable environmental
indicators for most Asian countries have been consistently available since the early 1990s.
Therefore, this period provides a sufficiently long time horizon to analyze the dynamic
relationship between economic growth and environmental outcomes (Sugiharti et al.,
2025; Cooray et al., 2024).

The empirical analysis in this study is grounded in the STIRPAT (Stochastic Impacts
by Regression on Population, Affluence, and Technology) model. The STIRPAT framework
extends the IPAT identity, enabling empirical estimation of environmental impacts using
stochastic regression models. The model provides a flexible framework for examining how
socioeconomic and technological factors influence environmental degradation (Amer et al.,
2024). The STIRPAT framework has been widely applied in environmental economics
to examine the determinants of carbon emissions and environmental degradation across
countries. Recent studies have extended the model by incorporating additional variables
such as urbanization, energy efficiency, renewable energy adoption, and technological
innovation (Cooray et al., 2024; Sugiharti et al., 2025). These extensions enable researchers
to more effectively capture the complex relationship between economic development and

environmental sustainability.

In its standard form, the STIRPAT model can be expressed as follows:
I=aP’ ATl e (1)
Where I represents environmental impact, P denotes population, A represents affluence

(economic development), and T represents technological factors. The model is typically

transformed into a log-linear form to facilitate econometric estimation.
Inl.=a+bInP +clnA +dInT +¢, (2)

Following recent empirical applications, this study extends the STIRPAT model
by incorporating urban population, energy intensity, and carbon intensity as proxies for
population dynamics and technological conditions. This extension allows the model to
capture the effects of urban economic expansion and energy eficiency on greenhouse gas
emissions (Qian et al., 2024).
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The empirical specification used in this study can therefore be written as:

In (ghgex,)=a + B In (gdpcapita,) + B,In (urban ) + B,In (energyintensity ) + B,In
(coZintensity,) + ¢, (3)

where [ represents countries and t denotes time.

To estimate the dynamic relationship between economic growth and greenhouse gas
emissions, this study employs a dynamic panel data approach using the System Generalized
Method of Moments (System-GMM) estimator. Dynamic panel models are particularly
suitable for datasets characterized by a large number of cross-sectional units and relatively
short time dimensions, which is typical for macroeconomic panel datasets (Wang et al.,
2022). One of the main advantages of the System-GMM estimator is its ability to address
endogeneity, a common problem in environmental-economic models. Economic growth
may influence emissions through increased production, while environmental degradation
may simultaneously affect economic performance through environmental regulations and
policy interventions. System-GMM addresses this issue by using lagged variables as internal
instruments (Sugiharti et al., 2025).

In addition, System-GMM helps control for unobserved heterogeneity across
countries and reduces omitted variable bias. Previous studies have shown that dynamic
panel methods yield more reliable estimates than static panel regressions when analyzing
environmental sustainability and carbon emissions (Cooray et al., 2024). The dynamic
specification of the model can be written as follows:

In (ghgex,) = yln (ghgex,,) + B,In (gdpcapita,) + B,In (urban,) + B,In (energyintensity,) +
BIn (coZintensity) + u, + €, (4)
where the lagged dependent variable captures the persistence of emissions over time. .

captures unobserved country-specific effects and ¢, is the error term.

Several diagnostic tests are conducted to ensure the validity and robustness of
the System-GMM estimation. First, the Arellano—Bond serial correlation test is used to
examine autocorrelation in the residuals of the differenced equation. The presence of
first-order correlation is expected, while the absence of second-order correlation indicates
a valid model specification. Second, the Hansen test of over-identifying restrictions is
employed to assess the validity of the instrumental variables used in the estimation. A
statistically insignificant Hansen statistic indicates that the instruments are valid and not
correlated with the error term (Wang et al., 2022).

Third, the Sargan test is also conducted to examine the overall validity of the
instrument set. These diagnostic procedures are widely applied in dynamic panel data
studies examining environmental sustainability and carbon emissions (Sugiharti et al.,
2025; Cooray et al., 2024). Finally, robustness checks are performed by comparing
results from the Fixed Effects (FE), Difference-GMM, and System-GMM estimators.
Such comparisons help verify the stability and reliability of the estimated coefficients
across different econometric approaches. Similar robustness strategies have been widely

adopted in recent environmental economics research to ensure the consistency of empirical

findings (Qian et al., 2024).
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RESULTS AND DISCUSSION

The empirical results reveal that the relationship between economic growth and
greenhouse gas emissions differs across income groups in Asia. The System-GMM
estimation indicates that economic growth and urbanization are significant determinants
of emissions in the overall sample, though their effects vary by stage of economic
development. Three main findings emerge from the empirical analysis. First, economic
growth continues to exert a positive influence on greenhouse gas emissions in the full
sample, suggesting that the scale effect of economic expansion still dominates technological
improvements in many Asian economies. Second, urbanization plays a significant role in
increasing emissions, particularly in countries undergoing rapid structural transformation.
Third, the roles of energy intensity and carbon intensity vary across income groups,

reflecting differences in technological capability and energy structures.
g g p y gy

These findings indicate that the environmental consequences of economic growth
vary across stages of economic development. It really depends on how economies are built,
what level of technology they use, and how they manage the environment. Asian countries
do not all face the same challenges, and these results clearly show that. The descriptive
statistics indicate substantial heterogeneity among Asian countries in terms of economic
development, demographic characteristics, and energy structures. Such variation supports
the need for econometric models capable of capturing both cross-country differences and
dynamic adjustments over time. As reported in Table 2, greenhouse gas emissions exhibit
substantial dispersion across countries and over time. The mean emissions value is 463.18
MtCO,e, while the maximum is 15,175.62 MtCO,e, indicating that a small number of

large economies dominate the regional emissions profile.

Table 2. Descriptive Statistics

Variables Obs Mean Std. Dev. Min Max
ghgex 1353 463.1766 1560.236 0.135700 15175.62
gdpcapita 1353 11362.95 15483.25 166.7104 81608.57
urban 1353 40242866 1.09E+08 58079.00 8.98E+08
energyintensity 1353 5.746575 3.346339 1.550000 30.44000
co2intensity 1353 0.334633 0.288875 0.022153 1.931147

GDP per capita in Asia ranges from approximately USD 166 to over USD 81,000,
underscoring a substantial development gap among countries. This economic heterogeneity
supports stratifying empirical analyses by income group. Urban population levels also
vary considerably, reflecting the rapid pace of urbanization in Asia. Urban expansion is
typically linked to greater infrastructure development, increased transportation demand,

and higher energy consumption, all of which may intensify environmental pressures.

Energy intensity and carbon intensity also differ across countries. Elevated energy
intensity indicates greater energy use per unit of output, while high carbon intensity

reflects a reliance on fossil fuels. These disparities demonstrate that technology and energy
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systems are not uniform among Asian economies. In summary, the descriptive statistics
indicate substantial structural differences among countries. Therefore, dynamic panel
techniques that account for both temporal changes and country-specific characteristics

are appropriate for analysis.

The diagnostic tests provide additional support for the validity of the estimated
model. The Arellano-Bond tests indicate no evidence of second-order serial correlation,
suggesting that the dynamic specification is appropriate. The Hansen test of over-identifying
restrictions also fails to reject the null hypothesis, indicating that the instrument set is
valid. Although the Sargan test rejects the null hypothesis in some specifications, this result
should be interpreted cautiously, as the Sargan statistic is sensitive to heteroskedasticity
and to instrument proliferation in large panels. The Hansen test is generally considered
more robust under such conditions. Therefore, following standard practice in dynamic
panel estimation, the validity of the instruments is primarily assessed using the Hansen
test results (Roodman, 2009; Baltagi, 2021).

Table 3. Estimation Result
(1) (2) (3) (4)

Full Lower Upper High
middle middle income
income income
L.In_ghgex 0.340 [0.099] 0.918*** [0.000] 0.0899 [0.583] 0.826*** [0.000]
In_gdpcapita 0.242** [0.005] 0.0242 [0.074] 0.627 [0.080] 0.0228 [0.770]
In_urban 0.501* [0.037] 0.0630 [0.159] 0.806*** [0.000] 0.0884 [0.467]

In_energyintensity  0.122  [0.506] -0.00338 [0.868] 0.838* [0.036] 0.118 [0.523]
In_co2intensity 0.0750 [0.085] 0.00820 [0.055] 0.0297 [0.509] -0.00726 [0.359]

Constant -6.899 [0.062] -0.766 [0.230] -15.35*** [0.000] -0.960 [0.657]

Observations 889 311 311 245

p-values in brackets
"p<0.05 "p<0.01," p<0.001

For the full sample, the lagged dependent variable (In_ghgex) is positive and
marginally significant (§ = 0.340, p = 0.099), suggesting moderate persistence in emissions
across the panel. Among the explanatory variables, In_gdpcapita (B = 0.242, p = 0.005)
and In_urban (B = 0.501, p = 0.037) are both positive and statistically significant,
indicating that economic growth and urban population are important contributors to
greenhouse gas emissions in Asia. Other variables, such as energy intensity and CO,
intensity, are not statistically significant. This dynamic persistence is commonly observed
in environmental studies, as emissions trajectories tend to follow long-term structural

patterns related to industrial development and energy consumption (Adebayo et al., 2023).
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Table 4. Diagnostic Tests

AR(1) AR(1) AR(2) AR(2) Sargan Sargan Hansen Hansen

2

Group

z-stat p-val z-stat p-val X p-val X p-val
Full Sample 149 0137  -0.88 0377 4709 0 3.68 0.452
Lower-Middle 1183 0068  -109 0274 068 0953 105 0902
Income
Upper-Middle -1.07 0285 -1.02 0306 294.67 0 8.08 0.089
Income
High Income 145 0146  -033 0744 651 0164 271 0.607

Diagnostic tests show that the Arellano-Bond test for AR(1) is insignificant (p =
0.137) and AR(2) is also insignificant (p = 0.377), indicating no second-order serial
correlation in the first-differenced residuals. The Hansen J-test (p = 0.452) confirms
the validity of the instruments, and the difference-in-Hansen tests further support the
exogeneity of instrument subsets. Economic growth has a positive effect on emissions.
This suggests that the scale effect of economic expansion still outweighs technological and
efficiency improvements in many Asian economies. Rapid industrialization and expanding
production drive up energy demand, thereby increasing emissions. Recent studies on
emerging economies also show that economic growth is closely linked to environmental
degradation (Narayan et al., 2016; You et al., 2022; Khan et al., 2023).

Urbanization also positively influences emissions, as rapid urban growth often increases
transportation demand, raises energy consumption, and drives infrastructure expansion. As
a result, environmental pressure may intensify when urbanization coincides with energy
systems reliant on fossil fuels. This finding aligns with recent studies emphasizing that urban
expansion significantly contributes to carbon emissions in developing regions (Wang et al.,
2021; Acheampong et al., 2022). In contrast, energy intensity and CO, intensity are not
statistically significant in the full-sample estimation. This result may reflect heterogeneous
technological conditions across countries. While energy efficiency improvements have been
observed across several economies, these gains may not yet be strong enough to offset the

environmental impact of economic expansion.

In lower-middle-income countries, the coefficient on the lagged dependent variable is
strongly significant and close to unity (B = 0.918, p < 0.001), suggesting high persistence
in emissions. GDP per capita is marginally significant (B = 0.0215, p = 0.074), while
CO, intensity is positive and significant at the 10% level (B = 0.00204, p = 0.055),
indicating that carbon-intensive activities strongly influence emissions in this group. Other
explanatory variables are not statistically significant. The validity of the instruments is
confirmed by the Sargan (p = 0.953) and Hansen (p = 0.902) tests. Furthermore, the
difference-in-Hansen tests for the instruments for levels and endogenous regressors suggest
that the instrument subsets are exogenous, justifying the use of the GMM estimation
strategy for this sub-sample.

GDP per capita is weakly but positively linked to emissions. While the coefhicient

is only marginally significant, its positive sigh means economic growth in these countries
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still leads to rising emissions. This result aligns with early industrialization, in which
production relies on energy-intensive sectors and fossil fuels. CO, intensity raises
emissions, underscoring the impact of energy choices. Lower-middle-income countries rely
on carbon-intensive energy sources, such as coal and oil, which drive emissions growth.
Recent studies show carbon intensity remains a key cause of environmental degradation
(Adebayo et al., 2023; Khan et al., 2023).

One possible explanation for this pattern is that lower-middle-income economies
often rely on fossil fuels such as coal and oil to support industrial expansion. These
energy systems tend to emit more than cleaner technologies. Similar findings have
been reported by Nathaniel (2020) and Adebayo et al. (2023), who show that carbon-
intensive energy structures significantly increase emissions in developing economies. From
a structural perspective, these results suggest that early-stage industrialization tends to
prioritize production growth over environmental efficiency. As a result, environmental
degradation becomes a common by-product of economic expansion in lower-income
economies. Therefore, improving energy efficiency and reducing carbon intensity should
become key policy priorities. Policies encouraging cleaner energy technologies and gradual
diversification toward renewable energy sources may help mitigate environmental pressures

while maintaining economic growth.

The findings for upper-middle-income nations reveal a distinct trend. Urbanization
is the primary driver of emissions in this category. The coefficient associated with the
urban population is substantial. Rapid urban expansion exerts significant pressure on the
environment. In the upper-middle-income group, the lagged dependent variable becomes
statistically insignificant (B = 0.0896, p = 0.583), implying a lower degree of emission
persistence. The strongest and most significant predictor is In_urban (f = 1.165, p < 0.001),
indicating that urbanization is the primary driver of increased emissions. Energy intensity
is also statistically significant (8 = 0.837, p = 0.036), indicating that energy inefficiency
drives emissions. CO, intensity and GDP per capita are statistically insignificant.

Diagnostic statistics suggest that the AR(2) test is passed (p = 0.306), and
while the Sargan test indicates potential overidentification problems (p = 0.000), the
Hansen test remains acceptable (p = 0.089). Difference-in-Hansen tests further support
instrument validity (p > 0.05), although the test statistics suggest caution given the
possible proliferation of instruments. This result suggests that the environmental pressure
in these economies is increasingly driven by urban expansion rather than income growth
alone. Rapid urbanization often leads to increased transportation demand, expanded
infrastructure, and the concentration of industrial activities in metropolitan areas.
Empirical evidence indicates that urbanization can significantly increase emissions
when urban development is not accompanied by improvements in energy efficiency
and environmental regulation (Wang et al., 2018; Acheampong et al., 2022). Energy
intensity also becomes statistically significant in this group, indicating that inefficient

energy use remains an important driver of emissions.

These findings indicate that upper-middle-income economies are undergoing

structural transformation characterized by rapid urban growth and industrial restructuring.
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During this stage of development, environmental pressures are more closely linked to
urban economic activity and energy efficiency than to income growth alone. Therefore,
urban planning policies that promote energy-efficient infrastructure, public transportation,
and low-carbon urban development strategies are essential to reducing emissions in rapidly

urbanizing economies.

For high-income countries, the lagged dependent variable is highly significant
(B = 0.826, p < 0.001), indicating a strong dynamic component in emissions. None of
the explanatory variables — including GDP per capita, urbanization, energy intensity,
or CO, intensity — is statistically significant, suggesting that other unobserved factors,
such as technological innovation, environmental regulations, or structural decarbonization,
may explain the variation in emissions. The AR(2) test is satisfied (p = 0.744), and
both the Sargan (p = 0.164) and Hansen (p = 0.607) tests do not reject the null of
instrument validity. Difference-in-Hansen tests across all instruments and subsets confirm

the robustness of the model specification.

This result may indicate that traditional drivers such as income growth and
urbanization are no longer the dominant determinants of emissions in advanced economies.
Instead, environmental outcomes may increasingly depend on technological innovation,
renewable energy adoption, and environmental regulations. Recent empirical studies suggest
that technological innovation and institutional quality are increasingly important in reducing
emissions in developed economies (Ahmad et al., 2023; Su et al., 2023).

This pattern is consistent with the Environmental Kuznets Curve hypothesis, which
suggests that environmental degradation may decline after a certain level of economic
development, driven by technological improvements and strengthened environmental
governance. Therefore, high-income countries should continue strengthening innovation-
driven environmental policies, including investments in renewable energy, carbon-reduction

technologies, and stricter environmental regulations.

Table 5. Robustness Checks
(1) (2) (3)

Fixed Effects Diff GMM Sys GMM

In_gdpcapita 0.488™ 0.395™ 0.242™
(0.064) (0.036) (0.082)
In_urban 0.769" 0.639™ 0.501"
(0.048) (0.077) (0.232)
In_energyintensity 0.318™ 0.161" 0.122
(0.082) (0.030) (0.181)
In_co2intensity 0.005 0.009™ 0.075
(0.014) (0.003) (0.042)
L.In_ghgex 0.084 0.340
(0.061) (0.202)

Observations 889 849 889
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The robustness analysis compares the results obtained from three alternative
estimation methods: Fixed Effects, Difference GMM, and System GMM. The results
show that the main relationships remain consistent across estimation techniques. Economic
growth consistently exhibits a positive impact on emissions across all estimators. However,
the magnitude of the coefficient decreases when dynamic estimators are employed. This
suggests that static models may overestimate the environmental impact of economic growth

by failing to account for dynamic feedback effects.

Urbanization also maintains a positive, significant relationship with emissions
across models. This robustness confirms that urban expansion remains a key structural
factor influencing environmental outcomes in Asia. Energy intensity is significant in
static models but becomes insignificant in the dynamic System-GMM specification. This
pattern indicates that part of the estimated effect in static models may be attributable
to unobserved heterogeneity or endogeneity. Overall, the robustness checks support the
reliability of the System-GMM estimates and confirm that the dynamic specification

provides a more accurate representation of the growth—emission relationship.

CONCLUSION

This study examines the relationship between economic growth and greenhouse
gas emissions in Asian countries using a dynamic panel-data approach based on the
STIRPAT framework. By applying the two-step System Generalized Method of Moments
(System-GMM) to panel data covering 41 Asian economies from 1990-2022, the analysis
provides empirical evidence on how economic, demographic, and technological factors

influence emission dynamics across income groups.

The results show that economic growth and urbanization significantly increase
greenhouse gas emissions across the overall sample of Asian economies. However, the
determinants of emissions differ across stages of economic development. In lower-middle-
income countries, emissions are mainly driven by economic expansion and carbon intensity,
indicating continued dependence on carbon-intensive energy systems. In upper-middle-
income economies, urbanization and energy intensity become more influential factors,
reflecting the environmental pressure associated with rapid structural transformation. In
contrast, the relationship between economic growth and emissions becomes weaker in

high-income countries.

These findings suggest that environmental policy should be designed according
to the stage of economic development. For developing economies, improving energy
efficiency and reducing carbon intensity remain important priorities to mitigate
environmental pressures while maintaining economic growth. In middle-income countries,
sustainable urban planning and energy-efhicient infrastructure are essential to manage the
environmental impact of rapid urbanization. Meanwhile, high-income economies should
continue strengthening policies that support technological innovation and low-carbon

energy transitions.
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INTRODUCTION

Economic growth measured solely by Gross Domestic Product (GDP) or Gross
Regional Domestic Product (GRDP) is often regarded as insufficient to reflect economic
development performance. Those aggregate output—based measures tend to overlook
structural factors that shape the sustainability of growth, including the composition of
fiscal policy and public expenditure priorities that determine how the benefits of growth
are distributed over the long term (Shaddady, 2022). Developments in public spending
across the ASEAN region also indicated how the health sector has increasingly been
positioned as a long-term fiscal priority (Melati & Sihaloho, 2025). Further empirical
evidence from Indonesia showed that, in the long run, government spending has a
positive and significant effect on economic growth (Nofrianto et al., 2021). Nevertheless,
numerous studies emphasized that the structure and quality of government spending
served a greater decisive role than the sheer magnitude of aggregate expenditure in
promoting sustainable economic growth, particularly when spending is directed toward
productive sectors such as education, health, and innovation and research (Antolin-Diaz
& Surico, 2025; Emeru, 2023).

These studies on the relationship between government spending and economic
growth presented results that were not entirely consistent. On one hand, increased
public spending on education and health functions has been widely regarded as an
investment in human capital that can enhance productivity and long-term economic
capacity (Nutd et al., 2023; Anwar et al., 2023; Ziberi et al., 2022; Zubir et al., 2023).
On the other hand, the effectiveness of government spending is highly contingent upon
the efficiency and composition of expenditure, particularly during periods marked by
major economic shocks, such as financial crises and the COVID-19 pandemic, when
unproductive spending may burden fiscal sustainability instead, without generating
meaningful growth (Afonso & Alves, 2025; Antolin-Diaz & Surico, 2025). These
divergent findings signaled an ongoing academic debate regarding the extent to which
government spending genuinely promotes high-quality economic growth, rather than

merely accelerating aggregate growth rates.

Beyond the growth dimension, several studies also highlighted the link between
government spending and social outcomes, particularly in poverty. Public spending
plays a more consistent role in poverty reduction than economic growth alone, thereby
revealing the limitations of GDP- or GRDP-based indicators when used in isolation
(Kitole et al., 2024). High economic growth does not necessarily reflect development
quality if it is not accompanied by improvements in social indicators and welfare
distribution; consequently, increases in aggregate growth rates alone were insufficient to
ensure inclusive and sustainable development (Fitriady et al., 2022; Poku et al., 2022;
Yulianita et al., 2023). In the vicious cycle of poverty theory, high poverty levels can
hinder economic growth through reduced productivity and constrained investment,
which emphasizes the correlation between low income, limited access to education

and healthcare, as well as weak regional economic capacity (Prameswari et al., 2021;
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Supratiyoningsih & Yuliarmi, 2022; Zhu et al., 2022). The elasticity of economic
growth with respect to poverty reduction is relatively low when poverty is perceived as
a multidimensional phenomenon; therefore, poverty should be treated as an indicator of
the quality of economic growth rather than an end state of growth (Balasubramanian
et al., 2023).

Recent studies similar to ours indicated a shift away from reliance on single
economic indicators toward multidimensional evaluation frameworks that integrate
economic and social dimensions in assessing regional development performance (Lin
& Zhou, 2022). The COVID-19 pandemic has further underscored the inadequacy of
single growth indicators such as GDP or GRDP for evaluating regional development
performance, and highlighted the importance of integrated approaches that link fiscal
policy, the composition of public expenditure, and social outcomes (Naseer et al.,
2023). Cirises such as the COVID-19 pandemic have not only affected aggregate growth
but also altered household consumption patterns and suppressed purchasing power,
particularly in regions with specific economic structures (Murti et al., 2023). The
effectiveness of fiscal intervention was determined not only by the scale of budgetary
expansion but also by the composition and quality of public spending, especially in
allocations to productive expenditures that enhance long-term economic capacity and
productivity (Sardoni, 2024).

In the Indonesian context, local government spending is classified according to
governmental affairs and functions, aligned with the national budgeting system. At
the regency/municipality level in Bali Province, budget allocations are predominantly
concentrated on public service functions, education, and health (DJPK, 2025).
Regencies and municipalities in Bali Province exhibit an economic structure highly
specialized in the tourism and service sectors, enabling relatively rapid growth during
expansionary periods. However, this strong dependence also increases vulnerability to
systemic external shocks, such as the COVID-19 pandemic, which had significant
impacts on the continuity of accommodation-related businesses and regional economic
stability (Dariwardani et al.,, 2025). These external shocks triggered sharp economic
contractions and revealed disparities in adaptive capacity and recovery across regencies
and municipalities in Bali Province — making the region a relevant empirical case for

examining economic growth performance.

Although research on government spending and economic growth has expanded
substantially, most empirical studies continue to rely on causal approaches based on
inferential econometric models using single GRDP indicators as proxies for regional
economic performance. These approaches have not fully captured the quality, resilience,
and social dimensions of regional economic growth, especially amid the systemic shock
of the COVID-19 pandemic. Moreover, empirical evidence that integrates the structure
of local government spending, particularly spending on public services, education, and
health, using a social indicator of poverty within a single multidimensional evaluation

framework, remains relatively limited at the regency and municipality level, and from
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a cross-crisis perspective. These limitations pointed to a significant research gap in
comprehensively mapping and understanding patterns of regional economic growth

performance.

Based on this research gap, the novelty of this study lies in extending the
measurement of regional economic growth performance beyond single growth
indicators, through adopting a multidimensional composite index approach that
integrates fiscal, economic, and social dimensions. Furthermore, this study has departed
from conventional causal econometric approaches by employing a composite index
framework to capture patterns, heterogeneity, and the relative performance of regencies
and municipalities across the timespan of pre-, during-, and post-COVID-19 periods.
Empirically, this study provides new evidence at the regency and municipality levels
in Bali Province, yielding relevant policy implications for prioritizing local government
expenditure allocations for public services, education, and health in shaping the quality
and resilience of economic growth performance. In line with these contributions, the
main objective of this study is to assess the patterns of economic growth performance
across regencies and municipalities in Bali Province along the timespan of pre-, during-,
and post-COVID-19 periods, using a multidimensional index approach that incorporates
government spending allocations to public services, education, health, lowering poverty

rate, and supporting GRDP growth rates.

METHODS

This study employed secondary data that was obtained from the National
Statistics Agency (Badan Pusat Statistik) and the Directorate General of Fiscal Balance
(Direktorat Jenderal Perimbangan Keuangan) of the Ministry of Finance of the Republic
of Indonesia. The scope of this study covers all regencies and municipalities in Bali
Province, namely Denpasar Municipality, Badung, Bangli, Buleleng, Gianyar, Jembrana,
Karangasem, Klungkung, and Tabanan Regency. The observation period spanned
9 years, from 2016 to 2024. The 2016-2024 timespan was deliberately selected
in accordance with several methodological considerations. First of all, this period
comprises three distinct economic phases: the economic shock caused by the pandemic,
the COVID-19 period, and the post-pandemic recovery period. Delineation of these
economic phases not only mapped regional economic growth performance under
normal conditions but also evaluated the resilience and recovery capacity of regional
economies in response to systemic external shocks. Furthermore, this period ensured
consistency in the classification and reporting of regional fiscal data, particularly the
local government spending by function, thereby enabling valid comparisons across
regions and over time. Accordingly, the 2016-2024 period is considered relevant
and suflicient for constructing a composite index that comprehensively captures the

dynamics of regional economic growth performance.

This study employed the Adjusted Mazziotta—Pareto Index (AMPI) as its primary

analytical tool. AMPI is a non-compensatory composite index that penalizes imbalance
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among indicators, meaning that units with uneven indicator values cannot offset low
performance in one indicator with high performance in another (Mazziotta & Pareto,
2022). AMPI was used in this study to ensure alignment with the research objective, in
which local government spending on public services, education, and health functions,
together with poverty rates and GRDP growth rates, were treated as complementary and
non-substitutable indicators. In this regard, a non-compensatory approach is well-suited to
capturing situations in which high economic growth does not necessarily indicate strong
economic performance when imbalances in public spending allocation or a persistent

high poverty rate accompany it.

Compared with other composite methods, AMPI offered several advantages well
aligned with the characteristics of this study. First, AMPI is relatively robust to any
changes in indicator structure, thereby allowing consistent comparisons across regencies
and municipalities, and over time. Second, AMPI supported both spatial and temporal
analyses, which were essential for mapping the dynamics of regional economic growth
performance during the periods before, during, and after the COVID-19 pandemic.
Third, the stability of index values, even when one or two indicators are excluded,
makes AMPI remarkably suitable for analyzing regional performance amid economic
fluctuations caused by external shocks (Lazar & Litan, 2022; Scaccabarozzi et al., 2022).

In this study, regional economic growth performance was conceptualized as a
multidimensional construct that reflects the interaction between regional fiscal capacity
and the socioeconomic conditions of the population. The indicators were grouped into
two main dimensions: regional fiscal and socioeconomic. The regional fiscal dimension
was represented by local government spending on public services, education, and health.
These three indicators reflected the structural priorities of local government spending,
which were directly related to government administration, human capital development,
and the provision of basic public services. All indicators in the regional fiscal dimension
showed a positive polarity, indicating that higher values were interpreted as better
conditions for regional economic growth performance. The socioeconomic dimension
is represented by the poverty rate and the growth rate of Gross Regional Domestic
Product (GRDP). The percentage of the population living in poverty was used as an
indicator of the quality of economic growth and was assigned a negative polarity, since
an increase in poverty reflects a deterioration in development performance, even when
economic growth may still occur. In contrast, the GRDP growth rate showed a positive

polarity, reflecting an expansion of economic activity and regional productive capacity.

All indicators in this study were measured in percentage units, as uniform
measurement units were intended to facilitate normalization and ensure comparability
among indicators in constructing the composite index. Determining polarity direction and
measurement units was a critical foundation for the normalization and aggregation stages
of the AMPI method, as errors in polarity assignment can lead to biased interpretations
of performance. Table 1 presents detailed information on the indicators and polarity of

the economic growth performance index.
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Table 1. Indicators and Polarity for the Economic Growth Performance Index

Dimension Indicator Polarity Unit
Regional Fiscal Government Spending by General Public Services Function Positive %
Regional Fiscal Government Spending by Education Function Positive %
Regional Fiscal Government Spending by Health Function Positive %
Socioeconomic Percentage of Population Living in Poverty Negative %
Socioeconomic GRDP Growth Rate Positive %

The AMPI method began with data or indicator normalization using the following
formula.

(JCU‘—Ml'nJCj)

j~ (Maxxj—Minxj) x60 +70 (1)

T

Normalization aimed to transform the original indicator values into standardized
scores that reflect the relative position of each regency and municipality compared to others
with the same indicator. This process enabled a fair and proportional assessment of regional
performance across the development dimensions under analysis. Individual indicators were
normalized by rescaling to “goalposts,” namely, the minimum and maximum values that
define the feasible range for each variable across all time periods and analytical units.
In this formulation, X denotes a matrix with n rows representing the units of analysis
and m columns represent the indicators, while Max . and Min denote the targets for
the indicator j. These targets corresponded to the minimum and maximum values of
the indicator j across all regencies and municipalities in Bali Province, over all periods

considered.

Let Inij and Supxj denoted, respectively, were the overall minimum and maximum
values of the indicator jacross all units and time periods included in the analysis. By
defining Reij ) as the reference value for the indicator j, the target bounds can be

determined as follows:
Min xj = Refxj - A
Max xj = Refxj + A (2)

(Supxj—lnij)
2

where A =

Through this procedure, the normalized values were broadly constrained within
a range of 70 to 130, with a value of 100 representing the reference level (Ariyani &
Fauzi, 2024). After all indicator values have been normalized and adjusted, the aggregation
process was conducted to obtain the AMPI score for each unit of analysis. Let M and
S . denote, respectively, the mean and standard deviation of normalized indicator values

for the unit i. The general form of AMPI is expressed by the following equation.
AMPI +/-=M_+ S _cv, (3)
where CV.= S /M _ represents the coefficient of variation for unit i. The + sign indicated

whether the phenomenon being measured was to be maximized or minimized.
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The AMPI values obtained through this computation process were used as the basis
for assessing the relative economic growth performance of regencies and municipalities
in Bali Province, both across regions and across analytical periods. AMPI values were
interpreted relative to a benchmark of 100, representing the average economic growth
performance across all units of analysis in a given year. Respectively, the interpretation
of these results is not absolute, but was based on the relative position of each unit with

respect to the reference value.

RESULT AND DISCUSSION

In this study, the economic growth performance of regencies and municipalities
in Bali Province was assessed using the Adjusted Mazziotta—Pareto Index (AMPI) across
three analytical periods: the pre-COVID-19, pandemic, and post-pandemic periods.
Overall, the results revealed clear disparities in economic growth performance across
regions and notable shifts in performance patterns over time. During the pre-pandemic
period, several regencies exhibited higher economic growth than other areas. During
the pandemic, however, performance rankings shifted, with urban areas demonstrating
greater economic resilience. During the post-pandemic period, regions that experienced
the deepest economic contractions during the crisis tend to display stronger recovery
performance. This pattern indicated that economic growth performance across regencies
and municipalities in Bali Province was dynamic and could not solely be explained by
GRDP growth rates. It is, instead, also shaped by regional economic resilience and the

quality of growth.

Table 2. AMPI Values of Economic Growth Performance of Regencies/Municipality
in Bali Province from 2016-2024

GovI;?'rc';:ent 2016 2017 2018 2019 2020 2021 2022 2023 2024
Badung 102.01 102.70 102.69 10574 9277 100.68 104.06 102.37 98.24
Bangli 96.52 9835 98.86 100.16 99.69 9753 99.46 98.09 101.20
Buleleng 98.33 98.82 100.19 100.98 9558 9545 9732 9955 101.61
Gianyar 99.55 100.53 101.54 102.52 9496 9158 9837 99.74 99.68
Jembrana 88.16 9479 9841 100.86 97.66 99.06 9855 100.16 101.16
Karangasem 9272  93.60 9532 9619 9648 9386 9541 9731 96.66
Klungkung 9474 9511 9789 9858 9658 9630 9727 9780 101.73
Tabanan 9573 100.21 101.73 103.01 9945 9459 100.27 9892 100.80
Denpasar 102.43 102.00 101.34 10140 9581 99.61 10247 101.54 100.66

Based on the AMPI values shown in Table 2, Bangli Regency exhibits distinctive
characteristics compared to other regencies and municipalities in Bali Province. Bangli
Regency consistently falls within the middle-performance group throughout the entire
observation period. The AMPI values for Bangli Regency do not display extreme
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fluctuations, either in the form of sharp declines or substantial increases; thereby
indicating a relatively stable pattern of economic growth performance over time. The
economic growth performance of regencies and municipalities in Bali Province was
analyzed dynamically by examining year-to-year changes in index values. These annual
changes reflected shifts in relative regional economic growth performance, with periods of
improvement, contraction, or stability. This dynamic approach enabled the identification
not only of performance levels but also of the intensity of change and regional responses

to evolving economic conditions over time.

Annual changes in regional economic growth performance are measured using
differences in AMPI values (AAMPI). A positive AAMPI indicated an improvement in
relative performance compared to the previous year, whereas a negative value signified
a deterioration in performance. The magnitude of AAMPI reflected the intensity of
performance change: relatively small values indicated performance stability, while larger
values suggested significant shocks or substantial performance shifts. Table 3 showed

annual dynamics of economic growth performance across regencies and the municipality
in Bali Province over the 2016-2024 period.

Table 3. Annual Dynamics of Economic Growth Performance of Regencies/Municipality
in Bali Province from 2016-2024

2017- 2018- 2019- 2020- 2021- 2022-  2023- 2024-
Local 2016 2017 2018 2019 2020 2021 2022 2023
Government
Al A2 A3 A4 A5 A6 A7 A8

Badung 0.69 -0.01 3.05 -12.96 791 3.38 -1.68 -4.13
Bangli 1.84 0.51 1.30 -0.47 -2.16 1.93 -1.37 3.11
Buleleng 0.49 1.36 0.79 -5.40 -0.13 1.87 2.23 2.07
Gianyar 0.98 1.01 0.98 -7.56 -3.39 6.80 1.36 -0.06
Jembrana 6.63 3.62 245 -3.19 1.40 -0.51 1.61 0.99
Karangasem 0.88 1.72 0.87 0.29 -2.62 1.55 1.90 -0.65
Klungkung 0.37 2.78 0.68 -1.99 -0.28 0.97 0.53 3.93
Tabanan 4.48 1.52 1.28 -3.56 -4.86 5.68 -1.35 1.88
Denpasar -0.43 -0.66 0.06 -5.60 3.80 2.86 -0.94 -0.87

To obtain a better-structured overview of economic growth performance across
different phases of the COVID-19 pandemic, the annual performance changes were
subsequently aggregated into average performance changes by analytical period: pre-
pandemic, pandemic, and post-pandemic. This averaging procedure aimed to filter out
short-term fluctuations and to highlight dominant performance patterns characterizing
each phase, thereby enabling systematic comparisons of performance across regions and
periods. The summary of average changes in economic growth performance for regencies

and municipalities in Bali Province by phase is shown in Table 4 below.
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Table 4. Average Changes in Economic Growth Performance of Regencies/Municipalities
in Bali Province

Local Government Pre-Covid-19 Period During Covid-19 Period Post-Covid-19 Period

Badung 1.243 -2.528 -0.812
Bangli 1.215 -1.315 1.224
Buleleng 0,882 -2.765 2.053
Gianyar 0,991 -5.473 2.702
Jembrana 4,233 -0,897 0.698
Karangasem 1.157 -1.164 0.933
Klungkung 1.279 -1.138 1.808
Tabanan 2.428 -4.209 2.070
Denpasar -0.342 -0.895 0.350

The results indicated that, prior to the COVID-19 pandemic, Jembrana Regency
recorded the highest average economic growth among regencies and municipalities in
Bali Province, as reflected in its relatively higher AMPI scores. This finding suggested
that the interaction between local government spending on general public services,
education, and health functions, poverty dynamics, and GRDP growth in Jembrana
Regency was more effective and coordinated than in other regions. Before the pandemic,
Jembrana’s economic growth performance was driven not merely by the magnitude of
government spending, but more importantly, by the quality of fiscal management and
the consistency of expenditure orientation toward basic public service functions. Jembrana
Regency was one of the regions that implemented bureaucratic reform and local public
financial governance reforms relatively early and consistently. These reforms encompassed
organizational streamlining, improvements in spending efficiency, enhancement of civil
servant capacity, and a strong emphasis on the provision of basic public services (Ikhwan,
2019). Consistent with this finding, previous studies indicated that public social spending,
particularly in education, health, and social protection, positively influences economic
growth, especially when supported by a high level of government effectiveness. Within this
framework, government effectiveness serves not only a direct role in fostering economic
growth, but also as a mediating factor that amplifies the impact of social government

spending on economic performance (Cooray & Nam, 2025).

In contrast, during the pre—Covid-19 period, Denpasar Municipality recorded the
lowest average economic growth among Bali Province's regencies. This outcome reflected
the characteristics of an urban economic structure that has reached maturity. As the
provincial center of government, trade, and services, the structure of local government
spending in Denpasar Municipality was dominated by operational and maintenance
expenditures, which serve to maintain the stability of public services and the urban
economy. However, such spending showed lower growth leverage than development-

oriented government spending in regions still in an expansionary phase. The impact of
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urban agglomeration on economic performance is inherently contextual. In regions with
high levels of agglomeration and relatively established economic structures, additional
government spending and increased economic activity do not necessarily generate strong
short-term growth acceleration (Maket et al., 2024). Similarly, the effects of development
institutions on economic growth are context-dependent and strongly influenced by regional
structural characteristics. The evidence from a study of 239 cities in China indicated
how the contribution of universities to innovation and economic growth was region-
specific and more pronounced in areas with particular structural attributes, implying that
additional development inputs do not automatically translate into high growth acceleration
in economically mature cities (Peng & Xu, 2024).

Therefore, the differences in economic growth performance between Jembrana
Regency and Denpasar Municipality during the pre-pandemic period reflected variations
in development stages and regional structural characteristics. Jembrana Regency, as a region
still undergoing consolidation and expansion, has proven able to utilize public spending
more effectively as an effective growth-enhancing instrument. In contrast, Denpasar
Municipality, which exhibits a more stable performance pattern but with a relatively
lower growth rate, has reflected the characteristics of a mature urban economy. These
findings imply that interpreting regional economic growth performance must account for
structural context and development stages, and therefore cannot be uniformly applied

across regions.

During the COVID-19 pandemic, the economic growth performance of regencies
and municipalities in Bali Province generally contracted substantially. AMPI values
across all regions recorded negative changes, reflecting a deterioration in economic
growth performance driven by a sharp decline in GRDP growth rates and heightened
socioeconomic pressures. ‘This finding confirmed that the COVID-19 pandemic
constituted a systemic external shock capable of fundamentally altering both the pattern
and relative ranking of regional economic growth performance. Although all regions
were adversely affected, the magnitude of contraction in economic growth performance
varied considerably across regencies and municipalities. Jembrana Regency continued to
record a relatively better average economic growth performance than most other regions.
The most striking finding during this pandemic period is the shift observed in Denpasar
Municipality, which recorded the highest average economic growth performance compared
to all regions, in contrast to its position in the pre-pandemic period. This shift indicated
that the pandemic has not only suppressed overall economic performance but also reshaped

the structure of relative regional advantages.

Denpasar Municipality’s economic growth performance during the pandemic was
supported by its capacity to maintain relatively higher per capita income levels than other
regencies in Bali Province. Based on changes in income per capita over the 2019-2021
period, Denpasar exhibited the most distinct trajectory among the regions. Even though
contraction was experienced during the initial phase of the pandemic, Denpasar was
still among the fastest ones to register a positive turnaround in income per capita. This

evidence was aligned with international regional studies stating that economic crises do not
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merely reduce growth rates, but also reconfigure relative regional positions through shifts
in income dynamics per capita (Mendoza-Gonzilez et al., 2024). Denpasar Municipality
possesses a more diversified and adaptive economic base structure, which enabled it to
sustain economic performance even under severe pressures imposed by the COVID-19
pandemic (Shara, 2021). The Denpasar Municipal Government introduced the Pandemic
Incubation Program (PIP) as a business-based fiscal stimulus initiative aimed at supporting
local economic actors (Arsa et al., 2021). Rapid and well-targeted fiscal policy responses
were a critical determinant of both the depth of economic contraction and the speed
of recovery during pandemic-induced crises. The sudden and asymmetric nature of the
COVID-19 recession required responsive fiscal interventions to stabilize economic activity

and accelerate the rebound process (Auerbach et al., 2022).

Gianyar Regency was recorded as the region with the lowest average economic
growth during the COVID-19 pandemic. This region has experienced a significant
economic contraction due to its high dependence on the tourism sector. With tourism
contributing nearly 90 percent of local own-source revenue, any disruptions to tourist
mobility have directly translated into a sharp deterioration in regional economic
performance (Yasintha et al., 2022). Tourism is widely recognized as one of the economic
sectors that is most vulnerable to external disruptions, especially by global health crises and
mobility restrictions (Aldao et al., 2025). High dependence on tourism renders tourism-
based regions extremely susceptible to external shocks (Wickramasinghe & Naranpanawa,
2023)This is clearly reflected in the severe economic contraction experienced by Gianyar

Regency during the COVID-19 pandemic.

The AMPI results show that Gianyar Regency had the strongest economic growth
during the recovery phase, reflecting a successful rebound after a severe COVID-19
contraction. This suggests that heavily affected regions can recover well if supported
by targeted fiscal policies and productive public investment. Gianyar used government
spending effectively, especially in public services and health, and benefited from the
National Economic Recovery (PEN) program to build hospitals, markets, and public
spaces. These investments improved services and boosted local economic activity. Thus,
fiscal success depends not only on the size of spending but also on its quality, long-term
benefits, and social impact (Langston & Crowley, 2022).

In contrast, Badung Regency recorded the weakest post-pandemic growth, despite
having the highest local revenue and serving as a tourism hub. This indicates that
strong fiscal capacity does not guarantee better growth. A slowdown in transportation
and warehousing—an important non-tourism sector—contributed to this outcome (BPS,
2025; Puspitasari & Sudharma, 2025). Post-pandemic recovery often includes initial
growth followed by slowing due to economic adjustments (Efthimiou, 2025), with longer-
term impacts emerging over time (Wang et al., 2023). Overall, recovery quality depends
not only on fiscal strength or sectoral advantages but also on how well governments shift
from stimulus to sustainable growth. This study highlights that AMPI better captures
recovery dynamics and sustainability than GRDP alone.
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CONCLUSION

This study finds that economic growth across regencies and municipalities in Bali
Province is dynamic and varies by region and time. Before the pandemic, regions with
better-managed government spending showed stronger growth. During the COVID-19
pandemic, all regions experienced economic contraction, with shifts in performance
rankings reflecting differences in local economic resilience. After the pandemic, areas
that suffered the most severe declines tended to recover the fastest. Interestingly, regions
with greater fiscal capacity did not always achieve the best recovery outcomes. Overall,
the results suggest that regional economic performance cannot be measured solely by
GRDP growth. Instead, it should be viewed as a multidimensional concept that balances

economic growth, the quality of public spending, and broader socio-economic conditions.

Local governments need to strategically direct public spending toward basic
service functions that have improved regional economic resilience and can maintain
stable economic growth performance. This objective can also be achieved by promoting
diversification of regional economic structures as a primary policy strategy to reduce
dependence on sectors highly vulnerable to external shocks, particularly in tourism-based
regions. In addition, strengthening coordination between the central and local governments
is essential to prevent policy overlap, enhance the synergy of development programs, and
maximize the impact of public spending on economic recovery and the sustainability of

regional economic growth.
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ABSTRACT
Research Originality. This study advances the finance—growth

nexus literature by providing subnational time-series evidence
on credit composition rather than aggregate credit, focusing
on a structurally developing province in Eastern Indonesia.

Research Objectives. This study examines whether different
types of bank credit contribute differently to regional economic
growth in East Nusa Tenggara.

Research Methods. This study applies the Autoregressive
Distributed Lag (ARDL) approach. The ARDL Bounds Test is
employed to verify cointegration, followed by Error Correction
Model (ECM) estimation and diagnostic stability tests.

Empirical Results. The findings confirm a significant long-run
relationship between credit composition and regional economic
growth. Consumer credit exhibits a positive long-run effect on
real GRDP, while investment credit shows a moderate impact.
Working capital credit does not demonstrate a significant long-
run contribution.

Implications. The results suggest that not only the volume
but also the credit allocation structure plays a crucial role in
shaping regional economic performance. Policy strategies in
developing regions should therefore emphasize productive and
demand-supporting credit allocation to promote sustainable
growth.
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INTRODUCTION

Economic growth is widely recognized as a multidimensional process shaped by
the interaction of human capital accumulation, infrastructure development, institutional
quality, fiscal policy, technological progress, and financial sector development. Within
this broader framework, financial intermediation—particularly the allocation of bank
credit—plays a pivotal role in mobilizing savings and channeling them toward productive
investment activities (Azolibe, 2020). However, credit constitutes only one dimension of
regional growth dynamics, and its effectiveness largely depends on how financial resources
are distributed across economic sectors. The finance—growth nexus has been extensively
investigated at both cross-country and national levels. Recent studies indicate that financial
deepening promotes economic growth by enhancing access to finance and stimulating
investment expansion (Lotto, 2023; Mamun & Arifin, 2018). Nonetheless, emerging
evidence suggests that this relationship is neither linear nor uniform. Its impact varies
according to institutional quality, economic structure, and crucially the composition of

credit (Uddin et al., 2023).

Most empirical studies rely on aggregate credit indicators, implicitly assuming
homogeneous effects on economic growth. Such an approach may oversimplify transmission
mechanisms by neglecting the heterogeneity among consumer credit, working capital
credit, and investment credit. Theoretically, consumer credit primarily stimulates short-
term aggregate demand, whereas working capital and investment credit enhance productive
capacity and long-run capital accumulation (Sipahutar, 2024). Empirical findings, however,
remain mixed. Several studies emphasize the dominant role of productive and investment
credit in promoting regional and national growth (Firmansyah, 2024; Lestari et al., 2021)
while others indicate that household and consumer credit expansion can also contribute
significantly to economic performance in developing economies (Asllani et al., 2020).
These inconsistencies highlight the importance of further investigation, particularly at
the subnational level, where variations in credit structure and sectoral composition may
yield different growth dynamics.

Most Indonesian studies on credit and growth rely on national or provincial panel
data with aggregate credit indicators, providing broad insights but overlooking regional
heterogeneity and credit-type effects. Evidence from less developed provinces such as
East Nusa Tenggara (NTT) remains limited, even though financial access and banking
penetration are known to influence regional growth strongly. This gap underscores the
need for province-specific analyses of credit composition (Amaluddin et al., 2024; Anton
et al., 2023).

East Nusa Tenggara (NTT) presents a relevant case. Between 2000 and 2024, real
GRDP (at constant 2010 prices) rose from approximately IDR 27.5 trillion to IDR
78.0 trillion, indicating sustained long-term growth despite periodic volatility, including a
contraction during the COVID-19 pandemic in 2020. Over the same period, bank lending
expanded more rapidly than output, with consumer credit emerging as the dominant

component, while investment credit remained comparatively limited.
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East Nusa Tenggara (NTT) presents a relevant case for examining the relationship
between credit composition and regional growth. Between 2000 and 2024, real GRDP
at constant 2010 prices increased from approximately IDR 27.5 trillion to IDR 78.0
trillion, reflecting steady long-term expansion despite temporary contraction during the
COVID-19 pandemic in 2020. During the same period, total bank lending grew more
rapidly than output, led by a substantial rise in consumer credit, which expanded from
IDR 223 billion in 2000 to IDR 28.3 trillion in 2024. Working capital credit also
increased sharply from IDR 207 billion to IDR 17.8 trillion, while investment credit
remained comparatively modest, rising from IDR 218 billion to IDR 5.9 trillion. These
trends highlight the dominance of consumption-based financing in NTT’s credit structure

and suggest potential constraints on long-term productive investment.

Figure 1. Bank Credit Composition in East Nusa Tenggara, 2000-2024
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Source: Statistics Indonesia (BPS) and Financial Services Authority (OJK)

This study does not posit credit as the sole determinant of economic growth,
recognizing that multiple structural and institutional factors shape regional performance.
Nonetheless, it focuses specifically on the financial intermediation channel to assess
whether different types of credit contribute differently to regional growth dynamics.
The research gap lies in the limited time-series evidence at the provincial level on the
differentiated effects of consumer credit, working capital, and investment credit on regional
economic growth in Indonesia. Previous studies primarily employed national aggregates
or panel regressions using total credit indicators, which may obscure heterogeneity across
regions (Suhendra & Ronaldo, 2017).

To address this gap, the present study utilizes annual data for 2004-2024. It
applies the Autoregressive Distributed Lag (ARDL) framework to capture both short-run
dynamics and long-run equilibrium relationships within a single regional economy. This
approach follows recent applications in Indonesia that demonstrated the ARDL model’s
robustness in exploring cointegration between financial intermediation and economic

growth (Sumarni, 2019), as well as its effectiveness in analyzing the role of credit and

http:/journal.uinjkt.ac.id/index.php/signifikan 51
https:/doi.org/10.15408/sjie.v15i1.50180


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.50180

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 49 - 66

financial stability during structural shocks such as the COVID-19 pandemic (Sinay &
Kembauw, 2023).

Accordingly, this study analyzes the impact of bank credit composition on regional
economic growth in East Nusa Tenggara using a time-series approach. Its primary
contribution lies in providing subnational empirical evidence that the structure of credit
allocation, rather than credit volume alone, plays a crucial role in regional economic

development.

METHODS

This study employs annual secondary time-series data covering the period 2004—
2024, yielding 21 observations. The selected period reflects the availability and consistency
of provincial-level data on bank credit by use type, ensuring comparability across years. The
data are obtained from the official publications of the Central Bureau of Statistics (BPS)
of East Nusa Tenggara, the Indonesian Banking Statistics issued by Bank Indonesia, and
the Financial Services Authority (OJK). Quarterly provincial data on credit composition
are not consistently available for the entire period; therefore, annual data are used to
ensure reliability and consistency in the estimation. All variables are transformed into
natural logarithms to minimize scale differences, reduce potential heteroskedasticity, and
facilitate elasticity-based interpretation.

This study uses Gross Regional Domestic Product (GRDP) data for East Nusa
Tenggara (NTT) at constant 2010 prices for the period 2000-2024. However, due to
periodic base-year revisions (rebasing) conducted by Statistics Indonesia (BPS), the earlier
series is not directly comparable with the 2010-base series, despite both being expressed
in constant prices. This inconsistency results from changes in relative price structures and
sectoral weights applied in the compilation process. To ensure time-series consistency for
econometric analysis, a splicing (linking) method is applied using 2010 as the anchor
year, as it is common to both datasets: (i) the pre-2010 constant-price GRDP series
(2000-2013) and (ii) the 2010-base GRDP series published by BPS from 2010 onward.
All observations prior to 2010 are adjusted to the 2010 base scale, producing a single,
homogeneous real GRDP series covering the entire study period.

The splicing procedure serves as a scale adjustment that aligns the level of the
carlier series with the 2010-base series without altering the underlying growth trajectory.
Consequently, base-year revisions do not introduce artificial level shifts or distort long-term
trend interpretation. This technique is widely recognized in macroeconomic time-series
research as a standard approach for reconciling base-year or methodological revisions
(Mustofa & Faizin, 2025).

This study employs the Autoregressive Distributed Lag (ARDL) approach developed
by Nkoro & Uko (2016) and Pesaran et al. (2001). The ARDL model is selected based
on several methodological advantages. First, it accommodates regressors with mixed
integration orders, 1(0) and I(1), without requiring uniform stationarity. Second, it

performs reliably in small-sample settings. Third, it enables the simultaneous estimation
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of both short-run adjustments and long-run equilibrium within a single reduced-form
specification. Finally, compared to Johansens Vector Error Correction Model (VECM),
the ARDL framework minimizes the risk of over-parameterization in limited samples.

Given the relatively small sample size (21 annual observations) and the mixed
integration orders identified through unit root testing, the ARDL approach is considered
more appropriate than VECM for this study. Its suitability for small-sample, mixed-
order cointegration analysis has been demonstrated in recent applications in Indonesia
(Sudrajad et al., 2023), as well as in broader econometric modeling literature (Kripfganz
& Schneider, 2023). The general error-correction representation of the ARDL model can

be expressed as:

AInPDRB'= B, + Y.BAX, . + AECT_, + ¢,

0

Where ECT denotes the error correction term, which captures the speed of adjustment

toward the long-run equilibrium, and A represents the adjustment coefficient.

The estimation procedure follows several sequential steps. First, unit root tests are
conducted to assess the stationarity properties of the variables. The Augmented Dickey—
Fuller (ADF) and Phillips—Perron (PP) tests are employed to ensure that none of the
variables is integrated of order two, I(2), as the ARDL framework becomes invalid in
the presence of 1(2) variables.

Second, the optimal lag length is determined using the Akaike Information Criterion
(AIC) to balance model parsimony with the ability to capture underlying dynamic
adjustments. Based on this criterion, the selected specification is ARDL(4,4,4,3). Third,
the ARDL model is estimated in levels to incorporate both the autoregressive structure
of the dependent variable and the distributed lag effects of the regressors. Fourth, the
ARDL Bounds Test for cointegration is applied. A long-run relationship is confirmed

when the calculated F-statistic exceeds the upper critical bound value.

Fifth, once cointegration is established, both the long-run coeflicients and the short-
run dynamics are estimated by reparameterizing the model as an Error Correction Model
(ECM), in which the coefficient on the lagged error-correction term (ECT,_,) represents
the speed of adjustment toward long-run equilibrium. Finally, diagnostic and stability tests
are conducted to evaluate model robustness. These include the Breusch-Godfrey LM test
for serial correlation, the IM-test decomposition for heteroskedasticity, the Jarque—Bera
test for normality, and the CUSUM and CUSUMSQ tests for structural stability.

All estimations are performed using Stata, following the ARDL implementation
procedures developed by (Kripfganz & Schneider, 2023), which provides integrated
bounds testing and ECM estimation within a unified framework.

RESULTS AND DISCUSSION

This study investigates the impact of bank credit composition on regional economic
growth in East Nusa Tenggara (NTT) using an ARDL(4,4,4,3) model selected by the
Akaike Information Criterion (AIC) with annual data for 2004-2024. The ARDL Bounds
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Test confirms a long-run relationship between real GRDP and credit composition: the
computed F-statistic (49.056) exceeds the 1% upper critical bound. At the same time, the

t-statistic also lies beyond the lower bound, indicating strong evidence of cointegration.

In the long run, consumer credit (InCC) has a positive effect on regional output.
Conversely, working capital credit (InWCC) shows no significant long-run effect, suggesting
that its expansion does not consistently translate into sustained output growth. Investment
credit (InIC) exhibits a positive but weaker long-run influence, implying that its growth
impact depends on project efficiency, sectoral allocation, and structural capacity. These
findings align with prior studies showing that different types of bank credit affect growth
through distinct transmission channels (Anama & Lubis, 2025; Razak et al., 2020)

The Error Correction Term (ECT) is negative, confirming a rapid adjustment toward
the long-run equilibrium. Short-run dynamics differ across credit types: lagged changes
in consumer and working capital credit significantly influence output, while investment
credit shows more volatile short-term responses. Diagnostic and stability tests detect
no serial correlation, heteroskedasticity, or non-normal residuals, and both CUSUM
and CUSUMSQ tests confirm parameter stability. Overall, these results reinforce the
notion that credit composition, not merely credit volume, matters for regional growth,
consistent with empirical evidence emphasizing the heterogeneous growth effects of

banking intermediation (Naula et al., 2025).

Table 1. Results of Unit Root Tests (ADF and Phillips-Perron)

Variable ADF PPerron

statistic z(t) p-value statistic z(t) p-value
GRDP -2.156 0.2226 -2.156 0.2226
AGRDP -2.973 0.0374 -2.973 0.0374
InCC -7.225 0.0000 -7.225 0.0000
AInCC -2.979 0.0369 -2.979 0.0369
InWCC -2.342 0.1586 -2.342 0.1586
AInWCC -4.495 0.0002 -4.495 0.0002
InIC -0.134 0.9460 -0.134 0.9460
AlInIC -3.48 0.0085 -3.48 0.0085

Source: Author’s calculations using Stata.

Stationarity testing was conducted using the Augmented Dickey—Fuller (ADF) and
Phillips—Perron (PP) tests to ensure that none of the variables were integrated of order
two (I(2)), as required under the ARDL framework. The results are presented in Table
1. The findings reveal a mixed order of integration among the variables. Real GRDP
(InGRDP) is non-stationary at levels but becomes stationary after first differencing,
indicating integration of order one, I(1). Similarly, working capital credit (InWCC)
and investment credit (InIC) are non-stationary in level form but stationary after first

differencing, and are therefore classified as I(1). In contrast, consumer credit (InCC) is
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stationary at levels, suggesting integration of order zero, 1(0). The consistency between

ADF and PP test results reinforces the robustness of these classifications.

Importantly, none of the variables are integrated of order two. The coexistence
of both I(0) and I(1) variables satisfies the preconditions for applying the ARDL
methodology and confirms that alternative techniques requiring uniform integration
order, such as Johansen’s Vector Error Correction Model (VECM), would be less
appropriate in this context. Optimally selecting the lag length is a critical step in
ARDL estimation, ensuring the model adequately captures temporal dynamics while
avoiding over-parameterization. Several information criteria were employed, including
the Final Prediction Error (FPE), Akaike Information Criterion (AIC), Hannan—Quinn
Information Criterion (HQIC), and Schwarz Bayesian Information Criterion (SBIC).
The results are presented in Table 2.

All criteria consistently identify a lag order of four as optimal. In particular, the
AIC attains its minimum value at lag four, supported by the lowest FPE and a statistically
significant Likelihood Ratio (LR) test. The consistency across multiple criteria indicates
that this lag configuration provides the most appropriate balance between model fit
and parameter efliciency. Accordingly, the ARDL (4,4,4,3) specification is selected for
subsequent estimation. This specification captures both short-run adjustments and long-

run relationships while maintaining model parsimony and empirical robustness.

Table 2. Lag Length Selection Criteria

lag LL LR df p FPE AlC HQIC SBIC
0] 11.3998 5.80E-06 -0.70474 -0.66156 -0.50578
1 117.339  211.88 16 0.0000  1.10E-09 -9.2704 -9.05451 -8.27562
2 137.817  40.956 16 0.0010  9.20E-10 -9.69688 -9.30828 -7.90627
3 179.298  82.961 16 0.0000  1.50E-10 -12.1236 -11.5623 -9.53718

4 290.254  221.91* 16  0.0000 9.5e-14* -21.1671* -20.433* -17.7848*

Source: Author’s calculations using Stata.

The estimated ARDL (4,4,4,3) model is strongly statistically significant, as confirmed
by the joint F-test. The relatively high explanatory power and low Root Mean Square
Error (RMSE) indicate that the dynamic specification adequately captures variations in
regional output. However, given the time-series nature of the data and the limited sample
size, interpretation focuses on the signs, magnitudes, and temporal distribution of the
coefficients rather than relying solely on goodness-of-fit metrics. The lagged values of
real GRDP reveal pronounced intertemporal dynamics, particularly at intermediate lags,
suggesting persistence and gradual adjustment in regional economic growth. This finding
confirms that current output is significantly influenced by its past realizations, reflecting

structural inertia and path dependence in regional production patterns.

Consumer credit (InCC) exerts positive effects contemporaneously and at early

lags, indicating that houschold-oriented lending stimulates economic activity through
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short-term demand-side channels, such as consumption expansion. The negative
coefficient observed at longer lags suggests an adjustment mechanism, implying that
initial demand-driven gains may dissipate as temporary consumption effects fade. In
contrast, working capital credit (InWCC) displays a delayed transmission mechanism.
The contemporaneous and early lag coefficients tend to be negative, while later lags
become positive and statistically significant. This pattern suggests that business-related
financing requires time for operational adjustments such as inventory accumulation,
production planning, and cash flow stabilization before translating into measurable

output gains.

Table 3. ARDL(4,4,4,3) Estimation Results (Dependent Variable: InGRDP)

Sample: 2004 -2024 Number of obs 21
F(18, 2) 8345.45
Prob > F 0.0001
R-squared 1
Adj R-squared 0.9999
Log likelihood 115.4472 Root MSE 0.0032
Variable Coef. Std. Err. t P>t [95% Conf. Interval]
InGRDP
L1. -0.30838 0.137859 -2.24 0.155 -0.9015369 0.284785
L2. -0.80149 0.178632 -4.49 0.046 -1.570078 -0.03289
L3. -3.43314 0.382581 -8.97 0.012 -5.079248 -1.78703
L4. 4452554 0.442739 10.06 0.01 2.547602 6.357505
InCC
- 0.284772 0.039771 7.16 0.019 0.11365 0.455894
L1. 0.457816 0.049502 9.25 0.011 0.2448259 0.670806
L2. 0.275753 0.045798 6.02 0.026 0.0786988 0.472807
L3. -0.10971 0.037987 -2.89 0.102 -0.2731567 0.05373
L4. -0.48564 0.055892 -8.69 0.013 -0.7261241 -0.24516
InwCC
- -0.27105 0.043099 -6.29 0.024 -0.4564874 -0.0856
L1. -0.33102 0.058302 -5.68 0.03 -0.5818736 -0.08016
L2. 0.700601 0.094266 7.43 0.018 0.2950054 1.106196
L3. 0.153784 0.027254 5.64 0.03 0.0365211 0.271046
L4. -0.2642 0.043794 -6.03 0.026 -0.4526274 -0.07577
IniC
- 0.052387 0.013524 3.87 0.061 -0.005803 0.110577
L1. -0.07782 0.012747 -6.1 0.026 -0.1326616 -0.02297
L2. -0.01645 0.008354 -1.97 0.188 -0.052397 0.019489
L3. 0.085999 0.009512 9.04 0.012 0.0450747 0.126924
_cons 12.30093 2481031 4.96 0.038 1.625917 22.97595

Source: Author’s calculations using Stata.
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Investment credit (InIC) exhibits a predominantly lagged impact on regional output.
Although its contemporaneous effect is marginal, stronger and statistically significant
coefhicients emerge at longer lags. This pattern is consistent with the nature of capital
formation, where investment projects involve gestation periods before expanding productive
capacity and influencing output levels. Overall, the regression results demonstrate that credit
composition affects regional economic dynamics in a temporally differentiated manner. The
timing, magnitude, and transmission mechanisms vary across credit categories, underscoring
that regional growth depends not only on the volume of credit but also on its allocation
structure and intertemporal distribution. These findings provide empirical support for
the view that financial intermediation shapes subnational economic development through
heterogeneous and time-dependent channels (Amaluddin et al., 2024; Bellaa et al., 2022;
Razak et al., 2020).

The Error Correction Term (ECT) is negative, confirming convergence toward
the long-run equilibrium. Its magnitude indicates that deviations from the equilibrium
relationship are corrected rapidly in the subsequent period. An absolute coefhcient
greater than 1 suggests short-run overshooting before the system stabilizes, implying
a relatively strong, potentially volatile adjustment process. This result substantiates the
existence of a stable long-run cointegrating relationship between regional output and
credit composition. Moreover, it underscores the responsiveness of regional economic
growth to disequilibria in financial intermediation, indicating that shocks to credit
allocation are not persistent but are instead absorbed through dynamic correction

mechanisms.

The long-run estimates reveal heterogeneous effects across credit categories. Consumer
credit has a positive impact on regional output, indicating that household-oriented lending
contributes meaningfully to sustained economic performance. In regions with limited
industrial capacity, such as East Nusa Tenggara (NTT), demand-side channels play a
dominant role in supporting long-term growth. In contrast, working capital credit does
not exhibit a statistically significant long-run effect. Although theoretically linked to
productive activities, the expansion of business financing does not consistently translate
into sustained output gains over the study period. This outcome may reflect structural
rigidities, limited economies of scale, sectoral concentration, or inefficiencies in the

allocation of productive credit.

Investment credit shows a positive long-run coefficient, albeit with weaker statistical
significance than consumer credit. This finding suggests that capital formation contributes
to economic growth, but its effectiveness depends critically on project implementation,
sectoral distribution, institutional quality, and the regional economy’s absorptive capacity.
Taken together, the long-run results emphasize that the structure of credit allocation
plays a decisive role in shaping regional economic performance, yet its effectiveness varies
substantially across credit types and depends on the broader structural and institutional

context.
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Table 4. Empirical Result of ARDL-ECM (2004-2024)

Sample: 2004 -2024 Number of obs 21
R-squared 0.9949
Adj R-squared 0.9487
Log likelihood 115.4472 Root MSE 0.0032
D.InGRDP Coef. Std. Err. t P>t [95% Conf. Interval]
ADJ
InGRDP
L1. -1.09044  0.185339 -5.88 0.028  -1.88789 -0.293
LR
InCC 0.387902 0.081007 4.79 0.041  0.039357 0.736448
InwCC -0.01089  0.068672 -0.16 0.889  -0.30637 0.28458
InIC 0.040458 0.013024 3.11 0.09 -0.01558 0.096495
SR
InGRDP
LD. -0.21793  0.140921 -1.55 0.262  -0.82426 0.3884
L2D. -1.01942  0.207982 -4.9 0.039  -1.91429 -0.12454
L3D. -4.45255  0.442739 -10.06 0.01 -6.35751 -2.5476
InCC
D1. -0.13821  0.044508 -3.11 0.09 -0.32971 0.053287
LD. 0.319602 0.05646 5.66 0.03 0.076674 0.56253
L2D. 0.595355 0.065853 9.04 0.012  0.31201 0.878699
L3D. 0.485641 0.055892 8.69 0.013  0.245159 0.726124
InWCC
D1. -0.25917  0.048036 -5.4 0.033  -0.46585 -0.05248
LD. -0.59019 0.079314 -7.44 0.018  -0.93145 -0.24893
L2D. 0.110414 0.051002 2.16 0.163  -0.10903 0.329858
L3D. 0.264198 0.043794 6.03 0.026  0.075768 0.452627
IniC
D1. 0.00827 0.007858 1.05 0.403  -0.02554 0.042081
LD. -0.06955  0.00825 -8.43 0.014  -0.10504 -0.03405
L2D. -0.086 0.009512 -9.04 0.012  -0.12692 -0.04507
_cons 12.30093 2.481031 4.96 0.038  1.625917 22.97595

Source: Author’s calculations using Stata.

The short-run dynamics reveal heterogeneous adjustment patterns and distinct
transmission mechanisms across credit categories. Lagged changes in regional output
are statistically significant, confirming intertemporal persistence and inertia in economic
growth. Consumer credit produces significant positive effects at several lagged differences,
suggesting that its influence unfolds gradually rather than instantaneously. This pattern
aligns with cumulative demand effects, in which increases in household borrowing

stimulate consumption and, in turn, reinforce output expansion over successive periods.
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Working capital credit exhibits a mixed short-run pattern, characterized by negative
coeflicients at initial lags followed by positive and significant effects at later stages. These
dynamics indicate a delay in transmission from business financing to realized production,
reflecting operational adjustments, production cycles, and inventory accumulation before
the effects are fully reflected in output growth. Investment credit predominantly displays
lagged effects, consistent with the gestation periods inherent in capital formation. Its
short-run impact is limited, reinforcing the conceptual distinction between demand-
driven credit channels and capacity-expanding investment mechanisms. Overall, the
empirical results indicate that credit's growth effects are both category-specific and time-
dependent. The intertemporal configuration of credit allocation thus emerges as a key
determinant of regional growth dynamics, underscoring that not only the quantity but

also the composition and timing of credit expansion are critical for sustainable economic

development.
Table 5. ARDL Bounds Test Results
HO: no level relationship F = 49.056
t = -5.884
Critical Values (0.1-0.01), F-statistic, Case 3
[1_0] [1_1] [1_0] [1_1] [1_0] [1_1] [1_0] [1_1]
L1 L1 L 05 L_05 L_025 L_025 L. 01 L 01
k_3 2.72 3.77 3.23 4.35 3.69 4.89 4.29 5.61
accept if F < critical value for I(0) regressors
reject if F > critical value for I(1) regressors
Critical Values (0.1-0.01), F-statistic, Case 3
[1_0] [1_1] [1_0] [1_1] [1_0] [1_1] [1_0] [1_1]
L1 L1 L_05 L_05 L_025 L_025 L. 01 L 01
k_3 -2.57 -3.46 -2.86 -3.78 -3.13 -4.05 -3.43 -4.37

accept if t > critical value for I(0) regressors

reject if t < critical value for I(1) regressors

Source: Author’s calculations using Stata

The existence of a long-run relationship among the variables is examined using
the ARDL bounds testing approach developed by Nkoro and Uko, (2016). The results,
summarized in Table 5, indicate that the computed F-statistic exceeds the upper bound
critical value at the 1% significance level. Additionally, the corresponding t-statistic falls
below the lower bound critical value. The results confirm the presence of a long-run
cointegrating relationship between real GRDP and the composition of bank credit in
East Nusa Tenggara (NTT). Despite the mixed order of integration among the variables,
the evidence indicates the existence of a stable long-run equilibrium relationship. The
confirmation of cointegration justifies the estimation of long-run coefficients and the
corresponding Error Correction Model (ECM). It also implies that short-run fluctuations

in credit allocation and regional output converge toward a common equilibrium path
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rather than diverging over time, reinforcing the stability of the financial-growth linkage
in the regional economy. To ensure the robustness of the estimated ARDL model, a
series of diagnostic and stability tests was performed. The results indicate that the model
satisfies all key classical assumptions necessary for valid statistical inference, confirming

the reliability and stability of the estimated relationships.

Table 6. Autocorrelation Diagnostic Test Results

Metode 1 Durbin-Watson d-statistic( 6, 23) = 2.18633

Metode 2 Breusch-Godfrey LM test for autocorrelation
lags(p) chi2 df Prob > chi2
4 3.318 4 0.5062

Source: Author’s calculations using Stata.

Serial correlation was assessed using both the Durbin—Watson statistic and the
Breusch-Godfrey LM test. The Durbin—Watson value is close to two, indicating no
evidence of first-order serial correlation. This result is corroborated by the Breusch—
Godfrey LM test, which fails to reject the null of no autocorrelation. These findings
suggest that the residuals are free of serial correlation, confirming that the estimated
coefficients are unbiased and that the model’s dynamic specification adequately captures

temporal dependence.

Table 7. Cameron & Trivedi's IM-Test for Heteroskedasticity

chi2(20) = 21

Prob > chi2 = 0.3971

Cameron & Trivedi's decomposition of IM-test

Source chi2 df p
Heteroskedasticity 21 20 0.3971
Skewness 18.23 18 0.4407
Kurtosis 1.15 1 0.2832
Total 40.38 39 0.4091

Source: Author’s calculations using Stata

The heteroskedasticity test indicates that the null hypothesis of homoskedastic
residuals cannot be rejected. The reported p-value exceeds the conventional 5% significance
level, suggesting that the residuals’ variance remains constant across observations. This
conclusion is further supported by the Cameron and Trivedi IM-test decomposition, which
indicates that the heteroskedasticity component is statistically insignificant. Moreover, the
skewness and kurtosis components do not reveal any specification issues. Overall, these
findings confirm that the model does not suffer from heteroskedasticity. Consequently, the
estimated standard errors are reliable, and statistical inference based on t- and F-statistics

remains valid.
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The normality assumption was evaluated using the Skewness/Kurtosis test. The joint
test yields a probability value of 0.2942, which exceeds the conventional 5% significance
level. The individual p-values for skewness and kurtosis are also statistically insignificant,
indicating that the residuals do not exhibit systematic asymmetry or excess kurtosis. These
findings suggest that the residuals are approximately normally distributed, supporting the
validity of the t- and F-statistics used in the model. Consequently, statistical inference
derived from the ARDL estimation can be considered robust and reliable.

Table 8. Skewness/Kurtosis Test for Normality

Variable Obs Pr(Skewness) Pr(Kurtosis) adj chi2(2) Prob>chi2
ehat 21 0.6482 0.1601 245 0.2942

Source: Author’s calculations using Stata

The results of the stability test based on the CUSUM procedure indicate that the
cumulative sum of recursive residuals remains within the critical bounds throughout the
observation period (2004-2024). At no point does the CUSUM line cross either the
upper or lower 5% significance limits. Methodologically, this finding suggests that there
are no significant structural breaks in the estimated parameters over the sample period. In
other words, the relationship between credit composition and regional economic growth in
East Nusa Tenggara (NTT) remains dynamically stable despite external shocks, including
the economic contraction during the pandemic. The stability of the estimated parameters
reinforces the reliability of the ARDL and ECM estimation results presented earlier.
Therefore, the inferences regarding the long-run relationship, adjustment mechanism, and

short-run dynamics are robust and not influenced by structural instability in the model.

The findings of this study indicate that credit composition has structural implications
for regional economic growth, extending beyond its role as an aggregate liquidity factor.
The confirmation of a long-run cointegrating relationship reinforces the finance—growth
nexus literature, which posits that the financial and real sectors are intertemporally linked
through equilibrium mechanisms (Fukuda, 2025). The principal contribution of this study
is to show that the type of credit fundamentally determines the effectiveness of growth

transmission—a dimension still underexplored in subnational studies of Indonesia.

The finding that consumer credit serves as a significant long-run determinant of
real GRDP aligns with evidence from developing economies, where household credit
expansion drives output through the consumption-multiplier mechanism (Cayir, 2021),
further demonstrating that household lending exerts stronger effects than productive credit
in economies that have not yet achieved industrial deepening. Within East Nusa Tenggara
(NTT), whose economy is dominated by trade, services, and domestic consumption, this
pattern suggests that growth transmission primarily occurs through demand-side channels

rather than long-term capital accumulation.

Consistent with this structural perspective, the insignificant long-run effect of
working capital credit indicates that operational financing alone has not generated
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measurable productivity gains at the regional level. In structurally less diversified economies
such as NTT, where firm size remains small and informal activities dominate, short-
term operational credit may support liquidity without necessarily enhancing technological
upgrading or production efficiency. This finding aligns with recent literature that emphasizes
that the effectiveness of productive credit is conditional on institutional quality, absorptive
capacity, and real-sector efficiency (Amaluddin et al., 2024).

Recent empirical studies suggest that the growth impact of bank credit is highly
contingent upon structural and institutional conditions. Evidence from dynamic panel
analyses indicates that productive lending contributes to sustained output expansion
primarily in economies characterized by higher institutional quality, deeper financial
markets, and stronger industrial capacity (Uddin et al., 2023). In structurally less diversified
regions, where economic activities are dominated by small-scale and informal enterprises,
the transmission of productive credit to long-run output tends to be weaker and often
delayed (Anama & Lubis, 2025; Idroes et al., 2024). In East Nusa Tenggara (NTT),
where structural transformation remains limited and the production base is relatively

narrow, credit expansion may not automatically translate into sustained output growth.

Investment credit exhibits a positive yet moderate effect on regional output. This
pattern likely reflects implementation lags in project realization as well as the relatively
limited scale of capital formation at the regional level. Consistent with the macro-finance
literature, investment-related credit often requires adjustment periods before translating
into statistically significant output gains, particularly in developing and structurally
constrained economies (Uddin et al., 2023). In subnational settings with limited industrial
depth, delayed effects are frequently associated with infrastructure bottlenecks, weak
project selection mechanisms, and heterogeneous investment quality (Anama & Lubis,
2025; Idroes et al., 2024; Tampubolon et al., 2021)

Interestingly, the rapid error-correction mechanism identified in this study indicates
that East Nusa Tenggara’s economy is highly responsive to shifts in credit composition. The
statistically significant, strongly negative error-correction term suggests that deviations from
the long-run equilibrium are swiftly corrected. This finding implies that, although short-
run transmission differs across credit categories, a structural integration exists between
the financial system and real-sector activities, enabling intertemporal rebalancing and

preventing persistent destabilization of regional output.

From a scientific standpoint, this study makes three principal contributions. First,
it extends the finance—growth nexus literature to the subnational level by employing a
time-series framework in Eastern Indonesia. While much of the existing literature relies on
cross-country or interprovincial panel estimations to examine the conditional relationship
between bank credit and economic growth (Ho & Saadaoui, 2022), subnational dynamic
adjustments are often obscured within aggregated panel structures. In contrast, by
focusing on a single province, this study captures within-region intertemporal dynamics
and structural responsiveness, complementing recent evidence on heterogeneous regional
financial transmission in Indonesia (Aginta & Someya, 2022; Budiman et al., 2024).
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Second, this study demonstrates that analyzing credit composition provides more
nuanced insights than aggregate credit indicators. Recent empirical work emphasizes that
different categories of lending exhibit heterogeneous transmission channels and asymmetric
growth effects (Huda et al., 2025; Rahman et al., 2022). By disaggregating consumer,
working capital, and investment credit, this study identifies distinct short- and long-run
dynamics that would remain concealed under aggregate credit measures, thereby aligning
with emerging evidence that financial structure—not merely financial depth—shapes
growth outcomes (Idroes et al., 2024; Uddin et al., 2023).

Third, the findings suggest that in consumption-driven regional economies, consumer
credit may function as a long-run growth driver. While conventional development theory
prioritizes productive credit as the principal engine of sustainable growth, recent studies
indicate that household and consumption-based lending can stimulate output through
aggregate demand multipliers, particularly in structurally constrained developing economies
(Xiao & Tao, 2020). Consistent with this perspective, evidence from Indonesia also shows
that credit allocation patterns influence the pace and nature of economic transformation
at the regional level (Anama & Lubis, 2025). Accordingly, this study not only reaffirms
the existence of a finance—growth relationship but also elucidates how the composition
and structural allocation of bank credit shape regional growth dynamics within subnational

developing contexts.

CONCLUSIONS

This study examines whether the composition of bank credit influences regional
economic growth in East Nusa Tenggara (NTT) and how its effects differ in the short and
long run. Using an ARDL approach with annual data from 20042024, the results confirm
a statistically significant long-run relationship between real GRDP and credit structure.
Consumer credit emerges as the strongest long-run growth determinant, investment credit
shows a positive but moderate effect, and working capital credit is not significant in the
long run. These findings indicate that regional growth depends not merely on the volume
of credit expansion but on its composition and alignment with local economic conditions.
Policy strategies in structurally constrained regions should therefore emphasize targeted
credit allocation, institutional strengthening, and real-sector development to ensure that

financial intermediation supports sustainable regional growth.
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ABSTRACT

Research Originality: This study contributes to the literature
by providing a comparative analysis of the dynamic relationship
between agricultural trade liberalisation and total factor
productivity (TFP) growth across income groups. It highlights
how differences in structural capacity and innovation systems
shape heterogeneous productivity outcomes across countries.

Research Objectives: This study re-examines the dynamic
impact of agricultural trade liberalisation on TFP growth
across income groups and identifies the mechanisms underlying
divergent productivity outcomes.

Research Methods: A panel Autoregressive Distributed Lag
(ARDL) model is applied to panel data from 35 major
agricultural-producing countries over the period 2007-2024
to capture heterogeneous short-run dynamics and common
long-run relationships.

Empirical Results: The results reveal heterogeneous effects.
Trade liberalisation significantly increases TFP growth in high-
income countries through stronger technology diffusion and
absorptive capacity. However, it generates weak or negative
effects in middle-income countries due to structural constraints
and limited innovation capacity.

Implications: Agricultural trade liberalisation does not
automatically enhance productivity; its benefits depend on
domestic structural readiness and innovation capacity.
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INTRODUCTION

Agricultural trade liberalization has long been promoted as a key strategy to
improve efficiency, facilitate technological diffusion, and enhance productivity in
global agriculture (Barros & Martinez-Zarzoso, 2022; Bilgin, 2019; Ma et al., 2025;
Sukoco et al., 2020). Reducing trade barriers through liberalization is expected to
intensify competition, expand access to modern inputs, and support reallocation
of resources toward sectors with comparative advantage (Dinh et al., 2020; Zhou
& Ji, 2022). Within this framework, total factor productivity (TFP) represents the
primary mechanism through which trade openness translates into sustained agricultural

performance (Solow, 1957).

Nevertheless, the empirical relationship between agricultural trade liberalisation and
productivity remains highly contested. A substantial body of research has documented
the positive impact of trade openness on productivity, particularly in developed countries
(Farrokhi & Pellegrina, 2023; Xu et al., 2023). While some countries have experienced
sustained TFP growth following trade openness, others have faced stagnant or declining
productivity despite deeper integration into global market structures (Sunge & Ngepah,
2022).. These outcomes, which are divergent from the conventional assumption that trade
liberalisation is inherently productivity-enhancing, point to a trade liberalisation paradox
in global agriculture. As demonstrated by Bai et al. (2024), there is clear evidence that
comparable liberalisation policies result in significantly divergent productivity levels across

countries.

Theoretically, trade liberalization influences agricultural productivity through
several interconnected transmission channels rather than through a direct and automatic
mechanism (Dinh et al., 2020; Zhou & Ji, 2022). These channels include technology
diffusion through imported machinery and intermediate inputs (Wang et al., 2021).
Incentives for domestic research and development (R&D) arising from competitive
pressure (Barros & Martinez-Zarzoso, 2022). The real exchange rate that shapes the
price competitiveness of agricultural production (Hung, 2021). When these mechanisms
function effectively, liberalization can support long-run productivity growth. When
domestic innovation capacity is weak or macroeconomic conditions are unstable,
however, exposure to global competition may undermine agricultural productivity
(Fiankor et al., 2021; FAO, 2022).

The observed heterogeneity in productivity responses highlights the importance
of country-specific absorptive capacity. Developed countries typically possess stronger
innovation systems, more developed financial markets, and better infrastructure
(Yunita et al., 2022). This condition enables them to internalize foreign technologies
and convert trade openness into productivity gains (Xu et al., 2023). In contrast,
many developing countries face structural constraints, including limited human capital
and weak innovation institutions (Feriansyah, 2020). Under such conditions, trade
liberalization may intensify import competition without generating compensating
productivity improvements, leading to weak or negative long-run effects on agricultural

TFP (Sunge & Ngepah, 2022).

68 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.49654


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49654

Mela Yunita
Revisiting Trade Liberalization for Agricultural Productivity

Despite the substantial research conducted on trade liberalisation and productivity,
several significant gaps remain. A substantial proportion of the extant literature relies
on static or semi-dynamic panel approaches to estimate average effects, including
fixed effects, GMM, and DEA (Dai et al., 2023; Liu et al.,, 2020; Xu et al,
2023). This tendency to prioritise average effects can lead to misinterpretations of
short-run adjustment dynamics and long-run productivity divergence across countries.
Furthermore, trade liberalisation is frequently regarded as a homogeneous catalyst for
productivity enhancement. However, limited attention has been paid to the transmission
mechanisms and structural conditions that generate asymmetric outcomes across
countries. Consequently, extant studies furnish a paucity of responses to the question
of why analogous liberalisation policies engender advantageous outcomes for certain
nations while concomitantly engendering disadvantageous outcomes for others (Hung,
2021; Wang et al., 2021)

The present study aims to address the aforementioned gaps by conducting a
thorough examination of the dynamic effects of agricultural trade liberalisation on
TFP growth. The study also explicitly identifies the key factor that drives asymmetric
productivity outcomes across different country contexts. The analysis uses panel
data from 35 major agricultural producing countries over the period 2007-2024.
Employing a panel autoregressive distributed lag (ARDL) framework, the study captures
heterogeneous short-run dynamics alongside common long-run relationships (Jabuya et
al., 2023; Pesaran et al., 1999). It also implicitly incorporates transmission channels,
such as technology diffusion, R&D investment, and real exchange rate (Wang et al.,
2021; Yunita et al., 2017).

The novelty of this study lies in its methodological innovation and in its integrated
explanation of why trade liberalisation generates asymmetric productivity outcomes
across countries. The present study has sought to demonstrate that trade liberalisation
is not, in itself, a productive force. To achieve this objective, the study has documented
and explained the paradox of trade liberalisation. The findings further emphasise the
importance of aligning liberalisation strategies with domestic absorptive capacity and

structural readiness.

METHODS

The present study employs balanced panel data covering 35 countries over the
period 2007-2024. The selection of these countries is based on two main considerations.
Firstly, the sample includes countries that make significant contributions to global
agricultural production. The analysis is thus guaranteed to reflect economies that are
highly relevant to global agricultural productivity and trade. Secondly, the selected
countries represent a range of income levels, thus enabling the study to examine how the
effects of agricultural trade liberalisation vary across stages of economic development. In
accordance with the World Bank's income classification system, countries are categorised

into three distinct income groups: high income, upper-middle income, and lower-middle
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income. The following countries have been designated as high-income countries: the
United States, France, Australia, Japan, Italy, Spain, South Korea, Canada, Germany, the
United Kingdom, the Netherlands, Poland, and Chile. The following countries have been
designated as upper-middle-income countries: China, Brazil, Russia, Argentina, Turkey,
Mexico, Iran, Thailand, Malaysia, Colombia, and Peru. The following countries have
been designated as lower-middle-income countries: India, Indonesia, Nigeria, Pakistan,
Bangladesh, Vietnam, the Philippines, Kenya, Egypt, Morocco, and Ukraine. This
classification facilitates a comparative analysis of structural differences in productivity,
trade openness, and technological capacity across income groups (Martinez-Zarzoso &
Chelala, 2021).

Table 1 summarizes the variables used in this study along with their definitions,
measurements, and data sources. Agricultural productivity is measured as the percentage
growth in TFP relative to 2005, in accordance with the methodology developed by
Fuglie (2019). The term 'Agricultural TFP' denotes the efficiency with which the
agricultural sector converts all inputs (land, labour, capital, and intermediate inputs)
into agricultural output. It has been demonstrated that such gains are not driven by
increased input use, but rather by improvements in technology, efficiency, management
practices, institutional quality, and resource allocation. The concept of agricultural trade
liberalization is measured by an agricultural trade openness index, calculated as the

ratio of total agricultural exports and imports to GDP. The data for this variable is
obtained from FAOSTAT.

Table 1. Description of Variables

Data Definition Unit of Measurement Literature Source
Agricultural Represents the percentage Percentage Fuglie (2019)
Productivity growth of Total Factor

Productivity (TFP) in the
agriculture and livestock
sectors, calculated relative to

the base year 2005.
Agricultural Trade % GDP FAOSTAT Sunge & Ngepah (2022)
Liberalization
Technology Transfer  Index Unesco institute for Sunge & Ngepah (2022)
statistic
Research and % GDP Govdata world bank Sunge & Ngepah (2022)
development
Real effective Percentage Brugel Dataset Sunge & Ngepah (2022)

exchange rate

Source: Author Calculation

Research and development (R&D) is measured as total R&D expenditure as a
percentage of GDD, reflecting national investment in innovation capacity. The data have
been sourced from UNESCO, in accordance with the approach of Sunge and Ngepah
(2022). The transfer of technology is measured using an index ranging from 1 to 7.
Higher values indicate greater technology transfer through international trade. This
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index is derived from the Global Competitiveness Index, which is published by the
World Economic Forum, and reflects firms' access to foreign technologies embedded
in imports. The real effective exchange rate (REER) is constructed from the Consumer
Price Index (CPI) and incorporates trade with 172 partner countries. The REER data
are obtained from Bruegel and capture international price competitiveness effects relevant

for agricultural exports and imports.

To analyze both short-run and long-run relationships between agricultural trade
liberalization and productivity growth, this study employs the panel Autoregressive
Distributed Lag (ARDL) model developed by Pesaran et al. (1999). The panel ARDL
is particularly appropriate for this study for three main reasons. First, it accommodates
variables with mixed orders of integration, I1(0) and I(1), without requiring all variables
to be stationary at the same level. Second, it allows for the estimation of long-run
equilibrium relationships alongside short-run dynamic adjustments. Third, it permits
heterogeneity across countries, enabling country-specific short-run coefficients while

maintaining common long-run relationships within income groups.

In the model, agricultural TFP growth is the dependent variable. The explanatory
variables include agricultural trade openness, technology transfer, R&D expenditure, and
the real effective exchange rate. The panel ARDL framework is specified as ARDL (p, q,
@ Q> @)- The lag structure captures dynamic adjustments over time. The error correction
term reflects the speed at which short-run deviations converge toward the long-run
equilibrium. These variables can be expressed in the form of a panel ARDL (p,q,q,...q)

equation as follows:
p-1 q-1
9tfpie = 0,(Agtfpie—y — A Xit) + Z $ijAgtf pie—; + Z ﬁL:jAXit—j + ¢ +ey (1)

j=1 Jj=0
Where X is the vector of explanatory variables, X (agrTO, tech_trf, R&D, REER),
0. =~ (1 -6) as the coefficient of the group specific of adjustment (which is expected

to (6, < 0). ', is the vector of long-run relationships. ECT = (gtfp, , - A’X,) is the error

correction term, and finally &, ' is the dynamic short-run coefficient.

Prior to estimation, a series of diagnostic tests is conducted to ensure the validity
of the panel ARDL framework. The results of the stationarity test presented in Table 2,
using the Im, Pesaran, and Shin (IPS) approach variables across all income groups have a
mixed order of integration (I(0) and I(1)). These findings confirm that the Panel ARDL

model is suitable for capturing both short and long-run relationships.

The results of the Pedroni cointegration test in Table 3 indicate a long-run
relationship between agricultural trade liberalization and agricultural productivity growth
across all income groups, though with varying degrees of strength.These results justify
the use of the panel ARDL methodology. Furthermore, the Pedroni panel cointegration
test provides strong evidence of a long-run cointegrating relationship between agricultural
productivity growth and its determinants across all income groups. Although the strength
of cointegration varies, the overall results confirm the presence of long-term equilibrium

relationships and validate the empirical model.
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Table 2. Unit Root Test

Country Group Variable Im, Pesaran and Shin (IPS) Level
High income Gtfp -8.887*** 1(0)
(0.000)
agrtoO -1.395* 1(0)
(0.081)
Tech_trf -3.397** I(1)
(0.003)
RnD -4.026*** 1(1)
(0.000)
REER -3.162** 1(0)
(0.008)
Middle upper Gtfp -5.834*** 1(0)
(0.000)
agrtoO -2.129** 1(0)
(0.000)
Tech_trf -4.704*** 1(1)
(0.000)
RnD -2.934** 1(1)
(0.002)
REER -5.166*** 1(0)
(0.000)
Middle lower Gtfp -5.774*** 1(0)
(0.000)
agrmo -8.439*** 1(1)
(0.000)
Tech_trf -6.292*** 1(1)
(0.000)
RnD -3.815*** 1(1)
(0.000)
REER -3.806*** 1(1)
(0.0000)

Source: Author Calculation

Table 3. Results of the Panel Cointegration Test

Country Pedroni residual cointegration test common AR Common AR coefficients (between
Group coefficients (within dimension) dimensions)
Panel Panel rho- Panel PP- Panel Group Group PP- Group
v-statistic  statistic statistic ADF- rho- statistic ADF-
statistic statistic statistic
High income -0.967 -1.398 -17.24** -4.075** -0.074 -21.65** -4.695**
Middle upper -0.146 -2.044** -15.29** -4.382** -0.934 -18.76** -1.235
Middle lower -0.223 -3.259** -14.59** -1.01 -2.207** -18.76** -0.225
Note: The t table value is 2.07387, and alpha 5%
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RESULTS AND DISCUSSION

The subsequent section provides a synopsis of the principal empirical findings,
followed by an exhaustive discussion of the long-run and short-run mechanisms. The
primary conclusions from this analysis are as follows. Firstly, the process of agricultural
trade liberalisation has been shown to exert a positive and statistically significant long-run
effect on TFP growth in high-income countries. Whilst the impact is deemed negative or
insignificant in upper- and lower-middle-income countries. Secondly, technology transfer
and R&D investment emerge as transmission channels. Thirdly, the short-run effects
of trade liberalisation are highly heterogeneous across countries. The findings of this
study provide robust empirical evidence supporting the existence of a trade liberalization
paradox in global agriculture. The conclusion drawn is that analogous liberalisation policies

engender disparate productivity outcomes across nations.

Over the past decade, agricultural trade liberalization has slowed, particularly
in upper- and lower-middle-income countries. This trend does not indicate a simple
reversal toward protectionism. It reflects a strategic recalibration of trade openness amid
heightened global uncertainty. As countries become more exposed to external shocks,
policymakers increasingly reassess the balance between efficiency gains from liberalization
and the risks associated with excessive dependence on international markets, especially

in food systems.

As shown in Figure 1, lower-middle-income countries experienced an initial
expansion of agricultural trade openness. This expansion was followed by a sharp decline
after the 2008 global financial crisis. This pattern indicates that trade liberalization in
these economies is highly sensitive to global disruptions. Such disruptions include food
price volatility, climate-related shocks, and geopolitical tensions (Anderson, 2022). Similar
post-crisis retrenchment patterns are documented by Sunge & Ngepah (2022) and Fiankor
et al. (2021). These studies find that trade openness in developing economies often
amplifies vulnerability to external shocks when domestic productivity and innovation

capacity are weak.

Figure 1. Trade Liberalization by Country Income Group
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Source: FAOSTAT (2024)
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In this context, selective adjustment of liberalization policies reflects an adaptive
response aimed at safeguarding domestic agricultural production. It does not represent a
rejection of openness. This finding is consistent with recent empirical evidence indicating
that the stagnation of global trade since the 2010s has been driven more by structural
adjustment and domestic capacity-building strategies. This phenomenon has been less
driven by rising tariff protection (FAO, 2023). The present study draws upon the findings
of Almeida et al. (2024) and Chiarella et al. (2024), which underscore the necessity
for complementary domestic policies. Conversely, high-income countries have tended to
maintain relatively stable levels of agricultural trade openness (Xu et al., 2023; Farrokhi &
Pellegrina, 2023). Farrokhi & Pellegrina (2023) posit that diversified production structures,
strong institutional frameworks, and specialisation in high-value-added commodities
support system stability. The studies' findings indicate that advanced economies are better
equipped to convert trade openness into sustained productivity growth through effective

technology diffusion and innovation.

The Panel ARDL in this study was estimated using three approaches: Pooled Mean
Group (PMG), Mean Group (MG), and Difference Fixed Effect (DFE). The selection
of the appropriate estimator was based on the Hausman test to ensure consistency and
efficiency in the long-run parameters. The results indicate that the PMG estimator is
preferred for all country groups except the lower-middle-income, for which the MG
estimator was applied. Table 4 reports the summary of the long-run Panel ARDL
estimation results. The long-run results reveal a pronounced asymmetry in the productivity
effects of agricultural trade liberalization across income groups. This asymmetry provides
strong evidence of a trade liberalization paradox. In high-income countries, agricultural
trade openness has a positive and statistically significant impact on TFP growth, with a
relatively large coefficient (0.229). The magnitude of this coeflicient suggests not only
statistical relevance but also substantive economic importance. This result indicates that
trade liberalization functions as a productivity-enhancing mechanism in structurally

advanced agricultural systems.

Table 4. Long Run ARDL Estimation Results

Variabel High Middle upper Middle lower
Agr_TO 0.229*** -0.004*** -0.021
(0.000) (0.002) ().533)
Tech_trf 0.005*** 0.003*** 0.0449
(0.000) (0.002) (0.800)
RnD 0.002 * 0.003*** -1.164
(0.048) (0.003) (0.415)
Reer 0.0006*** 0.009*** 0.013
(0.000) (0.000) (0.307)

Note: *, **, and ** indicate estimated coefficients significant at the alpha 1%, 5% and 10%

This finding suggests that openness facilitates the reallocation of resources

towards more productive farms and agribusinesses. Concurrently, it expedites the
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implementation of frontier technologies embedded in imported capital goods and
intermediate inputs. This interpretation is consistent with recent empirical evidence
showing that trade openness strengthens technical progress and allocative efficiency.
(Farrokhi & Pellegrina, 2023). It is imperative to demonstrate that, within the G20
countries, technical change is the predominant source of agricultural productivity
growth. The amplifying effect of trade openness on these phenomena is attributable
to technology diffusion (Xu et al., 2023).

Conversely, the estimated coefficients for upper- and lower-middle-income countries
are either negative or statistically insignificant. This finding suggests that trade liberalisation
does not necessarily lead to long-term productivity gains. In such contexts, heightened
exposure to import competition may exceed domestic adjustment capacity. Consequently,
local producers may experience a decline in competitiveness before substantial technological
upgrades and institutional consolidations are implemented. Similar adverse or insignificant
productivity effects are reported by Sunge & Ngepah (2022). Their study finds that
trade openness in African agriculture often exacerbates vulnerability to external shocks
when innovation systems are underdeveloped. Recent studies further document that in
structurally constrained agricultural sectors, trade liberalization can generate adjustment
costs that dominate potential efficiency gains (Almeida et al., 2024; Chiarella et al.,
2023). These sectors are typically characterized by labor-intensive production and limited
R&D investment.

Almeida et al. (2024) demonstrate that, in the absence of concomitant investments
in institutions and technology, liberalisation can exacerbate disparities in productivity
between nations. Rather than promoting convergence, it could widen existing gaps. These
findings highlight a structural paradox at the core of agricultural trade liberalization. While
openness has been demonstrated to expand market access and learning opportunities, its

productivity benefits are conditional on domestic readiness.

This study also finds that in the long run, results further highlight the central role
of technology transfer and R&D investment as some transmission channels. These channels
explain how trade liberalization affects agricultural productivity. In high-income countries,
both variables exhibit positive and statistically significant effects. This result indicates that
openness enhances productivity primarily by facilitating access to advanced machinery,
high-quality inputs, and embodied technological knowledge. Trade liberalization reduces
the cost of importing capital goods.

Furthermore, this phenomenon has been shown to expand market incentives for
innovation, thereby reinforcing cumulative productivity gains. These findings are consistent
with recent literature emphasising the importance of absorptive capacity in determining
the productivity impact of trade-induced technology diffusion. Graf et al. (2023) and
Gollin (2023) demonstrated that economies with robust educational frameworks, advanced
research infrastructures, and effective extension services are better equipped to assimilate

foreign technologies. Furthermore, they are better able to adapt these technologies to
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local production conditions. In such contexts, trade openness serves as a complementary
mechanism to domestic R&D investment, rather than a substitute. This interaction has

been shown to result in sustained improvements in productivity.

In upper-middle-income countries, technology transfer and R&D exhibit weaker
yet positive long-run effects. This finding suggests that foreign technologies are only
partially absorbed. The fragmentation of innovation systems, limited coordination between
research institutions and producers, and inconsistent policy support all constrain the depth
and persistence of spillover effects. Consequently, productivity gains become increasingly
constrained over time. Luo & Qu (2023) state that without sustained investment in
domestic innovation ecosystems, trade-induced technology inflows remain shallow.
Consequently, they fail to generate long-term productivity growth, a pattern consistent

with the estimates reported in Table 4.

In lower-middle-income countries, insignificant coeflicients for technology transfer
and R&D may indicate persistently low investment levels. The importation of technologies
is often undertaken without sufficient local adaptation. This curtails the potential
for experiential learning and hinders the diffusion of innovations. These results align
with Fuglie (2018), who emphasizes that R&D and capital accumulation remain the
primary drivers of agricultural productivity growth. Trade liberalization, therefore, plays a
complementary rather than a leading role. More recent evidence by Sunge and Ngepah
(2022) demonstrates that, in contexts characterised by limited capacity, the influx of
technology alone is inadequate. It has been demonstrated that such measures do not

engender sustained productivity gains.

Overall, the empirical results are internally consistent and economically coherent
across income groups. The analysis demonstrates that the productivity effects of agricultural
trade liberalization are conditional rather than universal. Specifically, the direction and
magnitude of the impact depend on structural characteristics, institutional quality, and

domestic innovation capacity.

Trade openness enhances productivity in countries with strong absorptive
capacity and well-developed innovation systems, whereas its effects are limited in
economies with weak institutional and technological foundations. By explicitly linking
the empirical estimates to structural mechanisms and recent empirical literature, this
discussion provides a coherent explanation of the observed heterogeneity. The results,
therefore, contribute to the broader debate by demonstrating that agricultural trade
liberalization serves as a productivity multiplier only when complemented by domestic
capabilities.

The short-run panel ARDL estimates are presented in Table 5. In contrast to
the long-run coefhicients, which reflect structural relationships, the short-run estimates
represent adjustment processes characterised by learning costs, institutional frictions,
and temporary responses to intensified competitive pressure. The heterogeneous short-

run coefficients on agricultural trade liberalization are consistent with recent empirical
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evidence emphasising the presence of adjustment costs following trade liberalization. The
positive short-run effects observed in several countries suggest that increased openness
can generate immediate productivity gains through rapid factor reallocation and improved
market integration. This is particularly evident in contexts where market institutions and
production structures are highly flexible. Documented cases of short-run efficiency gains
are numerous. Farrokhi and Pellegrina (2023) and Trakem and Fan (2024) highlight the
importance of identifying which economic model exhibits stronger absorptive capacity,
as this determines how quickly an economy can internalize competitive pressures arising

from trade.

Conversely, the prevalence of adverse short-term effects across numerous countries
suggests that import competition frequently escalates more rapidly than producers
can adapt their production technologies and organizational structures. This finding
is consistent with the conclusions of recent studies indicating that the initial phase
of liberalization may result in a temporary decline in productivity due to transitional
challenges, despite the subsequent realization of long-term benefits (Chiarella et al.,
2023; Sunge & Ngepah, 2022). Consequently, these short-run productivity losses
reflect adjustment costs rather than a failure of trade openness to enhance productivity.
This finding reinforces the distinction between transitional dynamics and long-run

equilibrium effects.

The short-run responses to technology transfer further underscore the non-
linear nature of the adjustment process. In some countries, the presence of positive
coeflicients suggests that the diffusion of technology can lead to immediate productivity
gains, provided that the learning channels and the economy's absorptive capacity are
sufficiently developed. However, the negative short-run effects observed in other contexts
suggest that adopting foreign technologies initially increases production complexity and
coordination costs before efficiency improvements are realized. This pattern is consistent
with the recent body of evidence emphasizing delayed productivity effects of technology
diffusion in the presence of institutional and skill constraints (Sandstréom et al., 2024;

OECD, 2023).

In a similar vein, the volatility of short-run R&D coefficients mirrors the inherently
forward-looking nature of innovation activities. Although a few cases have demonstrated
positive short-term effects, indicating the potential of applied R&D to deliver immediate
productivity benefits, the preponderance of negative coefficients in many countries suggests
that R&D primarily functions as an investment cost in the short term. This interpretation
is corroborated by recent empirical studies, which demonstrate that the productivity
impact of R&D is predominantly realized over extended periods. The short-run effects
of R&D are often weak or negative, owing to implementation and learning delays (Xu
et al., 2023).

A comprehensive analysis of the short-run outcomes reveals that heterogeneous and

asymmetric adjustment dynamics influence the convergence toward a long-run equilibrium
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between trade openness and agricultural productivity. The short-term outcomes across
countries are characterized by a combination of factors, including variations in adjustment
speed, absorptive capacity, and institutional readiness. These elements contribute to the
generation of mixed short-term outcomes (Hartwell, 2022). In line with recent empirical
findings, these dynamics do not contradict the positive long-run relationship identified in
this study; rather, they elucidate the mechanisms through which structural productivity

gains from trade liberalization are gradually realized.

CONCLUSION

This study undertakes a re-examination of the dynamic relationship between
agricultural trade liberalization and agricultural TFP growth across. The findings of
this study demonstrate that agricultural trade liberalization exerts a positive, statistically
significant long-run effect on TFP growth. However, this effect is observed only in
high-income countries. In these economies, strong absorptive capacity, sustained R&D
investment, and effective technology diffusion enable trade liberalization to translate into
productivity gains. Conversely, upper- and lower-middle-income countries have been
observed to exhibit weak, insignificant, or negative long-term productivity outcomes.
The short-run impacts of these policies are also highly heterogeneous. These results
confirm the existence of a trade liberalization paradox in global agriculture. The extant
literature does not support the hypothesis that trade liberalization automatically enhances
productivity. The effectiveness of this approach depends on the nation's structural
readiness and domestic innovation capacity. Absent these conditions, heightened exposure
to international competition may amplify adjustment costs and impede productivity

growth.

These findings offer clear policy implications. The pursuit of agricultural trade
liberalization should be a deliberate and strategic endeavor, carefully aligned with the
domestic structural readiness of the respective nation. It is incumbent upon policymakers
in upper- and lower-middle-income countries to prioritize strengthening agricultural
research and development (R&D) systems, the effective transfer of technology, and the
extension of services to cultivate absorptive capacity prior to further trade liberalization.
A coordinated strategy that integrates gradual liberalization with investment in innovation
and macroeconomic stability is essential to ensure that trade liberalization translates into

sustained agricultural productivity growth.
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ABSTRACT

Research Originality: This study provides micro-level evidence
on the dual effects of fertilizer subsidies on rice farmers’
production and profitability, a dimension rarely examined
simultaneously at the household level in Indonesia. Using data
from two contrasting rice-producing regions, the study isolates
subsidy effects on both physical output and farm profit while
controlling for input costs and price conditions.

Research Objectives: To analyze the effects of fertilizer
subsidies on rice production and farm profit in Karawang
(West Java) and Lombok (West Nusa Tenggara).

Research Methods: OLS regression was applied to cross-
sectional data from 51 rice-farming households. Two models
were estimated: a production function and a profit function.

Empirical Results: Fertilizer quantity, land size, and labor
positively influence rice production. Farm profit is significantly
affected by production quantity, rice price, total cost, and
pesticide cost. Fertilizer cost is not a significant determinant

of profit.

Implications: Fertilizer quantity, not cost, drives production.
Subsidies should be maintained but reoriented toward targeted,
quantity-based schemes and improved distribution eficiency to
maximize welfare impact.
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INTRODUCTION

The agricultural sector remains a major absorber of labor and plays a critical role
in Indonesia's national food security. Accordingly, input subsidy policies, particularly
fertilizer subsidies, have been maintained in Indonesia for more than five decades
(Osorio, 2023). Fertilizer subsidies are intended to reduce fertilizer prices at the farm
level, encourage the use of inorganic fertilizer, increase land productivity, and ultimately
improve farmers' household income and welfare (Osorio, 2023). In various developing
countries, including Malawi, Zambia, Tanzania, Mozambique, Ethiopia, Nigeria, Ghana,
India, and Nepal, fertilizer and seed subsidy programs have been shown to increase
yields and farm income by approximately 10-20 percent on average (Hemming et al.,
2018; Nguyen, 2023).

Several studies in Indonesia indicate that the productivity or income gap between
subsidy recipients and non-recipients in several locations remains within the range of
only about 5-10 percent lower than the estimated 10-20 percent effects reported in
international meta-analyses of input subsidy programs in low- and lower-middle-income
countries (Hemming et al., 2018; Nguyen, 2023; Wildayana, 2017). The magnitude of
fertilizer subsidy impacts in Indonesia also varies substantially across regions, commodities,
and years of observation. It is strongly influenced by distributional issues such as delays,
quota limitations, and mistargeting, as identified in numerous studies on subsidized
fertilizer policies (PATTIRO, 2023). These challenges have the potential to weaken the
subsidy's effects on production and farmer welfare (PATTIRO, 2023; Arodha, 2024;
Goacademica, 2024).

A range of studies in Indonesia have examined the influence of fertilizer subsidies
on rice production and farmers' income at both provincial and national levels (Wildayana,
2017; Prasetyo, 2024; Zulfikar et al., 2024). Common findings suggest that fertilizer
subsidies can increase production or yield per hectare. However, the increase in farmers'
profits does not always correspond to the rise in production due to fluctuations in output
prices, the cost of other production factors, and varying levels of technical efficiency
(Wildayana, 2017). Several recent studies in Aceh and West Java also emphasize that
restrictions and reductions in subsidized fertilizer allocations may disrupt production and
undermine the role of subsidies as an income safety net for farmers, although the eventual

welfare impacts remain heterogeneous across locations and farmer types (Zulfikar et al.,

2024; Rahmawati & Nurhidayah, 2024).

Despite the growing body of literature on fertilizer subsidies, most existing studies
are conducted at the macro or regional level, focusing on aggregate production outcomes
or policy cost-efficiency rather than on individual farm-level performance. Evidence from
Bangladesh shows that fertilizer subsidies improved farm efhciency primarily for marginal
and small farms, whereas the effect was less pronounced for medium and large farms
(Nasrin et al., 2018). Similarly, in Pakistan, subsidized fertilizer enabled farmers to apply
recommended input doses, resulting in measurable yield gains for wheat and rice crops,
with broader implications for household welfare (Ali et al., 2019).
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In Indonesia, studies confirm that subsidized fertilizer use among recipient farmers
affects urea and NPK application rates, though the relationship between input use and
farm outcomes is not always linear (Januarisky et al., 2025). At the same time, evidence
from Mali suggests that poorly designed subsidy programs can produce unintended
consequences, including reduced crop species diversity as farmers concentrate land use
on subsidized target crops (Theriault & Smale, 2021). From a governance perspective,
Malaysia's experience highlights that achieving sustainable development goals through
fertilizer subsidy programs requires a robust regulatory framework, as weak governance

mechanisms undermine the effectiveness of subsidy distribution (Amin et al., 2022).

Beyond direct subsidy studies, research on nutrient management systems provides
complementary insights. In China, the Nutrient Expert advisory system demonstrated
that optimizing fertilizer recommendations can simultaneously improve productivity,
profitability, and sustainability, increasing net profits while reducing nitrogen application
(Xu et al, 2023). Likewise, long-term assessments of diverse nutrient management
strategies in rice-rice cropping systems in India over 16 years confirmed that integrated
nutrient management improves yield trends, resource-use efficiency, and economic viability
(Garnaik et al., 2024). In the Philippines, soil-test-based fertilizer application under
improved nutrient management practices increased rice productivity and profitability
compared to conventional farmer practices (Rollon et al., 2021). Precision nutrient
management approaches in Indonesia further demonstrated rice yield enhancements
alongside improvements in environmental sustainability (Jauhari et al., 2025), while site-
specific nutrient management in India has been shown to enhance yields and contribute
to greenhouse gas mitigation (Chaudhary et al., 2025). Notably, in China's rice sector,
subsidies have been found to affect allocative efficiency differently across farm sizes, with
large farms experiencing efficiency distortions that smaller farms do not (Cai et al., 2025).
Together, these studies offer partial but fragmented evidence that subsidies and improved
nutrient management affect production and profitability. Yet, they rarely examine both

outcomes simultaneously within the same household-level analytical framework.

Based on prior research, three specific gaps remain in the literature. First, empirical
studies that simultaneously assess the impact of fertilizer subsidies on both farm production
and farm profitability at the household level are scarce. Most studies treat these as separate
outcomes rather than as linked dimensions of farm performance (Nasrin et al., 2018;
Rollon et al., 2021; Xu et al., 2023). Second, the distinction between subsidies acting
primarily as instruments of production intensification or profit enhancement has not
been clearly established, particularly in smallholder rice-farming contexts (Ali et al.,
2019; Januarisky et al., 2025). Third, existing studies rarely apply a rigorous comparative
framework between subsidy recipients and non-recipients using micro-level data with
adequate controls for farm size, labor, and complementary input use, making causal
attribution of the subsidy's effects difficult (Cai et al., 2025; Theriault & Smale, 2021;
Amin et al., 2022).

Input subsidies generally increase yields and income, but their effectiveness depends

heavily on program design, targeting, and implementation (Hemming et al., 2018;
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Nguyen, 2023). The long-term impacts of fertilizer subsidies on input-use efficiency,
potential farmer dependency, and environmental sustainability further underscore the
need for more comprehensive research on farmers' welfare, rather than relying solely on
production indicators (Druilhe & Barreiro Hurlé, 2012; Ricome et al., 2024; Yovo &
Ganiyou, 2023). Amid these developments, there remains limited research that explicitly
separates and estimates the effects of fertilizer subsidies on two key dimensions of farmers'
welfare, namely physical production and farm profits at the household level, while

accounting for the cost structure and price conditions faced by farmers (Wildayana, 2017).

In addition, more detailed empirical evidence is required for specific commodities
and regions in Indonesia to determine whether fertilizer subsidies truly function as
instruments to improve farmer welfare or merely stimulate production without generating
commensurate gains in profits (Zulfikar et al., 2024; Rahmawati & Nurhidayah, 2024).
To date, studies specifically analyzing the effects of subsidized fertilizer use on farmers'
production and profits in key rice-producing areas such as Karawang (West Java) and
strategically important food-producing regions such as Lombok (West Nusa Tenggara)
remain highly limited, leaving a critical gap that this study seeks to address.

This study addresses these gaps by adopting an integrated household-level analytical
framework that simultaneously examines the effects of fertilizer subsidies on both rice
production levels and farm profits. By comparing subsidy recipients and non-recipients
using micro-level farm data and controlling for key confounding factors, including land
size, labor input, and the use of complementary inputs, the study provides more rigorous
causal evidence than prior aggregate-level analyses. Furthermore, this study explicitly tests
whether subsidies function as drivers of productivity or as welfare instruments through
profit enhancement. This distinction carries significant implications for subsidy policy
design and targeting.

This study examines the impact of fertilizer subsidies on agricultural sector
performance by focusing on two key indicators: farm production and farmer profits. The
analysis is conducted at the farmer/household level, enabling direct measurement of the
subsidy's influence on input costs, revenues, and profit margins. Empirically, the study
uses micro-level data on both subsidy recipients and non-recipients, allowing estimation
of differences in production and profits associated with access to subsidized fertilizer while
controlling for other factors such as land size, labor, and the use of complementary inputs.
This approach enables an assessment of whether fertilizer subsidies primarily function as
drivers of production intensification or as instruments for profit enhancement, as a proxy
for farmer welfare, and whether there are indications of inefficiency or dependency that

may weaken the policy's benefits.

Accordingly, the findings are expected to provide richer evidence on the effectiveness
of fertilizer subsidies as a policy instrument for protecting and empowering smallholder
farmers, while also informing the design and targeting of future subsidy programs. Based
on this rationale, the objective of this study is to analyze the effects of fertilizer subsidies
on farmers' production levels and farm profits in rice cultivation, and to formulate policy

implications for improving future subsidy interventions.
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METHODS

This study employs quantitative cross-sectional data obtained from a household-
level survey of rice farmers conducted in two study areas: Karawang Regency (West
Java Province) and Lombok Island (West Nusa Tenggara Province). The use of two
geographically distinct locations is intentional, as it allows for comparative analysis across
regions with differing agronomic conditions, subsidy implementation dynamics, and

farming system characteristics.

Primary data were collected directly from farmer respondents and constitute the main
analytical dataset. The primary data encompass: (1) household and farm characteristics,
including the respondent's age, level of formal education, years of farming experience, and
cultivated land size; (2) fertilizer use variables, specifically the quantity of subsidized urea
and NPK fertilizer received and applied, as well as the use of non-subsidized fertilizers;
(3) other production inputs, including seed quantity, labor hours (family and hired),
and pesticide use; (4) rice production output, measured in kilograms per planting season
per hectare; and (5) economic variables, including input purchase prices, output (paddy)
selling prices, total production costs, and gross farm revenues from which farm profit is

derived as the primary welfare proxy variable.

Secondary data were used as complementary sources to contextualize primary
findings and to validate farm-level information. These include data on subsidized fertilizer
allocation quotas per district, government-regulated Highest Retail Prices for subsidized
fertilizers, and regional agricultural profiles at the district level. Secondary data were
obtained from local agricultural offices at the district and provincial levels, as well as
from official government publications, including regional agricultural statistics and subsidy

implementation reports issued by the relevant authorities.

Karawang Regency and Lombok Island were selected purposively as study locations
based on two considerations: first, both represent major rice-producing regions Karawang
as one of the most productive wetland rice areas in Java, and Lombok as a strategically
important food-producing region outside Java; and second, both regions exhibit distinct
dynamics in the implementation of fertilizer subsidy programs, providing an opportunity to
capture variation in subsidy access and utilization across different policy and institutional

contexts.

Farmer samples were selected using a multistage sampling technique. In the first
stage, subdistricts and villages were purposively selected based on their designation as
rice production centers within each study area, in coordination with local agricultural
extension offices. In the second stage, individual farmer households were randomly selected
from the available sampling frames, namely, farmer group membership lists (RDKK or
village-level subsidized fertilizer recipient registries. This approach ensures that the sample
captures both subsidy recipients and, where applicable, non-recipients, enabling direct

comparison between the two groups in the analytical stage.

This study employs two complementary analytical approaches to estimate the effects

of fertilizer subsidies on rice farm production and profitability, respectively. First, to
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estimate the effects of farm inputs, including subsidized fertilizer, on rice production
output, the study uses a Cobb-Douglas production function estimated via Ordinary
Least Squares (OLS) regression on cross-sectional data. The Cobb-Douglas specification is
appropriate for agricultural production analysis because it captures diminishing marginal
returns to individual inputs and allows direct interpretation of the coeflicients as output

elasticities.

The study sample consists of 51 wetland rice farmers observed in two main locations,
namely Karawang Regency (West Java) and Lombok (West Nusa Tenggara The dependent
variable is rice production per planting season (Y), while the independent variables consist
of cultivated rice field area (X,), total amount of subsidized fertilizer used (urea+NPK,
X,), pesticide costs (X,), and the amount of labor used (X,).

Functionally, the estimated rice production model can be expressed as follows:
Yi= B+ ﬁ1X{1i} + :BZX{Zi} + ﬁsX{m‘} + 54X{4i} + & (1)

where Y, is the rice production of farmer i, B is the intercept, f,~ f, is the regression
coefhicient that measures the average change in production resulting from a one-unit
change in the corresponding input, and g is the error term that captures other factors
outside the model. The estimation was carried out using OLS in Stata software, such that

the parameters are obtained by minimizing the sum of squared residuals 2, & .

Second, to estimate the effect of fertilizer subsidies on farm profit, this study uses
an OLS regression on a profit function in which farm profit per hectare (calculated
as total revenue minus total production costs) serves as the dependent variable.
Farm profit is specified as a function of subsidized fertilizer receipt status, land size,
labor, farming experience, education, and other relevant control variables. This dual-
model approach, in which the production function and profit function are estimated
separately, allows the study to explicitly distinguish whether subsidies operate primarily
as instruments of production intensification (through input access) or as profit
enhancement instruments (through cost reduction and income improvement), directly
addressing the central research question. The rice farming profit function is modeled

as follows:

m; = ap+ flei + aZP{rice,i} + QSC{tot,i} + a4-C{fert,i} + aSC{pest,i} +

aéc{seed,i} + U (2)
where 7 = is the rice farming profit of farmer i (profit), Q, = rice production, P .=
the farm-gate paddy price, C,,; = total farming costs, C,, , = total subsidized fertilizer
costs, Cpesm = pesticide costs, C, o = seed costs, and @, = intercept, ,, .., @, = regression

coefficient, dan u = error term.

Fertilizer subsidies reduce the input prices faced by farmers, which theoretically shift
the cost function downward, encourage an increase in the quantity of inputs used, and, in
turn, raise production and potential profits. From the perspective of profit-maximization
theory, producers choose the combination of inputs that maximizes the difference between

revenue and cost; when fertilizer prices are lowered through subsidies, the optimal input
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combination shifts toward higher fertilizer use, thereby potentially increasing profits as

long as the additional revenue exceeds the additional costs of other inputs.

RESULTS AND DISCUSSION

The characteristics of rice farmers in this study indicate that respondents are, on
average, middle-aged, with a wide age distribution that includes young and elderly farmers,
each with different physical capacities and levels of experience. The average age of farmers
is 51, with the oldest being 75. This finding aligns with BPS data. According to the
2023 Agricultural Census, the majority of Indonesian farmers are already in the older
age category, predominantly above 55 years, while the proportion of young (millennial)
farmers continues to decline (approximately 21.93 percent aged 19-39). This data indicates
a regeneration challenge, with a large share of farmers aged 45 and above (around 71
percent) and only a small portion below 45 years, resulting in an average farmer age of
about 50 years (Appendix 1). The average level of formal education is approximately nine
years (equivalent to junior secondary school), which is generally adequate to understand
basic technical information and adopt agricultural innovations. Farmers also have extensive
experience in rice cultivation, reflecting strong practical knowledge. Most respondents
manage less than one hectare of rice land, indicating that smallholders dominate the
farming structure, although a few cultivate larger areas. The distance to fertilizer kiosks
varies substantially, from a few dozen to several thousand meters, implying differences

in accessibility, potential delays in fertilizer application, and transportation cost burdens.

In terms of technical and economic aspects of rice farming, seed use per planting
season reflects a combination of land size and variation in seed quality, as shown by
differences in per-kilogram prices and total seed expenditures. Subsidized urea and NPK
fertilizers constitute the principal inputs with relatively uniform unit prices. However,
the quantities applied vary considerably, suggesting that some farmers apply fertilizer at
rates below recommended levels while others practice intensive fertilization. Total fertilizer
expenditure (urea + NPK) is one of the largest variable cost components, alongside
labor, tractor services, and land size, making fertilization decisions highly influential on

production costs and potentially affecting both technical and financial efficiency.

Beyond fertilizers, expenditures on pesticides, tractor services, and labor also show
wide variation, reflecting differences in pest pressure, land preparation methods, crop
management intensity, and farm scale. These combinations of inputs generate average
rice harvests per planting season that are relatively high yet heterogeneous across farmers.
In contrast, farmers' grain prices are generally uniform, with minor variations linked
to quality and marketing channels. Overall, the nominal farm revenue far exceeds total

production costs, indicating that rice farming within the sample tends to be profitable.

The amount of subsidized fertilizer redeemed by lowland rice farmers in Karawang
and Lombok shows a clear upward trend in line with the increase in cultivated land
area. Among farmers with less than 0.5 hectares of land, the total amount of subsidized
fertilizer (urea and NPK combined) redeemed per planting season averages approximately
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96 kilograms, with usage ranging from 19 to 200 kilograms. This variation indicates that
even within small landholdings, there are notable differences in fertilization practices,
ranging from relatively low application to levels approaching the upper limit of the group
(Appendix 2). For farmers with land between 0.5 and 1 hectare, the average amount
of subsidized fertilizer redeemed increases sharply to around 333 kilograms per planting
season. The minimum of 100 kilograms and the maximum of 600 kilograms demonstrate
that nearly all farmers in this land category use significantly more subsidized fertilizer
than smallholders. The relatively high standard deviation reflects heterogeneous fertilization
strategies, suggesting that some farmers may follow moderate recommended doses while

others apply fertilizer more intensively.

Among farmers cultivating more than 1 hectare, the total amount of subsidized
fertilizer redeemed is the highest, averaging about 712.5 kilograms per planting season.
The broad usage range from 200 to 2,000 kilograms indicates that this group includes
farmers applying moderate to very large quantities of fertilizer. Such variation may be
associated with differences in capital capacity, production objectives, and preferences
regarding fertilization intensity among large-scale farmers. When urea and NPK are
examined separately, the patterns are consistent with total subsidized fertilizer usage.
Average urea redemption increases from approximately 47 kilograms for farmers with less
than 0.5 hectares, to 175 kilograms for the 0.5-1 hectare group, and 337.5 kilograms
for farmers with more than 1 hectare. Meanwhile, average NPK redemption stands at
around 48.9 kilograms, 158.3 kilograms, and 375 kilograms for the respective land-size
categories. These figures indicate that increases in total subsidized fertilizer use are driven
by simultaneous increases in both urea and NPK, rather than by increases in only one.
Thus, farmers operating larger land areas tend to apply fertilizers more intensively and

in a more balanced manner between urea and NPK.

The table showing urea and NPK dosage by compliance with recommended rates
shows that sampled farmers fall into three groups: those applying fertilizer below the
recommended rate, those applying fertilizer in accordance with the recommended rate,
and those applying fertilizer above the recommended rate. In the "below recommendation”
group, the average urea dosage applied is approximately 136 kg/ha, ranging from 50
to 181.8 kg/ha. In comparison, the average NPK dosage is about 116 kg/ha within a
similar range. These averages are explicitly lower than those in the "in accordance with
recommendation” category, reflecting farmers who either still economize on subsidized
fertilizer use or face access constraints that prevent them from reaching recommended

dosage levels.

The "in accordance with recommendation" group uses an average of about 228 kg/ha
of urea, with a range of 200-285.7 kg/ha, while the average NPK dosage is around 229
kg/ha, with a range of 200-300 kg/ha. These figures are classified as compliant because
they fall within the government's recommended range, referenced in this study, of around
200-300 kg/ha for both urea and compound NPK fertilizers in medium-productivity
irrigated rice fields. These recommendations are stipulated in the Regulation of the

Minister of Agriculture No. 40/Permentan/OT.140/4/2007 on Nitrogen, Phosphorus, and
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Potassium Fertilization Recommendations for Site-Specific Lowland Rice, as well as its
technical manuals. Thus, this group can be regarded as representing farmers who follow

the official technical guidelines in practice.

Meanwhile, the "above recommendation" group displays substantially higher
fertilization intensity. The average urea dosage reaches approximately 370 kg/ha, with a
range of 307.7-500 kg/ha, while the average NPK dosage is about 361 kg/ha, ranging
from 307.7 to 428.6 kg/ha. Compared with the compliant group, farmers in this category
apply around 140 kg/ha more urea and 130 kg/ha more NPK than the recommended
averages. This condition indicates a tendency toward over-fertilization among some
farmers, potentially driven by the perception that higher fertilizer quantities always
lead to higher yields, even though such practices are not necessarily agronomically or
economically efficient (Appendix 3). Overall, the distribution of urea and NPK dosages
relative to recommendations indicates that the sample includes farmers who have not yet
met the fertilization guidelines, those who adhere to government guidance, and those who
apply fertilizer excessively. Categorization based on the 200-300 kg/ha benchmark set
by Ministerial Regulation No. 40/2007 and the manual "Site-Specific Recommendations
for N, P, and K Fertilizers for Lowland Rice" enables researchers to assess the extent to

which fertilization recommendation policies are implemented at the farm level.

The tabulation results indicate that most farmers in the sample have not applied both
subsidized fertilizers (urea and NPK) simultaneously at the recommended rates. Among
farmers whose urea dosage falls below the recommendation, approximately 73.08 percent
also applied NPK below the recommended level. In comparison, 23.08 percent applied
NPK in line with the recommendation, and none applied NPK above the recommendation
(Appendix 4). This pattern reflects a group of farmers who generally underutilize both
urea and NPK fertilizers. However, about one-quarter have begun to adjust their NPK

dosage toward the recommended guidelines.

Within the group of farmers whose urea application matches the recommendation,
80 percent apply NPK in accordance with the recommendation, while 13.33 percent
remain below the recommendation and 6.67 percent exceed it. This pattern suggests that
once farmers align their urea dosage with official recommendations, most also follow the
recommended NPK dosage, resulting in a relatively balanced pattern of subsidized fertilizer
use. The most intensive group comprises farmers who exceed the recommended urea
dosage. Among them, 70 percent apply NPK above the recommendation, 30 percent apply
NPK in line with the recommendation, and none fall into the below-recommendation
category for either fertilizer. These findings indicate a tendency among some farmers
to apply both types of subsidized fertilizers simultaneously at high doses, which may

technically exceed the crop's agronomically optimal requirement.

The comparative data on costs, production, and revenue per hectare across land-size
categories reveal substantial differences in rice farming performance. For farmers cultivating
less than 0.5 hectares, the average cost per hectare is approximately IDR 11.37 million,
with considerable variability, and yields around 7.93 tons of paddy per hectare, with
revenue of roughly IDR 49.52 million per hectare. Meanwhile, farmers with landholdings
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of 0.5-1 hectare incur slightly lower per-hectare costs, at around IDR 9.96 million, with
an average yield of approximately 6.35 tons per hectare and revenue of about IDR 42.95
million per hectare (Appendix 5).

In contrast, farmers with more than 1 hectare exhibit even lower per-hectare
costs around IDR 5.72 million, but their average yield declines to about 3.68 tons
per hectare, resulting in revenue of approximately IDR 25.23 million per hectare. This
pattern suggests that smallholders tend to incur higher per-hectare input costs but also
achieve higher yields and revenue compared with farmers operating larger land areas.
From an economic perspective, these results imply differences in input intensity and farm
management practices. On small plots, inputs and labor are likely used more intensively,
thereby generating higher productivity per hectare. Conversely, on larger plots, lower input

intensity is associated with reduced costs, production, and revenue per hectare.

The Cobb-Douglas regression reveals that three of four independent variables exert
statistically significant positive effects on rice production in Karawang and Lombok:
paddy field area, total amount of subsidized fertilizer, and labor. It confirms that land
is a foundational productive input in smallholder rice farming, and that subsidized
fertilizer is the most influential production factor in this model. Where greater access
to subsidized inputs enables farmers to apply fertilizer at levels closer to agronomically
recommended doses, thereby improving yields. Besides, the result also reflects the labor-
intensive nature of rice cultivation across key stages of the production cycle. In contrast,
pesticide costs do not reach statistical significance, suggesting that in the study areas,
variations in pesticide expenditure do not translate into measurable differences in rice
output, possibly due to relatively uniform pest pressure or inconsistent application

practices across respondents.

The finding that paddy field area exerts a significant positive effect on rice production
is consistent with a substantial body of empirical literature. Chandio et al. (2022)
demonstrated that land area is among the most influential factors determining rice output
in Asian farming systems, where expanded cultivation area directly increases productive
capacity. Similar evidence was documented in sub-Saharan contexts: Basorun and Fasakin
(2012) found that the size of cultivated land was a primary driver of rice production
performance among smallholder farmers in Nigeria, confirming that larger farm areas
enable greater resource absorption and yield generation. At the farm management level,
Salam et al. (2024) employed a Cobb-Douglas production function framework and
confirmed that land area allocation is a statistically significant determinant of rice output,
with an output elasticity indicating positive returns to land expansion. These findings
collectively affirm that, in smallholder rice farming systems such as those in Karawang
and Lombok, access to and utilization of paddy land remain foundational conditions for
production improvement.

These findings are also consistent with the study by Putra et al. (2018) regarding
urea fertilizer, which showed a positive and significant impact on rice production. The
regression coefficient in Putra et al. (2018) was higher than in this study, at 0.528,
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indicating that a 1 percent increase in urea application would increase rice production
by 0.52 percent. In contrast, their findings for NPK indicated a negative, non-significant
effect, suggesting that NPK application did not significantly increase production. While
chemical fertilizers and subsidies increase rice productivity, the claim that subsidies alone
achieved 6.4 tons/ha is not directly supported by the abstracts. However, optimized
fertilization strategies, including subsidies, can enhance yield and sustainability (Guo et
al., 2021; Igbal et al., 2022; Kadigi, 2026; Kundu & Mallick, 2024; Pan et al., 2022;
Wu et al., 2025; Xin, 2022).

Table 1. Cobb-Douglas Model Analysis of the Impact of Fertilizer on Rice Production
in Karawang and Lombok

Variable independent Coef.
Paddy field area 27"
Total amount of subsidized fertilizer .306**
Pesticide cost .082
Labor use .156*
Constant 2.236***

R-squared: 0.707
** p<.01, ** p<.05, * p<.1
Source: Primary Data (processed)

The positive and significant effect of subsidized fertilizer on rice production found
in this study aligns with existing evidence on the role of fertilizer access in smallholder
agricultural productivity. Yardha et al. (2021) identified fertilizer availability as a key
factor influencing production risk in rice farming in Indonesia, where restricted access to
inputs was associated with increased output variability and reduced yields. The centrality
of subsidized fertilizer in ensuring affordability and accessibility for resource-constrained
farmers is particularly emphasized by Olubanjo and Oyebanjo (2008), who found that
fertilizer use was among the most significant determinants of profitability in rain-fed
paddy production, underscoring fertilizer's dual role as both a productivity and an income-

enhancing instrument.

The fertilizer-enhancing mechanism is further elaborated in agronomic studies.
Takahashi et al. (2025) showed that optimized fertilizer application methods, including
basal dressing techniques, significantly improved paddy yields while simultaneously reducing
labor requirements associated with repeated topdressing. Controlled-release nitrogen
fertilizers offer yield advantages in paddy cultivation by supplying nutrients in alignment
with crop demand, thereby reducing losses associated with conventional single-application
methods. Furthermore, Jiang-ming (2023) cautioned that while fertilizer application is
essential for yield maximization, the manner of application critically determines nutrient
use efficiency, with split-application strategies shown to reduce potential nutrient losses
from paddy fields while sustaining production levels. Taken together, these findings suggest
that the productivity impact of subsidized fertilizer in this study reflects not only the
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quantity of fertilizer received but also its role in enabling farmers to meet recommended

application thresholds that would otherwise be cost-prohibitive without subsidy support.

Yusriah et al. (2024) found different results in Gorontalo: a 1% increase in fertilizer
use slightly reduced rice production by 0.087% in Limboto District, assuming other
factors remain constant. Meanwhile, Nizar and Ariyanto (2016) showed that subsidized
NPK fertilizer and pre-harvest labor significantly increased rice production in Riau
Province. However, the elasticity value of 0.622 indicates decreasing returns to scale,
meaning additional fertilizer use produced less than proportional output gains, suggesting
inefficiency and overuse of inputs. Other studies (Adhikary et al., 2023; Chang et al.,
2024; Naghdyzadegan Jahromi et al., 2023; Phillips et al., 2022; Tan et al., 2025; Yang et
al., 2022) highlight that improving nitrogen availability is more effective when combining
good water management with organic matter. This approach increases efhciency, supports
soil health, and reduces environmental impact compared to simply increasing chemical
fertilizer use. Therefore, applying organic fertilizers based on land conditions is important.
It can maintain or increase yields, reduce dependence on chemical inputs, and improve
long-term soil quality. Overall, these findings suggest that some farmers still use chemical
fertilizers inefficiently, with significant variation in fertilizer practices across regions in

Indonesia.

Table 2. Variation in Location and Use of Fertilizers and Other Inputs for Rice Production

Provinsi |Benih |Organik |Urea |TSP [KCL |Obat |Pestisida|TK |Provinsi Benih |Organik |Urea |[TSP  [KCL |Obat |Pestisida |TK
Aceh 0.00| 0.60| 0.06] 0.00| 0.04 0.00| NTB 0.00] 0.40| 0.01] 0.07
Sumut 0.01] NTT 0.98 0.00{ 0.01]f 0.23 0.03 0.03
Sumbar 0.01] 0.03] 0.26|Kalbar 0.24| 0.086] 0.06] 0.02
Riau 2.76 0.01 0.45| 0.02 0.25 Kalteng 0.01] 0.00 0.44| 0.73
Jambi 1.42 0.29| 0.35 Kalsel 0.35| 0.04] 0.25
Sumsel 0.68 0.01] 0.83 0.01 0.08|Kaltim 0.71 0.07| 0.02 0.19
Bengkulu 0.00 0.05|Sulut 0.00| 0.74]| 0.26| 0.10] 0.10
Lampung 0.00] 0.64| 0.19 0.06/Sulteng 0.47 0.03| 0.96 0.00 0.26
Babel 3.75 0.00} 0.57] Sulsel 0.00| 0.58 0.07| 0.11
Kepri 1.12 0.04] 1.39 Sultra 0.11 0.00| 1.00, 0.01] 0.04
Jakarta 0.32| 0.54 0.36|Gorontalo 0.02| 0.38| 0.09| 0.12 0.00| 0.14
Jabar 0.00| 0.00] 0.40 0.06| 0.14|Sulbar 0.86) 0.04] 0.36
Jateng 0.09 0.30 0.17| Maluku 0.04] 0.29 0.01} 0.02 0.07| 0.12
DIY | 038] 0.0 012 0.04] 0.12 Malut 0.16] 0.38
Jatim 0.25| 0.03 0.28] Papua Barat| 0.76 0.35 0.00| 0.10 0.37
Banten 0.02 0.89| 0.04 0.11{Papua 0.20 0.00) 0.06| 0.30
Bali 0.23 0.00 0.09[ 0.06 0.00] 0.10
- Jenis . . -
!eﬂ (Irrasional) i Benih Organik Urea TSP KCL Obat  Pestisida TK
e<0 (Irrasional)
Oeect {Raslona] e<o 39%  27%  22%  S56%  50%  S5%  48% 3%
O<e<1 21% 73% 50% 34% 50% 45% 52% 55%
e>1 39% 0% 28% 9% 0% 0% 0% 42%

Source: Firdaus (2018)

There are regions where the use of rice production inputs remains economically

irrational, particularly for seeds, urea, and TSP (e > 1). In contrast, the use of organic
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fertilizers is entirely economically rational. In rice production, irrational use of urea
fertilizer was identified in North Sumatra, West Sumatra, Bengkulu, Central Java, Bali,
West Nusa Tenggara, Central Kalimantan, and West Sulawesi. Meanwhile, irrational use
of TSP was found in Jakarta and Central Java. The studies by IPB and BPS also indicate
that several regions still apply urea and other chemical fertilizers, such as TSP and KClI,
rationally.

According to this study's regression results, farm size has a positive and significant
effect on rice production. This finding aligns with Putra et al. (2018), who reported a
positive effect of land area on rice production in Subak Carik Tangis, Tabanan, Bali,
albeit with a lower coefficient of 0.163. The current study also indicates that land in
Karawang and Lombok has not yet reached the leveling-off stage. Meanwhile, labor
quantity was found to have a positive effect. With adequate labor, farmers can perform
more meticulous crop management, such as regular weeding, timely fertilization, and faster
pest control, thereby enhancing rice production. Labor use in rice farming in Karawang
and Lombok has not yet reached the stage of diminishing returns. Finally, the amount of
pesticide applied does not significantly affect rice production in Karawang and Lombok.
This may be due to inappropriate dosages, incorrect timing of application, or the use
of pesticides that are not well-suited to the specific pests, resulting in an insignificant

impact on production.

From the production function estimation, it is evident that subsidized fertilizers
have the highest input elasticity among inputs, such as land area and labor. The positive
elasticity values indicate the ranking of the positive impact of each input type on
rice production in Karawang and Lombok. The significant contribution of labor to
rice production observed in this study is consistent with the broader literature on
input use in smallholder rice farming systems. Rice cultivation is inherently labor-
intensive, encompassing activities from land preparation and transplanting through crop
maintenance, fertilizer application, and harvesting. Pathirana et al. (2018) demonstrated
that labor allocation at critical growth stages, particularly during panicle development,
has measurable implications for both yield outcomes and the cost efficiency of
fertilization, confirming that labor is not merely a routine input but a strategically

important factor in production management.

The vulnerability of rice production systems to labor constraints is driven in part by
rural-to-urban migration, which poses a structural challenge to paddy production, and by
the mechanization of input application tasks, which offers a viable pathway to sustaining
productivity in labor-scarce environments. Additionally, Takahashi et al. (2025) showed
that innovative cultivation techniques, such as sparse planting combined with consolidated
fertilizer application, can reduce per-cycle labor requirements without compromising yield,
highlighting labor efficiency, not merely labor quantity, as a determinant of production
performance. In the context of this study, the significance of labor lies in the continued
reliance of smallholder rice farmers in Karawang and Lombok on manual labor throughout
the production cycle, where optimizing labor deployment remains an important lever for

improving farm-level productivity.
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The findings of this study regarding the effect of subsidized fertilizer on rice
production present a nuanced position relative to the existing literature, neither fully
aligned nor entirely contradictory, but rather occupying an intermediate ground that
reflects the context-specific nature of subsidy effectiveness in smallholder rice farming.
On the one hand, the positive effect of subsidized fertilizer on rice production found in
this study is broadly consistent with the mainstream body of evidence, which generally
confirms that improved fertilizer access through subsidy programs enables farmers to apply
inputs closer to agronomically recommended levels, thereby supporting yield improvement.
In this regard, the direction of the effect of subsidized fertilizer on production is consistent
with the preponderance of prior findings from Indonesian and other developing-country
contexts, in which fertilizer access has consistently been identified as a binding constraint

on smallholder productivity.

On the other hand, the magnitude of the fertilizer effect observed in Karawang and
Lombok is notably more modest than that observed in several prior studies conducted in
other Indonesian provinces. Some earlier studies documented substantially higher output
elasticities with respect to subsidized fertilizer, suggesting that, in those settings, each
additional unit of fertilizer translated into proportionally larger production gains. The
relatively lower elasticity obtained in this study implies that rice farms in Karawang and
Lombok have progressed further along the fertilizer response curve, reaching a zone of
diminishing marginal returns where additional subsidized fertilizer application no longer
generates the same productivity gains observed in earlier or less intensively farmed regions.
This condition of decreasing returns to scale is not unique to this study; parallel evidence
from other Indonesian provinces has reported similarly low or even slightly negative
fertilizer coefhicients, suggesting that the phenomenon of fertilizer over-application and
declining marginal productivity is a broader pattern emerging across multiple rice-

producing regions in Indonesia, rather than an anomaly specific to the study areas.

This positioning carries an important implication: the fertilizer subsidy program,
which was originally designed to overcome access and affordability barriers in contexts
of underutilization, may now be operating in environments where the primary constraint
on production is no longer fertilizer availability but rather fertilizer use efficiency. In
Karawang and Lombok, where agricultural intensification is already relatively advanced,
the subsidy continues to support production, but its incremental contribution to output
has diminished. This result suggests that the effectiveness of the current subsidy design,
centered on quantity provision at regulated prices, may be approaching its productive
limits in intensively farmed regions, and that future productivity gains may require
complementary interventions focused on improving fertilizer application rather than

simply on how much is received.

This second model captures the cost efficiency of optimal input use, the farmer’s
ability to earn profit after covering all costs, and indicates the viability of rice farming. The
study results indicate that rice production quantity has a positive and highly significant
effect on profit. Higher rice production directly increases farmers’ profits. This finding
aligns with Laelasari (2018), who reported that production quantity positively and
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significantly affects farmers’ income in Saleh Jaya Village, Banyuasin. Generally, agricultural
production fluctuates annually due to various factors, including weather, climate, and other
natural conditions such as excessive rainfall, floods, or prolonged drought. In addition,
pest and disease attacks can affect agricultural yields, consequently impacting farmers’
income. The volume of rice produced has a substantial influence on farmers’ earnings.
Similar findings were reported by Hidayati (2017), and Alitawang and Sutrisna (2017), all
of whom concluded that production quantity positively and significantly affects farmers’

income.

Table 3. Cobb-Douglas Model Analysis of the Impact of Fertilizer Costs on Rice Farmer’s Profit in
Karawang and Lombok

Variable independent Coef.
Total production 1.002***
Rice price .98***
Total cost -.999***
Total cost of subsidized fertilizer -.002
Pesticide cost -.003*
Tractor cost -.003
Seed cost .003
Constant .092

R-squared: 0.901
** p<.01, ** p<.05, * p<.1
Source: Primary Data (processed)

Meanwhile, rice price has a positive impact on profit. Higher selling prices directly
increase farmers’ profit. Price is a critical factor in economic activities, particularly in
rice farming. One key incentive for producers, such as farmers, to increase output is
the market price; a higher price translates into higher income. Rice prices positively and
significantly influence farmers' incomes, particularly when supported by policies such
as price guarantees, contract farming, and improved market access. However, challenges
such as income inequality, market inefhiciencies, and price volatility must be addressed
to ensure sustainable benefits for farmers (Mgale, Y. J., & Yunxian, Y., 2021; Nikiema et
al., 2023). In general, farmers’ income fluctuates annually due to factors such as weather,
climate, and pest or disease attacks on rice. Production costs are directly related to the
farmer’s role as a manager of their farming enterprise. The level of input use depends
on the available budget, and consequently, the amount of production factors employed
affects production costs and ultimately farmers’ income. Total cost has a negative and
highly significant effect on profit. The higher the total production cost (including labor,

tractors, seeds, harvesting, and other costs), the lower the profit.

Meanwhile, total fertilizer cost has no significant effect on rice farm profit. Unlike
fertilizer quantity, which affects rice production, fertilizer expenditure does not significantly
influence farm profitability. Fertilizer cost is relatively insignificant in rice farming because,
in several farms, it accounts for only about 12-15% of the total production cost structure;
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other factors, such as land rent, labor wages, seeds, and operational costs like tractor
rental, are more dominant. The IRRI (2016) study also reported that fertilizer costs
represent a relatively small proportion of total rice production costs compared to other
expenses (Appendix 6). Pesticide costs are statistically high, indicating that pesticide
expenditure in the model has a negative and statistically significant effect on farmers’
profits. Pesticide costs negatively affect farm income, particularly for small-scale farmers,
by increasing production expenses and imposing indirect health and environmental costs.
However, adopting sustainable practices like organic farming or biopesticides, supported
by appropriate policies, can mitigate these costs and enhance farm profitability (Huang,
et al,, 2022; Mack, et al, 2023; Tipi, T., & Erbaslar, O, 2021).

The results of the profitability model reveal that rice farming profits in Karawang
and Lombok are fundamentally determined by three forces operating simultaneously: the
volume of output produced, the price at which that output is sold, and the total cost
burden incurred in production. These three variables dominate the profit function to
such a degree that individual input cost components, including subsidized fertilizer cost,
contribute relatively little independent variation to profit outcomes once these overarching

factors are accounted for.

The most consequential technical implication of this finding is that subsidized
fertilizer functions primarily as a production enabler rather than a direct profit driver.
The subsidy reduces the cost of a critical input, but its ultimate contribution to farmer
welfare is realized only when access to that input successfully translates into higher output
volumes. If a farmer receives subsidized fertilizer but applies it suboptimally, whether
due to incorrect timing, improper dosage, or insufficient complementary inputs such
as water, quality seeds, or pest management, the production gains necessary to generate
profit improvement will not materialize. This suggests that the subsidy program, in its
current form, addresses the input access constraint but does not inherently address the

input use efficiency constraint.

A further technical implication concerns the role of output price. The near-
equivalence of the influence of rice prices and production volume on profitability indicates
that farmers are exposed to significant price risk that lies entirely outside the scope of
the fertilizer subsidy program. Even when subsidized fertilizer successfully raises yields,
profit outcomes remain highly sensitive to fluctuations in farmgate prices at harvest time.
This condition means that subsidy policy, if not complemented by stable price support
mechanisms, may deliver production gains that are subsequently eroded by unfavorable
market prices, particularly during harvest seasons when paddy supply peaks and prices

tend to decline.

The significance of total production costs as a negative determinant of profit
further implies that the fertilizer subsidy partially achieves its welfare objective: it
reduces one component of the cost structure, but farmers remain exposed to the
cumulative burden of other unsubsidized input costs, including labor, tractor services,

seeds, and pesticides. The finding that pesticide cost is the only individual cost item
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that independently reduces profitability suggests that pesticide expenditure management
represents an underexplored area for efficiency improvement, in which farmer decision-
making around chemical pest control may not always be economically rational relative
to the yield protection achieved. Collectively, these results imply that the effectiveness
of fertilizer subsidies as a farmer welfare instrument is contingent on a broader enabling
environment, one that ensures not only input availability at affordable prices, but also
supports farmers in converting those inputs into marketable output efficiently, and
protects the value of that output through stable and remunerative farmgate prices. Policy
interventions that address only the input supply side, without attending to production
efficiency and output market conditions, will yield suboptimal welfare outcomes for

smallholder rice farmers.

This study finds that subsidized fertilizer costs do not directly determine farm profits
once factors like total costs, production volume, and rice prices are considered. This partly
aligns with earlier research, which shows that fertilizer subsidies work indirectly rather
than directly increasing farmers’ income. Subsidies reduce input costs and help farmers
produce more, but it is the higher output—not the lower cost itself—that drives profit.
This pattern is also seen in Karawang and Lombok, where production volume and rice
prices are the main factors affecting profit, not fertilizer spending. Overall, the findings
support the idea that subsidized fertilizer mainly acts as a production enabler. Its benefits
depend on how effectively farmers can turn increased access to inputs into higher yields
that can be sold in the market.

However, the study's finding that subsidized fertilizer costs have no significant
independent effect on profit also departs from studies that treat input cost reductions as
a direct and measurable welfare benefit of subsidy programs. In contexts where fertilizer
expenditure constitutes a substantial proportion of total production costs, a reduction in
fertilizer prices through subsidy is expected to improve farm margins directly. The evidence
from Karawang and Lombok challenges this expectation by revealing that fertilizer cost,
at current subsidy-regulated price levels, accounts for a relatively small share of total
production expenditure estimated at approximately 12 to 15 percent, such that its variation
across farms does not generate meaningful differences in profit outcomes. This finding
suggests that the subsidy has been effective in suppressing fertilizer costs to a level where
they no longer constitute a financially distinguishing burden for farmers, paradoxically
undermining the measurability of the subsidy's direct welfare impact in the profitability

model.

Furthermore, the finding that pesticide cost rather than subsidized fertilizer cost
emerges as the only individual input cost item that significantly and negatively affects
farm profit introduces a dimension that has received relatively limited attention in the
Indonesian rice subsidy literature. While prior studies have predominantly focused on the
production and income effects of fertilizer subsidies, this study's evidence suggests that
unsubsidized input costs, particularly pesticide expenditures, may exert a more immediate
drag on farm profitability than fertilizer costs under the current subsidy regime. This
result implies that cost pressures from other unsubsidized inputs may partially offset the
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welfare benefits of the fertilizer subsidy, and that a narrow focus on fertilizer subsidy policy,
without addressing the broader input cost structure, will deliver only partial improvements

in smallholder farm welfare.

Taken together, the profitability findings from Karawang and Lombok position this
study as one that affirms the indirect and mediated nature of fertilizer subsidy welfare
effects, while simultaneously highlighting the limitations of treating input cost reduction
as a sufficient condition for profit improvement. The study contributes to the literature
by demonstrating that in intensively farmed smallholder contexts where subsidy programs
are already well-established, the binding constraints on farm profitability have shifted
away from fertilizer access and toward output market conditions and the management
of unsubsidized input costs, a transition that has important implications for how future

subsidy policy should be designed and evaluated.

CONCLUSIONS

This study finds that rice production in Karawang and Lombok increases with
more subsidized fertilizer, larger paddy fields, and greater labor use, while pesticide
costs have no significant effect. Farm profits mainly depend on output, rice prices,
and total costs, not on the cost of subsidized fertilizer, which supports production
rather than directly boosting profit. The findings also show decreasing returns to scale,
meaning additional inputs produce smaller output gains, indicating overuse of inputs.
This is supported by evidence that farmers who reduced chemical fertilizers by 50%
and combined them with compost and local microbes still achieved yields of 6.8 tons/
ha, showing that integrating organic and biological inputs can maintain productivity
while improving efficiency.

Based on these findings, fertilizer subsidies should be maintained given that
fertilizer quantity, not its cost, remains a significant driver of rice production; however,
the current subsidy design warrants reform. Policy should gradually shift from price-
based fertilizer subsidies toward productivity-enhancing innovations, including support
for integrated nutrient management, mechanization, and organic fertilizer adoption,
thereby reducing chemical fertilizer dependency, lowering total production costs, and
improving soil health in the long term. On the revenue side, stabilizing farmgate paddy
prices through price floor mechanisms is essential to protect farm profitability, given that
rice prices are an equally critical determinant of farmer welfare alongside production
volume. Addressing only the input supply side, without accounting for production
efficiency and output market conditions, will yield suboptimal welfare outcomes for

smallholder rice farmers in Indonesia.
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APPENDIX
Appendix 1. Characteristics of Farmers and Rice Farming

Variables Obs Mean Std. Dev. Min Max
Farmer Characteristics
Age (years) 51 51.67 9.56 26.00 75.00
Years of schooling (years) 51 9.94 4.62 3.00 20.00
Farming experience (years) 51 23.94 12.47 2.00 50.00
Distance to fertilizer kiosk (meters) 51 591.67 589.48 25.00 2,500.00
Land Characteristics
Rice field area (ha) 51 0.97 1.01 0.05 5.00
Seed Inputs per Planting Season
Seed price (IDR/kg) 51 22,147.06 33,721.55 6,500.00 250,000.00
Seed quantity (kg) 51 22.67 18.17 2.00 85.00
Seed cost (IDR) 51 403,960.78 381,199.58 50,000.00 1,600,000.00
Fertilizer Inputs per Planting Season
Urea quantity (kg) 51 175.60 171.32 9.00 1,000.00
Urea price (IDR/kg) 51 2,462.75 319.19 1,500.00 3,500.00
Urea cost (IDR) 51 426,593.14 425,470.99 22,500.00 2,500,000.00
NPK quantity (kg) 51 177.12 220.21 10.00 1,300.00
NPK price (IDR/kg) 51 2,488.89 334.16 1,500.00 3,500.00
NPK cost (IDR) 51 437,564.71 552,307.34 26,000.00 3,250,000.00
Total subsidized fertilizer (urea + NPK) (kg) 51 352.72 382.66 19.00 2,000.00
Total cost of subsidized fertilizer (IDR) 51 864,157.84 956,178.65 48,500.00 5,000,000.00
Other Inputs per Planting Season
Pesticide quantity (ml) 51 3,228.24 2,214.30 500.00 8,500.00
Pesticide cost (IDR) 51 668,843.14 971,399.60 15,000.00 4,000,000.00
Tractor cost (IDR) 51 1,458,137.30  1,214,715.20 100,000.00  8,000,000.00
Labor (persons) 51 14.57 10.14 2.00 40.00
Total cost (IDR) 51 7,132,056.40 6,641,054.50 400,000.00  33,995,000.00
Production and Revenue per Planting Season
Production quantity (kg) 51 4,358.14 3,117.11 300.00 16,000.00
Paddy price (IDR/kg) 51 6,629.41 470.87 5,000.00 8,000.00
Revenue (IDR) 51  29,277,892.00 21,231,956.00 1,950,000.00 108,800,000.00
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Appendix 2. Quantity of Subsidized Fertilizers Redeemed by Farmers

Type of Subsidized Rice Field Area

Fertilizer <0,5ha 0,5-1 ha >1ha
Urea + NPK (kg/season)
Mean 95.9 333.3 7125
Standard deviation 50.6 157.9 615.0
Min 19 100 200
Max 200 600 2000
Urea (kg/season)
Mean 47.0 175.0 337.5
Standard deviation 25.9 87.2 256.0
Min 9 50 100
Max 100 350 1000
NPK (kg/season)
Mean 48.9 158.3 375.0
Standard deviation 24.8 81.7 373.9
Min 10 50 100
Max 100 350 1300

Appendix 3.Dosage of Urea and NPK Fertilizers by Recommendation-Compliance Category (kg/ha)

Urea NPK
Dose Category vs
Recommendation Mean Std. Min Max Mean std. Min Max
Dev. Dev.
Below
. 136,087 43,932 50,000 181,818 116,164 45241 50,000 181,818
recommendation

According to

. 228,095 35,762 200,000 285,714 229,048 34,266 200,000 300,000
recommendation

Above

. 369,757 59,346 307,692 500,000 360,634 39,262 307,692 428,571
recommendation

Appendix 4.Number of Farmers Applying Subsidized Fertilizers in Accordance
with Recommendations

NPK Use
Urea use Below According to Above Total
Recommendation Recommendation Recommendation

Below 73.08 23.08 0.00 100.00
Recommendation

According to 13.33 80.00 6.67 100.00
Recommendation

Above 0.00 30.00 70.00 100.00
Recommendation
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Appendix 5.Cost Structure, Production, and Revenue of Rice Farming per Hectare

by Land-Size Category

Mean SD Min Max
Cost (Rp/ha) 9,962,198.30 5,206,963.80 2,960,000.00 22,764,286.00
Production (Kg/ha) 6,352.72 2,741.31 2,769.23 16,000.00
Revenue (Rp/ha) 42,947,979.00 18,564,169.00 19,107,694.00 104,000,000.00
<0.5
Cost (Rp/ha) 11,374,796.00 2,916,530.20 6,725,000.00 15,736,666.00
Production (Kg/ha) 7,927.87 7,381.40 1,912.50 30,000.00
Revenue (Rp/ha) 49,523,750.00 45,278,105.00 12,431,250.00 180,000,000.00
>1
Cost (Rp/ha) 5,717,581.20 4,250,271.20 285,714.28 11,542,963.00
Production (Kg/ha) 3,683.33 1,973.90 1,200.00 7,000.00
Revenue (Rp/ha) 25,225,000.00 13,541,988.00 8,400,000.00 49,700,000.00

Source: Primary Data (processed)

Appendix 6.Comparison of Rice Production Factor Costs Across Different Countries (PhP per kg)

Component Filipina Cina Indonesia India Thailand  Vietnam
Seed 0.54 0.93 0.14 0.51 1.13 0.39
Fertilizer 1.73 1.93 0.96 0.93 1.54 0.96
Agrochemical 0.32 1.72 0.92 0.21 0.90 0.63
Paid labor 3.39 0.52 4.23 0.21 0.68 0.35
ggg:aetfghgf‘rg“;'y' &Reciprocal - 54 2.84 1.04 0.56 0.64 0.67
ivestock. Machinery. Fuel. 1.54 2.88 0.48 178 1.83 0.63
Irrigation 0.45 0.00 0.14 0.12 0.13 0.08
Food 0.19 0.00 0.29 0.12 0.05 0.00
Transportation 0.05 0.11 0.10 0.04 0.16 0.03
Tax 0.03 0.00 0.19 0.03 0.00 0.00
Land rent 1.60 3.45 6.17 1.96 1.94 1.20
Capital interest 0.40 0.01 0.31 0.10 0.06 0.04
Other input 0.10 0.02 0.12 0.13 0.00 0.09
Total Cost 11.13 14.39 15.08 9.27 9.07 5.14

Source: IRRI (2016)
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ABSTRACT

Research Originality: This study integrates factors influencing
Indonesian migrant workers into a Panel VECM model that
captures both short- and long-term dynamics.

Research Objectives: This study investigates the factors that
affect the short- and long-term migration of Indonesian migrant
workers.

Research Methods: This study uses the Vector Error Correction
Model (VECM) approach. Panel data were analyzed for six
provinces on Java Island, covering the period 2008 to 2023.

Empirical Results: This study found significant positive effects
of provincial minimum wage, employment opportunity rates,
and poverty levels on the short-term migration of Indonesian
migrant workers in Java. In the long term, all variables
positively influenced Indonesian migrant worker migration,
except for poverty, which had a non-significant effect.
Implications: These findings indicate an anomaly in the factors
influencing the PMI. Therefore, we assert that policymakers
in Indonesia must periodically review and adjust the UMP
and implement effective price-control measures to ensure that
workers’ basic needs are met at a reasonable cost of living.
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INTRODUCTION

Labor migration is an important indicator of a country's socio-economic development.
Reducing unemployment, increasing community welfare, and increasing job availability
positively impact labor migration (Sukesi et al., 2022). In addition, globalization has
expanded the labor market (Todorov et al., 2018). The emergence of a global labor market
with an internationalized workforce is driving international labor migration (Pekarskiene et
al., 2016). According to Lee (1966), individuals’ decision to migrate is influenced by two
factors, namely driving factors and pulling factors. Lee's (1966) theory of international
migration posits that individuals' decisions to migrate are influenced by two factors:

driving factors and pulling factors.

In the process, Lee described four factors that motivate individuals to migrate
internationally: individual factors, factors in the region of origin, factors in the destination
area, and obstacles. Driving factors include low minimum wages and uneven development
within a country, which can result in limited employment opportunities and reduced
social access for the community (Hoffmann et al., 2019). In contrast, pulling factors
involve incentives such as higher wages and greater availability of job opportunities in
the destination area (Zuhra et al., 2024).

In the theory of international migration (1993), Massey et al. asserted that labor
migration would not occur without wage differentials between countries of origin and
destination. In other words, people are not encouraged to migrate if the income difference
between countries is slight (Santoso et al., 2022). Most workers in low-income countries
migrate to countries with relatively higher wages (Parrefas et al., 2019). However, Stark and
Bloom (1985), in their New Economics of Migration theory, explain that wages are not the
primary reason individuals migrate; rather, migration is driven by family, household, and
cultural factors. This means that the most important part of migration is how individuals
find work and income to meet their needs, regardless of wages. In other words, poverty is

a significant factor driving international migration (Muslihatinningsih et al., 2020).

In addition to poverty and low minimum wages, Nunley et al. (2017) have identified
that job opportunities significantly influence individuals’ decisions to migrate. They found
a negative correlation between the availability of employment opportunities and overseas
labor migration. Conversely, research conducted by Husnah et al (2019) indicates that
job opportunities positively impact migration and the workforce. Despite an increase
in job opportunities, the number of Indonesian migrant workers has continued to rise.
According to Kwilinski et al. (2022), other factors, particularly poverty, have also played
a positive role in driving international labor migration. Recent data reveal that nearly
two-thirds of Indonesian migrant workers originate from districts with relatively high
poverty rates, exceeding the national average. Furthermore, Lohmann and Marx (2018)
found that poverty tends to decrease the number of Indonesian migrant workers, due to
the substantial pre-departure costs involved (Muhammad et al., 2023).

Figure 1 illustrates that Indonesian migrant workers predominantly originate from

Java, with the Island consistently ranking as the largest contributor to the shipment of
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Indonesian Migrant Workers. In 2023, Indonesian migrant workers from Java are projected
to comprise 67.7% of the total Indonesian migrant workers (BP2MI, 2023). Java Island
stands out as the most populous and economically and infrastructure-wise significant island
in Indonesia, characterized by its relatively advanced economy and infrastructure compared
to other regions. It is well-known as Indonesia's primary centre for industrial and trade
activities (Ifa et al., 2024). However, the high population density leads to a shortage of
available jobs, intensifying competition among job seekers on the island. Consequently,
many individuals face challenges in securing employment, prompting them to seek work
abroad. This situation highlights the need for further research to identify the factors
influencing the migration of Javanese workers abroad, both in the short and long term.

Figure 1. Number of Indonesian Migrant Workers (PMI) by Island (Soul)
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Source: Badan Pusat Statistik

Several studies yield conflicting results on the relationship between minimum wages
and international labor migration. An empirical study by Yagura (2024) in Cambodia,
using the VECM approach, found a negative and significant relationship between
minimum wages and international labor migration. Specifically, high wages in the country
of origin tend to reduce international migration (Edo, 2019). Additionally, Cedillo et al.
(2019) and Wright and Clibborn (2019) indicated that, in addition to factors such as
limited language skills, work experience, and the complexity of work procedures, minimum
wages also influence workers’ interest in seeking employment abroad (Purna & Sulistian,
2019). Conversely, a study by Sy and Hosoe (2023) found that labor migration abroad
continues to increase even with rising minimum wages. This trend is attributed to higher
wages and strong labor demand in destination countries (Pholphirul, 2019; Tabuga et
al., 2021; Susanto & Sulaiman, 2022).

Ayanie et al. (2020) and Schewel and Asmamaw (2021) explain that population
drives international migration in Ethiopia, highlighting a labor surplus and a lack of job
opportunities within the country. Nunley et al. (2017) note that the abundant availability
of jobs abroad significantly influences this migration trend. For instance, Afghanistan

has implemented managed labor migration to channel excess labor into the international
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market (Holzmann, 2018). Similarly, Husnah et al. (2019) observed a positive relationship
between job opportunities and overseas labor migration in various cases in Indonesia. The
disconnect between public interest and available job opportunities leads many individuals
to prefer to remain as Indonesian migrant workers (Rabbani et al., 2022). Moreover, the
creation of untargeted job opportunities increases unemployment, which in turn affects
individuals’ ability to meet their needs and contributes to rising poverty rates (Hellgren
& Serrano, 2019; Kwilinski et al., 2022).

Stark & Bloom (1985) in the New Economics of Migration theory argue that
migration often arises from a person’s aspirations to fulfill basic necessities of life. The
decision to migrate is considered integral to a family's strategy to enhance income and
mitigate financial risk (Hia et al., 2024). Key factors such as family dynamics, household
conditions, and cultural aspects must be taken into account, with the expectation that
migration can diversify household income and ultimately improve family welfare. Research
by Purna and Sulistian (2019), and Muslihatinningsih et al. (2020) indicates that poverty
has a significant positive impact on labor migration abroad; specifically, higher poverty
rates are associated with greater labor migration in the global labor market. Conversely,
research by Mangara et al. (2024) presents differing findings, asserting that poverty levels
do not influence the number of migrant workers. Furthermore, Robot et al. (2023) note
that limitations and complexities in processing paperwork required to become a migrant

worker contribute to these issues (Hikmawati & Pierewan, 2020).

Numerous studies on international migration have produced mixed results, highlighting
a literature gap, particularly concerning the impact of minimum wages, employment
opportunities, and poverty. This study helps address this gap by offering deeper insights
into the dynamic interactions among factors that influence overseas labor migration. Unlike
previous studies on Indonesian migrant workers, which mainly used static regression analysis,
this study employs a dynamic framework by integrating determinants of Indonesian migrant
worker migration into a panel-data Vector Error Correction Model (VECM). Additionally,
the focus is placed on six provinces in Java, the largest source of migrant workers in
Indonesia. The objective of this study is to capture both the short- and long-term effects
of provincial minimum wages, employment opportunities, and poverty on migration
of Indonesian migrant workers. Consequently, this research aims to serve as a valuable
reference for policymakers and to contribute to the empirical literature on factors influencing

Indonesian migrant worker migration.

METHODS

This study uses secondary data from a panel dataset collected over 16 years, spanning
2008 to 2023. The data was sourced from various official entities, including the Central
Statistics Agency (BPS), the Indonesian Migrant Workers Protection Agency (BP2MI), and
additional literature from institutions and websites pertinent to the research topic. The
analysis focuses on six provinces on the island of Java: DKI Jakarta, West Java, Central

Java, DI Yogyakarta, East Java, and Banten. Java was selected as the study area because
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it is the origin of the majority (67%) of Indonesian migrant workers. The dependent
variable in this research is Indonesian Migrant Workers (PMI). while the independent
variables consist of the Provincial Minimum Wage (UMP), Employment Opportunity
Rate (TKK), and Poverty Rate (KMS). To analyze the panel data, this study employs
the Vector Error Correction Model (VECM) approach.

This research employs the Vector Error Correction Model (VECM) to analyze
the relationship between interdependent or cointegrated variables and to explain short-
and long-term economic phenomena using panel data. The VECM is a variant of the
VAR model, constrained by the fact that the data are not stationary at the level but
are cointegrated (Az-Zahra & Widarjono, 2022). In this context, VECM is viewed as a
multivariate time-series model in which all variables are treated as endogenous, reflecting
uncertainty about their exogenous status. This approach allows for a more accurate
representation of real-world dynamics. It also helps mitigate parameter bias that can
occur when relevant variables are overlooked and alleviates limitations often encountered

in various economic theories.

VECM provides methodological advantages over traditional regression analysis by
identifying causal relationships, assessing long-term equilibrium, and capturing short-term
adjustment dynamics simultaneously. As a result, this method is particularly pertinent for
addressing gaps in the previous research that have not thoroughly explored the determinants
of Indonesian labor migration, especially regarding migrant workers from Java. The analysis
within this framework also uses an impulse response function (IRF) to assess how a variable
responds to shocks to other variables in the model (Az-Zahra & Widarjono, 2022

The VECM methodology treats all variables as endogenous and incorporates lagged
values for each variable. This research model is represented in equations (1)-(5), where
delta denotes changes at the first-different level of a variable. Here, PMI is the Indonesian
Migrant Workers, measured in individuals; TKK indicates the level of job opportunities,
expressed as a percentage; KMS reflects the percentage of the population living in poverty.
The coefhcients B0, 1, B2, B3, and B4 denote the intercepts. Additionally, ECT denotes
the error-correction term, which measures the speed at which the short-term model adjusts

toward a long-term equilibrium point.
PMIyy = Bo + BLUMP; + BoTKK;e + B3KMS; + pie (1)

APMI; = B1o + X% B111APMIp 1 + X121 B112APM I + Y21 P11 AUMP; 4 +
Yi1B122AUMP; 5 + Y121 B131ATKK; g + X121 B132ATKKe—5 +
Yiz1B141AKMS;e 1 + Y021 B142AKMS;e 5 + OECT + py; (2)

AUMP; = Byo + Xi%1B211 AUMP; 1 + 3% P21, AUMP; 5 + %1 B2 APM ;g +
Yit1Ba22APMI;_5 + 3% Ba31 ATKK 1 + 3121 Ba32 ATKKG 5 +
Yi21P241AKMS;e—q + Y21 B4z AKMS;— + OECT + e (3)

ATKK;y = B3o + Xi21B311ATKK;e 1 + X121 B312ATKK;e 5 + Y% B321 APM ;g +
Yi%1B322APMI;_5 + Y21 B331 AUMP;y + Y11 B33, AUMPy_5 +
Yiz1B341AKMS; 1 + ¥t B34 AKMS; 5 + OECT + py; (4)

http:/journal.uinjkt.ac.id/index.php/signifikan 113
https:/doi.org/10.15408/sjie.v15i1.46422


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46422

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 109 - 122

AKMS;p = Bao + Xi%1Ba11AKMS; 1 + X721 Ba12AKMS; o + 3121 Bag1 APMI; 4 +
Yit1Baz2 APMI;_5 + Y%  Baz1 AUMP;_y + Y11 Baz2 AUMP_; +
Yiz1Paa1 ATKKie 1 + XiZ1Baaz ATKKir 5 + OECT + py, (5)

RESULTS AND DISCUSSION

The unit root test conducted in this study revealed that all variables were non-
stationary at the level but demonstrated relative stationarity at the first difference level.
The analysis employed the Augmented Dicky Fuller (ADF) method. As shown in Table
1, the P-value at the level exceeded 0.05. Conversely, at the First Difference level, the
P-value for all variables fell below the alpha threshold of 0.05, indicating that all variables

are stationary at this level.

Table 1. Unit Root Test

Level First Difference
Variable
T-Statistic Prob Description T-Statistic Prob Description
PMI 183.384 0.1058 Not Stationary 412.727 0.0000 Stasionary
UMP 538.739 0.9438 Not Stationary 212.371 0.0470 Stasionary
TKK 177.389 0.1239 Not Stationary 305.752 0.0023 Stasionary
KMS 158.075 0.2002 Not Stationary 262.641 0.0098 Stasionary

Source: Data Processing Results

According to Table 2, the optimal lag, as determined by the FPE, AIC, and HQ
criteria, is lag 2. In contrast, the SC criterion suggests lag 1, whereas the LR criterion
points to lag 4. Consequently, this study identifies lag 2 as the optimal lag. This indicates
that the response of one variable to changes in other variables occurs within two years

following the initial shock.

Table 2. Lag Optimum Test

Lag LogL LR FPE AIC SC HQ
0 -2253058 NA 1.42E-05 0.189487 0.322193* 0.241925
1 1.775.767 3.698.953 1.26E-05 0.067949 0.731481 0.330142
2 4.713.329 5.073.969 8.44e-06*  -0.337372* 0.856985 0.134575*
3 5.457.380 1.194.991 1.11E-05 -0.077994 1.647.189 0.603708
4 7.415.178 2.907.034* 1.02e-05 -0.186418 2.069.590 0.705038

Source: Data Processing Results

The cointegration test revealed that all variables are cointegrated, indicating a
long-term relationship among them. According to Table 3, the Johansen test indicates
that the t-statistics for all variables exceed the critical value, with the probability values
below 0.05. This confirms the cointegration of the variables, supporting the use of the

VECM model.
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Table 3. Cointegration Test

Hypothesized No. Trace 0.05 Critical

of CE(s) Eigenvalue Statistic Value Prob** Description

None* 0.559573 1.127.837 4.785.613 0.0000 Co-integrated
At most 1* 0.313428 5.374.299 2.979.707 0.0000 Co-integrated
At most 2* 0.182036 2.666.778 1.549.471 0.0007 Co-integrated
At most 3* 0.155870 1.220.035 3.841.465 0.0005 Co-integrated

Source: Data Processing Results

The next step is to assess the model's stability. The results from the optimum lag
test suggest that the model in this study is stable. As indicated in Table 4, the model
exhibits a modulus value of less than one. A model is typically regarded as stable when
the Root of the Characteristic Polynomial Modulus is below 1.

Table 5 presents the findings of the Granger Causality test, which is employed to
evaluate the existence of a reciprocal relationship between variables. This test assesses
whether the variables exhibit a one-way or two-way relationship. The estimated results
shown in Table 5 indicate a one-way causal effect at the 10% significance level: UMP
affects PMI, and KMS affects PMI. Additionally, at a significance level of 5%, a one-way
relationship is observed between the TKK variable and PMI, with a probability value
of 0.0214. This indicates that the TKK variable is particularly influential in affecting
PMI. In summary, all variables display a one-way relationship with Indonesian migrant
workers. Conversely, a two-way relationship is identified at the 5% significance level
between KMS and TKK, indicating that KMS influences TKK and that TKK likewise
impacts KMS.

Table 4. Lag Optimum

Root Modulus
0.156838 - 0.652442i 0.6671028
0.156838 + 0.652442i 0.671028
0.475977 - 0.252676i 0.538887
0.475977 + 0.252676i 0.538887
-0.446919 - 0.160013i 0.474701
-0.446919 - 0.160013i 0.474701
-0.162722 - 0.389004i 0.421666
-0.162722 + 0.389004i 0.421666

Source: Data Processing Results

The short-term estimates derived from the VECM indicate that all variables
significantly influence the positive coeflicients for Indonesian migrant workers. The
provincial minimum wage variables, lagged one and lagged two, have coefficients of
2.125547 and 1.344757, respectively. This suggests that a 1% increase in the minimum
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wage (UMP) will result in a 2.12% rise in the number of Indonesian migrant workers
in lag 1 and a 1.34% rise in lag 2.

Table 5. Granger Causality Test

Null Hypothesis: F-Statistic Obs Prob.
UMP does not Granger-cause PMI 273.471 78 0.0711*
PMI does not Granger-cause UMP 0.22794 78 0.7967
TKK does not Granger-cause PMI 403.998 78 0.0214**
PMI does not Granger-cause TKK 0.20064 78 0.8186
KMS does not Granger-cause PMI 274.670 78 0.0703*
PMI does not Granger-cause KMS 0.88878 78 0.4152
TKK does not Granger-cause UMP 0.92433 78 0.4010
UMP does not Granger-cause TKK 158.369 78 0.2177
KMS does not Granger-cause UMP 275.854 78 0.0695*
UMP does not Granger-cause KMS 128.053 78 0.2836
KMS does not Granger-cause TKK 436.281 78 0.0160**
TKK does not Granger-cause KMS 483.917 78 0.0104**

Source: Data Processing Results

Additionally, the employment opportunity rate indicates that an increase in the
previous year’s TKK will raise the number of Indonesian Migrant Workers by 7.86688,
while an increase in TKK from two years prior will raise the number of migrant workers
by 3.78756. Furthermore, a rise in poverty levels from the previous year is associated
with a 2.08700 increase in Indonesian Migrant Workers, and the increase in KMS from
two years ago will result in a 2.76358 increase in the number of migrant workers. In
contrast, the long-term VECM estimates indicate that only the poverty variable does not

significantly affect the number of Indonesian migrant workers.

Table 6. VECM Result

Variables Coefficient T-Statistic Description

Short Run Result
D(UMP(-1)) 2.125.647 330.928 Significant
D(UMP(-2)) 1.344.757 231.153 Significant
D(TKK(-1)) 0.001823 786.688 Significant
D(TKK(-2)) 0.000850 378.756 Significant
D(KMS(-1)) 0.091155 208.700 Significant
D(KMS(-2)) 0.119892 276.358 Significant

Long Run Result
D(UMP(-1)) 1.880.321 204.834 Significant
D(TKK(-1)) 0.001077 340.006 Significant
D(KMS(-1)) 0.069469 172.882 Insignificant

Source: Data Processing Results
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The UMP variable exhibits a positive impact on the PMI, suggesting that a 1%
increase in the provincial minimum wage will lead to a 1.88% rise in the PMI over
the long term. This finding aligns with research by Sy & Hosoe (2023) and Tabuga et
al. (2021), which indicates that the rate of labor migration abroad continues to grow
despite increases in the minimum wage. The employment opportunity variable also shows
a significant positive effect. Specifically, a 1% increase in the TKK is associated with
a 0.001077 increase in the PMI. This result is reinforced by a study from Husnah et
al. (2019)and De Haas et al. (2019) which demonstrates that enhanced employment
opportunities contribute to a rise in the number of labor migrants. On the other hand,
while the poverty variable has a positive coefficient, it does not significantly influence
the number of Indonesian migrant workers. This finding is consistent with research by
Muslihatinningsih et al. (2020) and Tabuga et al. (2021) which suggests that the inability
to meet family needs drives individuals toward international migration, as they seek higher
wages to improve their welfare.

The Impulse Response Function shows the response of a variable over time to shocks
in other variables. Figure 2 shows the response described by PMI to changes or shocks
in other variables, including the provincial minimum wage, employment opportunity rate,
and poverty. PMI's response to the shocks caused by UMP changes is negative, fluctuating
until the 15th period. PMI began to decline in the 20th period. On the other hand,
PMI's response to changes in employment opportunities and poverty was different: at the
beginning of the period, PMI gave a positive response, though it lasted only a very short
time. PMI's response to the TKK shock continued to move negatively, fluctuating, until in
the 20th period, PMI showed a stable response. Meanwhile, PMI's response to the poverty
shock was positive in the 8th period, then negative, and stabilized in the 25th period.

Figure 2. Impulse Response Function

Response of D{PMI) to D(UMP) Innovation Response of D(PMI) to D(TKK) Innovation Response of D(PMI) to D(KMS) Innovation
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Source: Data Processing Results

According to Table 7, the PMI variable exhibits self-influences from the first to
the tenth period. In the second period, PMI declined by 93.69%, gradually falling to
54.91% by the tenth period. Meanwhile, the contribution of the provincial minimum
wage to PMI tends to increase from the beginning to the tenth period. In the second
period, it contributed 0.62%, and in the fourth period, it increased to 4.65%. This
contribution continued to increase until in the tenth period, UMP contributed 5.88%.
The employment opportunity rate variable contributing to the PMI tends to fluctuate. In
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the second period, TKK had an effect of 5.67% and continued to rise, reaching 31.62%
by the fourth period. In the fifth period, it decreased to 28%, but in the tenth period,
TKK's contribution became 31.9%. Then, the contribution of poverty variables to PMI
fluctuates. In the third period, it was 0.26% and continued to fluctuate until the tenth
period; the influence of poverty on PMI was 7.29%.

Table 7. Variance Decomposition of D(PMI)

Period S.E. D(PMI) D(UMP) D(TKK) D(KMS)

0.181636 1.000.000 0.000000 0.000000 0.000000
2 0.190498 9.369.783 0.628982 5.673.007 0.000178
3 0.247769 7.432.410 2.907.954 2.250.579 0.262161
4 0.277097 6.125.746 4.655.376 3.162.275 2.464.417
5 0.294726 6.162.210 4.282.753 2.800.101 6.094.140
6 0.298189 6.234.262 4.185.348 2.748.493 5.987.103
7 0.304457 6.082.758 4.562.060 2.884.587 5.764.485
8 0.31613 5.676.017 5.759.424 3.128.186 6.198.551
9 0.322298 5.525.006 5.884.015 3.184.623 7.019.702
10 0.325168 5.491.987 5.882.692 3.190.063 7.296.808

Source: Data Processing Results

Based on the results of all data tests, our findings align with those of Khan (2021),
who stated that wages positively affect overseas labor migration in both the short and
long term. Increasing the minimum wage can raise migrant worker (PMI) due to a
significant wage gap between origin and destination regions (Husnah et al., 2019). Wages
in destination countries remain higher than in the origin country (Pholphirul, 2019;
Tabuga et al., 2021). Therefore, even if wages in the country of origin increase, they
remain insufficient to cover living costs (Husnah et al., 2019; Trisetiyo & Haviz, 2020).
Furthermore, the high cost of living on Java, especially in the larger provinces, means
that wage increases are still insufficient to meet these needs. Central Java is one of the
provinces with the lowest minimum wage levels on the island. Although the minimum
wage in Central Java Province increases annually, this does not reduce the number of
migrant workers from Central Java. In fact, according to data from the Indonesian Migrant
Workers Association (BP2MI), Central Java is one of the provinces on Java Island with
the highest number of migrant workers (PMI) dispatched. Furthermore, minimum wage
increases are usually accompanied by rising regional costs of living. Suppose minimum
wage increases are disproportionate to the overall increase in the cost of living. In that
case, it can make it difficult for workers to meet their living expenses on local income

(Miiller, 2023). People tend to migrate to wealthier or higher-income areas.

The employment opportunity variable was found to have a positive effect in both the
short- and long-term. This finding aligns with Husnah et al. (2019) and De Haas et al.
(2019), who found that increased employment opportunities will still increase the number

of labor migrants. Furthermore, when job opportunities are abundant in the region of
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origin but do not align with the local community's interests, it will ultimately encourage
people to become migrant workers (Rabbani et al., 2022). Many job opportunities are
available in the region of origin, such as farm laborers, livestock breeders, and construction
workers. These jobs tend to be low-paying and barely sufficient to meet daily needs.
Therefore, people tend to work abroad as migrant workers to improve their families'

economic situations and secure more adequate incomes (Husnah et al., 2019).

The findings on the poverty variable indicate a positive effect in the short term. This
is in line with research by Muslihatinningsih et al. (2020) and Tabuga et al. (2021) that
the inability to meet family needs makes international migration the best solution, and
that individuals tend to seek higher-paying jobs to improve their well-being. Meanwhile,
poverty has a positive but insignificant effect in the long term. These results align with
research by Nugraha et al. (2023) and Hikmawati and Pierewan (2020), which state
that underprivileged conditions make it difficult for them to establish relationships by
participating in activities that require spending money. Other triggering factors include
pre-departure costs and the complex, time-consuming processing of various administrative
or document-related matters (Robot et al., 2023). Furthermore, training costs, which
are relatively expensive and must be borne by the individual, are also a consideration in

deciding to become a migrant worker (Spaan & van Naerssen, 2017).

CONCLUSIONS

This study reveals that, in the short term, provincial minimum wages, employment
opportunities, and poverty levels have a positive impact on the number of Indonesian
migrant workers. Over the long term, although all variables also exhibit a positive trend,
the influence of poverty became insignificant. There are anomalies observed in both the
short and long term, where increases in provincial minimum wages and employment
levels drive labor migration abroad due to suboptimal domestic job opportunities and
consistently high wage disparities with destination countries. Consequently, these findings
highlight the importance for policymakers in Indonesia of periodically reviewing and
adjusting provincial minimum wages, alongside implementing effective price control
measures, to ensure that workers' living needs are met at a reasonable cost of living.
Failure to manage price controls effectively may lead to inflationary pressures following
minimum wage increases. The ultimate goal is to ensure that such wage adjustments truly

enhance workers' ability to achieve a decent standard of living.
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ABSTRACT

Research Originality: This research is original in integrating
education, unemployment, minimum wages, and poverty
into a panel-data framework to analyze international labor
migration across Indonesian provinces.

Research Objectives: This study aims to investigate the impact
of average educational attainment, the open unemployment rate,
provincial minimum wage, and poverty rate on international
migration of Indonesian workers.

Research Methods: This study uses panel data from 32
provinces in Indonesia for the period 2010 to 2025 and applies
a panel regression approach with a Fixed Effects Model.

Empirical Results: The findings indicate significant influences
from both dependent and independent variables. Average years
of education, open unemployment rate, provincial minimum
wage, and poverty are shown to have a negative and significant
influence on the international migration patterns of Indonesian
migrant workers.
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and strengthening the migration ecosystem in areas with high
unemployment rates.
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INTRODUCTION

Advances in transportation, communication, and information flows have reduced
the costs of migration and expanded mobility in almost all regions of the world (Al-
Dalahmeh et al., 2021; Liu et al., 2025; Tolesh & Biloshchytska, 2024). The number of
international migrants worldwide increased from 275 million in 2020 to 304 million in
2024, a 10.5 percent increase (United Nations, 2024). Migration is generally undertaken
by workers seeking employment abroad to earn higher incomes and support their families
through remittances (Atiyatna et al., 2024; Baite & Panda, 2025; Khan et al., 2023).
Therefore, international labor migration is understood as cross-border mobility in search
of employment that generates economic benefits for migrants, their countries of origin,

and the economies of their destination countries (Mitterbacher et al., 2024).

In this global context, Indonesia is one of the largest labor-sending countries in
Southeast Asia. Data from the Indonesian Migrant Workers Protection Agency (BP2MI)
shows that the number of Indonesian migrant workers increased by 27.6 percent, from
233,029 in 2010 to 296,948 in 2025 (KP2MI/BP2MI, 2026). Figure 1 shows that the
highest migration originated from East Java, Central Java, West Java, Lampung, and West
Nusa Tenggara. East Java is recorded as the largest contributor, with a sharp increase from
28,771 people in 2021 to 79,339 people in 2024, before declining to 69,632 people in
2025. Migrant workers contributed approximately USD 15.7 billion in remittances to
the Indonesian economy throughout 2024 (KP2MI/BP2MI, 2026).

Figure 1. Migration trends based on the five provinces with the highest number
of migrant workers during 2021-2025
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—o—West Jawa 12.097 33.263 56.664 61.556 61.824
Lampung 4.209 14.051 22.828 25.162 23.904
~o-=NTB 2.326 22.792 34.501 31.031 34.831

Source: KP2MI/BP2MI (2026)

Most Indonesian migrants work in the informal sector and low-skilled jobs, such
as domestic work, agriculture, and nursing, because these sectors offer higher wages
than in Indonesia, even for those without specialized skills (Shahiri et al., 2021). This
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migration flow primarily originates in low- and middle-income countries and flows to
developed countries (Schifer & Henn, 2023). The dominance of Indonesian migrants in
unskilled jobs reflects the state of the national education system. Despite showing gradual
improvement, the Indonesian education system has not yet achieved the target of twelve

years of compulsory education.

According to the Central Statistics Agency (BPS), in 2025, the average national
education level will be only nine years, with significant variations between provinces,
ranging from 8.07 years in West Kalimantan to 11.59 years in DKI Jakarta. BPS data for
2025 shows socio-economic differences between regions reflected in open unemployment
rates varying from 1.49 percent in Bali to 6.77 percent in West Java, provincial minimum
wages that vary significantly from Rp 2,036,947 in Central Java to Rp 5,067,381 in DKI
Jakarta, and poverty rates ranging from 3.72 percent in Bali to 19.16 percent in East
Nusa Tenggara. These conditions indicate that provincial socio-economic characteristics
can systematically influence migration decisions. However, the interaction between average
years of schooling, open unemployment rates, provincial minimum wages, and poverty

in shaping migration patterns over time remains inadequately understood.

The existing literature identifies education, unemployment, minimum wages, and
poverty as key determinants of international migration, yet empirical findings remain
inconsistent. Education exhibits a nonlinear relationship with migration: higher education
increases permanent migration among skilled workers, while lower education is associated
with temporary labor migration (Popescu & Pudelko, 2024). Park et al. (2024) show
that higher education increases the propensity to migrate, while Fenoll & Kuehn (2017)
found that increasing primary education actually reduces the likelihood of migration
because higher education creates better domestic job opportunities. Conversely, Atiyatna
et al. (2024) and Puspitasari (2017) found no significant effect of education levels on

labor migration in Indonesia.

Unemployment also shows varying effects in various empirical studies. Unemployment
occurs when the number of job seekers exceeds the number of available job vacancies and
can hinder a country's economic progress (Grecu et al., 2024). Komariyah & Sutantio
(2020) and Muslihatinningsih et al. (2020) found that higher unemployment rates
positively affect migration flows in Indonesia, consistent with evidence from Europe, Mihi-
Ramirez et al. (2014), which shows that increasing unemployment is positively associated
with emigration, and Dritsaki & Dritsaki (2024), which found that rising unemployment
correlates with higher immigration rates. The growing number of immigrant workers
helps fill labor shortages in certain sectors, thereby reducing unemployment rates in the

destination countries (Lakshmanasamy, 2021; Tomohara, 2022).

Regarding wages, findings indicate that significant wage differences between the
home and host countries are a major factor driving migration. (Lakshmanasamy, 2021;
Martin & Termos, 2015; Shahiri et al., 2021). According to neoclassical theory (Massey
et al., 1993; Park et al., 2024). Research from Indonesia by Atiyatna et al. (2024)
and Muslihatinningsih et al. (2020) found that increasing domestic wages reduces the
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propensity to migrate. However, the minimum wage policy in Indonesia applies only to
permanent formal-sector workers, leaving most informal-sector workers with wages below
the minimum standard (Siregar, 2022). This structural inequality can encourage workers

to migrate internationally in search of higher incomes and better job protection.

The relationship between poverty and migration is among the most theoretically
debated. The New Economic Labor Migration (NELM) approach views migration as a
household strategy for income diversification and risk management (Massey et al., 1993;
Stark & Bloom, 1985), supported by Muslihatinningsih et al. (2020), who found that
poverty was positively associated with international migration from Java. However, Hagen-
Zanker et al. (2025), based on a survey of 13,000 young respondents in 10 countries
using multilevel mixed logistic regression, confirm that extreme poverty tends to reduce
the desire and ability to migrate due to limited resources, social networks, and access.
These findings suggest a nonlinear relationship between poverty and migration, where
moderate poverty may encourage migration. In contrast, extreme poverty may actually
constrain it, a dynamic that has not been fully explored in studies in Indonesia, especially

given the large variation in poverty levels across regions.

This study differs from previous research in terms of data coverage, time span,
and methodology. Atiyatna et al. (2024) focused on 10 provinces in Sumatra during
2017-2021, while Muslihatinningsih et al. (2020) analyzed six provinces in Java during
2010-2019. In contrast, this study uses a national panel dataset covering 32 provinces in
Indonesia over a longer period, 2010-2025, allowing for a more comprehensive analysis
of regional and temporal dynamics. Furthermore, unlike Komariyah & Sutantio (2020),
who use time-series data with an OLS approach, this study employs panel-data regression,
which better captures cross-sectoral and temporal variations in the determinants of labor

migration.

Although research on international labor migration in Indonesia continues to grow,
significant gaps remain in the literature. Existing studies are generally limited to specific
regions, use national aggregate data, or analyze the determinants of migration separately
over relatively short periods, thus failing to capture interprovincial heterogeneity and the
simultaneous interaction of key socio-economic factors. No study has systematically analyzed
the combined and long-term effects of average years of education, open unemployment
rates, provincial minimum wages, and poverty across all provinces in Indonesia. This study
fills this gap by presenting a comprehensive panel analysis of international labor migration
across 32 provinces from 2010 to 2025. It analyzes the individual and combined effects
of education, unemployment, minimum wages, and poverty on outbound migration flows
from provinces. It evaluates variations in their impacts across regions and changes over
time. Thus, the outcomes of this research are expected to serve as an evidence-based
policy foundation for provincial and national governments in designing more targeted
interventions, while also supporting the formulation of national strategies for migrant
worker protection, international labor cooperation, and remittance management to support

regional and national economic development.
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METHODS

This study uses secondary panel data that combines time-series observations with
cross-sectional information. The cross-sectional component comprises 32 provinces in
Indonesia, and the time dimension spans 2010-2025. The selection of the research period
is based on the availability and consistency of data that are relatively more complete
and reliable across all provinces since 2010, thereby supporting the validity of the panel
data regression analysis. The total sample size in this study is 480 observations, deemed
sufficient to support strong statistical inferences while maintaining data quality and
comparability across provinces. It should be noted that although Indonesia currently has
38 provinces, this study covers only 32 of them. The other six provinces are excluded

due to limited data availability on several research variables during the observation period.

This study positions international labor migration as the dependent variable,
operationalized through the total number of Indonesian Migrant Workers (PMI). The
independent variables include average length of schooling (RLS), unemployment rate
(TPT), provincial minimum wage (UMP), and poverty rate (KE). Data collection was
conducted by searching for, gathering, and downloading information from official websites
(Syafitri et al., 2025), namely the Central Statistics Agency (BPS), the Indonesian Migrant
Workers Protection Agency (BP2MI), and the Ministry of Manpower's One Data portal
(Kemnaker). All data were obtained from the official websites of these institutions to
ensure authenticity and accuracy. The description of the variables used in this analysis
is presented in Table 1.

Table 1. Definition of Variables

Variables Definitions Symbol Sources References
Indonesian migrant  Every Indonesian citizen who PMI KP2Ml/ (Muslihatinningsih et
workers (People) works or has worked and BP2MI al., 2020)

received wages outside the
territory of the Republic of

Indonesia.
average length of The mean duration of formal RLS BPS (Puspitasari, 2017)
schooling (Years) schooling attained by the
population aged 25 years and
older.
Open The ratio of the number of TPT BPS (Amri et al., 2025)
unemployment unemployed people to the total
rate (%) labor force in a particular region
and period of time.
Provincial minimum  The minimum wage applicable UMP Library DPR  (Atiyatna et
wage (IDR) to workers in all districts/cities RI al., 2024;
within a province. Muslihatinningsih et
al., 2020)
Poverty rate (%) The percentage of the KE BAPPENAS (Amri et al., 2022)

population with a mean
monthly per capita expenditure
below the poverty threshold is
measured.

Source: Author calculation
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Data analysis was performed using panel data regression, as this method captures
cross-sectional and time-series variation simultaneously, controls for unobserved
heterogeneity across provinces, and produces more efficient and consistent estimates
compared to pure time-series or cross-sectional approaches (Amri et al., 2022). The panel
data regression method is used to analyze the relationship between these independent
variables and international migration in 32 provinces in Indonesia from 2010 to 2025.
This model is specified based on neoclassical migration theory (Massey et al., 1993)
and the New Economics of Labor Migration (Stark & Bloom, 1985), which state that
differences in wages, job opportunities, and household economic conditions influence
migration decisions. The econometric model employed in this study can be articulated

as such:
LPMI,= B,+ B.LRLS, + B, LTPT + B, LUMP + B,LKE + ¢, (1)

Where LPMI_ is the logarithm logarithm of the number of Indonesian migrant workers
from province i during period z. LRLS, is the logarithm of the average length of schooling
in province 7 in period z LTPT, is the logarithm of the open unemployment rate
in province 7 in period . LUMP, is the logarithm of the provincial minimum wage
in province 7 in period z. LKE_ is the logarithm of the poverty rate in province 7 in
period . Furthermore, fy is a constant, while 81-f4 are the estimated coefficients for the
independent variables LRLS, LTPT, LUMP, and LKE. The index 7 indicates the province
unit (1, 2, ..., 32) and ¢ indicates the observation period (2010, 2011, ..., 2025). Lastly,

€ is the error term in the model.

In the context of panel data regression, the analysis begins with data preparation,
including data cleaning, checking for missing values, handling outliers, and transforming
all variables to logarithms. All research variables are transformed to natural logarithms
to standardize the data scale, reduce potential heteroskedasticity, and facilitate the
interpretation of regression coeflicients as elasticities, thereby making the estimation results
more statistically stable and economically relevant. Next, descriptive statistical analysis is

conducted to characterize the research variables (Amri et al., 2022).

In panel data regression, there are three main approaches, namely the Joint Effects
Model, the Fixed Effects Model, and the Random Effects Model (Amri, 2020). Selecting
the right regression model is crucial for obtaining accurate estimates of the relationships
between the variables under study. Therefore, to determine the most appropriate panel
regression model, model specification tests are performed, namely the Chow test and the
Hausman test (Amri, 2020). The Chow test is used to select between CEM and FEM; a
p-value > 0.05 indicates CEM, while a p-value < 0.05 indicates FEM. Next, the Hausman
test is performed to determine whether the fixed-effects or random-effects model should
be used; if the p-value is> 0.05, this supports the random-effects model. Conversely, if
the p-value < 0.05, this indicates that the fixed-effects model is appropriate.

After determining the most appropriate panel regression model, classical assumption

tests are performed. In panel data regression, classical assumption tests include tests
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for multicollinearity and heteroscedasticity, where the multicollinearity test assesses the
correlation among independent variables. The multicollinearity test used in panel data
regression is the Pairwise Correlation method, with a correlation coefficient value < 0.85.
Next, a heteroscedasticity test is conducted to examine the consistency of the residual
variance. Then, panel data regression is estimated using the selected model, and statistical
conclusions are drawn from the interpretation of regression coefficients and hypothesis
testing at a = 0.05.

RESULTS AND DISCUSSION

Table 2 presents descriptive statistics for the research variables based on panel data
from 32 provinces in Indonesia during 2010-2025, yielding a total of 512 observations.
Indonesian migrant workers (PMI) number a maximum of 149,936 in West Java Province
(2011), a minimum of 1 in North Maluku Province (2020-2021), and an average of 9,911.
The substantial standard deviation of 23,332 indicates significant regional disparities in
population movements. Average Years of Schooling (RLS) ranges from 5.59 years in Papua
Province (2010) to 11.59 years in DKI Jakarta Province (2024), with an average of 8.37
years, suggesting uneven educational attainment across regions. The Open Unemployment
Rate (TPT) ranges from 1.40 percent in Bali Province (2018) to 13.74 percent in Banten
Province (2011), averaging 5.29 percent, reflecting diverse labor market conditions across
regions. Provincial Minimum Wage (UMP) demonstrates considerable variation, ranging
from IDR 630,000 in East Java Province (2010) to IDR 5,396,761 in DKI Jakarta
Province (2025), with an average of IDR 2,071,588. Finally, Poverty (KE) ranges from
3.47 percent in DKI Jakarta (2019) to 34.10 percent in Papua (2010), with an average
of 10.86 percent during the 2010-2025 period, indicating considerable variation across
provinces over the study period.

Table 2. Summary Statistics

Variables Obs Mean Std. Dev. Min Max
Indonesian migrant workers (PMI) 512 9,911 23,332 1 149,936
average length of schooling (RLS) 512 8.37 1.07 5.59 11.59
Open unemployment rate (TPT) 512 5.29 2.05 1.40 13.74
Provincial minimum wage (UMP) 512 2,071,588 872,496 630,000 5,396,761
Poverty rate (KE) 512 10.86 5.52 3.47 34.10

Source: The author's calculations using Eviews, 2026

Before estimating a panel data regression, we first selected the best model among
the Common Effects Model, Fixed Effects Model, and Random Effects Model using the
Chow and Hausman Tests. The test results are presented in Table 3 below. Based on
the Chow Test results, a probability value of 0.00 (< 0.05) was obtained, indicating that
the Fixed Effect Model is more appropriate. Furthermore, the Hausman test showed a
p-value of 0.00 (< 0.05), indicating that the Fixed Effects Model was more appropriate
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than the Random Effects Model. Therefore, it was decided to use the Fixed Effects
Model in this study.

Table 3. Chow and Hausman Test Results

Effect Test Chi-Squared df P-Value
Chow 1,091 31 0.00
Hausman 24.53 4 0.00

Source: The author's calculations using Eviews, 2026

We conducted multicollinearity tests for the selected model, with the results shown
in Table 4. From Table 4, the results of the multicollinearity test using the Pairwise
Correlation method indicate that all correlation coefficients between independent variables
are less than 0.85. This indicates that there is no multicollinearity in the panel data

regression specification used.

Table 4. Multicollinearity Test Results: Pair Wise Correlation

Variable LRLS LTPT LUMP LKE
LRLS 1
LTPT 0.32 1
LUMP 0.55 -0.08 1
LKE -0.48 -0.16 -0.30 1

Source: The author's calculations using Eviews, 2026

Furthermore, a heteroscedasticity test was conducted to examine the consistency of
residual variance. Figure 2 shows the LPMI residual plot, where the residuals are randomly
scattered around zero and have relatively constant variance across all observations. The
absence of systematic patterns or funnel shapes indicates that the model satisfies the
homoscedasticity assumption. From the residual plot (blue), it can be observed that the
values remain within the bounds (500 and -500), indicating that the residual variance is
constant. Therefore, it can be concluded that this study does not exhibit heteroscedasticity

or passes the heteroscedasticity test, and is worthy of estimation.

The regression model used meets the classical assumptions because it passes the
heteroscedasticity and multicollinearity tests; thus, the estimation results are statistically
valid and reliable (Table 5). The results of the fixed-effects panel-data estimation across
32 provinces for 2010-2025 showed an adjusted R-squared of 0.89. This indicates that
89 percent of the variation in international migration of Indonesian workers is explained
by the independent variables included in the model, while the remaining 11 percent is
explained by other factors outside the model. The Prob value (F-statistic) of 0.00 indicates
that the model is jointly significant.

The coefficient of average years of education (LRLS) is -1.56 with a p-value of

0.22. This means that a 1 percentage point increase in the growth rate of average years
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Figure 2. Residual Heteroscedasticity Test
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of education tends to reduce the number of Indonesian migrant workers by approximately
1.56 percentage points, ceteris paribus. However, because the p-value (0.22) is greater
than the significance levels (1%, 5%, and 10%), this effect is not statistically significant.
The coeflicient of the log of the open unemployment rate (LTPT) is -0.71 with a p-value
of 0.00. This means that if the unemployment growth rate increases by 1 percentage
point, it will reduce the number of Indonesian migrant workers by approximately 0.71
percentage points, ceteris paribus. The coeflicient of the logarithmic provincial minimum
wage (LUMP) is -1.57 with a p-value of 0.00. This means that every 1 percent increase
in the provincial minimum wage will reduce the number of Indonesian migrant workers
by approximately 1.57 percent, ceteris paribus. Finally, the log coefficient of the poverty
rate (LKE) is -3.14 with a p-value of 0.00. This means that if the poverty rate growth
rate increases by 1 percent, it will reduce the number of Indonesian migrant workers by

3.14 percent, ceteris paribus.
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Table 5. Panel Regression Estimation Results

Variables Coefficient t-Statistic Prob.
C 40.94 12.67 0.00***
LRLS -1.56 -1.23 0.22
LTPT -0.71 -3.42 0.00***
LUMP -1.57 -7.89 0.00***
LKE -3.14 -5.73 0.00***
R-square 0.90
Adjusted R-squared 0.89
F-statistic 120.79
Prob(F-statistic) 0.00
Durbin-Watson Stat 1.10

Note:*** significant at 1%, ** significant at 5%, * significant at 10%

Source: The author's calculations using Eviews, 2026

Table 3 shows that the panel regression model between education, unemployment
rate, provincial minimum wage, poverty rate, and international labor migration in 32

Indonesian provinces from 2010 to 2025 can be expressed in the following equation:
LPMI, = 40.94 - 1.56LRLS - 0.71LTPT, - 1.57LUMP, - 3.14LKE, + ¢, 2)

The average length of schooling does not have a significant effect on international
labor migration in Indonesia. This finding is consistent with research by Atiyatna et al.
(2024) and Puspitasari (2017), which also shows that education level does not significantly
influence labor migration decisions in Indonesia. The structure of Indonesia's international
labor migration explains this insignificance. According to BP2MI (2025) data, of the
296,948 Indonesian migrant workers placed in 2025, 52.3 percent, or 155,302, worked
in the informal sector, with domestic workers being the largest category. Informal
sector jobs, such as domestic work, care work, and manual labor, do not require higher
education. Furthermore, there are no provisions regarding the minimum education level
for prospective Indonesian workers placed abroad (Puspitasari, 2017), provided they
have the basic reading and writing skills necessary to follow the pre-departure briefing
process (Puspitasari, 2017). Employers in destination countries place greater emphasis on
work experience and job readiness than on formal educational qualifications. Therefore,
increasing the average length of schooling, for example, from elementary school to junior
high school or from junior high school to senior high school, does not improve migrant

workers' competitiveness in these types of jobs.

In addition, structural barriers in destination countries, such as diploma recognition,
administrative costs, and language requirements, limit the utilization of basic educational
qualifications (Fenoll & Kuehn, 2017). This finding does not fully support the human
capital theory (Park et al., 2024; Popescu & Pudelko, 2024), which found a positive
relationship between education and migration. However, this theory generally applies
when education represents upper secondary or higher qualifications for skilled jobs in
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the formal sector. Nevertheless, education remains important for integration into the
domestic labor market, but it is not a primary factor in international migration because

job opportunities abroad are still dominated by the informal sector.

The unemployment rate shows a negative impact on international migration,
contrary to the push-pull migration theory and several previous studies. This finding
is in contrast to Komariyah & Sutantio (2020), Mihi-Ramirez et al. (2014), and
Muslihatinningsih et al. (2020), who found a positive correlation between unemployment
and emigration. However, our results do not completely contradict Atiyatna et al. (2024),
who found that unemployment does not significantly drive migration when other
economic factors dominate. Empirical evidence from Indonesia provides strong support
for this counterintuitive relationship. BP2MI (2025) data shows that East Java, with an
unemployment rate of 3.88 percent, sent 69,632 migrant workers abroad, while Banten
Province, with a higher unemployment rate of 6.69 percent, sent only 3,609. The pattern
suggests that provinces with lower unemployment rates have stronger economic capacity,
better institutional support systems, and more established migration networks to facilitate

large-scale international migration.

This study contributes to the development of migration theory by highlighting
the importance of liquidity constraints. International migration requires substantial
initial investments in administrative costs, training, transportation, and documentation.
Unemployed individuals generally lack sufficient financial resources to cover these
costs (Liu et al., 2025). Therefore, our findings extend dual labor market theory and
world-systems theory by showing that unemployment pressure alone is insufficient to
drive migration without minimal economic capacity and regional-level institutional

structures.

The provincial minimum wage (UMP) also negatively affected international
labor migration. This result strongly supports the research Atiyatna et al. (2024)
and Muslihatinningsih et al. (2020), and is consistent with neoclassical economic
theory, which views migration as a response to wage differences (Massey et al., 1993).
Therefore, this study strengthens the wage differential hypothesis in the Indonesian
context. In Indonesia, where minimum wage policies primarily apply to the formal
sector (Siregar, 2022). Rising wages signal increased well-being and income stability in
the domestic labor market. As domestic wages rise, international migration becomes
less attractive, especially considering job insecurity, cultural adjustment challenges, and

family separation in the destination country.

Building on the findings of Sy & Hosoe (2023), this study shows that minimum
wage increases do not completely stop migration, but rather make it more selective.
Workers with specialized skills or strong migration networks continue to migrate, while
others choose to remain in the domestic labor market. This explains why migration
flows continue despite wage increases, albeit at lower levels. This selectivity effect is an
important contribution to understanding the relationship between wages and migration

in developing countries.
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Finally, the poverty level shows a negative effect on international labor migration.
This result is in line with research by Hagen-Zanker et al. (2025), which states that extreme
poverty hinders households' ability to migrate because when all income is allocated to
basic needs, households lack the financial resources to cover the significant initial costs
of migration (Liu et al., 2025). Empirical evidence from Indonesia strongly supports this
relationship. BP2MI (2025) reports that West Nusa Tenggara (NTB), with a poverty
rate of 11.78 percent, sent 34,831 migrant workers abroad, while East Nusa Tenggara
(NTT), with a poverty rate of 18.60 percent, sent only 4,128. East Java, with a lower
poverty rate of 9.50 percent, sent more migrants, a total of 69,632 people. Communities
with relatively better economic conditions have a greater capacity to finance international

labor migration.

However, our findings differ from those of Muslihatinningsih et al. (2020), which
found a positive relationship between poverty and migration. This difference is theoretically
significant because it demonstrates a threshold effect. Moderate levels of poverty may
increase motivation to migrate, but at severe levels, it creates binding financial constraints
that prevent migration. Migration is not a rational choice for the poorest households,
but rather a strategy available only to groups with minimal economic capacity (Massey
et al, 1993). Furthermore, this study reexamines the dominant narrative regarding
remittances as a poverty-reduction mechanism. Although remittances are often considered
an effective tool for poverty reduction, migration does not always guarantee improved
household welfare. Vulnerabilities arising from pre-migration debt, labor exploitation in
the destination country, and high living costs abroad can actually create new conditions
of poverty for migrant workers and their families (Ghimire & Neupane, 2025; Hornung
et al., 2025). Therefore, our research contributes to reconceptualizing poverty not as the
primary driver of migration, but as a structural barrier that hinders access to international

migration opportunities.

CONCLUSION

This study aims to analyze the influence of education, the open unemployment
rate, provincial minimum wage, and poverty on international migration of Indonesian
workers across 32 provinces during 2010-2025 using a Fixed Effects Model. The
results indicate that regional economic conditions play a significant role in determining
migration. Average years of education do not have a significant effect, indicating that
primary and secondary education are not yet relevant to migration patterns dominated
by the informal sector. In contrast, the unemployment rate and provincial minimum
wage have a negative impact, as financial constraints stemming from unemployment
and increased domestic welfare reduce the incentive to migrate. The poverty rate also
has a negative impact and is the most dominant factor, strengthening the poverty
trap hypothesis because poor households cannot afford the initial costs of migration.
Overall, migration requires minimal economic capacity and is not simply a response

to economic pressure.
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Based on the study's findings, the central government, regional governments,
and the Indonesian Migrant Workers Association (BP2MI) need to design a more
integrated migration policy. This effort includes strengthening vocational training and
skills certification to prevent migration from being concentrated solely in the informal
sector. In provinces with high unemployment rates but low migration rates, strengthening
the migration ecosystem through training and credible placement agencies is crucial to
expanding access to international employment. Furthermore, the government needs to
provide affordable migration financing schemes, such as subsidies for administrative and
transportation costs, to assist poor households who wish to migrate but are constrained
by costs. Furthermore, the government and BP2MI need to ensure legal protection and
access to decent work for migrant workers so that migration effectively reduces poverty
and unemployment and improves the welfare of the Indonesian people. For future research,
we recommend using individual microdata and analyzing by occupation and destination
country to gain a more comprehensive understanding of the factors influencing Indonesia's

international labor migration.
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INTRODUCTION

Employment conditions are widely regarded as an important element of overall
economic performance. Achieving full employment generally requires consistent, effective
national-level policies. Failure to implement these policies risks high unemployment rates,
which pose a severe threat to both national stability and individual welfare. Grounded
in Okun's Law, high unemployment directly restricts economic growth and can leave a
prolonged negative impact on the economy (Porras-Arena & Martin-Romdn, 2023). These
consequences extend beyond fiscal metrics and include the depreciation of human capital
(Doppelt, 2019), weakened social cohesion (Pohlan, 2024), and a decline in public trust
in government institutions (Popova et al., 20206).

In recent years, Indonesia has undergone substantial transformations, including
shifts in production structures, uneven patterns of industrial development, and differing
magnitudes of foreign investment across regions (Andriyani & Irawan, 2018; ASEAN
Secretariat, 2024; Halim et al., 2025). These developments may impact the effectiveness
of existing economic policies in driving employment expansion (Mulya, 2024). Such
structural changes necessitate a re-evaluation of employment determinants, as traditional
economic drivers may no longer yield the same labor-absorption outcomes in a changing
industrial landscape. Consequently, further research using the most recent empirical data is
essential to identify the evolving factors influencing job creation and to ensure that national
policy frameworks remain responsive to these contemporary regional dynamics. Drawing
from neoclassical growth theory and Okun's Law, economic output is fundamentally
determined by the interplay of capital, labor, human capital, and technological progress.
The existing literature suggests a positive elasticity among these variables, implying
that labor absorption is not an isolated metric but is functionally dependent on the
accumulation of other production factors (Ferrara, 2025; Porras-Arena & Martin-Romadn,
2023; Wang & Wang, 2025). Therefore, expanding employment opportunities can be
fostered strategically by enhancing capital investment and the quality of human capital.

Economic growth is widely viewed as a primary driver for supporting employment
expansion. Within classical frameworks, rising output generates capital surpluses that can be
reinvested into the economy. This increase in investment expands overall economic activity,
which naturally requires more labor to meet the new production demands. Consequently,
higher output levels tend to drive employment by increasing the total number of workers
needed to sustain an expanded economy (Ferrara, 2025). Empirical studies have reported
findings that are broadly consistent with this expected relationship (Astuti & Gunawan,
2024; Irshad & Hasan, 2022; Taqiyyuddin, 2023). Furthermore, foreign capital inflows
represent another key channel through which employment expansion may occur (Nguyen
et al., 2024). One mechanism operates through the expansion of production capacity
and economic activity associated with incoming foreign capital (Hakim et al., 2023).

Additionally, foreign firms may introduce new technologies, managerial practices,
and skills that generate spillover effects for the domestic labor market (Zhao et al., 2024).

These benefits are not automatic, however, as the extent to which the local workforce
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can absorb technological and knowledge spillovers depends on the availability of adequate
human capital, particularly education (Badinger et al., 2019). From a broader theoretical
perspective, growth frameworks emphasize that increases in capital accumulation and
technological capability can support sustained output growth and, under certain conditions,
lead to higher labor demand (Diebolt & Hippe, 2019). However, research in this area
is far from uniform. Several studies report that foreign direct investment is positively
associated with employment in certain contexts (Aderemi et al., 2022; Hakim et al,
2023; Nguyen et al., 2024; Tanaya & Suyanto, 2023), while others find insignificant or
even negative relationships under different settings (Astuti & Gunawan, 2024; Irshad &
Hasan, 2022; Jude & Silaghi, 2016; Taqiyyuddin, 2023).

Human capital represents another critical socioeconomic factor in the analysis
of employment outcomes, as the emergence of human capital theory, research, and
policy attention to education and health has become increasingly prominent. Classical
theory emphasizes that education and health contribute to employment by enhancing
productivity, employability, and workers' ability to adapt to technological change.
Empirical evidence, however, does not provide uniform conclusions. Several studies find
that education is positively associated with employment in certain contexts (Adejumo et
al., 2021; Astuti & Gunawan, 2024; Raza et al., 2023), while others report insignificant
or negative relationships depending on the settings of the analysis (Pinna et al., 2024;
Raza et al., 2023). In contrast, improvements in health are more consistently linked
to favorable employment outcomes across different studies (Pinna et al., 2024; Raza
et al., 2023).

While a substantial body of literature has examined the relationship between
socioeconomic factors and employment, the evidence remains insufficient to provide
clear guidance for policy formulation in countries characterized by pronounced regional
diversity, such as Indonesia (Black et al., 2025; Chen et al., 2021; Halim et al., 2025; Hill
& Vidyattama, 2016). Most existing studies rely on national-level data, which implicitly
assume that the effects of foreign investment, economic growth, education, and health
on employment are homogeneous across regions (Irshad & Hasan, 2022; Nguyen et
al., 2024; Pinna et al., 2024; Tanaya & Suyanto, 2023). This assumption is particularly
restrictive in the Indonesian context, where regions differ markedly in economic structure,

development stage, and labor market conditions (Halim et al., 2025).

Although several studies employ provincial-level data, many continue to estimate a
single national model that treats provinces as a uniform analytical unit (Hafidz & Aida,
2025; Saraswati et al., 2022; Silvia et al., 2025; Tantra & Anandari, 2025). As a result,
these studies do not test whether national-level estimates remain valid once regional
heterogeneity is explicitly considered. In this setting, the use of provincial data does
not substantially differ from national aggregation, as differences in regional employment
responses are not directly modeled. Other studies focus on specific regions or selected
provinces, which limits the generalizability of their findings to the broader national
context (Astuti & Gunawan, 2024; Purwantoro et al., 2022; Santosa & Aisyah, 2025).
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Moreover, much of the existing literature relies on earlier datasets, leaving
employment dynamics up to 2024 largely unexplored. This gap is important because
failing to account for regional heterogeneity may lead to aggregation bias and misleading
empirical inference. National-level estimates may mask substantial differences in how
employment responds to key socioeconomic factors across regions, increasing the risk
that policy conclusions drawn from aggregate models are ineffective or poorly targeted.
Without explicitly examining whether a single national model is sufficient, it remains
unclear whether observed relationships reflect general patterns or region-specific dynamics.
This study addresses these limitations by examining employment determinants in Indonesia
using recent provincial data and by explicitly comparing national-level estimations with

regional models.

The objective of this study is to assess and contrast how foreign direct investment,
economic growth, education, and health are associated with employment at the national
level and across regional clusters in Indonesia, and further to determine whether a single
national model is sufficient to explain employment dynamics in a country characterized
by substantial regional diversity. The novelty of this study lies in its explicit comparison
of national and regional estimations, which enables an evaluation of whether a single
national-level model adequately represents employment dynamics in a regionally diverse
economy. By doing so, the study moves beyond treating Indonesia as a homogeneous unit.
It provides empirical evidence on how the relationships between key socioeconomic factors

and employment vary across regions wi ifferent economic and social characteristics.
d loyment vary g th different d | characterist

METHOD

This study utilizes panel data regression employing fixed or random effects models,
where the selection is determined through formal specification tests for each regional
cluster. The dataset covers the period from 2011 to 2024. The analysis comprises
33 provinces selected based on the completeness of data availability throughout the
observation period. Furthermore, this temporal scope was chosen specifically to ensure

the completeness and consistency of the socioeconomic indicators.

To deepen the analysis, these provinces are further divided into four regional clusters:
Sumatra, Java-Bali, Kalimantan-Sulawesi, and Eastern Indonesia. This study adopts a
regional classification adapted from Akita (2003), with the primary modification being
the consolidation of Kalimantan and Sulawesi into one regional grouping. Kalimantan
and Sulawesi are combined due to their relatively small number of provinces and their
economic structure dependent on commodities. The details regarding these shared
commodity-based profiles are explicitly outlined in Presidential Regulation (Perpres)
Number 12 of 2025, which identifies the primary sector dependencies common to both
regions (Perpres No. 12/2025, 2025, Annex IV).

All variables and their definitions are presented in detail in Table 1. Employment
(EMP) refers to the number of employed individuals within the working-age population.

Foreign direct investment (FDI) is measured as the ratio of foreign investment inflows

142 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.49655


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49655

Franse Franse
Regional Heterogeneity in Employment Determinants: Evidence from Indonesia

to provincial GRDP. This measure is used to ensure comparability across provinces with
different economic sizes. Economic growth is captured by the annual GRDP growth
rate (GRDPG). Education is represented through two indicators: APK, which measures
school participation at the basic and secondary levels, and RLS, which reflects the average
duration of schooling and serves as a proxy for educational quality. Health capital is
measured by life expectancy at birth (AHH).

To address differences in scale and variance, EMP and FDI are transformed
into natural logarithms. Logarithmic transformations are commonly used in applied
econometrics to reduce skewness and stabilize variance, particularly for variables with
wide value ranges. GRDPG is not transformed because some observations take negative
values. APK, RLS, and AHH remain in their original forms to preserve interpretability,
as their scales do not require transformation. The empirical analysis relies on a panel

regression framework.

Table 1. Operational Variables

Variables Proxy Code Unit Description Data Source
Represents the number of
Number of individuals who are employed .
Persons S . - - Statistics
Employment  employed LNEMP (logged) within each province in a given Indonesia (BPS)
individuals g8 year. This variable reflects the

region’s employment level.

Measures the ratio of realized

Ratio of foreign direct investment to Stahshgs
. o . Indonesia (BPS)
Foreign realized Ratio provincial nominal GRDP. It & Indonesia
FDI on LNFDI indicates the extent to which
Investment . (logged) A R R Investment
economic provincial economic activity is .
rowth supported by foreign capital Coordinafing
g . Board (BKPM)
inflows.
Captures the annual growth
Gross rate of provincial real Gross
Economic Regional Percent Regional Domestic Product. This
Growth Domestic GRDPG (%) variable reflects the expansion of
Product ° production activities and overall
Growth economic performance within a
province.
Indicates the average number
of completed years of formal
Average education among residents aged
Years of RLS Years 15 and above. It is used as a
Schooling proxy for education quality and
accumulated human capital within = gtatistics
Education a province. Indonesia (BPS)
Represents the average gross
enrollment rate across primary
Gross .
Percent  and secondary education levels. It
Enrollment APK o .
(%) measures the extent of educational
Rate s
participation and access among the
school-age population.
Reflects the average number of
years a newborn is expected to
Health Life AHH Years live u.n.der prevailing mortality
expectancy conditions. It serves as a key
indicator of population health and
overall human development.
http://journal.uinjkt.ac.id/index.php/signifikan 143

https:/doi.org/10.15408/sjie.v15i1.49655


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49655

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 139 - 156

The general model estimated in this study is written as:
LNEMP;; = a+ [LNFDI;; + B,GRDPG;; + [3RLS;; + B4APK;: + BsAHH; + &
Description:
LNEMP, : Natural logarithm of employed individuals in province i at time t
a : Model intercept
LNFDI,  : Natural logarithm of foreign direct investment in province i at time t
GRDPG, : Growth rate of Gross Regional Domestic Product in province i at time t
RLS. : Average years of schooling in province i at time t

APK : Average Gross enrollment rate at the primary, junior secondary, and senior

secondary levels in province i at time t

AHH,  : Average life expectancy at birth for both men and women in province i at
time t
B. : Slope coefficients of each explanatory variable on employment
it
: Error term

The empirical analysis is conducted using Stata. To determine the most appropriate
model for the national data and each regional cluster, we employ the Chow test and
the Hausman specification test. The Breusch and Pagan Lagrange Multiplier (LM) test is
also applied where necessary to distinguish between common and random effects models.
This allows the estimation strategy to vary (either FEM or REM) depending on the
specific data characteristics of each region. To ensure the validity of our results, we use
cluster-robust standard errors at the provincial level. This approach addresses potential
heteroskedasticity and serial correlation, reducing the need for separate diagnostic tests
for these assumptions (Abadie et al., 2022). The primary classical diagnostic retained is
the Variance Inflation Factor (VIF) test, which we use to ensure that multicollinearity

does not bias our estimates.

This study adopts one-tailed hypothesis testing, consistent with theoretical
expectations regarding the directional relationship of the coefficients. Since statistical
software reports two-tailed p-values, the probabilities are divided by 2 when the estimated
sign aligns with the hypothesized relationship. Conversely, when the estimated sign
contradicts the theoretical expectation, the null hypothesis is rejected regardless of the
adjusted probability value. Descriptive analysis is conducted prior to the estimation stage
to support the interpretation of the regression results. The analysis is presented using
two primary indicators: the mean value of each variable by region and the coeflicient
of variation. These indicators are selected because they allow straightforward comparison
and provide a clear overview of the data distribution and variability. Both measures are
calculated using regional panel data covering the period from 2011 to 2024. No data
transformation is applied in the descriptive analysis, as the purpose of descriptive statistics
is to present the behavior of the variables in their original measurement scale and to offer

a basic overview of the data structure. This descriptive assessment provides contextual
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support for examining the determinants of employment and for highlighting differences

in their relationships at the national and regional levels.

RESULTS AND DISCUSSION
The panel regression analysis yields several key findings that highlight substantial

variation across national and regional models. Overall, the results show limited uniformity
between the national estimate and regional clusters for most variables, except for school
participation (APK), which does not exhibit a statistically significant relationship with
employment at either the national or regional levels. Foreign direct investment shows a
positive association with employment at the national level, with weak significance, whereas
a stronger, statistically significant positive effect is observed in Sumatra. In contrast, the
relationship between FDI and employment is not statistically significant in the remaining
regions. Economic growth shows a weak but negative association with employment at

the national level.

In contrast, positive, statistically significant effects are found in Java—Bali and
Kalimantan—Sulawesi, with no significant relationship in other regions. Education
quality, measured by average years of schooling (RLS), is not significant in the national
model, shows a weakly significant negative relationship in Eastern Indonesia, and
exhibits positive and significant effects in the other regional clusters. Health, proxied
by life expectancy (AHH), demonstrates a positive, statistically significant association
with employment at the national level, with significant positive effects also observed in
Java—Bali and Eastern Indonesia, but remaining insignificant elsewhere. Taken together,
these findings indicate pronounced regional heterogeneity and suggest that national-
level models alone do not adequately capture the variation in employment determinants

across Indonesia.

Model selection is conducted using a sequence of specification tests, namely the
Chow test, the Hausman test, and the Breusch—Pagan Lagrange Multiplier (LM) test, with
the results summarized in Table 2. The Chow test is first applied to determine whether
the common effect is appropriate or whether unobserved heterogeneity across provinces
should be accounted for through panel estimators. The consistently significant Chow test
results across all models indicate that panel-based estimations are required. Subsequently,
the Hausman test is employed to assess whether the fixed effects or random effects
specification is more suitable by testing the consistency of the random effects estimator.
Based on the Hausman test results, the random effects model is selected for the national,
Sumatra, and Kalimantan—Sulawesi samples, while the fixed effects model is preferred
for the Java—Bali and Eastern Indonesia clusters. The LM test is applied only when the
Chow test indicates panel effects and the Hausman test fails to reject the random effects
specification, to confirm the relevance of random effects relative to common effects.
This sequential procedure ensures that each model specification is selected according to
the underlying data structure of each regional cluster, rather than imposing a uniform

estimation approach across regions.
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Table 2. Model Specification Test

Test National Sumatra Java-Bali Kalimantan - Sulawesi Eastern Indonesia
Chow Test (p-value) 0.00 0.00 0.00 0.00 0.00
Hausman Test (p-value)  0.6559 1.00 0.0010 0.9688 0.00
LM Test (p-value) 0.00 0.00 - 0.00 -
Selected Model REM REM FEM REM FEM

Next, multicollinearity was assessed using the Variance Inflation Factor (VIF).
The results in Table 3 indicate that all explanatory variables have VIF values well
below commonly used thresholds, with none exceeding 3. This suggests that the
explanatory variables are not strongly correlated with one another and that the degree
of linear association among the regressors is relatively low. Consequently, the estimated
coeflicients are unlikely to be substantially distorted by multicollinearity, and each
variable can be interpreted without concern that its effect is being masked or inflated
by other predictors. Although VIF does not imply the complete absence of correlation
among regressors, the consistently low values observed for both the national sample
and all regional clusters indicate that multicollinearity is not a substantive issue in
this study.

Table 3. Variance Inflation Factor (VIF) Test Results

VIF National ~ Sumatra Java - Bali Kalimantan - Sulawesi Eastern Indonesia
LNFDI 1.08 1.16 1.63 1.22 1.31
PDRBG 1.08 1.32 1.07 1.24 1.28

RLS 1.74 2.24 1.11 2.94 2.09

APK 1.47 2.33 1.34 2.30 2.02

AHH 1.32 1.15 1.88 2.40 1.70
Mean VIF 1.34 1.64 1.41 2.02 1.68

The descriptive statistics in Table 4 report the mean values and coeflicients of
variation for each variable within each regional cluster. The results indicate regional
heterogeneity in Indonesia. A comparison of mean values shows that employment (EMP),
foreign direct investment (FDI), and economic growth (GRDPG) exhibit noticeable
variation across regions. This range of variation suggests that regional disparities are more
pronounced for population and economic indicators. In contrast, differences in human
capital indicators appear to be relatively more limited.

Furthermore, the coefhicients of variation reveal substantial differences within and
between regions. These patterns suggest that heterogeneity in socioeconomic conditions
exists not only across regions but also within regions themselves. This finding underscores

the relevance of adopting a regional clustering approach, as treating Indonesia as a single
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national unit may obscure important variations in both the levels and relationships of

the variables under study.

Proceeding to the estimation stage, this study examines the effects of the explanatory
variables on employment at both the national and regional levels. For clarity and
conciseness, the regression results are summarized in Table 5. For each specification,
Wald or F tests are conducted, and the results indicate that all estimated models are
statistically valid for interpretation. The discussion that follows interprets the estimated
coefhicients sequentially by variable. Descriptive statistics provide additional context on
regional characteristics, helping clarify differences observed across regions. The estimation
results reveal notable differences in the relationship between foreign direct investment
and employment across models. At the national level, FDI is positively associated with
employment, though the statistical significance is relatively weak. In contrast, the Sumatra
cluster shows a stronger, positive association between FDI and employment, whereas no
significant association is detected in the Java—Bali, Kalimantan—Sulawesi, and Eastern

Indonesia clusters.

Table 4. Regional Comparison of Mean Values and Coefficient of Variation, 2011-2024

Variables Measurement National Sumatra Java - Bali Kallmantap ) Easterr?
Sulawesi Indonesia

Coefficient of 14063 06775 0.7792 0.5898 0.6632
Variation

EMP
Mean 3,745292 2,611,529 10,461,393 1,604,425 1,367,557
Coefficient of 2.0596 0.9507 0.8369 1.2810 1.8608
Variation

FDI
Mean 4.7% 2.03% 3.25% 4.84% 10.63%
\C/;’si%'i”t of 06813 04849 0.5532 05610 1.0398

GRDPG

Mean 5.02% 4.31% 4.79% 5.74% 5.28%
Coefficient of 0.1250 0.0883 0.1414 0.1050 0.1552
Variation

RLS
Mean 8.320 8.610 8.630 8.190 7.730
Coefficient of 0.0528 0.0403 0.0392 0.0445 0.0845
Variation

APK
Mean 0.929 0.942 0.926 0.918 0.928
Coefficient of 00379 00150  0.0242 0.0367 0.0183
Variation

AHH
Mean 69.65 69.87 72.45 69.50 66.24

The positive association observed at the national level and in Sumatra is broadly
consistent with classical and endogenous growth frameworks, which suggest that additional

investment can expand productive capacity and, under certain conditions, support
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employment growth (Ferrara, 2025). Although indirect channels, such as technology or
knowledge spillovers, are often discussed in the literature, they are not explicitly examined
in this study. Therefore, the results should be interpreted as evidence of association
rather than causal transmission. Comparing this result with the descriptive analysis, the
significant positive effect in Sumatra may be attributed to the region having the lowest
average FDI-to-GRDP ratio. This result might indicate that many of its provinces are still
at an earlier stage of foreign investment absorption. Under such conditions, investment
may generally flow towards expansion of production rather than efficiency improvements,
consequently expanding employment (Jude & Silaghi, 2016). Sumatra also has relatively
high mean values of RLS and APK, which may indicate a higher level of education that
would enable local firms and stakeholders to benefit from spillover effects (Badinger et
al., 2019; Jude & Silaghi, 2016).

Table 5. Summary of Estimation Results for National and All Regions

Natonal REM  Sumatrs (REM e Bal FEM g £ SRR ingonea fFEM
Robust SE) Robust SE)
C 5.082641 11.98551 13.0624 11.93376 -11.97771
Std. Err 3.980326 0.6434185 0.9771843 1.107184 9.364818
t/z stat (1.28) (18.63) (13.37) (10.78) (-1.28)
LNFDI 0.0196361 0.0114359 -0.0065086 0.004641 0.0074227
Std. Err 0.146102 0.0042896 0.0063257 0.0046772 0.0273173
t/z stat (1.34) (2.67)*** (-1.03) (0.99) (0.27)
GRDPG -0.0043389 -0.0006244 0.0034017 0.0023267 -0.0074007
Std. Err 0.0027703 0.0021201 0.0006883 0.0006872 0.0055489
t/z stat (-1.57)* (-0.29) (4.94)** (3.39)*** (-1.33)
RLS -0.0764033 0.2329648 0.1185925 0.1820665 -0.6506913
Std. Err 0.1566321 0.026671 0.0187446 0.0258466 0.3636104
t/z stat (-0.49) (8.73)*** (6.33)*** (7.04)*** (-1.79)*
APK 0.0016009 0.0022324 0.0004573 0.0012267 0.0097034
Std. Err 0.0020425 0.0020612 0.00034957 0.0023686 0.0108283
t/z stat (0.78) (1.08) (0.13) (0.52) (0.90)
AHH 0.144421 0.0056091 0.0221601 0.0085734 0.4535228
Std. Err 0.763363 0.0108085 0.015157 0.0189628 0.1695865
t/z stat (1.89)** (0.52) (1.46)* (0.45) (2.67)**
R-Square 0.3022 0.0049 0.8203 0.0476 0.4219

Notes: ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively, based on one-tailed tests.
Because the estimations use both fixed- and random-effects specifications, the reported test statistics differ by model:
t-statistics are shown for FEM results, while z-statistics are shown for REM results. For model fit, the table reports
the overall R-squared for REM and the within R-squared for FEM.

These findings partially align with previous studies that document a positive
relationship between FDI and employment in specific contexts (Hakim et al., 2023;
Nguyen et al., 2024; Rudatin et al., 2024; Tanaya & Suyanto, 2023). However, the
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absence of significant effects in several regional clusters indicates that this relationship
is not uniform across regions. The lack of statistical significance in these regions likely
stems from differences in regional factor endowments, particularly in labor skill sets
and urbanization levels. Evidence suggests that FDI location decisions in Indonesia are
influenced by the availability of high-skilled human capital, leading to a ‘skill-biased’
labor demand (Halim et al., 2025; Ramdhan, 2025).

This result implies that the labor-absorptive capacity of FDI is not automatic but
may depend on how well the investment requirements align with the existing local human
capital stock and regional industry characteristics. This pattern is consistent with other
empirical studies reporting insignificant or mixed effects of FDI on employment (Irshad &
Hasan, 2022; Misnahwati, 2024; Simanora, 2025; Wulandari & Sishadiyati, 2023). Taken
together, the contrast between the weakly significant national result, the stronger association
in Sumatra, and the insignificant outcomes in other regions highlights substantial regional
heterogeneity. These differences suggest that national-level estimations may not fully capture
region-specific employment dynamics, supporting the view that a single national model

is insufficient to explain the relationship between FDI and employment across Indonesia.

The estimated effect of GRDP growth on employment is mixed across the national
and regional models. At the national level, the GRDPG coefficient is negative and only
weakly statistically significant. This pattern does not align with the initial hypothesis or
the standard growth expectation that higher output expansion is accompanied by greater
use of production inputs, including labor (Ferrara, 2025). In practice, however, output
can increase without a proportional rise in employment when growth is driven mainly
by efhiciency gains. When firms expand production through technological upgrading or
highly capital-intensive processes, labor demand may remain unchanged or even decline,
consistent with prior arguments that growth driven by efficiency can have limited
employment effects (Hotte et al., 2023; Jude & Silaghi, 2016).

The negative national estimate is consistent with Tantra & Anandari (2025), who
also report a negative association using Indonesian provincial panel data. Nevertheless,
this national result should not be interpreted as a single dominant pattern, given that the
regional estimations indicate heterogeneous relationships. In Java, Bali, and Kalimantan—
Sulawesi, GRDP growth is positively associated with employment and statistically
significant, whereas the estimates for Sumatra and Eastern Indonesia are not statistically
significant. The lack of significance in certain regions may also be explained by the
composition effect of regional growth, in which differences in factor endowment shape
the characteristics of industries and how their labor markets respond to growth (Halim
et al., 2025; Perpres No. 12/2025, 2025, Annex V). The positive coeflicients in some
clusters align closely with studies documenting a positive growth—employment relationship
in certain contexts (Astuti & Gunawan, 2024; Irshad & Hasan, 2022; Saraswati et
al., 2022; Taqiyyuddin, 2023). Meanwhile, the insignificant results in other clusters are
also consistent with evidence that does not find a robust relationship in some settings
(Hamzah & Fitriyah, 2025; Ruslan & Pratomo, 2025). Overall, differences in coefficient

direction and statistical significance across clusters indicate regional heterogeneity in the
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relationship between GRDP growth and employment. This result further supports the
interpretation that a single national model may not fully represent employment dynamics

across Indonesias regions, since aggregation can mask variation across clusters.

This study uses two education indicators: the gross enrollment rate (APK) and
the average years of schooling (RLS). APK captures participation in basic and secondary
education, while RLS reflects the accumulated duration of formal education completed by
the population. These indicators represent different dimensions of education: APK focuses
on enrollment coverage, and RLS captures educational attainment. The estimation results
indicate that APK does not exhibit a statistically significant relationship with employment
at either the national or regional levels. This finding is consistent with previous studies
that employ similar measures and also report insignificant results for APK (Asmawati et
al., 2025; Wulandari & Astuti, 2023). A plausible interpretation is that enrollment at
the basic and secondary levels, while important for general access to education, may not
be sufficient to directly influence employment outcomes, particularly when participation
rates are already relatively high and exhibit limited variation.

In contrast, the results for RLS demonstrate a more heterogeneous pattern across
regions. At the national level, RLS is not statistically significant, consistent with findings
from several earlier studies (Sari & Setyowati, 2023). At the regional level, RLS shows
a weakly negative and significant association with employment in Eastern Indonesia, a
result also documented in recent empirical work (Amarta & Setiawati, 2025). Meanwhile,
in Sumatra, Java, Bali, and Kalimantan—Sulawesi, RLS exhibits a positive, statistically
significant relationship with employment. This positive association is consistent with a
large body of empirical literature suggesting that higher educational attainment supports
employment through improved productivity and employability (Hafidz & Aida, 2025;
Romawati & Setiawati, 2025; Ruslan & Pratomo, 2025; Saraswati et al., 2022). The
variation in these results suggests that the impact of educational attainment is closely
tied to the regional labor market’s characteristics. Improvement in educational attainment,
particularly in regions with adequate job opportunities, may correspond to better
alignment with formal labor-market requirements.

Moreover, additional schooling may increase the population’s readiness to enter a
sector that values higher qualifications (Munawaroh, 2021). Taken together, these findings
indicate that the relationship between education and employment differs markedly across
regions. While most regions show a positive association between educational attainment
and employment, the contrasting result observed in Eastern Indonesia contributes to
the absence of a significant relationship at the national level. This pattern illustrates the
limitation of relying solely on national estimations, as aggregation may conceal important
regional differences. The variation in both the sign and significance of the education
coefficients across regions provides further evidence of regional heterogeneity and reinforces
the argument that a single national model is insufficient to fully capture the role of
education in shaping employment outcomes in Indonesia.

Health is proxied in this study by life expectancy at birth (AHH). The estimation

results indicate a generally positive association between health and employment, although
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the strength and statistical significance of this relationship vary across models. At the
national level, AHH shows a positive and statistically significant relationship with
employment. Similar positive effects are observed in the Java—Bali and Eastern Indonesia
clusters, with the coefficient in Java—Bali being positive but only weakly significant. In
contrast, the relationship between AHH and employment is not statistically significant

in Sumatra and Kalimantan—Sulawesi.

The significant association in Java-Bali aligns with the region's relatively higher AHH
in the dataset. AHH is often viewed as a broad indicator of socioeconomic development.
Regions with more advanced development may possess labor markets that can better
absorb improvements in the quality of labor supply (OECD, 2019). A similar pattern is
observed in Eastern Indonesia, although the region has a lower AHH. In this scenario,
improvements in health conditions may be more discernible in the data because they

occur from a lower baseline.

The positive association between health and employment across several models is
consistent with previous studies that document that improvements in population health
tend to support labor productivity and labor market participation (Handayani et al.,
2025; Pinna et al., 2024; Raza et al., 2023; Sajati & Pujiati, 2025). These studies suggest
that healthier individuals are generally better able to participate in economic activity
and sustain employment, findings that align with the significant results observed at the
national level and in selected regions. Simultaneously, the absence of statistical significance
in some regional models is also supported by earlier findings. A limited number of
studies report insignificant relationships between health indicators and employment under
certain regional or sectoral conditions (Sutrisna & Suasih, 2025). This result suggests
that improvements in health do not always translate uniformly into employment gains,

particularly when labor demand or economic structure differs across regions.

Overall, while the positive direction of the health coefficient appears relatively
consistent across most models, the variation in statistical significance indicates that the
magnitude and effectiveness of health improvements in supporting employment are not
uniform across regions. This pattern highlights regional heterogeneity in the health—
employment relationship. Consequently, the national-level result should be interpreted
with caution, as it may not fully reflect how employment responds to health improvements
across regions. These findings further reinforce the inadequacy of relying solely on a
national model and underscore the importance of region-specific analysis when assessing

the role of health in employment outcomes.

The results of this study consistently indicate regional heterogeneity in the
determinants of employment. Across all variables examined, the magnitude, direction,
and statistical significance of the relationships with employment differ across regions.
No single determinant exhibits a uniform pattern that applies equally to all regional
clusters, except APK. This variation suggests that employment dynamics in Indonesia
are shaped by regional-specific economic and social conditions rather than by a single

national mechanism. These variations may suggest that the unique factor endowments of
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each region shape how socioeconomic factors relate to employment. For determinants
such as FDI, economic growth, and human capital (education and health), the capacity
for labor absorption may depend on the sectoral composition of the local economy. In
clusters with high labor-intensity economic structures, these factors may show a stronger
association with employment. Conversely, in clusters dominated by capital-intensive or
resource-based sectors, the impact of these variables might be limited by the nature of the
industries themselves. As the specific sectoral mechanisms were not empirically tested in
this study, these observations remain theoretical and point to the importance of region-

specific conditions in shaping employment outcomes.

The presence of such heterogeneity implies that models based on national aggregates,
widely employed in previous research, may be insufficient to fully explain employment
determinants in a country with substantial regional diversity. When relationships between
key socioeconomic factors and employment differ across regions, national estimates risk
masking important local dynamics. As a result, findings derived solely from national
models should be interpreted with caution and may not be directly applicable as a basis
for regional decision-making or policy formulation. By extension, employment policies
designed using a uniform national approach may be less effective in addressing regional
labor market conditions. Differences in how employment responds to investment, growth,
education, and health across regions suggest that policy effectiveness is likely to vary
spatially. This study highlights the limitations of analytical frameworks that apply a single
standard across contexts and emphasizes the need for approaches in both empirical research
and policy design that are calibrated to regional contexts. Through this contribution,
the study encourages a more nuanced understanding of employment determinants that
accounts for regional diversity rather than relying exclusively on aggregate national models.

CONCLUSION

This study analyzes the relationships among foreign direct investment, economic
growth, education, health, and employment at both the national and regional levels
in Indonesia, using provincial panel data from 2011 to 2024. The empirical findings
demonstrate that these relationships vary substantially across regional clusters, exhibiting
differences in both statistical significance and magnitude. In several instances, national-level
estimations mask relationships that are clearly observed at the regional level, indicating
that a single national model is insufficient to capture employment dynamics in a country
with pronounced regional diversity. By contrasting national and regional results, this study
confirms regional heterogeneity in employment determinants, thereby addressing the core
research objective. These variations may reflect differences in factor endowments and
sectoral composition specific to the region, although such mechanisms were not explicitly
examined. Future research should therefore incorporate sectoral data to better identify the
structural factors underlying labor absorption capacity within regions.

From a policy perspective, the results suggest that employment strategies based solely
on national-level evidence may be ineffective. When the responsiveness of employment

to investment, growth, education, and health differs across regions, uniform policy
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interventions risk generating uneven outcomes. Employment and socioeconomic policies
should thus be calibrated regionally, taking into account local economic structures, labor
market conditions, and human capital characteristics. Such differentiated approaches are
more likely to translate improvements in key development indicators into sustainable

employment gains across Indonesia.
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ABSTRACT

Research Originality: This study offers a novel contribution
by integrating micro-level spatial comparison and behavioral
analysis. Unlike previous studies that highlight income or
education as key drivers, this research finds that structural
factors have a stronger influence on energy-saving behavior.

Research Objectives: This study aims to examine household
energy consumption patterns and identify the socioeconomic
and structural determinants of energy-saving behavior in urban
and rural settings.

Research Methods: A mixed-methods approach is employed.
Qualitative analysis using ATLAS.ti explores household energy-
use practices and perceptions, while binary logit regression is
applied to identify factors influencing energy-efficient behavior.

Empirical Results: The results indicate significant differences
in energy consumption between urban and rural houscholds.
Urban households tend to consume more energy due to lifestyle
characteristics and appliance ownership. Regression results show
that household size, dwelling area, installed electrical capacity, and
residential location significantly affect the likelihood of adopting
energy-saving behavior. Rural households exhibit a higher
propensity for energy-efficient practices, mainly due to limited
electricity access and reliance on traditional energy sources.
Implications: Energy policies should incorporate spatial
and socioeconomic dimensions, reduce subsidy-induced
price distortions, and promote incentives for energy-efficient
behavior and renewable energy adoption.
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INTRODUCTION

Energy is one of the inputs in industrial, service, transportation, and household
activities. Stable and affordable energy availability is a key pillar for driving economic growth,
maintaining industrial competitiveness, and ensuring public welfare. However, Indonesia
faces serious challenges to energy security due to its high dependence on fossil fuels, as its oil
and natural gas reserves are dwindling (Li et al., 2024). The depletion of petroleum reserves
and other energy sources, coupled with the continuing rise in energy consumption, means
Indonesia must begin conserving energy. Energy subsidies in Indonesia remain substantial.
In 2025, the government will continue to provide subsidies of 19.41 million kiloliters (KL)
for fuel, while for LPG, it will be 8.2 million metric tons. Additionally, the government
will allocate IDR 90.22 trillion in electricity subsidies, higher than the 2024 level. If this
situation persists, the Indonesian government will face difhiculties in maintaining its foreign

exchange reserves, which could threaten national energy security.

Household energy consumption accounts for a significant share of total energy
consumption worldwide (Zhou & Yang, 2016). Household energy consumption in Indonesia
accounted for approximately 42% of total electricity consumption in 2023 (Ministry of
Energy and Mineral Resources, Republic of Indonesia, 2023), underscoring its significant
impact on environmental issues. Indonesian households contribute 3.8% of direct carbon
emissions and 20.7% of indirect carbon emissions (Pangestu & Ayuningsasi, 2024). Several
factors influence household energy consumption patterns, and there is potential for savings.
Based on research, houschold energy use can be reduced by up to 27% (Lesic et al., 2018).
Households can save energy through a combination of technological advances and changes

in energy consumption behavior (Frederiks et al., 2015).

High levels of urbanization have led to increased energy demand (Dong et al.,
2018) due to lifestyle changes (Novianto et al., 2022). The standard of living in cities,
which offer more opportunities, affects income, leading to increased use of household
appliances and, consequently, higher energy demand (Olatunde & Okwandu, 2024).
Energy consumption among rural residents is lower than in urban areas, as they rely
more on straw, biogas, solar energy, and wood (G. Li et al., 2016). Unfortunately, energy
sources in rural areas are only sufficient to meet basic needs but are not yet able to

improve their standard of living.

Increased household income is associated with higher energy consumption (Nazer &
Handra, 2016). Increased income also reduces traditional energy consumption as people
shift to modern energy sources. The positive relationship between income and modern
energy consumption indicates that modern energy is a normal good (Marzban et al., 2023).
The energy ladder theory holds that households will increase their energy consumption
and seek higher-quality energy as their income rises (Van Der Kroon et al., 2013; Waleed
& Mirza, 2023). The theory of increased energy consumption up to the last rung of the
energy ladder is more commonly found in urban areas than in rural areas. In addition to
income, wealth also affects energy consumption, which, in turn, impacts the environment

and health (Xiong & Xu, 2021; Piao & Managi, 2023).
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In addition to income, other economic variables influence energy consumption,
including energy prices and the prices of household appliances that use energy (Zhang
& Tao, 2020). In addition to economic factors, there are non-economic factors that
influence shifts in energy consumption, namely household size (Romero-Jordin & del
Rio, 2022), urbanization (Zhao & Zhang, 2018), houschold demographic characteristics
(Soltani et al., 2020; Chavda et al., 2023), access to energy (Gashaye et al., 2025; Zhang
& Khan, 2024), sociocultural factors (Ravindra et al., 2019; Bhattacharjee & Reichard,
2011), and education (Benlaria, 2025; Endriana et al., 2025).

Several international studies emphasize the importance of a multidimensional approach
to energy consumption behavior, including the influence of demographics, energy literacy,
and social norms (Van Der Kroon et al., 2013; Frederiks et al., 2015). These studies also
show that although there is potential for energy savings of up to 27% from houschold
use (Lesic et al., 2018), its implementation is highly dependent on the local context and

non-economic factors, which have not been widely discussed in Indonesia-based studies.

The development of renewable energy shows a gap between urban and rural areas.
Cities play a crucial role in reducing greenhouse gas emissions and leading the transition
to renewable energy that can be used across all sectors; however, they are not yet able
to generate as much renewable energy as rural areas. Urban residents are becoming
increasingly aware of the benefits of using more energy-efficient technologies, while rural
residents are playing a greater role in generating renewable energy. Therefore, this study

will examine differences in people's energy consumption behavior patterns.

This study is novel in that it uses a comparative spatial approach at the micro level
to examine energy consumption patterns between urban and rural households. It also
integrates mixed methods, combining quantitative and qualitative approaches. ATLAS.ti
was used to map the determinants of energy behavior based on interviews and FGDs,
while logit regression analysis empirically tested the influence of socioeconomic variables

on energy-saving behavior.

Despite extensive international studies on multidimensional energy behavior, a
significant research gap remains in the Indonesian context. Most local studies focus on
macro-level energy demand or purely economic determinants, often overlooking how
spatial disparities and psychological perceptions simultaneously shape energy-saving
propensity. There is a lack of integrated evidence on how structural constraints across
different residential settings, ranging from high-capacity urban hubs to resource-limited
areas, shape behavioral adoption. Furthermore, the interplay between qualitative household

perceptions and quantitative socioeconomic indicators remains underexplored.

To address this gap, this study aims to examine household energy consumption
patterns and identify the socioeconomic and structural determinants of energy-saving
behavior across diverse spatial contexts. This research is novel in its application of a micro-
level comparative spatial approach, integrating a mixed-methods design. By combining
qualitative mapping using ATLAS.ti to capture lived experiences of energy with binary

logit regression to test socioeconomic variables empirically, this study provides a holistic
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framework for understanding energy behavior that is often overlooked by single-method

approaches.

METHODS

This study was conducted in two regions with distinct characteristics: Surakarta City,
representing urban areas, and Magelang Regency, representing resource-dependent peripheral
areas. The research employed a mixed-methods approach, combining quantitative and
qualitative methodologies. Primary data were collected through a survey of 120 households.
Respondents were selected using a proportional sampling method, with the sample size
determined by the Slovin formula to ensure representativeness and statistical validity.
Data were collected through structured questionnaires, in-depth interviews, and focus
group discussions (FGDs). The questionnaires focused on socioeconomic characteristics,
energy use patterns, and behavioral aspects of energy conservation. Secondary data were
collected from the Central Bureau of Statistics (BPS) for demographic and economic
indicators; the Ministry of Energy and Mineral Resources (ESDM) for national energy
consumption, pricing, and subsidy trends; and Official reports and policy documents

related to Indonesias energy sector.

Table 1. Operational Variables

Variable Definition Measurement Source References
Energy Household energy 0 = Households have Interview (Shim & Song, 2025)
Consumption consumption patterns refer to not yet made any
Patterns the form, type, and amount of  savings in their energy

various energy sources used consumption.

by households in their daily 1 = Households
activities to meet their needs, have already made
such as cooking, lighting, savings in their energy
cooling, entertainment, and consumption.
personal transportation.

Income (Inc) An amount of money Rupiah Interview (Zhou & Yang, 2016)
or income obtained by (Marzban et al., 2023)
respondents from various (Van Der Kroon et al.,
sources 2013)

Education (Edu) Highest level of education Years Interview (Endriana et al., 2025)

completed by respondents

House area Total floor area of the building  Total square meters (m?) Interview (Stephan & Crawford,
(House_area) used as a residence by of all rooms used 2016)
households
Installed The maximum electrical Power rating in Volt- Interview (Spunei & Martin,
electrical power  capacity connected to the Amperes (VA) - for 2024)
(Elec_power) household as stated in the example, 450 VA, 900 (Permana et al., 2015)
contract or on the electricity VA, 1300 VA, 2200 VA,
meter. 3500 VA, etc.
Number of Total number of electrical Unit Interview (Firth et al., 2018)
electrical appliances owned and used in
appliances households
(Home_tech)
Location (Loc) Respondents' place of 0 = respondents living Interview (Zhou & Yang, 2016)
residence in urban areas (Chimbo, 2020)
1 = respondents living (Guo et al., 2023)

in rural areas
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This study has two main objectives. First, to map and analyze energy consumption
patterns using ATLAS.ti software to assist in organizing and mapping data based on
the results of literature studies, documentation, focus group discussions, and in-depth
interviews. ATLAS.ti facilitates an understanding of the meaning and motivation behind
consumption behavior. Second, to analyze the influence of socioeconomic variables on
energy consumption patterns across rural and urban communities using logit regression.
This model enables researchers to estimate the likelihood that a household will adopt
energy-efficient practices, based on various socioeconomic and environmental factors
(e.g., income, education, household size, dwelling area, electricity capacity, number of

appliances, and residential location).

The model used in this research is as follows:
P;
L=l=a-5)
=ag+a;Inc+ a, Edu+ a; Famper + @4 House o,
+ a5 Elec,oper + g Homeg,p + a7 Loc + g

This study uses binary logit regression to analyze the factors influencing household
energy conservation behavior. Logit regression is used because the dependent variable is
dichotomous. The a  coefficient is estimated using the Maximum Likelihood Estimation
(MLE) method. The coefhicient indicates the direction of each variable's influence on
the logarithm of houscholds' energy-saving probability. To facilitate interpretation, the
coefficient can be converted to an odds ratio (effk), which describes the likelihood of a

change in saving behavior for a one-unit change in the independent variable.

RESULTS AND DISCUSSION

The results of this study indicate that household energy-saving behavior differs
significantly between urban and rural areas. Based on the mixed-method analysis,
both structural and behavioral factors play a decisive role in shaping household energy
consumption patterns. Qualitative findings from ATLAS.ti highlight variations in daily
energy-use practices, transportation choices, and perceptions of renewable energy, while the
binary logit regression results show that household size, dwelling area, installed electrical
capacity, and residential location significantly influence the likelihood of adopting energy-
saving behavior. Notably, rural households exhibit a higher propensity for energy-saving

practices than urban households.

To provide a clearer context for these findings, Table 2 presents descriptive statistics
summarizing the socioeconomic characteristics and energy-use profiles of respondents
in both urban and rural areas. Demographic characteristics also differed substantially
between locations. Rural respondents were predominantly aged 60-69 years, while urban
respondents were mainly in the 40-59 age group. Previous studies suggest that age
influences energy consumption through lifestyle and activity patterns, with productive-
age households tending to consume more energy, while younger cohorts show greater
awareness of energy conservation (Mills & Schleich, 2012; Khulaemi, 2022). Household
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size varied across respondents and was found to affect energy use by increasing demand for
electricity, cooking fuel, and transportation, supporting earlier findings on the relationship

between household composition and energy consumption (Dupont, 2004).

Table 2. Descriptive Statistic

No Descriptive Mean
1 Income
Urban 3.466.666,167
Rural 1.533.333
2 Age
Urban 40 - 59
Rural 60 - 69
3 Family Members
Urban 7
Rural 8
4 House Size
Urban 30-79 m2
Rural 30-79m2
5 Installed Electrical Power
Urban 900 VA
Rural 450 VA
6 Elecreical Bills
Urban 150.000 - 299.000
Rural 0 - 149.000
7 Vehicle Owned
Urban Motorcycle
Rural Motorcycle

Source: Data Processed (2025)

Housing characteristics further explain variations in energy consumption. Larger
dwelling areas and higher installed electrical capacity were more prevalent in urban
households, leading to greater electricity demand for lighting and cooling. This result aligns
with prior research indicating that building size and appliance ownership significantly
influence household energy use (Oh et al., 2021; Peng et al., 2024). Most respondents
consumed electricity in the range of 100-300 VA per month, although urban households
exhibited higher consumption levels and more diverse appliance use, including air
conditioners and washing machines.

Electricity expenditure patterns also differed spatially. Rural houscholds generally
paid less than IDR 149,000 per month, while urban households showed higher and more
varied electricity bills, reflecting differences in installed power and appliance intensity.
Despite these differences, respondents in both areas demonstrated relatively high awareness
of electricity conservation, particularly in switching off unused appliances, which is

consistent with findings on household energy management behavior (Permana et al.,
2015; Shrestha et al., 2021).

In terms of cooking energy, urban houscholds predominantly relied on LPG,

whereas rural households continued to use firewood either exclusively or in combination
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with LPG. This pattern supports the Energy Ladder Theory, which explains the gradual
transition from traditional to modern fuels as income and access to modern fuels improve.
Finally, energy consumption related to mobility was higher in urban areas, where vehicle
ownership was more diverse, while motorcycles dominated rural transportation. Limited
public transportation in both areas highlights structural constraints on promoting low-
carbon mobility (Brown et al., 2016).

Energy conservation at the household level is crucial to supporting sustainable
development. The ATLAS.ti analysis shows that household energy consumption behavior
is shaped by socioeconomic conditions, education, infrastructure availability, and
energy conservation awareness. These behaviors are reflected in several key dimensions,
including energy consumption patterns, energy-saving practices, transportation-related
energy use, knowledge and acceptance of renewable energy, and public expectations and
recommendations. Figure 1 presents findings related to household energy consumption

patterns.

Figure 1. Energy Consumption Patterns

Energy Consumption Pattern

5 5 PART OF
Type of Energy used The function of energy
in the household
1S PAKT OF
v ST Of 15 PART OF
IS PART =
PLN Electricity ol " Lighting _
IS PART OF _—
LPG ART OF <> Cooking

» Firewood
» Cooling/™eating

IS PAKT OF &Y OF

Combination of Energy

Sources » Entertainment (TV,

gadgets, etc.)

Economic Productivity
(home-based businesses,
livestock, etc.)

Households primarily rely on three energy sources: PLN electricity for electronic
appliances, LPG for cooking, and firewood, mainly in rural areas, for large-scale or
alternative uses (see Figure 1). Differences in LPG and firewood utilization indicate a
clear urban—rural energy transition gap, where rural households remain more dependent
on traditional energy sources. These findings highlight the importance of promoting

energy-saving behavior in daily household activities.
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Figure 2. Energy-Saving Behavior

Energy Efficient Behavior

IS IS PART OF
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Figure 3. Transportation and Energy

Transportation and Energy
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Energy-saving behavior is mainly reflected in habits such as turning off unused
appliances, limiting lighting use, and adopting energy-efficient devices. These practices are
influenced by environmental awareness, economic considerations, education, and family values
(see Figure 2). Education and household role models emerge as important drivers in shaping
sustainable energy-saving habits. Transportation-related energy use is also identified as a key

area for houschold-level energy conservation, as illustrated in the ATLAS.ti coding results.
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Transportation patterns reflect household economic conditions and significantly
contribute to energy consumption. Motorcycles and cars dominate daily mobility, while
electric vehicles are increasingly appearing in urban areas. In contrast, limited access to
public transportation remains a major challenge in rural areas. Low public transport
utilization increases fuel consumption, suggesting that improvements in transportation
services and supportive energy transition policies are necessary to encourage behavioral
change (see Figure 3).

Figure 4. Knowledge and Acceptance of Renewable Energy

S PART OF Renewable Energy
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<> Some know
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> Don't know how to use
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Figure 4 describes public knowledge and acceptance of renewable energy. Knowledge
of renewable energy varies substantially, ranging from full understanding to complete lack
of awareness. Renewable energy literacy is notably higher in urban areas, where 57%
of respondents recognize the concept, compared to 27% in rural areas. In rural areas,
32% of respondents are unaware of renewable energy, and 17% have never heard of it.
Willingness to adopt renewable energy is also higher among urban households (59%)
than rural households (17%), reflecting disparities in information access and infrastructure.
Barriers to adoption include high technology costs, limited infrastructure, and uneven
policy support. Indonesias continued dependence on fossil fuels, reinforced by rising
fuel, LPG, and electricity subsidies, further constrains the adoption of renewable energy

despite growing public awareness.

Public enthusiasm for energy conservation is relatively high, as reflected in expectations
for stronger government involvement through education, technical assistance, and support
programs for energy-saving technologies such as LED lighting. Energy-saving behavior is
expressed through daily habits and decisions to adopt energy-efficient technologies, both
of which are influenced by psychological motivations, economic considerations, and the

availability of incentives and accessible information (see Figure 5).

http:/journal.uinjkt.ac.id/index.php/signifikan 165
https:/doi.org/10.15408/sjie.v15i1.46868


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46868

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 157 - 174

Figure 5. Public Expectations and Recommendations
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An analysis of energy consumption patterns is explained in the data processing
output in Table 3. The binary logistic regression analysis reveals that socioeconomic
variables do not uniformly influence household energy-saving behavior. Specifically, income
level is not a statistically significant predictor of energy conservation. This result suggests
that higher financial capacity does not automatically translate into a stronger commitment
to sustainable energy practices. One major contributing factor to this phenomenon in
Indonesia is the extensive energy subsidy system, which significantly reduces the actual
cost of electricity and fuel. As a result, financial incentives to conserve energy are
diminished, particularly for higher-income households, who may not perceive energy

costs as a substantial burden.

Table 3. Binary Logistic Regression Test

Variable Coefficient z-stat Prob Odd ratio

C -3,0239 -0,5705 0,5684 0,0486
Inc 0,8087 0,8512 0,3947 2,2450
Edu -0,0083 -0.1093 0,9129 0,9917
Fam_number -0,3571 -2,3922 0,0167 0,6997
House_area -0,0097 -2,4484 0,0143 0,9903
Elec_power 0,0012 2,2178 0,026 1,0012
Home_tech -0,1190 -0,8012 0,423 0,8878
Loc 1,1115 2,2428 0,0249 3,0389
McFadden R-squared 0,1254

LR Statistic 20,0415

Prob(LR Statistic) 0,0055

Sources: Data Processed (2025)
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This result aligns with Ameli and Brandt (2015), who found that in markets
where energy prices are heavily subsidized or regulated, income elasticity of energy
efficiency behavior tends to weaken. Households across income levels may exhibit similar
patterns of energy use. Likewise, Romero-Jorddn et al. (2022) demonstrated that in low-
price environments, non-economic factors such as housing characteristics and appliance
usage patterns often play a more prominent role than income in determining energy
efficiency outcomes. Additionally, higher-income households may prioritize comfort and
convenience, leading to increased energy consumption regardless of cost. In contrast,
lower-income groups, although potentially more financially constrained, may also lack
access to the information, technology, or infrastructure needed to adopt energy-efficient
practices (Gonzdlez-Gonzédlez & Moro, 2020).

Similarly, formal education shows no significant relationship with energy-eflicient
consumption. This finding aligns with prior research suggesting that formal education
alone does not guarantee more sustainable energy behavior (Endriana et al., 2025). The
presence of a rebound effect may explain this, as individuals with higher levels of education
often have higher appliance ownership, potentially offsetting their environmental awareness.
These results support the argument that household habits and social environments play
a more critical role than formal education in shaping energy-saving actions (Grilli &
Curtis, 2021), especially when reinforced by community norms and collective motivation
(Abrahamse et al., 2005).

In contrast, household size emerged as a significant determinant, where an
increase in the number of family members reduces the likelihood of practicing energy-
efficient behavior. Larger households face structural challenges, such as intensified daily
activities and more frequent use of shared appliances, making systemic conservation
harder to maintain. This finding is consistent with previous studies emphasizing
household composition as a key driver of residential energy consumption. Physical
housing characteristics also play a crucial role; larger dwelling areas are associated with
a lower probability of energy efficiency. Larger homes inherently demand more energy
for lighting and cooling. However, prior studies note that lifestyle choices, adequate
ventilation, and access to natural lighting can mitigate energy consumption even in

larger homes (Sardianou, 2007).

Interestingly, installed electrical capacity has a positive and significant effect on
energy-efficient behavior. Households with higher capacity are more likely to adopt energy-
saving practices, reflecting a technological transition in which higher-capacity homes tend
to use newer, more efficient appliances. Similar patterns have been observed in previous
studies, which emphasize the role of appliance efficiency and technological upgrading in
reducing energy intensity (Romero-Jorddn & del Rio, 2022).

Although the number of electronic appliances owned by a household is often
assumed to increase energy consumption, this study finds that appliance ownership is not
a statistically significant determinant of energy efficiency behavior. This result suggests
that energy-saving behavior is influenced more by usage patterns and behavioral self-
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regulation than by the mere quantity of appliances. In other words, households with
many appliances may still exhibit efficient energy use if they maintain strong behavioral
control, awareness, or apply usage restrictions. This finding is consistent with recent
studies that emphasize the importance of behavioral factors over structural ownership.
For instance, Qiao et al. (2024) found that the energy-saving potential of appliances
depends more on user behavior than on the number or technical specifications of
the devices themselves. Similarly, Sardianou (2020) highlights that attitudes, perceived
behavioral control, and routine practices are better predictors of household energy use

than asset ownership alone.

Ultimately, residential location remains a primary determinant of energy behavior.
Households in resource-dependent peripheral settings are significantly more likely
to practice energy-efficient consumption compared to those in high-density spatial
contexts. This disparity is attributed to increased appliance ownership and lifestyle
modernization in developed areas (IEA, 2022). In contrast, higher efficiency in
peripheral areas is often a result of structural and environmental constraints, such as
reliance on traditional energy sources (Our World in Data, 2023) and better access
to natural cooling and daylighting (OECD, 2021), which differ significantly from

developed contexts.

CONCLUSIONS

This study reveals that household energy consumption behavior is strongly
influenced by spatial disparities, where structural and behavioral factors outweigh
conventional economic determinants. Empirical findings indicate that household
size, dwelling area, installed electrical capacity, and residential location significantly
affect the likelihood of adopting energy-saving practices. In contrast, income and
education have a limited statistical influence. These outcomes suggest that Indonesia’s
long-standing energy subsidy policies have weakened price signals, reducing the role
of economic motivation in promoting conservation. Instead, housing characteristics,
access to electricity, and appliance usage patterns emerge as key drivers of energy

behavior.

Several policy recommendations based on these findings concern subsidy reform,
namely, readjusting subsidies to minimize price distortions and align them with energy
conservation goals. One such recommendation is conditional subsidies for those who
practice energy conservation. Strengthening public programs that focus on energy literacy,
behavioral change, and awareness campaigns, especially in urban areas with high energy
consumption. In addition, providing incentives in the form of financial assistance, tax
rebates, or microfinance for households to adopt energy-efficient appliances and small-
scale renewable energy systems can motivate them to improve energy efficiency or begin

adopting renewable energy use.
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ABSTRACT

Research Originality: This study uniquely examines how
reducing coal consumption could mitigate climate change
and help achieve the Sustainable Development Goals by 2030.

Research Objectives: This study investigates the impact
of reducing coal consumption on climate change and on
achieving the Sustainable Development Goals in Indonesia, a
major coal exporter, as well as in China and India, which are
expected to become major coal importers by 2030.

Research Methods: This study employs a basic panel regression
model to analyze data from 2015 to 2024, and uses an
ARIMA method to forecast progress toward the Sustainable
Development Goals by 2030.

Empirical Results: The findings highlight the urgent need
for Indonesia, China, and India to shift to clean, renewable
energy to meet the Sustainable Development Goals by 2030,
which aim to reduce emissions.

Implications: This study recommends that the governments
of Indonesia, China, and India should increase their use of
renewable energy sources more consistently.
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INTRODUCTION

The energy transition plays a crucial role in achieving Sustainable Development
Goals 7 and 13. In the National Long-Term Development Plan, policies supporting a
fair transition to new and renewable energy sources are part of efforts to promote low-
carbon growth. This transition ensures that the benefits and risks of moving toward a
more sustainable energy future are shared fairly among all affected communities. Previous
studies have shown mixed results on how to achieve these development goals. Successfully
achieving them will require adopting new methods that promote environmental protection
and sustainable practices (Ansell et al., 2022; Kiifeoglu, 2022).

Development Goals suggest a country-led implementation process. However, the
success of these initiatives depends on setting sustainability targets that are compatible
across different sectors and levels (Moallemi et al., 2020; Shrivastava et al., 2020). It is
important to recognize that Sustainable Development Goals 7 and 13 focus on urgent
actions needed to fight climate change and its harmful impacts: Clean and Affordable
Energy, which aims to ensure universal access to affordable, reliable, sustainable, and

modern energy services for everyone.

The literature on climate change has demonstrated an increasing awareness of the
need to connect climate change with sustainable development. The findings of this study
emphasize the effectiveness of nature-based solutions (NBS) in tackling global challenges.
It analyzed 132 documents from Scopus and Web of Science (WoS). The study observed
a significant rise in research output, indicating that NBS are becoming more important.
The analysis also found that India, Italy, and the UK are among the top countries
conducting research. However, there are notable differences in the level of contribution

across countries, with African nations contributing less than others (Okolie et al., 2025).

Another study found that transitioning to a renewable energy economy involves
more than just shutting down coal-fired power plants; it also requires implementing
strategies to reduce the economic and social risks inherent in the supply chain. However,
the new regulation remains focused on technology, primarily using metrics such as coal
use, power generation, and emissions reductions to measure success. It does not address
what will happen to workers who lose their jobs when coal plants close, nor does it
provide a way for local communities to participate in decision-making. Climate change
is a complex and urgent global issue that has gained significant attention in recent years
(Brady, 2020).

Opver the years, climate change has significantly affected both the natural environment
and society, with both positive and negative impacts. Studies in other countries show
that low-carbon transitions are especially difficult in coal regions. There are not only
technological and economic challenges but also deep socio-political and cultural barriers
to breaking free from carbon lock-in. Changing these regions involves destabilizing and
reshaping high-carbon systems, often requiring structural shifts across technological,
socioeconomic, political, and cultural areas (Mangalagiu et al., 2025). Those involved

find adding capacity to be a significant challenge. Recent studies in India and China,
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two major coal importers, indicate that coal consumption and trade openness greatly
affect CO, emissions in both the short and long term. An analysis of India's and China's
plans shows that each country aims to reduce CO, emissions from its power sector by
adopting clean coal technology. The analysis indicates that clean technology has substantial
potential in this area, as it can accelerate the development of coal technology (Pan et
al., 2024; Xu et al., 2024).

This study uses Indonesia, a major coal exporter, as a case study to explore ways
to reduce carbon emissions and assess the impact of phasing out coal in the power and
upstream sectors of developing coal-producing countries. As one of the fastest-growing
economies in Southeast Asia, Indonesia faces a significant challenge in balancing its energy
needs with efforts to lower greenhouse gas emissions. Energy has become an increasingly
strategic commodity, and supply uncertainty could threaten economic independence and
security (Gulagi et al., 2025; Li et al., 2025; Massagony et al., 2025).

Indonesia was selected for this study because it is an emerging country experiencing
rapid growth in electricity generation, with coal-fired power plants responsible for 60%
of this increase. It is also the world's fifth-largest coal producer and holds a significant
share of global coal reserves. Additionally, Indonesia must recognize the importance of the
coal sector to the mining industry's income. It has contributed 80% of the total income
over the past decade. Furthermore, the coal sector has added 1.5-2% to the national
income (Handayani et al., 2025; Munawir et al., 2025; Reyseliani et al., 2024a; Wollff,
2023). Coal revenues account for about 35% of East Kalimantan's income and between
19% and 26% of South Kalimantan's income.

In 2020, the power generation sector remained the largest consumer of coal.
Indonesia's total power capacity was 72.8 GW that year, with coal (50.4%), natural gas
(24.2%), and oil (11%) accounting for the majority of installed capacity. Additionally,
approximately 33 GW of coal-fired power plant capacity was under construction and
in active development (Gulagi et al., 2025; Jermain & Pilcher, 2023; Reyseliani et al.,
2024b). According to the National Energy Policy (NEP) roadmap, coal is expected to
account for about 30 percent of the national energy mix by 2025, decreasing to around
25 percent by 2050. Since 2023, Indonesia has implemented a series of energy transition
policies that are expected to affect domestic coal consumption. The government aims
to gradually reduce the capacity and electricity generation from coal-fired power plants.
Indonesia is actively working to cut coal consumption through various strategies, including
transitioning to renewable energy sources and boosting energy efficiency (Ali & Kim,
2024; Massagony et al., 2025; Shah et al., 2024).

Moreover, this study focuses on China and India, as recent research shows that these
countries' coal use and openness to trade significantly influence their CO, emissions both
in the short and long term. Both nations are major importers of coal from Indonesia (Li
& Haneklaus, 2022; Li et al., 2012). An analysis of India's and China's plans indicates
that both countries aim to reduce CO, emissions from their power sectors by adopting

clean coal technology. The analysis suggests that clean technology plays a key role in
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accelerating the development of coal technology in India and China (Agrawal et al., 2024;
Chen et al., 2022; Sun & Zuo, 2025; Wu et al., 2024; Zhang et al., 2024). This idea
is interesting and could be practiced in Indonesia.

The originality of this research lies in its examination of the potential impact
of reducing coal use on climate change and helping achieve Sustainable Development
Goals 7 and 13 by 2030. It focuses on Indonesia, a key coal exporter, along with China
and India, major coal importers. The study fills a gap in existing research by predicting
how shifting from coal to renewable energy could influence climate change and progress
toward SDGs 7 and 13, especially in Indonesia, China, and India. Its goal is to analyze
how reducing coal use might affect climate change and progress on the SDGs in these
countries by 2030. The results are expected to identify ways to lower carbon emissions

while boosting renewable energy use, offering policymakers valuable insights.

METHODS

This study forecasts a decrease in carbon emissions using a projection method that
combines two complementary analytical techniques: panel regression and ARIMA models.
First, panel regression was used to analyze the respective impacts of coal and renewable
energy consumption on climate change from 2015 to 2024. The study utilizes panel
data from Indonesia, China, and India spanning 2015 to 2024, marking the start of the
Sustainable Development Goals period, to assess current conditions. The panel regression
model uses longitudinal data to capture temporal and spatial variations in carbon emissions
across countries. A second data set covers the years 2025 to 2030, indicating the end of
the Sustainable Development Goals period, for predicting future conditions.

Renewable energy, mainly from solar, wind, and hydro sources, is crucial for fighting
climate change by replacing fossil fuels, which are the primary source of greenhouse gases
that trap heat. Switching to these clean sources cuts carbon emissions because renewables
produce minimal emissions during operation. This helps limit global warming, improve air
quality, and promote sustainability, with over 90% of new power capacity in 2024 coming
from renewable sources (Babaremu et al., 2025; Nwagu, Ujah, Kallon, & Aigbodion,
2025; Okolie, Danso-Abbeam, Ogundeji, Owolabi, & Kunguma, 2025). Because of this,
the study focuses on two variables—coal energy consumption and renewable energy
sources—to analyze how reducing coal use and increasing renewable energy sources,
such as solar and wind power, affect carbon emission forecasts in Indonesia, China, and
India. The study also emphasizes the need for more accurate climate modeling to meet

the research objectives (see Table 1).

Forecasting is a technique for predicting the future. This research examines
forecasting conditions in Indonesia, China, and India, focusing on how reducing coal
consumption and increasing renewable energy use will affect carbon emissions forecasts for
2025-2030. The Autoregressive Integrated Moving Average (ARIMA) method is employed
to analyze time series data. This medium-term forecasting approach generally yields more
accurate results than other methods. The ARIMA model is one example of a technique

suitable for analyzing time series data.
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Table 1. Operational Variables

Variables Definitions Measurements Sources

Climate Change  Total carbon emissions from energy, Million tons of carbon  The Energy Institute
in million tons of carbon dioxide dioxide

Coal Energy The total amount of energy Exajoules The Energy Institute
Consumption consumed from coal in one year
Renewable The total amount of renewable Exajoules The Energy Institute
Energy energy consumed in one year
Consumption

The above method aims to analyze the impact of reducing coal consumption and
increasing renewable energy sources, such as solar and wind power, on carbon emission
forecasts. This will help us predict whether the Sustainable Development Goals will
be achieved by 2030 and address the research objectives of this study. This approach
offers different perspectives on how changes in energy substitution might influence
future emissions. It is expected to produce more precise estimates of potential emission
reductions, thereby aiding policymakers in developing effective climate change strategies
for 2025-2030. The formation of the existing condition analysis model in this research
is defined as follows:

Yit: aO + al Xlit + aZ XZit + git

Where, a: parameter, i: cross section (Indonesia, China, and India), t: time series (2015-
2023), &: error term.

When estimating panel data regression models, three approaches are typically used:
the common effect model (CEM), the fixed effects model (FEM), and the random
effects model (REM). If the p-values of the cross-section F-test and the cross-section
chi-square test are both greater than or equal to 0.05, the chosen model is the CEM.
Conversely, if the p-value is less than 0.05, the FEM is selected. Then, the Hausman test
is performed after the Chow test shows the FEM model is better. Also, careful testing
is necessary to choose the best model between FEM and REM. The decision depends
on the p-value of the random cross-section: if it is above 0.05, REM is used; if it is
below, FEM is used. The purpose of the Lagrange Multiplier test is to select the best
between the CEM and REM models. If the Breusch-Pagan (BP) cross-sectional value
is 0.05 or higher, the CEM is chosen. If it is less than 0.05, the REM is preferred
(Ospina, Gondim, Leiva, & Castro, 2023; Pereira da Veiga, Pereira da Veiga, Girotto,
Marconatto, & Su, 2024).

The ARIMA model was developed by George E. P. Box and Gwilym M. Jenkins.
Model identification relies on the ACF and PACEF results from the time series. The ARIMA
model works well for short-term forecasting but is less accurate for long-term predictions.
It does not consider independent variables when making forecasts and assumes data is
stationary. ARIMA wuses past and present values of the dependent variable to produce

accurate forecasts. Short-term forecasting involves multiple stages.
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ARIMA assumes the existence of a combination (p, d, q), where p is the number
of AR variables, d is the differencing process that makes the data stationary, and q is
the number of MA variables. The first step in analyzing a time series with an ARIMA
model is to identify the model. ARIMA models can only be applied to stationary time
series. Therefore, the first step is to determine whether the data is stationary. If it is not,
determine the order of differencing (d) required to make the data stationary. The next step
is to determine the orders p and q of the ARIMA model by interpreting the correlogram
of the stationary data. The graph should reveal patterns indicating the presence of these
elements. Use the ACF (Autocorrelation Function) and PACF (Partial Autocorrelation
Function) coefhicients to guide this process. Third, estimate the AR and MA parameters.
The ARIMA forecasting method is most effective when it includes both AR and MA
parameters. Fourth, perform diagnostic checks to confirm the model specifications, paying
close attention to the residual correlogram. The fifth step is to forecast and select the best
model. This combined approach of panel regression and ARIMA models enables more
precise estimation of carbon emission reductions based on predicted changes in energy

use, thereby providing a more accurate means to meet the research objectives.

RESULTS AND DISCUSSION

A series of regression analyses was conducted to assess current conditions in
Indonesia, China, and India for this research. A Chow test should be conducted to
identify the best model, as shown in Table 2. The FEM model is clearly better than the
CEM model (Table 2). The next step to find the best model is to perform a Hausman
test. A detailed analysis of the Hausman test results (Table 3) showed that the fixed-
effects model (FEM) performs better than the random-effects model (REM). It should
be noted that the Lagrange Multiplier test was not performed because the FEM is the
most suitable model for interpretation.

Table 2. Chow Test Result

Effect Test Statistic d.f Probability
Cross-Section F 17.582000 2,25 0.0000
Cross-section Chi-Square 26.345950 2 0.0000

Source: Output Eviews

According to Table 3, the Hausman test indicates that the REM model is the best
fit. Therefore, we can use the Lagrange Multiplier test to verify that the FEM model is
the most suitable panel regression model (Table 4).

Table 3. Hausman Test Result

Test Summary Chi-Sq. Statistic Chi-Sq d.f Probability
Cross-section random 35.163999 35.163999 0.0000

Source: Output Eviews
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The results in Table 4 show that energy consumption in Indonesia, China, and
India between 2015 and 2024 significantly influenced climate change. It is clear that these
countries are shifting toward renewable energy sources, marking a major change in their
energy profiles. This study focused on coal energy use in these nations, which accounts
for 96.06609% of the climate change impact. The results of this study are interesting
and support those of a previous study. Earlier research found that China’s imports of
large quantities of coal from Indonesia were contributing to climate change. Since most
air pollutants in China originate from coal combustion, it is important to limit coal use
to improve the environment. This study uses data from 29 Chinese provinces between
1995 and 2012 to forecast China’s coal consumption in 2020. It is believed that China’s
coal use will continue to grow, but at a slower pace. It is estimated that China will
consume around 4.43 billion tonnes of coal by 2020. However, if Chinas growth rate
stays at approximately 7.8% annually, the tipping point for total coal consumption will
be reached in 2019, with usage expected to peak at 4.16 billion tonnes (Gosens et al.,
2022; Liu et al., 2022).

Table 4. Fixed Effect Model Interpretation

Variable Coeff. Std Error t-Statistic Prob.
C 559.4204 278.0616 2.011858 0.0551
X1 96.06609 9.741093 9.861941 0.0000
X2 -104.4093 19.71771 5.295203 0.0000

Source: Output Eviews

Moreover, this research offers additional evidence supporting the findings of
a previous study conducted in India. That study revealed that India’s large-scale coal
imports from Indonesia contributed to climate change. It showed that India’s expansion
of coal power could be linked to several factors. First, the power sector was opened to
competition to ensure a reliable supply. This allowed big companies to invest in coal
and make long-term profits, especially given the limited support for renewable energy.
Second, planned public investments in new coal capacity aim to guarantee long-term
electricity availability. Third, coal’s importance to the economy in eastern India and the
influence of local groups are major reasons why ending coal use is so challenging. Fourth,
regulations meant to cut pollution and coal use are ineffective because coal supporters

hold significant political influence (Montrone et al., 2021).

This study provides information on the impact of coal consumption in Indonesia,
the world’s largest coal exporter, as well as in China and India, which are major coal
importers. However, because few studies have assessed the environmental effects of the
coal industry, this research supports the idea that Indonesia causes environmental damage
from coal use. Specifically, the carbon emissions from a 1% increase in coal consumption
in developed countries are roughly 6 times higher than those in developing countries.
Therefore, the study recommends a gradual, rather than abrupt, phase-out of coal,
prioritizing developed countries. The coal phase-out and the removal of fossil fuel subsidies
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should be implemented first in developed nations or be made more stringent there than
in developing economies. Developed nations should reduce their coal consumption by a
larger share than developing countries (Alhassan et al., 2024).

The debate over phasing out or reducing coal use is ongoing across the world's
economies. Each country has its own views and commitments based on its socioeconomic
priorities. Another study found that, in a globalized world, strategies to limit China’s total
coal consumption should be considered to reduce its coal use. Improving energy efficiency
would be an effective way for China (Adebayo, 2023; Orhan et al., 2021). The harmful
effects of climate change on the environment require us to accelerate the transition to
low-carbon energy sources. The most important step is reducing our dependence on coal
since it is the main source of carbon emissions and a key driver of global warming.
However, the coal sector is deeply rooted in the country’s social and political landscape,
making it challenging to reduce reliance on coal (Pandey & Kumar, 2025).

This study also found that increased use of renewable energy can help reduce climate
change by (-104.4093%). It supports the findings of another study, which reported that
the average cost of solar power in India is now cheaper than the variable cost of many
coal-fired power plants (Shrimali, 2020). Renewable energy is a type of energy source that
does not emit carbon. The findings show that renewable energy can effectively replace
coal, leading to substantial environmental benefits and economic savings. The research
confirms previous studies that estimate the effects of switching from coal to renewable
energy in China. The results reveal that the reduction in CO, emissions from decreased
coal use exceeds the increase in CO, emissions from renewable energy use (Kocak &

Alnour, 2025).

These findings also support the conclusions of a recent study suggesting that the
global community is currently pursuing two different strategies to phase out coal. The
first strategy involves using gas as a temporary solution during the shift to renewable
energy sources. The second strategy involves moving directly from coal to renewable
energy. This study also supports earlier research on the transition from coal to clean
energy sources. This is crucial because reducing carbon emissions is vital for all countries.
Some of these studies have explored ways to cut coal consumption. All of these studies
agree that, to lower greenhouse gas emissions, the world must decrease its dependence on
coal for electricity. Greenhouse gases are a primary driver of global warming. Achieving
this could help the world become carbon-neutral by 2050 (Do & Burke, 2023; Hyun
et al., 2023; Jermain & Pilcher, 2023; Moon et al., 2025).

This study also examined forecasting conditions using a series of ARIMA tests,
including the ADF test in Table 5, to assess data stationarity. As shown in Table 5, the
data-stationarity analysis indicates that the orders are 1 for coal energy consumption and
2 for climate change and renewable energy consumption. Once data stationarity has been
established, the next step is to determine the ARIMA model orders p and q using the
correlogram, as illustrated in Table 6. As shown in Table 6, this information can serve
as the basis for ARIMA forecasting via the automatic method in the review processing

application. At this stage, it is concluded that the data are stationary in first differences
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for coal energy consumption and in second differences for climate change and renewable

energy consumption.

Table 5. Stationery Test Result

ADF Test
Variable Decision
First Difference Prob. Second Difference Prob.
Y -3.218275 0.0573 -3.505575 0.0507 Stationer
X1 -3.621467 0.0338 - - Stationer
X2 -5.035982 0.0059 -7.022003 0.0012 Stationer

Source: Output Eviews

Therefore, the d element in the ARIMA (p, d, q) model is 1 for coal energy

consumption and 2 for climate change and renewable energy consumption. Consequently,

the analysis will use the ARIMA (p, 1, q) model for coal energy consumption and the

ARIMA (p, 2, q) model for climate change and renewable energy consumption. The next

step is to determine the values of p and q.

Table 6. Correlogram Test Results

Y X1 X2
Auto Corr. Partial Corr. Auto Corr. Partial Corr. Auto Corr. Partial Corr.
! ‘ ' ' | \ Ll |
! ! ! | | L] |
[ | I [
| ‘ : | | \ \ \ |
[ I | [ [ ! '
| ‘ | | [ \ F| [
| \ | I | \ \ \ |
! ! l ! [ \ \ \ [
Source: Output Eviews 13
Table 7. Selection of the best ARIMA model
Variable  NU - AlC sC HC Adjusted  SEnificant  pesut
Y (0,2,1) 11.93700 11.96679  11.73607  -0.473062 0 Best Model
(1,2,2) 12.13413 12.17385 11.86623  0.406934 0 AR(0) MA(1)
(1,2,0) 12.38848 12.41827  12.18756  -0.058177 0]
X1 (1,1,00  2.032859 2.098600  1.890989  -0.159603 0 Best Model
(1,1,1) 2.045466 2.133121 1.856306  0.084667 0 AR(0) MA(1)
(0,1,1) 1.846263 1.912004  1.704393  0.245250 1
X2 (0,2,1) -2.180462 -2.150671 -2.150671 0.565104 0] Best Model
(1,2,1) -2.284765 -2.245044 -2.552666 0.668471 0 AR(0)MA(1)
(1,2,00 -2.255290 -2.225499 -2456215 0.524581 0
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Table 8. Residual Correlogram

Y X1 X2
Auto Corr. Partial Corr. Auto Corr. Partial Corr. Auto Corr. Partial Corr.

Source: Output Eviews

The goal is to identify the values of p and g4 in an ARIMA model by generating ACF
and PACF diagrams using a correlogram. The autocorrelation function (ACF) involves
calculating autocorrelation coefficients, whereas the partial autocorrelation function
(PACF) involves calculating partial autocorrelation coefficients. The ACF indicates the
value of g, which relates to MA, while the PACF indicates the value of p, which relates
to AR. The initial models for coal energy consumption (X1) in EViews are either 0 or
1: (1, 1, 0) or (1, 1, 1). Similarly, the ARIMA models considered are 0, 1, or 2: (0,
2, 1), (1, 2, 1), or (1, 2, 0) for climate change (Y) and renewable energy consumption
(X2). To select the best ARIMA model, the AIC, Schwarz criterion (SC), and Hannan-
Quinn criterion (HC) will be compared, along with the adjusted R-squared values. The
results in Table 7, generated using EViews, suggest that an AR(1) model is preferable
for all variables in this study over an MA(0) model.

Based on these recommendations, it is essential to move to the next diagnostic
checking phase to verify the adequacy of the model specifications. This will be done
through residual correlogram analysis, using the results from the recommended automatic
ARIMA model. As shown in Table 8, the residual correlogram for all variables appears
random, supported by the ACF and PACF values crossing the designated limit line. This
indicates that the recommended model specifications are appropriate.

Table 9. Forecasting Result

Period Y x1 X2

Million Tons % Million Tons % Million Tons %
2025 686.4750 - 810.9500 - 1.520000 -
2026 745.3250 8.57 883.3500 8.93 1.623333 6.80
2027 810.9500 8.80 962.5250 8.96 1.726000 6.32
2028 883.3500 8.93 1048.475 8.93 1.828000 591
2029 962.5250 8.96 1141.200 8.84 1.929333 5.54
2030 1048.475 8.93 1240.700 8.72 2.030000 5.22

Source: Output Eviews 13
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Having obtained a satisfactory result from the diagnostic test, the next step is to
forecast future trends through 2030, as outlined in Table 9. As illustrated in Table 9,
the forecast results, based on an analysis of the current situation, indicate a worsening
of climate change conditions for each projection period. The highest level of climate
change is expected in 2030 at 1,048,475 million tons, showing an increase of 8.93%.
Coal energy consumption rose to 1,240.7 million tons, up 8.72%. The most significant
outcome of the forecast is that increasing the use of renewable energy helps prevent
climate change. The study demonstrates that renewable energy use in Indonesia, China,
and India is projected to rise by 2.03 million tonnes by 2030, a 5.22% increase.

These results support previous research indicating that using low-carbon fossil energy
technologies is a crucial way to address climate change today, especially for reducing carbon
emissions from coal combustion. Using renewable energy sources to reduce carbon emissions
can help lower atmospheric CO, levels, benefiting the climate. This approach has been shown
to reduce both global warming and extreme weather events (Yang et al., 2025; Yusuf &
Ibrahim, 2023). Another study also concluded that transitioning to a 100% clean, renewable
energy system is essential to tackling climate change (Fthenakis et al., 2025). The exploration
of renewable energy sources, including wind, solar, and hydropower, continues, along with
emerging technologies such as hydrogen energy systems and long-duration energy storage,
all aimed at decreasing emissions that contribute to climate change (Fthenakis et al., 2025).

This study also supports the findings of a previous study on Indias transition
from coal to renewable energy. Most experts interviewed in India believe that coal use
will continue for the next two decades to ensure energy security and affordability for
consumers. At the same time, the analysis considered the lower costs of solar power, which
it identified as a major factor in the study. There has also been a rise in the perception
of carbon management technologies (Singh et al., 2025; Tiwari et al., 2023). The findings
also align with previous research in China, which states that the transition must be guided
by a thorough evaluation of technical, economic, and environmental factors.

Additionally, it is essential to develop a metric to prioritize early plant retirement.
This study found that 18% of plants consistently perform poorly across all three evaluation
criteria. These plants can be considered ‘low-hanging fruit’, making them suitable for
quick retirement. Regarding rapid retirement, existing plants can continue to operate for
at least 20 or 30 years. This can be achieved by gradually reducing their use, helping
meet the 1.5°C or well below 2°C climate targets. The complete phase-out of these plants
is expected to be achieved by 2045 and 2055, respectively (Lv et al., 2025).

In Indonesia, this study supports government policy. In accordance with the Paris
Agreement, the Republic of Indonesia has pledged to reach net-zero emissions (NZE)
by 2060, and to do so, comprehensive legal policies must be enacted (Massagony et al.,
2025). Government policy can promote the transition to renewable energy. This research
supports a previous study in Indonesia, which found that the least-cost transition is
strongly supported by a carbon tax policy. This intervention also generates revenue for
the government, which can be reinvested sustainably in society or used to boost the

competitiveness of renewable energy. Carbon taxes and other policies help define the costs,
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capacity additions, and CO, emission reduction spectrum for decarbonizing Indonesia’s
electricity sector (Ali & Kim, 2024; Halimatussadiah et al., 2024; Shah et al., 2024).

Another study in Germany found that the successful implementation of climate
policies depends on public support. Previous research has shown that support for general
climate policies is relatively high. However, support for specific measures, such as
emission trading systems and carbon taxes, is lower, despite their effectiveness in reducing
greenhouse gas emissions and providing incentives to do so (Moon et al., 2025). Finally,
in Indonesia, reaching more ambitious climate goals requires a strategic shift from coal to
natural gas, combined with the adoption of renewable energy sources. Additional research
shows that the country’s climate targets could be met through a mix of transitioning from
coal to natural gas and increasing the use of renewable energy. Potential synergies between
the national electricity company, PLN, and the palm oil industry were also identified,
and collaboration between these sectors could greatly enhance the sustainability of both.

CONCLUSION

This study examines the impact of coal consumption in Indonesia, the world’s largest
coal exporter, and in China and India, two of the world’s largest coal importers, which
are considering phasing out or reducing their use. The study emphasizes the importance
of increasing the use of renewable energy sources, such as solar, wind, and hydropower,
to reduce reliance on coal and mitigate the effects of climate change.

These findings have clear policy implications for achieving the Sustainable
Development Goals: The governments of Indonesia, India, and China are advised to revise
their strategies and adopt renewable energy sources such as solar, wind, and hydropower.
These sources are clean and environmentally friendly, helping reduce climate change
through their low emissions. However, the transition to renewable energy requires more
than just shutting down coal-fired power stations. It also involves strategies to address
economic and social issues, such as emission trading systems and carbon taxes, while
ensuring local communities can participate in decision-making. The government must also

provide support to accelerate the development process through environmental policies.
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ABSTRACT

Research Originality: This study is among the first to
introduce an Environmentally Extended Input-Output (EE-
I0) framework to quantify the carbon externalities of state-
owned assets (BMN) management in Indonesia. This area has
received limited empirical attention.

Research Objectives: The study aims to systematically measure
direct and indirect carbon emissions associated with BMN
utilization and assess their implications for public asset governance.

Research Methods: An EE-IO model is constructed using
Indonesia’s 2016 input-output table, sectoral emission intensities,
and audited government electricity expenditure data to estimate
emission multipliers and carbon impacts.

Empirical Results: The Electricity and Gas Supply sector exhibits
the highest emission multiplier (4,919.05 tons CO, per billion
Rupiah). Electricity-related BMN expenditure is estimated to
generate 28.4 million tons of CO,, revealing a substantial but
previously under-recognized source of environmental burden.
Implications: The findings support emission-informed budgeting,
emission-based performance indicators, and the integration of
carbon accountability into public asset management.
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INTRODUCTION

As climate change intensifies, public institutions face mounting challenges
in managing the environmental risks embedded within national infrastructure and
development systems (Markolf et al., 2018). The climate crisis increasingly manifests
as systemic stress on state-controlled assets—transport corridors, public facilities, energy
grids—that were often designed without accounting for environmental volatility (Jentsch
& Beierkuhnlein, 2008; Weiskopf et al., 2020). Rising temperatures, extreme weather
events, and ecological degradation threaten service delivery and impose long-term fiscal
burdens. Carbon dioxide (CO,), the principal driver of global warming, persists in the
atmosphere for centuries, amplifying the urgency of mitigation efforts (Davis & Caldeira,
2010; Eby et al., 2009; Solomon et al., 2009). Climate risk must therefore be understood
not only as an ecological crisis but also as a governance challenge affecting pubic asset

management.

Indonesia plays a pivotal role in the global climate landscape. It is the largest carbon
emitter in Southeast Asia and consistently ranks among the top global CO, emitters,
with national greenhouse gas emissions reaching approximately 1.2 Gt CO,-equivalent in
2021 (Wiloso et al., 2024; Zhong et al., 2025). With a 13.14% year-on-year increase in
emissions, it ranks fourth in terms of emission growth rate. It is the largest contributor
in Southeast Asia (Amheka et al., 2022), reinforcing Indonesia's strategic importance
in global mitigation efforts. Indonesia's updated Nationally Determined Contribution
(NDC) in 2022 raises its mitigation targets to 31.89% unconditionally and 43.20%
conditionally. However, nearly 97% of the projected reductions are concentrated in two
sectors—forestry and land use and energy —leaving limited attention to other high-impact

sectors, including infrastructure governance and public asset management.

Despite its central role in Indonesia's development agenda, the infrastructure
sector receives comparatively limited attention in the country's climate strategy (Hsiao
& Kuipers, 2025; Republic of Indonesia, 2022). This is a critical oversight. Sustainable
infrastructure both contributes to emissions and offers transformative mitigation potential
(Gémez-Villarino et al., 2021; Kadi¢ et al., 2025; Sang & Pan, 2024). Evidence from
Thacker et al. (2019) underscores this point: infrastructure systems are linked—either
directly or indirectly—to 121 out of 169 Sustainable Development Goal (SDG) targets,
including SDG 3 (Health), SDG 6 (Clean Water and Sanitation), SDG 7 (Affordable
and Clean Energy), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 11
(Sustainable Cities and Communities). The absence of an integrated, climate-conscious
approach to state asset governance therefore represents a critical blind spot in Indonesia's

climate strategy.

The urgency highlighted by Thacker et al. (2019) is reinforced by the property and
construction sector's status as one of the most carbon-intensive domains, accounting for
more than one-third of global emissions (Chen et al., 2022). In this context, Indonesia's
state-owned assets (Barang Milik Negara, or BMN)—which are fully under government
control—represent a strategically important yet underutilized level for sustainable
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development. The total value of state-owned assets (BMN) has grown nearly 2.5 times
over the past decade—from IDR 1,960.46 trillion in 2014 to IDR 6,771.11 trillion
in 2023 (Figure 1)— reflecting the expanding scale of publicly managed infrastructure.
As this value grows, so too does its contribution to carbon emissions, arising from the

construction, operation, and maintenance of these assets (Kwok et al., 2016).

Figure 1. State-Owned Assets (BMN) Value (2014-2023 in Trillion Rupiah)
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Historical growth in the total value of Indonesia’s state-owned assets (BMN) over a 10-year period.
Source: Author’s work based on State-Owned Assets Report 2023 Audited.

Given their scale and administrative reach, state-owned assets (BMN) can serve as
a platform for embedding climate accountability within public infrastructure governance
by evolving from a purely administrative and economic orientation toward a more
holistic framework (Surachman, 2024). Integrating principles of resource efficiency,
carbon reduction, and climate resilience into national asset management practices would
strengthen Indonesia’s sustainable development trajectory (Focardi & Fabozzi, 2020).
However, such transformation requires a robust carbon accounting framework capable
of systematically quantifying emissions, both direct and indirect, associated with asset-
related activities (Hong et al., 2016; Kaur et al., 2023).

Existing infrastructure-related carbon studies predominantly employ Life Cycle
Assessment (LCA), focusing on individual buildings or specific lifecycle stages (Bakindi et
al., 2025; Li et al., 2025). Li et al. (2025) used LCA to identify emission hotspots primarily
in the production and operation phases of an individual high-rise residential building in
Beijing. Similarly, Dsilva et al. (2023) apply LCA to an individual multi-use building
in Dubai to evaluate how proactive material selection during early construction phases
can mitigate embodied carbon. Kumar et al. (2025) further note that LCA integration
remains limited in early design, with many assessments restricted to cradle-to-gate or
cradle-to-site boundaries because detailed data for later lifecycle stages is often unavailable
during conceptual design. While valuable, these studies do not capture wider supply-chain

effects or inter-sectoral dependencies.
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In parallel, Environmentally Extended Input-Output (EE-IO) analysis has been
widely applied to assess the carbon footprint of broad economic systems and sectors.
This approach builds on traditional Input-Output models by integrating environmental
dimensions, including carbon emissions, resource use, and energy consumption. EE-IO
enables a comprehensive, economy-wide analysis of environmental impacts and their
relationships with sectoral economic activities (Demeter et al.,, 2021). Amheka et al.
(2022) used an environmentally extended Multi-Region Input-Output model in the
ASEAN region to demonstrate that significant carbon reductions can be achieved while
maintaining GDP growth, particularly through decarbonizing the electricity sector. He
and Hertwich (2019), using the EXIOBASE database, traced global embodied carbon
flows across 49 regions and showed that manufacturing remains the largest source of
indirect emissions in developing economies. In the Indonesian context, Irfany and Klasen
(2017) found that household expenditure—especially on fuel and transportation—drives
carbon footprints. At the infrastructure scale, Martinez et al. (2022) employed EE-IO to
quantify embodied environmental impacts in a diversion dam project, revealing that steel
and cement alone account for nearly three-quarters of total impacts. Collectively, these
studies demonstrate the strength of EE-IO in revealing indirect and upstream emissions

embedded within economic activities.

Despite growing attention to carbon emissions from infrastructure and the
built environment, existing empirical studies remain limited in their analytical scope.
Project-level assessments predominantly rely on LCA, focusing on individual buildings,
construction materials, or specific lifecycle stages, thereby overlooking wider inter-sectoral
and supply-chain effects. In parallel, EE-IO models have been extensively applied to
estimate economy-wide, sectoral, and consumption-based carbon footprints, offering a
broader perspective, capturing indirect or upstream emissions that are often overlooked
(Demeter et al., 2021). However, although EE-IO models have been widely applied
in environmental-economic analysis, there remains a notable absence of empirical
frameworks that operationalize EE-IO to measure the carbon footprint of state-owned asset
(BMN) governance. Existing applications of EE-IO largely focus on sectoral emissions,
consumption-based accounting, or specific projects, and do not explicitly link public asset
management activities and government fiscal operations to economy-wide carbon emission
multipliers. As a result, the environmental consequences of managing state-owned assets

(BMN) remain largely invisible within prevailing policy, fiscal, and analytical frameworks.

This gap is particularly consequential in Indonesia, where state-owned assets (BMN)
represent a substantial component of public capital formation and infrastructure delivery.
Without an analytical framework capable of tracing both direct and indirect emissions,
policymakers lack systematic tools to reposition public asset governance as an instrument

of climate mitigation rather than a passive contributor to emissions.

This study explicitly addresses this research gap by developing an analytical framework
grounded in Environmentally Extended Input-Output analysis to systematically quantify
both direct and indirect carbon emissions associated with the operational management of

state-owned assets (BMN) in Indonesia. Accordingly, this study is guided by the following
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research question: How can an Environmentally Extended Input-Output framework
be operationalized to measure the direct and indirect carbon emissions embedded in
the management of Indonesia’s state-owned assets? The novelty of this research lies in
integrating EE-IO methodology into the domain of public asset governance, an area that
has received limited empirical attention in existing literature. Unlike prior studies that
focus on individual construction projects, private-sector assets, or isolated economic sectors,
this study conceptualizes state-owned assets (BMN) as an economy-wide emission driver
and a strategic public-sector policy instrument. By doing so, the study provides a data-
driven foundation for emission-informed budgeting, climate-conscious asset governance,
and sustainable infrastructure planning, while strengthening Indonesia’s alignment with
SDG 9 (Industry, Innovation, and Infrastructure) and SDG 11 (Sustainable Cities and

Communities), as well as its commitments under the Paris Agreement.

METHODS

This study employs three datasets to construct an analytical framework for measuring
the environmental impact—particularly carbon emissions—associated with the management
of state-owned assets (BMN) using the Environmentally Extended Input-Output approach.
The first dataset is the Input-Output (IO) Table of Domestic Transactions at Producer
Prices, published by Statistics Indonesia (BPS) (BPS, 2021). This IO table provides
detailed information on inter-industry linkages across the Indonesian economy, covering
52 industrial sectors. At the time this study was conducted, the most recent available IO
table was from 2016. Despite its time lag, the 2016 IO table remains the authoritative
representation of Indonesia’s inter-sectoral economic structure and is widely used in applied

input-output and environmental-economic studies.

The second dataset is sector-specific greenhouse gas (GHG) emission intensity data
published by BPS in 2022 (BPS, 2024), which reports carbon dioxide (CO,) emission
intensities for seven aggregated industrial sectors. Emission intensity is defined as the ratio
of total sectoral CO, emissions to total sectoral output and serves as the environmental
extension of the IO framework. The third dataset is government electricity expenditure
related to state-owned asset (BMN) operations, obtained from audited State Budget
(APBN) records published by the Ministry of Finance. Electricity expenditure is treated
as final demand directed to the electricity sector within the input-output table. This
expenditure represents operational spending on energy consumption for state-owned assets
(BMN) and serves as the entry point for linking state-owned assets (BMN) management

activities to the input-output framework.

To ensure compatibility between the 52-sector 1O table and the seven-sector emission
intensity dataset, the IO sectors are aggregated into seven composite sectors following
the International Standard Industrial Classification (ISIC) Revision 4. This harmonization
step, while reducing sectoral granularity, is commonly applied in EE-IO studies. It enables
consistent integration of economic and environmental data while preserving inter-sectoral

linkages. The detailed sectoral mapping is provided in the Appendix.
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Carbon emissions associated with state-owned assets (BMN) operations are estimated
using an EE-IO framework adapted from Miller and Blair (2009) to estimate both direct
and indirect emissions. The calculation steps are explained as follows.

The technical coefficient ¢ is calculated for each sector in the 2016 1O table. It
represents the amount of input from sector i required to produce one unit in sector j.

Uij

=5, (1)

where v, denotes the amount of input from sector i used by sector j, and y, represents
the total output of sector j. All technical coefficients ¢ are then organized into a technical

coeficient matrix T as shown in Equation 2:

i1 o U
T=|: -~ )

tpi o tan

The total output y is then calculated by incorporating the final demand d using the
following expression derived from the Leontief Input-Output model:

y=(0U-T)"d (3)
where I denotes the identity matrix and (I - T)™! is the Leontief Inverse, which captures
the total requirements needed to satisfy final demand.

Next, the greenhouse gas emission intensity data by sector are obtained from BPS
(2022). These data are then integrated into the model in the form of a matrix E, where

each element e, represents the amount of carbon emissions generated per unit of output

in sector 7.
€1

E =] (4)
en

Finally, the carbon emission multiplier is calculated to identify the total impact of an
increase in final demand on carbon emissions—capturing both direct and indirect effects
across all sectors in the economy. This multiplier is derived by multiplying the emission

intensity matrix E by the Leontief Inverse matrix (I - T)™, as expressed in Equation 5.
M=E.(U-T)" )

Each element in matrix M reflects the total amount of carbon emissions, both direct and

indirect, generated per unit increase in output in the respective sector.

In this study, state-owned assets (BMN) related activities are operationalized through
government expenditure on electricity consumption associated with the operation of state-
owned assets. By mapping electricity spending to final demand in the EE-IO model, the
framework captures both direct emissions from electricity generation and indirect emissions
embodied in upstream supply chains, providing an empirical basis for assessing the carbon

externalities from the operational phase of state-owned assets (BMN) management.

The focus on electricity expenditure reflects current data availability and serves as an
initial operational entry point for integrating state-owned assets (BMN) management into
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an EE-IO framework. Comprehensive and standardized data covering the full lifecycle of
state-owned assets (BMN)—including construction, maintenance, procurement, and asset
disposal—remain limited; therefore, electricity consumption is used as a demonstrative
case to develop and test the analytical framework. The resulting model functions as a
proof of concept and is designed to be scalable, allowing future research to incorporate
more detailed and disaggregated state-owned assets (BMN) expenditure components as

data availability and classification systems improve.

RESULTS AND DISCUSSION
Using the Environmentally Extended Input-Output (EE-IO) model, this analysis

estimates carbon emission multipliers for Indonesia’s major economic sectors (Table 1 and
Figure 2). The Electricity and Gas Supply sector (Sector D) records the highest multiplier
at 4,919.05 tons CO, per billion Rupiah, implying that each additional billion Rupiah
of output generates nearly 5,000 tons of economy-wide emissions. This reflects both its
high direct emission intensity—driven largely by fossil-fuel-based power generation—and
its strong inter-sectoral linkages, as electricity functions as a universal intermediate input

for manufacturing, transport, construction, and other activities.

Table 1. Carbon Emission Multiplier and Direct Intensity by Sector

(ton CO2 per billion rupiah)

No. Sector
Multiplier Effect Carbon Intensity

1 A: Agriculture, Forestry, and Fishing 260.79 60.20

2 B: Mining and Quarrying 1,400.23 34.10

3 C: Manufacturing 1,322.28 142.20

4 D: Electricity and Gas Supply 4,919.05 2,426.30

Gl Sumy oo e et ggmo0 som
6 H: Transportation 494.02 166.50

7 OTHER: Other Industries 1,401.55 3.70

Carbon emission multiplier effect and direct carbon intensity across seven aggregated economic sectors in Indonesia.
Source: Author’s calculation based on EE-1O.

The Water Supply, Sewerage, Waste Management, and Remediation sector (Sector E)
follows with a multiplier of 3,110.01 tons CO, per billion Rupiah, with a substantial share
arising from direct emissions, consistent with the energy-intensive nature of treatment
and processing activities. The remaining sectors exhibit considerably lower multipliers,
indicating that carbon externalities are concentrated in a limited number of structurally
critical sectors. This concentration suggests that decarbonization efforts—particularly
within state-managed infrastructure and service provision—would yield greater marginal

impact if focused on these high-multiplier sectors.

Table 1 further reveals notable discrepancies between direct emission intensity

and total multipliers. The Mining and Quarrying sector (Sector B), for example, shows

http:/journal.uinjkt.ac.id/index.php/signifikan 197
https:/doi.org/10.15408/sjie.v15i1.46638


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46638

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 191 - 206

relatively low direct intensity (34.10 tons CO, per billion Rupiah) but a high total
multiplier (1,400.23 tons CO,), reflecting its upstream role in supplying carbon-intensive
downstream industries. A similar pattern appears in Other Industries, where low direct
intensity (3.70 tons CO,) corresponds to a multiplier of 1,401.55 tons CO,. These
results indicate that Indonesia’s carbon structure is shaped not only by emission-intensive
sectors but also by upstream enablers embedded within supply chains. The Electricity
and Gas Supply sector is distinctive in combining both high direct intensity and strong
inter-sectoral transmission effects. Overall, the multiplier framework demonstrates that
reliance on direct emission metrics alone would underestimate the true carbon footprint

of economic activities.

Figure 2. Comparison of Direct and Total Carbon Emission Effects by Sector
(ton CO2 per billion Rupiah)

5.000
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This figure compares the direct carbon emission intensity with the total carbon emission multiplier across major
economic sectors, illustrating the role of indirect emissions transmitted through inter-sectoral linkages. Source: Author’s
calculation based on EE-1O

To operationalize the EE-IO framework within public asset governance, this study
examines electricity consumption in the operations of state-owned assets (BMN). Given its
highest emission multiplier, the Electricity and Gas Supply sector serves as the empirical
entry point. According to the 2024 Audited Central Government Financial Statement
(LKPP), the central government allocated IDR 5,776.78 billion to electricity expenditure.
Applying the sectoral multiplier of 4,919.05 tons CO, per billion Rupiah yields an

estimated 28.42 million tons of CO, emissions.

This estimate reveals a substantial environmental burden embedded in the routine
operations of state-owned assets (BMN). Electricity spending—typically treated as an
administrative cost—constitutes a significant channel of economy-wide emissions,
capturing indirect and upstream effects that remain absent from conventional fiscal
reporting. Electricity consumption, therefore, emerges as both an emissions hotspot
and a strategic leverage point for mitigation. Improvements in energy efficiency, cleaner

energy sourcing, and optimized asset utilization could yield meaningful reductions in
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emissions across public infrastructure systems. While the estimate does not represent the
full lifecycle carbon footprint of state-owned assets (BMN), its magnitude demonstrates
that operational expenditures alone can carry significant environmental externalities when

assessed through an economy-wide perspective.

The empirical findings are consistent with—and extend—recent EE-1O applications
emphasizing indirect and supply-chain-induced emissions in national carbon accounting
(Demeter et al.,, 2021). While prior studies focus on consumption-based emissions,
embodied trade flows, or sectoral decarbonization (Amheka et al., 2022; He & Hertwich,
2019; Irfany & Klasen, 2017; Martinez et al., 2022), this study situates EE-IO analysis
within public asset governance. It demonstrates that state-owned assets (BMN) function
not merely as administrative entities but as structural contributors to economy-wide

carbon emissions.

The carbon emission multipliers derived from the EE-IO model provide a practical
basis for quantifying environmental externalities associated with the management of state-
owned assets (BMN). By linking BMN-related government expenditure to aggregated
economic sectors, both direct and indirect emissions can be systematically traced (Figure
3), illustrating how routine fiscal decisions translate into broader economy-wide impacts.
Unlike project-level LCA studies that assess emissions at the level of individual buildings
or infrastructure assets (Bakindi et al., 2025; Kumar et al., 2025), the EE-IO-based
framework developed in this study captures emissions propagated through complex inter-
sectoral supply chains. This distinction is particularly relevant for public asset management,
where operational decisions—such as electricity consumption—have system-wide emission

implications that extend beyond the physical boundaries of individual assets.

Figure 3. Carbon Emission Mapping Framework from State-Owned Assets (BMN) Utilization

Sektor A
Sektor B
Sektor C

State Asset’s Utilization Budget Sektor D

Sektor E

UoIsSSIuy uog.e)

Sektor H

Sektor OTHER

This figure illustrates the analytical framework used to trace carbon emissions arising from state-owned assets (BMN)
utilization through government budget expenditures. BMN-related operational spending is mapped to seven aggregated
economic sectors (A-H and OTHER) within the EE-IO structure, enabling the estimation of both direct and indirect
carbon emissions transmitted through inter-sectoral linkages. The framework demonstrates how public asset utilization
translates into economy-wide environmental externalities and provides a methodological pathway for integrating carbon
accountability into public asset governance.

Source: Author’s visualization based on EE-IO model integration.
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The dominance of the Electricity and Gas Supply sector aligns with regional EE-
IO findings identifying power generation as a primary driver of economy-wide emissions
(Amheka et al., 2022; Irfany & Klasen, 2017). This study extends that insight by showing
that electricity demand from state-owned assets (BMN) operations constitutes a significant
transmission channel of carbon emissions. Similarly, the high multiplier observed in
water and waste-related services corresponds with infrastructure-focused EE-1O evidence

highlighting substantial indirect emissions in operational services (Martinez et al., 2022).

This framework represents an initial operationalization rather than a full lifecycle
assessment of state-owned assets (BMN). Comprehensive tracing across construction,
procurement, maintenance, and disposal would require more detailed disaggregation
of the State Budget (APBN) and sectoral mapping. Electricity expenditure is therefore
used as a strategic entry point due to data availability and its central operational role.
Nevertheless, the framework is scalable. With more granular budget data and refined
sectoral classification, it can be extended to estimate the full lifecycle carbon footprint of
state-owned assets (BMN) management. Beyond empirical estimation, the study establishes
a methodological pathway that renders visible the carbon implications of public asset
utilization—an area traditionally treated as environmentally neutral within fiscal and

administrative systems.

The scale of operational emissions associated with electricity consumption reveals
a largely invisible carbon footprint embedded in state governance. Although categorized
as routine administrative expenditures, these emissions are substantial when evaluated
through an EE-IO lens. This “hidden” carbon burden reflects a critical institutional
blind spot that is increasingly incompatible with global climate commitments (Bocken
& Short, 2021).

This finding resonates with recent studies on public sector sustainability, which
argue that government operations themselves constitute a significant and under-recognized
source of emissions (Kaur et al., 2023). While the existing literature emphasizes industrial
decarbonization and household consumption (He & Hertwich, 2019; Irfany & Klasen,
2017), this study highlights the environmental significance of the routine operations
of state-owned assets (BMN). Addressing this gap requires integrating mitigation
considerations into the budget cycle, beginning at the planning stage (Focardi & Fabozzi,
2020). By mapping BMN-related expenditures to aggregated EE-IO sectors, potential
carbon impacts can be estimated before allocations are finalized (Demeter et al., 2021).
Such emission-linked budgeting introduces a new layer of transparency into public finance.
Beyond tracking financial allocations, it enables policymakers to assess the environmental
implications of program design and implementation (Kaur et al., 2023). This is particularly
relevant in the context of state-owned assets (BMN) governance, where decisions on
asset utilization, renovation, and operational intensity directly shape long-term emission

trajectories.

More importantly, this framework creates the conditions for strategic intervention.

Ministries associated with high projected emissions can be required to adopt mitigation
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measures—such as energy efficiency upgrades or renewable energy integration—while
low-carbon operational practices can be incentivized. In this way, climate objectives
become embedded within fiscal decision-making rather than treated as external compliance
requirements (Bocken & Short, 2021). This integration represents a structural shift in
public sector governance, aligning public expenditure with national climate targets and
supporting the management of low-carbon infrastructure (Bocken & Short, 2021; Kaur
et al., 2023).

Emission-Based Performance Indicators (EPIs) provide a complementary mechanism
for operationalizing carbon accountability in the governance of state-owned assets (BMN).
Unlike conventional metrics focused solely on budget absorption or output delivery, EPIs
assess the environmental efficiency of public operations (Bocken & Short, 2021). Using
EE-10—derived emission multipliers, ministries can establish baseline carbon performance
and monitor changes over time (Demeter et al., 2021). Performance can then be evaluated
in terms of emissions per unit of output or budget, reorienting bureaucratic incentives
toward lower-carbon service delivery—"doing better with less carbon” (Kaur et al,
2023). EPIs also strengthen cross-ministerial coherence. Ministries achieving sustained
emission reductions can be recognized through evaluation mechanisms or sustainability-
linked incentives. Over time, these indicators can be embedded into routine monitoring

frameworks, reshaping how performance is defined and assessed in the public sector
(Bocken & Short, 2021).

Integrating EPIs into state-owned assets (BMN) governance, therefore, constitutes an
institutional innovation: it aligns administrative accountability with long-term sustainability
objectives and embeds carbon considerations within governance structures (Bocken & Short,
2021; Kaur et al., 2023).

The application of the Environmentally Extended Input-Output (EE-IO) model
demonstrates its potential as a decision-support tool for environmentally accountable
public asset governance (Demeter et al., 2021). By linking state-owned assets (BMN)
expenditures to sectoral carbon emission multipliers, the framework quantifies both direct
and indirect environmental impacts arising from asset operations, consistent with broader
EE-IO applications in infrastructure and public systems (Amheka et al., 2022; Martinez
et al., 2022).

To ensure upstream integration, carbon accounting should be embedded within the
budget planning cycle. Because government expenditures can be mapped to the aggregated
EE-IO sectors, ministries can estimate projected carbon impacts at the program design
stage. This enables emission-informed budgeting, where allocation decisions consider
environmental performance alongside financial efficiency (Kaur et al., 2023). In parallel,
Emission-Based Performance Indicators (EPIs) can complement conventional fiscal and
output metrics. By monitoring carbon intensity per unit of service or expenditure, EPIs
embed environmental efficiency into routine performance management and strengthen
sustainability-oriented accountability (Bocken & Short, 2021). Furthermore, when state-
owned assets (BMN) are utilized to generate non-tax state revenue (PNBP), a portion
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of this income may be earmarked for mitigation measures, such as renewable energy
deployment or energy-efficiency retrofits. This helps internalize environmental externalities

and align revenue generation with climate objectives.

It is important to acknowledge the limitations of this study's scope. The present
analysis operationalizes state-owned assets (BMN) related emissions through electricity
expenditure as a demonstrative case and relies on a seven-sector aggregation of the
Indonesian input-output table due to data compatibility constraints. While consistent
with EE-1O practice, this masks intra-sectoral variation. Future research should therefore
(i) disaggregate State Budget (APBN) data to enable full lifecycle mapping of BMN-related
activities, and (ii) utilize higher-resolution input-output and emission datasets as they
become available. Collectively, these steps would strengthen Indonesia’s transition toward
carbon-conscious public asset governance and reinforce alignment with national climate
commitments, advancing the achievement of SDG 9 and SDG 11, as well as Indonesia’s
commitments under the Paris Agreement (Bocken & Short, 2021).

CONCLUSION

This study answers the research objective by demonstrating that the environmental
externalities of state-owned assets (BMN) management can be systematically measured
using an Environmentally Extended Input-Output (EE-IO) framework. By integrating
sectoral emission intensities, inter-industry linkages, and government expenditure data, the
analysis captures both direct and indirect carbon emissions associated with public asset
operations. The results show that electricity-related activities represent a major carbon
hotspot, and that several sectors with low direct emission intensity generate substantial
indirect emissions through supply chains. This result confirms that multiplier-based
approaches are essential for accurately assessing the carbon responsibility embedded in
the utilization of state-owned assets (BMN).

Based on these findings, this study proposes three policy-relevant implications.
First, carbon accounting should be integrated into the budget planning process through
emission-informed budgeting, enabling ministries to anticipate the carbon consequences of
state-owned assets (BMN) related expenditures at the planning stage. Second, emission-
based performance indicators can complement existing fiscal and output metrics,
strengthening accountability for emission-intensive public asset operations. Third, in
cases where state-owned assets (BMN) utilization generates non-tax state revenue, a
portion of this revenue should be earmarked for carbon mitigation measures, such as
energy efficiency improvements, renewable energy adoption, or offset mechanisms linked
to public asset operations. These measures provide a practical pathway for embedding
carbon accountability into public asset governance, repositioning state-owned assets
(BMN) management as a strategic instrument for climate mitigation, and aligning fiscal

operations with Indonesia’s commitments under the Paris Agreement and the achievement

of SDG 9 and SDG 11.
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APPENDIX
Aggregated Input-Output Sectors

?Egﬁg%;?; EE-10 Sector 10 Code*
A Agriculture, Forestry, and Fishing I-01 - 1-07
B Mining and Quarrying I-08 - 1-11
C Manufacturing -12 - 1-27
D Electricity and Gas Supply [-28 - 1-29
E Water Supply, Sewerage,. Waste M.arlggement, 1-30

Wastewater, and Remediation Activities
H Transportation I-34 - 1-39
OTHER Other Industries I-31 - 1-33 and I-40 - I-52

*Sector descriptions follow the 52-sector BPS (2021) Input-Output classification. Aggregation is conducted to ensure
compatibility with sectoral emission data.
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ABSTRACT

Research Originality: This study provides novel empirical
evidence by introducing the Cross-Border Paperless Trade
Index as a proxy for ASEAN Single Window implementation
to examine how the depth of digital trade facilitation influences
Indonesia’s utilization of the ASEAN Trade in Goods Agreement.

Research Objectives: This research aims to analyze the impact
of ASEAN Single Window implementation on Indonesia’s
utilization of the ASEAN Trade in Goods Agreement, both
at the aggregate level and across sectors.

Research Methods: This study uses unpublished Indonesian
import panel data from eight ASEAN member countries for
the period 2018-2023, and analyzes them using two-way
fixed-effects panel data to control for unobserved heterogeneity
across product-trading partners and over time.

Empirical Results: Higher levels of ASEAN Single Window
implementation in partner countries have a positive and
statistically significant effect on Indonesia’s ATIGA utilization,
indicating that digital trade facilitation reduces transaction
costs and administrative barriers.

Implications: These findings suggest that strengthening the
effectiveness of digital trade facilitation, particularly through
the ASEAN Single Window, is crucial for increasing the
practical use of preferential trade agreements and supporting
deeper economic integration within ASEAN.
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INTRODUCTION

International trade plays a pivotal role in driving global economic growth, with
Free Trade Agreements (FTAs) serving as key instruments for promoting economic
integration. According to the World Trade Organization (2024), as of July 2024, 374
Regional Trade Agreements (RTAs) have been implemented globally. The Association of
Southeast Asian Nations (ASEAN) began its participation in regional trade cooperation
through the ASEAN Free Trade Area (AFTA) in 1993. This initiative was later reinforced
and institutionalized through the ASEAN Trade in Goods Agreement (ATIGA) in
2010. ATIGA aims to eliminate both tariff and non-tariff barriers and to promote the
growth of intra-ASEAN trade, offering significant opportunities for regional economic

development.

As a central pillar of ASEAN’s economic integration agenda, ATIGA is expected to
strengthen regional value chains, enhance the region’s resilience to external shocks, and
contribute to the realization of the ASEAN Economic Community (AEC) as a single
market and production base. Despite offering preferential incentives, the use of ATIGA
remains relatively low among businesses (Hayakawa et al., 2009; Sitepu & Nurhidayat,
2015). Data from the ASEAN Secretariat show that although the value of intra-ASEAN
trade increased from 2010 to 2023, its share of ASEAN’s total global trade has remained
stagnant at around 20 percent. This data indicates that intra-ASEAN trade has not grown
in proportion to the region’s total trade, which is primarily driven by trade with external

partners.
Figure 1. Intra-ASEAN and Extra-ASEAN Trade, 2010-2022
Trade in Goods ASEAN 2010-2023 (in USS)
B WORLD [l ASEAN
5,000,000,000,000
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Source: aseanstats (2023)

This pattern is also evident in Indonesia’s trade relations with other ASEAN
member states. ASEAN remains one of Indonesia’s most important trading partners,
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particularly as a source of imports. According to Statistics Indonesia (2025), ASEAN is
the second-largest regional source of Indonesian imports after other APEC economies.
Indonesia’s imports from ASEAN countries reached USD 50 billion in 2014, declined to
approximately USD 37 billion in 2017, and rebounded to USD 46.8 billion by 2023. At
the sectoral level, manufacturing dominates Indonesia’s imports—particularly machinery,
intermediate inputs, and raw materials—while mineral imports exhibit greater volatility
and agricultural imports remain relatively stable. These trends highlight the strategic
importance of intra-ASEAN trade for Indonesias production structure. Nevertheless,
Indonesia’s trade patterns indicate that the utilization of ATIGA’s preferential tariff

scheme remains suboptimal.

Figure 2. Sectoral Import of Indonesia from ASEAN, 2014-2023

Sectoral Import of Indonesia from ASEAN 2014-2023
(on thousands US$)
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Source: aseanstats (2023)

Several factors contribute to low ATIGA utilization, including the complexity of
rules of origin (RoO), limited access to relevant information among businesses, and
administrative burdens in the certificate of origin (COO) process (Wignaraja, 2014). A
study by ERIA (2021) found that ATIGA utilization remains constrained by complex
regulations and high administrative costs. Hayakawa et al. (2016) estimate that fixed
documentation costs for FTA usage range from 3% to 5% of product value. Jinji et al.
(2020) further estimate that total administrative costs related to FTA scheme compliance
can reach 27 percent, significantly exceeding the cost of RoO compliance, which is only
around 4 percent per unit of production.

From a theoretical perspective, FTAs promote market integration by allowing firms
to exploit economies of scale and improve productive efficiency (Krugman et al., 2012).
However, due to firm heterogeneity, the benefits of trade liberalization are unevenly

distributed. More productive firms are better positioned to absorb fixed compliance
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costs, while less productive firms face higher barriers to participation. Within this
framework, firms’ decisions to utilize FTAs are shaped by cost—benefit considerations,
including margins of preference and compliance costs (Estevadeordal & Suominen,
2003; Hayakawa et al., 2014; Jinji et al., 2020; ERIA, 2021; Arini, 2022; Qu &
Zhang, 2023; Legge & Lukaszuk, 2024; Qu et al., 2024). As a result, many firms
may find the cost of FTA compliance outweighs its benefits, especially if margins of

preference are low.

In response to these challenges, ASEAN introduced the ASEAN Single Window
(ASW) as a regional digital trade facilitation platform. The World Customs Organization
(WCO) defines SW as a platform that allows traders to submit all required data and
documents through a single access point using standardized formats (APEC, 2018).
ASW integrates the National Single Windows (NSWs) of ASEAN member states and
enables real-time electronic exchange of trade documents and data. According to UN/
CEFACT, a Single Window enables traders to submit standardized information through
a single entry point to meet all trade-related regulatory requirements. A key feature of
ASW is the electronic exchange of Certificates of Origin via e-Form D, which directly
supports the application of ATIGA preferences. By digitalizing and harmonizing trade
procedures, ASW is expected to reduce administrative delays, enhance transparency, and
lower fixed trade costs associated with FTA utilization (ASEAN Secretariat, 2023b; ASEAN
Secretariat, 2024; Meng et al., 2024). Thus, ASW plays a crucial role in enhancing the
implementation of ATIGA by creating a more eflicient, transparent, and integrated trade
system across ASEAN. While ATIGA focuses on reducing tariffs and non-tariff barriers
to boost intra-regional trade, ASW complements this by accelerating customs procedures
and cross-border document exchange. By linking each member state’s National Single
Window, ASW functions as an integrated digital platform that enables businesses to
access tariff information, trade regulations, and customs procedures in real time, while
streamlining communication between traders and regulatory agencies. Beyond serving
as a centralized information system, it operates as a hub for inter-agency coordination,
real-time validation, and secure data exchange, thereby enhancing transparency, improving
administrative efficiency, and reducing uncertainty, compliance burdens, and transaction
costs (Intal et al., 2014; Martinez-Zarzoso & Chelala, 2020).

Several empirical studies suggested that simplified trade procedures and improved
access to information positively influence firms’ participation in FTA schemes (Wignaraja,
2014; Legge & Lukaszuk, 2024). However, the evidence on digital trade facilitation
remains mixed. Martinez-Zarzoso (2023) found that aggregate measures of digital trade
facilitation do not always yield statistically significant effects, while OECD (2018) and
Song (2022) cautioned that poorly designed digital systems may introduce new technical
and procedural complexities. Moreover, sectoral studies indicate that the benefits of digital
trade facilitation tend to be concentrated in sectors that are highly integrated into global
value chains (Carballo et al., 2016; Martinez-Zarzoso, 2023). Other previous studies on
digital trade facilitation have examined its impact on trade or on GVCs (Roy & Huang,
2020).

210 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.46436


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46436

Sherly Luthfi Anita
ASEAN Single Window and ASEAN Trade in Goods Agreement

Despite extensive research on FTA utilization, the literature largely explains low
utilization rates through trade cost barriers such as tariff complexity, rules of origin
compliance, and administrative documentation costs (Estevadeordal & Suominen, 2003;
Hayakawa et al., 2014; Jinji et al., 2020; ERIA, 2021; Arini, 2022; Qu & Zhang,
2023; Qu et al.,, 2024). While these studies highlight important constraints faced by
firms, they provide limited empirical evidence on whether digital trade facilitation
mechanisms function as enabling policies that actively increase FTA utilization. In
particular, empirical studies directly linking the implementation of regional Single
Window systems to actual FTA usage remain scarce, especially within ASEAN and at the
sectoral level. Moreover, existing studies on digital trade facilitation primarily examine
its impact on aggregate trade flows, customs efficiency, or participation in global value
chains, rather than on firms’ utilization of preferential tariff schemes (Martinez-Zarosozo,
2023; Legge & Lukaszuk, 2024). These studies often rely on binary adoption indicators
or broad facilitation indices, which do not capture cross-country and intertemporal
variation in the depth and effectiveness of digital system implementation. As a result,
it remains unclear whether deeper and more effective digital trade facilitation translates

into higher FTA utilization.

This study addresses these gaps by examining digital trade facilitation as an
enabling mechanism for FTA utilization, using the ASEAN Single Window as a case
study. The key contribution of this research is the use of the Cross-Border Paperless
Trade Index as a proxy for the depth of Single Window implementation, allowing for
a more granular assessment of digital facilitation intensity beyond formal adoption. To
the best of our knowledge, this approach has not been applied in the FTA utilization

literature.

Accordingly, this study aims to estimate the impact of implementing the ASEAN
Single Window on Indonesias utilization of the ASEAN Trade in Goods Agreement
at both the aggregate and sectoral levels. Using product-level import panel data and a
two-way fixed-effects framework, the analysis explicitly links variation in the intensity
of digital trade facilitation to observed FTA utilization outcomes, ensuring consistency

among the research question, empirical strategy, and policy implications.

METHODS

This study employed unpublished panel data from the Ministry of Finance, covering
the period from 2018 to 2023. The selection of the study period was constrained by data
availability and institutional validation requirements. Disaggregated import transaction
data identifying ATIGA utilization at the product and partner-country level were only
reliably available for this period at the time the study was conducted. In particular,
utilization data for 2024 had not yet been finalized, validated, or formally authorized for
research use by the Ministry of Finance. Given that the empirical analysis relied exclusively
on officially verified utilization records to ensure data consistency and measurement

accuracy, extending the sample to include unvalidated observations would have risked
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introducing measurement error and biasing the estimation results. Earlier years were also
excluded because the Ministry of Finance did not release comparable, consistently recorded

utilization data for research purposes.

Accordingly, the chosen period represented the longest feasible and methodologically
sound time span for rigorous empirical analysis. Future research may revisit this limitation
as more recent, fully validated data become available. The starting year, 2018, was
particularly relevant for analytical purposes as it coincided with the initial operational
implementation of the ASEAN Single Window, including the electronic exchange of
Certificates of Origin (e-Form D) among ASEAN member states. Focusing on the post-
implementation period allowed the analysis to capture meaningful variation in the depth of
ASEAN Single Window implementation and to assess its role as a digital trade facilitation
mechanism influencing ATIGA utilization. Consequently, the selected time frame ensured
both data consistency and conceptual alignment between the policy intervention and the
empirical analysis.

The dataset covered Indonesias imports from eight ASEAN member countries—
Brunei Darussalam, Cambodia, Malaysia, Myanmar, the Philippines, Singapore, Thailand,
and Vietnam—at the 6-digit level of the Harmonized System (HS) Code 2017. Lao PDR
was excluded from the analysis due to the unavailability of data on ATIGA utilization.
These data were obtained from Indonesian Customs and Excise and were sourced from
Indonesia’s import declaration system. This level of product classification enabled detailed
analysis of trade flows and utilization patterns across different product categories, ensuring
consistency in international trade reporting standards and comparability across countries.
The dataset served as the basis for calculating the ATIGA utilization rate, which reflects
the extent to which importers actually obtained and applied the tariff preferences under
the agreement. By adopting a granular, product-level approach, the analysis captured
sector-specific dynamics in FTA usage. It provided more precise insights into which
industries or product categories benefited from preferential access. Such granularity was
essential for evaluating the effectiveness of trade agreements and identifying sectors with

underutilized potential.

A two-way fixed-effects panel data model was used to assess the impact of ASEAN
Single Window implementation on the utilization of the ASEAN Trade in Goods Agreement.
This approach was chosen to control for potential bias arising from unobserved but time-
invariant factors at the product-country and year levels. The model incorporated product-
country fixed effects to account for heterogeneity in the complexity of rules of origin
across products and countries of origin, as well as year fixed effects to capture common
external influences such as global economic fluctuations and the COVID-19 pandemic.
This empirical specification was consistent with previous studies by Legge and Lukaszuk
(2024) and Hayakawa et al. (2023), which examined the effects of free trade agreements.

The dependent variable is the utilization rate of ATIGA (Uijz), measured as the
proportion of Indonesia’s imports conducted under ATIGA preferential tariffs relative to
total imports for each product and partner country. The implementation of the ASEAN
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Single Window (ASW) was measured using two components. First, the year of initial
live operation of ASW implementation in each ASEAN member state (dummyaswjt)
was used to assess the impact of ASW on the utilization of the ASEAN Trade in
Goods Agreement (ATIGA). Second, the Cross-Border Paperless Trade Index will serve
as a proxy to measure the level of ASW implementation in each ASEAN member
state (indexpaperlessjt). To date, no study has examined the impact of single-window
implementation, as measured by the Cross-Border Paperless Trade Index (CBPTI), on
the utilization of Free Trade Agreements (FTAs). The approach using the CBPTI has
been employed by the United Nations (2024) and Martinez-Zarzoso (2023) in studies
analysing the impact of digital trade facilitation on trade costs and firm productivity.
Both studies concluded that digital trade facilitation reduced trade costs and improved
firm productivity. The Cross-Border Paperless Trade Index was considered an appropriate
component because the survey elements closely aligned with the facilities intended
under the ASW-—namely, the exchange of electronic customs declarations, electronic
certificates of origin, and electronic sanitary and phytosanitary data. The United Nations
(2023) report on trade facilitation also stated that survey results on cross-border paperless
trade in ASEAN countries reflected the level of implementation of the ASEAN Single
Window. This variable of interest was derived from the UN Global Survey on Digital
and Sustainable Trade Facilitation.

To ensure robust results, the model controlled for several additional variables. Margin
of Preference (MOPijt), defined as the tariff margin between the Most-Favoured Nation
(MFN) rate and the preferential tariff under ATIGA at the product level (6-digit HS 2017
level) of an ASEAN member country, captures the benefit firms gain from trade under an
FTA. Based on Hayakawa et al. (2014), a higher tariff margin increased the attractiveness
of utilizing FTAs for traders. GDP per capita of the exporting country (GDPPjz) served
as an indicator of economic development and export capacity (Hayakawa et al., 2017).
A higher GDP per capita suggested better infrastructure and compliance capability with
FTA rules, increasing the likelihood of FTA udilization. It also proxied the level of ICT
infrastructure development, which influenced the implementation of trade facilitation tools
such as Single Window (SW) systems (Kok Yaw, 2016; OECD, 2018). The exchange rate of
the exporting country’s currency against the USD (ERj#) was included as a control variable
in this model. As suggested by Hayakawa et al. (2017), a depreciation in the exporter’s
currency could enhance FTA utilization by making it easier to meet rules of origin (ROO)
requirements. The final control variable, Indonesia’s import value at the product level from
ASEAN countries (/mportijt), was included to control for the size of export transactions.
Higher import volumes may reflect greater demand and scale economies, increasing the
incentive for exporters to utilize FTAs (Hayakawa et al., 2014; 2023).

Based on the description above, the following regression model was specified to
measure the impact of the implementation of ASW on the utilization of ATIGA:
Ui, = po + p1 dummyaswjt + ,BZindexpaperlesjt + [33MOPijt + f4Inlmportijt + ,BSInGDPPjt
+ B6INER_ + p. + 6 + €,
Jt ij t ijt
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RESULTS AND DISCUSSION
The main finding of this study shows that the depth of ASEAN Single Window

(ASW) implementation, rather than its initial launch, significantly increases the utilization
of the ASEAN Trade in Goods Agreement (ATIGA), especially in the manufacturing
sector. The official launch of ASW did not immediately affect ATIGA utilization. However,
deeper and more mature digital trade facilitation reduces administrative barriers and
encourages firms to use preferential tariffs. This highlights the importance of operational
quality and institutional readiness in ensuring that digital trade reforms produce real
trade benefits.

Table 1 presents the aggregate estimation results. The ASW implementation
dummy variable (dummyasw), which represents the year a country officially started ASW
operations, shows an insignificant effect on ATIGA utilization. This indicates that formal
participation in ASW alone is not enough to change firms’ trade behavior. This finding
is consistent with Martinez-Zarzoso (2023), who argues that digital trade facilitation is
a gradual process moving from “not implemented” to “fully implemented,” with stronger
trade effects over time.

Table 1. Estimation Results of the Impact of the Implementation of ASW on the Utilization of ATIGA

Variables Utilization
dummyasw 0.0117
(0.0121)
indexpaperless 0.131*
(0.0726)
mop 0.0144**
(0.00643)
Inimport 0.0288***
(0.00155)
Ingdpp 0.254***
(0.0344)
Iner 0.481***
(0.0706)
Constant -4.147%**
(0.523)
Observations 21,774
R-squared 0.842

Robust standard errors in parentheses
***p<0.01, **p<0.05, *p<0.1
Source: Author’s estimation

In contrast, the Cross-Border Paperless Trade Index (indexpaperless), which measures

the quality and level of digital trade facilitation, shows a positive effect at the 10 percent
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level. The estimated coefficient suggests that a one-unit increase in the index increases
ATIGA utilization by 0.131, ceteris paribus. Since the index ranges from 0 to 1, this
effect is economically meaningful and shows that improvements in digital trade systems
can increase the use of free trade agreements. This finding supports trade facilitation
theory, which states that reducing administrative and information barriers encourages

firms to participate in trade agreements.

One key mechanism is the real-time electronic exchange of e-Form D among
ASEAN member states. By replacing manual, paper-based verification with automated
electronic systems, ASW shortens document processing time and speeds up customs
clearance, thereby reducing logistics costs (APEC, 2018; Legge & Lukaszuk, 2024;
Noor, 2023). These efficiency gains lower the fixed costs of claiming preferential tariffs
and encourage firms to use ATIGA preferences (Wignaraja, 2014).

The positive impact of the ASEAN Single Window (ASW) on ATIGA utilization
is also explained by improved access to information and a single-entry system for
regulatory compliance. Single Window systems simplify information exchange between
firms and government authorities, especially in meeting trade regulations (Weber, 2011).
Firms can submit all required trade data and documents through a single integrated
portal in a standardized format. This reduces duplication, fragmented information, and

coordination problems among border agencies.

In the ASEAN context, ASW applies this principle by allowing firms to comply
with rules of origin and customs procedures through a unified electronic platform.
This reduces informational and procedural complexity. As noted by APEC (2018),
the Single Window system allows traders to submit required information to border
authorities only once. This improves transparency, reduces uncertainty in document
processing, and helps firms better understand trade rules and procedures. The results
show that digital trade facilitation increases FTA utilization by lowering costs and
improving information access, but only when the system reaches suflicient operational
maturity, meaning that formal adoption alone is not enough to change firms behavior
(Martinez-Zarzoso, 2023).

In contrast, this study does not support the argument that technology-based trade
facilitation may reduce FTA utilization due to higher compliance costs, as suggested by
the OECD (2018). OECD (2018) noted that building Single Window systems from
scratch can be costly. However, in ASEAN, ASW builds on existing national systems
and operates through cross-country interoperability. Most implementation costs are borne
by governments rather than firms. As a result, firms benefit from simpler procedures
and better information exchange without facing additional costs. This explains why
ASW implementation in this study is associated with lower trade costs and higher
FTA utilization, highlighting the importance of implementation design and cost-sharing

arrangements in digital trade facilitation.

The control variables behave as expected, supporting the validity of the model.
The margin of preference (MOP) shows a positive effect, meaning that larger tariff
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differences encourage firms to use FTAs. This is because a wider preferential margin
yields greater savings on import duties than the Most Favored Nation (MEN) tariff
rate. As margins increase, firms gain greater cost advantages from using FTA schemes
(Arini, 2022; Hayakawa et al., 2014; Qu & Zhang, 2023; Qu et al., 2024). Therefore,
higher MOP values improve the cost—benefit calculation of compliance and increase firms’
willingness to use preferential trade agreements. From a policy perspective, this suggests
that procedural improvements alone cannot maximize FTA utilization if tariff margins
decline due to MFN tariff reductions.

Table 2. Estimation Results of the Impact of Implementation of ASW on
Utilization of ATIGA Sectoral

(1) (2) (3)

Variables Agriculture Manufacture Mineral
dummyasw -0.0161 0.0131 0.0522
(0.0445) (0.0127) (0.0629)
indexpaperless 0.0824 0.142* -1.094
(0.326) (0.0746) (0.855)
mop -0.0404 0.0177*** -0.0847
(0.0285) (0.00662) (0.0729)
Inimport 0.0262*** 0.0290*** 0.0161
(0.00757) (0.00159) (0.0158)
Ingdpp -0.116 0.271*** 0.580***
(0.151) (0.0355) (0.214)
Iner -0.354 0.524** 0.839
(0.300) (0.0729) (0.599)
Constant 2.557 -4.502*** -6.954**
(2.200) (0.541) (3.303)
Observations 1,424 20,076 274
R-squared 0.829 0.837 0.907

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1
Source: Author’s estimation

Import value also has a positive, highly significant effect, indicating that firms with
higher trade volumes are more likely to use ATIGA preferences. This result reflects the
fixed costs associated with FTA utilization, such as administrative costs for obtaining
certificates of origin and adjustments to meet rules-of-origin requirements. Firms with
larger import volumes can spread these costs across bigger transactions, making FTA
utilization more economically feasible (Hayakawa et al., 2009; Hayakawa et al., 2023).
Higher transaction values also mean greater tariff savings when preferential rates are applied
(Hayakawa et al., 2014; Legge & Lukaszuk, 2024). As a result, firms with higher trade
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volumes face a more favorable cost—benefit balance and are more likely to claim FTA

preferences (Hayakawa et al., 2009).

GDP per capita of exporting countries (GDPP) is also positively related to ATIGA
utilization. This indicates that exporters from more developed economies are more
likely to use FTA preferences. Firms in higher-income countries generally have better
knowledge, experience, and internal systems to handle the complex documentation and
procedures required for FTA utilization. Stronger institutions and more advanced digital
systems also help them comply with rules of origin and other regulatory requirements
(Hayakawa et al., 2017). This finding suggests that policymakers should reduce gaps
in digital capacity and institutional readiness across ASEAN countries. Efforts such
as harmonizing customs procedures, improving national single-window systems, and

providing technical support to less developed members can help ensure more inclusive

use of ATIGA.

Finally, the exchange rate (ER) variable shows a positive effect, indicating that
currency depreciation increases ATIGA utilization. A depreciation of the exporter’s
currency raises export prices in local-currency terms, which can increase the value-added
share of exported products and help firms meet the Regional Value Content (RVC)
requirements under FTA rules (Hayakawa et al., 2017). This makes it easier for exporters
to qualify for preferential tariffs and strengthens their incentive to use FTA schemes. The
result also shows that FTA utilization is influenced by broader macroeconomic conditions,
highlighting the importance of coordinating trade policy with macroeconomic stability.
Previous research, including Martinez-Zarzoso (2023), suggests that the effects of cross-
border paperless trade facilitation may differ across product sectors. Based on this idea,
this study analyzes the impact of ASEAN Single Window (ASW) implementation on
ATIGA utilization across three sectors: agriculture, manufacturing, and minerals. The
results in Table 3 show clear differences across sectors, indicating that the benefits of
digital trade facilitation depend on sector characteristics and the institutional readiness

of exporting countries.

The sectoral estimates show that ASW implementation has a positive effect only
in the manufacturing sector, while the coefficients for agriculture and minerals, although
positive, are not statistically significant. One possible explanation is the difference in
sample size. The number of observations in agriculture (1,424) and minerals (274) is
much smaller than in manufacturing (20,076), which may reduce the statistical strength
of the estimates. Beyond this statistical issue, the results are also consistent with trade
facilitation theory. Digital trade facilitation tends to be more effective for products
deeply integrated into global value chains (GVCs), where rapid information exchange
and eflicient procedures are essential. Manufacturing goods—especially intermediate
inputs and capital goods—are usually more involved in GVCs than primary products
such as agriculture and minerals, making them more responsive to improvements in
digital trade systems (Li & Wang, 2025; Martinez-Zarzoso, 2023). Similar findings
are reported by Carballo et al. (2016), who show that trade facilitation measures,
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including simplified document processing, have stronger effects on industrial inputs

and manufactured goods.

Similarly, the OECD (2018) notes that trade facilitation reforms are especially
important for high-technology manufactured components, which are highly sensitive
to procedural delays and administrative uncertainty. Overall, these findings suggest that
the benefits of ASW implementation are sector-specific and strongest in sectors with
fragmented production and high time sensitivity. In the agriculture sector, the ASW
implementation index also shows a positive sign, but the effect is not statistically
significant. This may reflect the continued importance of non-tariff measures (NTMs),
especially sanitary and phytosanitary (SPS) regulations, which limit the use of ATIGA
in agricultural trade. Although ASEAN began exchanging electronic SPS (e-SPS) data in
2022, its implementation was limited to only two countries—Indonesia and Thailand—
and covered only one year of the sample period, which likely reduced its measurable
impact. The results also suggest that FTA utilization in agriculture is driven more by
transaction value than by digital procedures. As shown in Table 2, import value has a
positive and signiﬁcant effect, meaning that larger transactions create greater tariff savings
and stronger incentives to use FTA preferences. This finding is consistent with previous
studies showing that firms are more likely to claim FTA benefits when tariff savings are
large enough to offset compliance costs (Arini, 2022; Hayakawa et al., 2009; Hayakawa
et al., 2014). These results indicate that, in agriculture, economic scale currently plays
a greater role than digital trade facilitation, especially because electronic SPS systems

remain limited.

Across all sectors, the ASW dummy variable—which marks the year of official
ASW activation—shows no statistically significant effect. The coeflicients are negative
for agriculture and small but positive for manufacturing and minerals. This supports
the earlier conclusion that the timing of ASW launch does not necessarily reflect
its effectiveness. The ASEAN Secretariat (2021) also noted that although all ASEAN
countries formally joined the ASW framework, the level of system integration and
use varies widely across ASEAN countries, depending on digital infrastructure and

institutional capacity.

Regarding the control variables, import value consistently shows a positive, significant
effect in agriculture and manufacturing, indicating that higher trade volumes increase
ATIGA utilization. This reflects the economic logic that firms are more likely to claim
tariff preferences when transaction values are larger. The margin of preference (MOP) also
has a significant positive effect in manufacturing, showing that larger tariff differences
create stronger incentives to use FTAs. In contrast, GDP per capita and exchange rates
show mixed but statistically insignificant effects across sectors. This suggests that while
these macroeconomic factors may influence ATIGA utilization at the aggregate level, their

role becomes less clear when analyzed by specific product sectors.

218 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.46436


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.46436

Sherly Luthfi Anita
ASEAN Single Window and ASEAN Trade in Goods Agreement

CONCLUSION

This study analyzes whether the implementation of the ASEAN Single Window
(ASW) affects Indonesia’s utilization of the ASEAN Trade in Goods Agreement (ATIGA)
at both aggregate and sectoral levels. The results show that the initial implementation
of ASW—represented by the introduction of the electronic Certificate of Origin—does
not significantly increase ATIGA utilization. This indicates that simply introducing
a digital policy is not enough to change firms’ behavior. However, deeper ASW
implementation—reflected in stronger digital infrastructure, better system integration,
and improved functionality—has a positive and significant impact on ATIGA utilization
at the aggregate level. This effect is mainly observed in the manufacturing sector, where
firms are more integrated into regional production networks and benefit more from
efficient trade procedures. In contrast, the effects are not significant in the agriculture
and mineral sectors, likely due to persistent non-tariff barriers and limited digital

coverage.

The findings also show that macroeconomic factors such as tariff margins, transaction
values, exporters income levels, and exchange rate movements remain important drivers
of ATIGA utilization. Overall, the study suggests that increasing the use of free trade
agreements requires deeper and more effective digitalization, stronger regional coordination
among ASEAN members, and better domestic coordination among government agencies

to support efficient and integrated trade systems.
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INTRODUCTION
The shift from physical to digital products has become a defining feature of

modern international trade as data flows and digital technologies reshape cross-border
transactions. This transformation poses significant challenges for customs administration
and tax policy, which were originally designed for tangible goods with observable border
crossings (Meltzer, 2019). This paper examines the implications of digitalization for
customs and taxation, reviews relevant literature and policy debates, and provides an

empirical assessment of Indonesia’s experience with digital goods imports.

Digitally delivered cross-border transactions complicate enforcement, classification,
and measurement, creating uncertainty over their fiscal and regulatory impacts. As
emphasized in the digital trade measurement literature, distinguishing between digitally
ordered and delivered transactions is essential, as reliable statistics are crucial for designing

effective, evidence-based policy responses.

Figure 1. The distinction in value between the importation of tangible products and the electronic
transmission of digital goods

Global Physical Imports and Electronic Transmissions
of Digitizable Products in $ Bn
$470
$32
Estimated
ET $3658n
in 2025
Estimated ET
” 5204 Bn in
,kmh-d ET 2020
~  $139Bnin
2017
e ——
$117 $105
0
& & & & & \
w— Phiysical Imports of Digitizable Products (USDBn
Estinated Imports of Digitizable Products using Average Annual Growth rate of 1998.2010 (USD Ba)

Source: International Monetary Fund (2023)

As illustrated in Figure 1, the estimated value of digital goods imports in 2017,
calculated using an 8 per cent Average Annual Growth Rate (AAGR), was USD 255
billion. In contrast, the physical imports of these digitizable products totaled USD 116
billion. Consequently, the disparity between the estimated import value and the actual
physical import value reached USD 139 billion, which can be interpreted as the value of
digital goods imported via electronic transmission, a form of trade that is not systematically

captured by conventional customs statistics (WTO, 2023). This gap has important policy
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implications, as it suggests that a substantial and growing share of cross-border digital
trade is excluded from traditional trade measurement frameworks. This condition creates
challenges for policymakers because inaccurate or incomplete import data can undermine
effective revenue estimation and impede the enforcement of trade and taxation policies,
ultimately affecting the government’s ability to design and implement appropriate fiscal

measures in response to the digitalization of trade.

From a taxation and customs perspective, import duties and tax revenues, particularly
Value Added Tax (VAT), serve as key indicators of the potential of digital products. The
House of Representatives observed that transactions involving digital products in the
music, games, and video categories in Indonesia alone totaled IDR 37 trillion in 2020,
far exceeding the governments estimated figure of IDR 880 billion, implying substantial
untapped VAT potential. Furthermore, administrative records show that from 2020 to
May 2024, 105 registered importers were involved in digital goods imports via electronic
transmission, with 1,815 declared documents and a reported import value of USD 775.95
million (Directorate General Customs and Excise, 2024).

These figures indicate that ET-related imports are not merely theoretical. They
already exist in measurable form, reinforcing the practical relevance of evaluating customs
duty policy options for digitally transmitted goods. At the global level, the debate is closely
linked to the WTO Work Programme on Electronic Commerce and the longstanding
practice, first adopted in 1998, of not imposing customs duties on electronic transmissions

(the WTO moratorium), which has been regularly extended.

This policy has become increasingly contested because it raises both fiscal and
development concerns for countries that remain relatively reliant on trade-related revenues.
The WTO’s own development-oriented discussions emphasize that digital trade can bring
meaningful opportunities for developing economies, but also highlight implementation
challenges, including regulatory capacity and digital infrastructure constraints that may
shape how benefits are distributed. In WTO discussions, dedicated General Council
sessions have addressed electronic commerce issues over time, reflecting ongoing uncertainty

about its scope, definition, and implications.

Early work raised concerns that tariff-free electronic transmissions could have
uneven fiscal implications, potentially affecting developing countries more because of their
greater reliance on trade taxes (Andrenelli, 2023). Longstanding policy research also noted
that developing countries often lacked the resources and evidence to quantify revenue
implications of electronic commerce rules, which limited their bargaining position in
multilateral debates. More recent contributions have attempted to estimate the potential
tariff-revenue effects of the moratorium and the scope of digitizable products, including
studies that highlight potential future revenue trade-offs for developing countries as

digitization expands.
Other analyses argue that the full implications of levying customs duties on electronic
transmissions remain uncertain and depend heavily on definitional scope, classification

practices, and substitution patterns between physical and digital delivery, leading to different
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conclusions across studies. This divergence in the literature reinforces the need for country-
specific empirical evidence grounded in administrative realities, rather than relying only on

global assumptions.

Table 1. Product Classification under HS Subheading 99.01

HS Code Description of Good Import Duty
99.01 Software and other digital product transmitted electronically
9901.10.00 Operation system software 0%
9901.20.00 Application software 0%
9901.30.00 Multimedia (audio, video or audio visual) 0%
9901.40.00 Supporting or driver data, including design for machinery system 0%
9901.90.00 Other software and digital product 0%

Source: Minister of Finance Regulation No.26/2022

Table 1 explains that the basis for determining the five digital goods is the volume
of digital goods with the greatest impact on VAT and income tax during a certain period
(Directorate General Customs and Excise, 2022). In the classification, it is noted that
import duties are imposed on the digital content itself. Software and other digital products
transmitted electronically, as mentioned in heading 99.01, are not those that pertain to
machines or devices that have been or will be imported. In addition, software and other
digital products transmitted electronically that are associated with machines or devices
that have been or will be imported are categorized alongside those machines or devices.
The subheading 9901.40.00 tariff line covers software that serves as a renewal or update
of the aforementioned software for machines or devices that have already been imported
(Minister of Finance Regulation No.26, 2022).

According to Hidayat et al. (2023), there are five fundamental reasons for the need
to regulate the importation of digital goods transmitted electronically. First, imposing
customs duties on electronic transmissions enables customs authorities to monitor
cross-border digital flows and generate reliable trade statistics. These data are essential
for evidence-based policymaking, particularly in supporting e-commerce infrastructure,
retail sector adjustment, and national digital capacity development. Second, the WTO
moratorium creates unequal tax treatment between digital and physical goods, as only
physical imports are subject to customs duties. The current tax asymmetry, caused by
the moratorium on customs duties on electronic transmissions, results in discriminatory
impacts on traditional businesses relative to e-commerce, and the imposition of import
duties on digital goods could help restore tax neutrality and foster a fairer competitive
landscape (Hidayat et al., 2023).

Third, customs duties on digital content can enhance the competitiveness of
domestic creative industries and MSMEs, which often compete with large global digital
platforms. A well-designed CDET policy can support local value creation and inclusive
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industrial development. Fourth, clear customs regulations for digital goods provide
regulatory certainty for governments and businesses. Finally, while strengthening risk
assessment related to tax evasion, intellectual property violations, and other non-economic
risks associated with digital content. Enhanced customs oversight thus contributes to both

fiscal sustainability and broader economic security.

One of the most prominent global policy issues arising from this transformation
is the World Trade Organization (WTO) moratorium on customs duties on electronic
transmissions. The moratorium restricts member countries from imposing import duties
on digitally delivered products, effectively narrowing the traditional tariff base. For
developing countries, where customs duties remain a significant source of government
revenue, this policy has important implications for fiscal sustainability, domestic resource
mobilization, and the state’s capacity to support inclusive development. Consequently,
the debate surrounding customs duties on electronic transmissions (CDET) is not
merely a trade policy issue, but also a development concern linked to long-term fiscal

resilience.

Despite growing debate on CDET and the WTO moratorium, country-specific
empirical evidence quantifying potential customs duty revenue from electronically
transmitted digital goods remains scarce, particularly for large developing economies such
as Indonesia. This study addresses this gap by using the Indonesia Non-Tariff Measures
dataset to construct a 2018-2023 panel for five HS-registered digital goods subsectors
and to estimate the relationship between ET-related import volumes and customs duty
revenue using a two-way fixed-effects panel regression that controls for subsectoral and

temporal heterogeneity.

The novelty of this research lies in translating digitally transmitted imports into an
HS-compatible empirical structure and generating a development-relevant, policy-oriented
revenue estimate grounded in Indonesian administrative and statistical data. Accordingly,
the purpose of this study is to assess the potential revenue implications and policy
feasibility of implementing CDET in Indonesia, and to provide empirical evidence to
inform ongoing discussions on digital trade governance, fiscal capacity, and the future of

the WTO moratorium for developing countries.

METHODS

Digitalization enables innovative cross-border collaboration in goods production
and introduces new delivery mechanisms via digital platforms and physical devices
(Lépez, 2017). Panel data from the Ministry of Finance, the Central Bank of
Indonesia, and the Central Statistics Agency (BPS) are utilized, covering current
prices across five digital industry subsectors in Indonesia from 2018 to 2023. The
analysis applies an econometric model at a 5 per cent significance level. Following
data cleansing, 360 observations are retained five years. The dependent variable in
the logarithmic equation is categorical, specifically representing the amount of CDET

revenue in Indonesia.
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As Indonesia has not yet implemented a CDET-type tax, actual numerical
revenue from CDET is unavailable. Consequently, the value is estimated using a
proxy approach based on demand-side monthly consumption data from 2018 to 2023.
This period captures a significant phase of structural transformation in the digital
economy, including the acceleration of cross-border digital trade during and after the
COVID-19 pandemic. The selected timeframe also coincides with intensified policy
debates regarding the WTO moratorium on electronic transmissions, thereby ensuring
policy relevance. Restricting the sample to recent years enhances data consistency and
mitigates structural bias associated with earlier periods when digital imports were
minimal. The primary independent variable is import volume, defined as the volume
of digital goods transmitted electronically. Data are sourced from international trade
statistics under HS code 99.01, provided by the Directorate General of Customs and

Excise, Ministry of Finance.

Several control variables are incorporated to evaluate the effects of economic and
demographic factors within each subsector. These control variables include Foreign
exchange reserves (foreignexchangereserves_idr), Per capita consumption based on
goods and services expenditure (consumptionpercapita), Rupiah to USD exchange rate
(exchange rate), Consumer Price Index (CPI) capture nominal valuation and inflationary
effects, Population aged 15 and over by primary employment in the information and
communication sector (working-age population), also Population aged 15 and over who
have completed higher education at public or private universities in Indonesia (tertiary
education) are included. Tertiary education serves as a proxy for human capital and
digital readiness, highlighting the importance of skilled labor in facilitating digital trade.
Potential CDET revenue is estimated by multiplying total household consumption
expenditure by an 8 per cent CDET rate, as recommended by the AAGR (UNCTAD,

2019). The estimation formula is as follows:

InCDET,, = X(importvolume,, * workingagepopulation, * consumptionpercapita, * 12 * 8%)

With the following notes,

lnCDETl,jt : The value of potential Goods and Services Tax (GST) revenue in
region i in year j and month #, expressed in natural logarithmic

form.

importvolume, : The import volume of digital goods transmitted electronically is

represented in natural logarithmic form.

workingagepopulation, : People aged 15-64 years who are employed in the Information

and Communication sector as their main job.

consumptionpercapita, : The percentage of household per capita expenditure on goods

and services categories

12 : Number of months in a year
8% : Average Annual Growth Rate
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The regression estimation model used in this study comprises two scenarios,
distinguished by the application of lags to the control variables, specifically import
volume and foreign exchange reserves. The rationale for Scenario (1) introduces a lag
to the import volume variable as a corrective measure against endogeneity, recognizing
that the dependent variable already embeds import-related dynamics. By introducing a
lag, the model aims to mitigate this issue and ensure that the effects from the previous
period are appropriately accounted for. Import volume in one period may influence
state revenue in the following period due to administrative procedures, the collection

of import duties, and the time required for revenue recording and processing.

In Scenario (2), lags are applied to both the import volume and foreign exchange
reserve variables. The use of these lags enables a deeper analysis of how changes in
import volumes and foreign exchange reserves affect the dependent variable over time.
Foreign exchange reserves available in one period may influence import decisions in the
subsequent period, as procurement processes, contracts, and transactions require time to
complete (Sukarniati et al., 2023).

Based on the description above, we develop the following regression model to
measure the implementation of volume import duties on digital goods through electronic

transmission:

InCDET;jy = PBo + B1l. Inimportvolume;; + B, Inforeignexchangereserves_IDR
+B3 lexchange_rate; + B4 1CPl; + Bstertiaryeducation;, + A ji + €

InCDET;j; = PBo + B1l. Inimportvolume;; + B, 1. Inforeignexchangereserves_IDR;;
+p3 lexchange_rate;; + PB4 ICPl;; + Bstertiaryeducation; +o¢;+ A ji + €;j¢

This equation estimates how CDET revenue responds to changes in trade,
macroeconomic, and structural variables, while controlling for unobserved differences
across entities and over time. Because most variables are in log form, the coefficients
can be interpreted as elasticities (percentage changes), which is especially appropriate for
macroeconomic modeling and development analysis and aligns well with this research

focus.

RESULTS AND DISCUSSION

The main finding of this study is that digital consumption of imported goods
increases state revenue through customs receipts. This result is consistent with the empirical
evidence from Bhoosan and Byanjankar (2022), who demonstrate that imposing import
tariffs increases tax revenue through customs duties. The prior study highlights the uneven
fiscal consequences of tariff-free electronic commerce. Mattoo and Schuknecht (2000)
and Susanne (2002) argue that although the overall share of digital trade was initially
small in developed economies, developing countries could experience disproportionate
revenue losses due to their greater reliance on tariff income. These studies also emphasize
that the fiscal impact of the moratorium extends beyond immediate tariff losses, as it

interacts with structural shifts from physical to digitally delivered goods. In addition,
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Khan (2023) demonstrates that the General Agreement on Trade and Services (GATYS)
can be implemented and interpreted wisely to comply with principles of security, privacy,
and internet openness. However, much of this literature remains conceptual and does not
provide country-specific empirical estimates of potential revenue implications in developing

economies.

From a broader development finance perspective, empirical studies consistently show
that trade taxes play a critical role in supporting government revenue and sustaining imports
in developing countries. Basirat et al. (2014) found that rising import volumes contribute
positively to government revenue through import-related taxes, while Epaphra (2014)
demonstrates that tariff reductions significantly weaken customs revenue performance.
In addition, the determinants of import demand and digital trade expansion have been
widely examined in the development economics literature. Rising per capita consumption
has been shown to stimulate import demand (Jin & Liu, 2000), while foreign exchange
reserves and income growth help sustain imports in developing economies (Sultan, 2011;
Arize & Osang, 2007).

Exchange rate movements also affect import activities, with currency depreciation
often exerting contractionary effects on output and trade in developing and transition
economies (Mitchell & Pentecost, 2001; Kandil, 2013). Inflationary pressures, measured
by the Consumer Price Index (CPI), further constrain imports by increasing the cost
of imported goods (Jamil et al., 2017; Gunawan et al,, 2023; Mulyawan & Japlani,
2022). Moreover, improvements in internet penetration and demographic factors such
as the working-age population are closely associated with productivity growth and digital
adoption, reinforcing technology's role in shaping trade patterns and development

outcomes (Koyuncu et al., 2017).

The model identifies import volume as a statistically significant determinant of
CDET revenue, supporting the idea that rising digital goods consumption can provide a
stable tax base. Including control variables such as foreign exchange reserves, consumer
price index, and tertiary education levels shows that macroeconomic and demographic
factors influence both the feasibility and scale of potential CDET revenue. Table 2
reports the estimated parameters under two model scenarios. In Scenario (1), import
volume is the main determinant of potential CDET revenue, where a one per cent
increase in import volume raises CDET revenue by 0.397 per cent and is statistically
significant at the one per cent level. This result suggests a structural linkage between

digital customs revenue and the scale of cross-border trade.

Foreign exchange reserves are positively and significantly associated with CDET
revenue, with a one-unit increase raising revenue by 0.458 per cent, indicating that
macroeconomic stability and external liquidity support CDET’s digital import capacity
and fiscal base. In contrast, the exchange rate shows a negative, though statistically
insignificant, effect, suggesting that currency volatility is not a key determinant
of digital customs revenue in Indonesia. This result aligns with theoretical and

empirical evidence that inflation, proxied by the CPI, dampens import demand
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and consequently reduces customs revenue (Mulyawan & Japlani, 2022). Overall,
the model demonstrates strong explanatory power with an adjusted R-squared of
0.657, indicating that approximately 65.7 per cent of the variation in CDET revenue
is explained by the included variables. This result supports the robustness of the
econometric specification. It provides empirical backing for policy discussions on the
fiscal implications of lifting the WTO moratorium on electronic transmissions in a

developing country.

Table 2. Estimation Result of the Implementation of Import Duties on Digital Goods through
Electronical Transmission

Variable

In_CDET_8 (dependent variable) (1) (2)

In_importvolume

|.In_importvolume 0.397*** 0.661***
In_foreignexchangereserves_idr (0.061) (0.073)
0.458***
(0.060)
lIn_foreignexchangereserves_idr -0.059**
(0.027)
In_exchange_rate -5.113 0.358
(10.011) (11.359)
In_cpi -4.380 -1.687
(3.437) (3.939)
Tertiary education 0.308 1.076**
(0.446) (0.506)
_cons 12.830 -0.965
(25.835) (29.351)
Observations 360 360
Within R-square 0.6970 0.6080
Adjusted R-square 0.6570 0.5560

*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s estimation

In Scenario (2), the model yields a within R-squared of 0.608, indicating that
over sixty percent of the observed variation in CDET revenue. Notably, this specification
introduces import volume and foreign exchange reserves with a one-period lag, reflecting
the hypothesis that shifts in trade activity and macroeconomic conditions may influence
digital customs revenue with a lag rather than an immediate effect. The results show
that lagged import volume remains positive, suggesting that increases in import activity
persistently affect potential CDET revenue in the subsequent period. This finding
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reinforces the robustness of import volume as a key determinant of digital customs
revenue. In contrast, lagged foreign exchange reserves display a statistically significant
negative association at the 5 percent level. This divergence from standard theory indicates
short-term adjustment processes, policy interventions, or latent structural characteristics of
digital trade that the current model specification fails to capture. A similar departure is
observed in the signs of the exchange rate and CPI coefficients, both of which challenge

conventional theoretical priors.

These outcomes indicate that while the lagged specification introduces some
intertemporal nuance, the interplay between macroeconomic indicators and CDET revenue
is likely better than static theoretical models anticipate. This result underscores the need
for further methodological refinement, including the integration of additional structural
and digital-economy variables to more adequately elucidate the underlying economic

mechanisms.

CONCLUSIONS

Based on the results, this study concludes that Indonesia has considerable potential
to increase state revenue by implementing Customs Duties on Electronic Transmissions
(CDET). The analysis indicates that digitally transmitted imports across five subsectors—
films/movies, printed matter (books), sound and media, software, and video games—are
statistically significant and positively associated with economic outcomes, supporting
Indonesias position on digital trade governance and discussions to lift the WTO
moratorium. Overall, CDET implementation appears feasible and potentially revenue-
enhancing, with estimated additional annual revenue of approximately IDR 18.58

billion.

Accordingly, the government is advised to review relevant domestic and international
frameworks to guide tariff design, clearly define taxable subjects, and introduce targeted
incentives for domestic digital industries. In parallel, investments in digital infrastructure
and strengthened coordination with stakeholders are necessary to support effective
implementation, along with enhanced cyber oversight to address existing monitoring

constraints.
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INTRODUCTION

Conditional cash transfer (CCT) programs are social protection policies typically
provided to poor households with pregnant mothers, young children, or school-aged
children. They are conditioned on beneficiaries fulfilling requirements such as regular
health check-ups and school attendance (Evans et al., 2019; Marx, 2023; Sanchez et al.,
2016). These conditions are designed to encourage early investment in children’s health,
nutrition, and education, which accumulates over the life cycle and is expected to break
the intergenerational transmission of poverty (Cahyadi et al., 2020). Examining whether
CCTs actually improve children’s cognitive outcomes is crucial because cognitive outcomes

are strong predictors of both educational success and economic well-being in adulthood
(Heckman et al., 20006).

Indonesia has implemented CCTs through the Family Hope Program (PKH)
since 2007. PKH targets poor households and links cash benefits to the utilization of
health and education services. Previous research on PKH has focused on its impact on
consumption, vaccination coverage, children’s physical growth, and school attendance
rates (Cahyadi et al., 2020; Kusuma, McConnell, et al., 2017; Kusuma, Thabrany, et
al., 2017). However, evidence regarding whether PKH improves children’s cognitive
achievement remains scarce, particularly for children enrolled in primary school. This
question is especially relevant for Indonesia, where low foundational skills among early-
grade students remain a major policy concern. At the same time, PKH continues to
absorb a substantial share of the social protection budget and is often justified as an

investment in human capital.

Previous research on the impact of CCTs on childrens cognitive outcomes
generally relies on single test scores as outcomes, including math and language scores
(Marx, 2023; Ponce & Bedi, 2010; Zhou et al., 2020). Some of these studies report
positive but modest gains in test scores among beneficiary children (Garcia & Hill,
2010; Marx, 2023), while others find no clear improvement in general cognitive ability
despite better nutrition or health (Sanchez et al., 2016). In addition, very few evaluations
jointly consider cognitive achievement and other dimensions of child development, such
as nutritional status or school readiness, even though CCTs are expected to influence
multiple aspects of child well-being. This study addresses these limitations by using a
more integrative measure of cognitive outcomes and complementing it with additional
indicators of child development. First, instead of focusing solely on single test scores, we
construct a composite cognitive score as the average of test scores in Bahasa Indonesia,
mathematics, and abstract reasoning. Each domain is scaled from 0 to 100, standardized
to z-scores, and the composite score summarizes overall cognitive performance across
subjects. The use of a composite cognitive measure is motivated by evidence that average
scores across domains can predict adult outcomes more strongly than any single test
score alone (Watts, 2020). It also reflects educational practices in Indonesia in 2013,
when graduation and selection into higher levels of schooling relied on average scores
across several subjects. Thus, an integrative indicator is arguably more relevant for

capturing children’s human capital.
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Second, in addition to cognitive test scores, we analyze the impact of PKH on
Body Mass Index (BMI) and Early Development Instrument (EDI) scores, specifically the
language and cognitive development domain and its subdomains. BMI captures children’s
nutritional status, which is a key intermediate channel through which CCTs may affect
cognitive development. EDI indicators reported by caregivers provide information on
children’s readiness to learn, including basic literacy, interest in books and numbers,
memory, advanced literacy, and basic numeracy skills. They are thus closely related to
later cognitive achievement in school. Combining these outcomes paints a broader picture
of how PKH may shape multiple, interconnected aspects of child development than

cognitive test scores alone.

Third, the analysis focuses on poor rural districts in Indonesia, using data from the
2013 Early Childhood Education and Development (ECED) survey, which covers 310
villages across nine districts in nine provinces. All sampled villages were rural areas classified
as underdeveloped and with high poverty rates. Studying PKH in these disadvantaged
rural contexts is important to understand whether CCTs can effectively support children’s
learning in areas where households face multiple deprivations and local education systems
may be constrained by limited infrastructure and teacher supply.

This study addresses three related gaps in the literature. First, existing PKH
evaluations in Indonesia focus on consumption, health, and schooling indicators and do
not examine children’s cognitive test scores, particularly for primary-school children in
poor rural areas. Second, CCT studies of cognitive outcomes rely primarily on single
test scores. In contrast, we employ a composite cognitive score that captures multiple
domains and better aligns with how educational success is defined in practice. Third,
the literature rarely examines cognitive achievement alongside BMI and EDI measures
of school readiness, limiting our understanding of the broader developmental pathways
through which CCTs may operate. To fill these gaps, this study examines the impact of
PKH on (i) Bahasa Indonesia, mathematics, abstract reasoning, and composite cognitive
scores, (ii) children’s BMI, and (iii) EDI language and cognitive development outcomes
for elementary school children aged 6-9 years and living in poor rural Indonesia, using

propensity score matching to address selection bias.

METHODS

This study uses cross-sectional data from the 2013 ECED survey, administered
in 310 poor rural villages across 9 districts in 9 provinces. The ECED survey collected
detailed information on children’s schooling, cognitive achievement, anthropometric
measures, early development, and household socioeconomic characteristics in low-income
rural communities. We restricted the sample to children aged 6-9 years who were enrolled
in primary school at the time of the survey. PKH participation is not randomly assigned
in the ECED sample. The program targets poor and vulnerable households using a
combination of proxy means testing and eligibility criteria related to the presence of

pregnant women, young children, and school-aged children. As a result, children in
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PKH-recipient households differ systematically from children in non-recipient households,
and simple comparisons of mean outcomes, even with regression adjustments, are likely
to be biased. To address this selection problem, we employed propensity score matching
(PSM) to estimate the average treatment effect on the treated (ATT) (Rosenbaum &
Rubin, 1983). PSM summarizes a household’s characteristics into a single propensity
score, which indicates the predicted probability that a child’s household receives PKH.
This measurement allows matching treated children with observationally similar untreated
children based on comparable propensity scores. Under the assumptions of conditional
independence and common support, PSM can reduce selection bias and approximate the
counterfactual outcomes that treated children would have experienced in the absence of

the program.

First, we estimated each child’s propensity score using a logistic regression of the
treatment variable (PKH participation) on a set of covariates that plausibly affect both
program eligibility and child outcomes. The treatment variable is a binary indicator at
the child level, equal to 1 if the household reported ever receiving PKH benefits and 0
otherwise. The covariates affecting both program eligibility and child outcomes include
the child’s age (Baker, 2016; Gemellia & Wongkaren, 2021) and gender (Baker, 2016),
the head of household’s level of education (Choi & Min, 2024; Garcia & Hill, 2010),
age (Garcia & Hill, 2010), and gender (Ponce & Bedi, 2010), whether the mother
was working (Gemellia & Wongkaren, 2021), the number of children in the household
(Becker, 1962), a wealth index constructed using principal component analysis of asset
ownership and housing characteristics (Jeffery et al., 2020; Sanchez et al., 2016), and
regional characteristics, namely, a dummy variable distinguishing Western from Eastern
Indonesia (Garcia & Hill, 2010).

Second, we used the estimated propensity scores to match treated and untreated
children. Several matching algorithms were applied, including nearest-neighbor matching,
kernel matching, and radius matching with different calipers. We assessed the quality
of matching by examining the reduction in standardized bias and the balance of each
covariate after matching. The final specification relies on radius matching with a narrow

caliper, which provided the best overall balance across covariates.

After constructing the matched sample, we estimated the impact of PKH
on children’s outcomes. The first group of outcomes captures children’s cognitive
achievement. In the ECED survey, children completed standardized tests in Bahasa
Indonesia, mathematics, and abstract reasoning. The Bahasa Indonesia and mathematics
tests were developed based on the national early primary school curriculum, while
abstract reasoning was assessed using Raven’s Colored Progressive Matrices. Two versions
of the test were administered: a short version for children aged 6-7 years and a longer
version for those aged 8-9 years. For analysis, only the 38 items present in both
versions were used. Raw scores on each test were rescaled to a 0—100 range and then
standardized into z-scores using the mean and standard deviation of scores for 6-year-old
children in the sample. The composite cognitive score is the average of the three domain

scores and ranges from 0 to 100. All cognitive outcomes were then standardized into
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z-scores using the mean and standard deviation of cognitive scores among 6-year-old

children.

The second outcome is children’s nutritional status, represented by BMI, calculated
as body weight (in kilograms) divided by the square of height (in meters). The third group
of outcomes is based on the Early Development Instrument (EDI) language and cognitive
development domain, as reported by caregivers. This domain aggregates items from four
subdomains: basic literacy, interest in books and numbers, having a good memory, and
advanced literacy and basic numeracy skills. We used the overall domain score and four
subdomain scores, each ranging from 0 to 10, with higher values indicating better school
readiness. Analyzing cognitive test scores, BMI, and EDI indicators together enabled us to
assess not only narrow test-based skills but also the broader developmental environment

in which those skills are formed.

RESULTS AND DISCUSSION

The sample derived from the 2013 ECED survey comprised 11,183 children
aged 6-9 years. Among them, only 603 children (5.4%) lived in households that had
received PKH. Table 1 presents summary statistics for all the variables used in the
analysis. All cognitive outcomes were presented in z-scores, calculated using the mean
and standard deviation of the test scores of 6-year-old children. The mean values of
all cognitive outcomes were positive, indicating that, on average, the children aged
6-9 years in the sample performed better than 6-year-olds. The sample children had
an average BMI of 14.275, which corresponds to the underweight category according
to World Health Organization standards, reflecting generally poor nutritional status
in these high-poverty rural areas. In contrast, average EDI scores were relatively
high, ranging from 8.390 to 9.451 on a 0-10 scale, suggesting that many children
displayed relatively strong language and cognitive development according to caregiver

reports.

The average age of children in the sample was 7.63 years, with a gender
distribution of 50.9% male and 49.1% female. Heads of household were on average
40.88 years old and had completed 7.55 years of schooling, with the majority being
male (91.8%). The average number of children per household was 2.23. The wealth
index was presented as a z-score with a mean of 0 and a standard deviation of 1.
Approximately 51.3% of the children resided in the Western Region of Indonesia and
48.7% in the Eastern Region.

The first step of the PSM method is to estimate the propensity score, defined as the
probability that the household where the child lives is a PKH recipient. A logit model
was estimated with PKH participation as the dependent variable and a set of observable
covariates reflecting child, household, socioeconomic, and regional characteristics as

Iregressors.
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Table 1. Summary of Descriptive Statistics

Variable Obs. Mean Std. Dev. Min Max
Dependent variables
Bahasa Indonesia skills 11,183 0.787 1.069 -1.399 1.987
Mathematics skills 11,183 0.480 0.982 -1.610 1.672
Abstract reasoning skills 11,183 0.712 1.132 -1.615 2.870
Composite cognitive skills 11,183 0.796 1.117 -1.871 2.571
Body Mass Index 11,004 14.275 1.755 4.401 30.755
EDI/Language and cognitive 8,758 9.150 1.574 0 10
development
EDI/Basic literacy skills 8,994 9.451 1424 0 10
EDI/Interest in books, numbers, 8,915 9.373 1.570 0 10
and good memory
EDI/Advanced literacy skills 8,986 8.390 2.866 0 10
EDI/Basic numeracy skills 8,933 9.236 1.669 0 10
Independent variable
PKH 11,183 0.054 0.226 0 1
Control variables
Child’s age 11,183 7.633 0.921 6 9
Child’s gender 11,183 0.509 0.499
Head of household’s years of 11,183 7.549 4,181 0 20
schooling
Head of household’s age 11,183 40.875 9.219 16 64
Head of household’s gender 11,179 0.918 0.273 0 1
Total number of children in the 11,183 2.229 1.193 0 10
household
Working mother 10,734 0.406 0.491 0 1
Wealth index 11,183 0 1 -2.835 2.599
Regional classification 11,183 0.513 0.499 0 1

Source: ECED Survey 2013, processed by the author.

The results presented in Table 2 indicate that most covariates significantly influenced
the likelihood of being a PKH recipient. The estimation results suggest that increases
in the child’s age and the number of children in the household, as well as having a
working mother and residing in the Western region of Indonesia, raised the likelihood
of households being PKH recipients by 12%, 51.7%, 22.5%, and 57.8%, respectively.
Meanwhile, higher levels of schooling among the household head and a higher wealth
index reduced the probability of receiving PKH by 5.1% and 43.9%, respectively.

For the PSM estimates to be credible, each treated observation must have comparable
control observations within the region of common support. Table 3 summarizes the
common support evaluation for several matching algorithms: nearest neighbor matching
with one, five, and ten neighbors [NN(1), NN(5), NN(10)], kernel matching with
bandwidth 0.06 and 0.03 [Kernel (0.06), Kernel (0.03)], and radius matching with
calipers 0.10, 0.05, and 0.01 [Radius (0.1), Radius (0.05), Radius (0.01)].
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Table 2. Logit Estimation of the Probability of a Child’s Household Being a PKH Recipient

Variable Coef. S.E. Odds Ratio p>|z|
Child’s age 0.114 0.048 1.12 0.018**
Child’s gender -0.052 0.087 0.949 0.551
Head of household’s years of -0.053 0.013 0.949 0.000***
schooling
Head of household’s age -0.001 0.005 0.999 0.872
Head of household’s gender -0.143 0.141 0.866 0.311
Total number of children in 0.417 0.089 1517 0.000***
household
Working mother 0.203 0.031 1.225 0.000***
Wealth index -0.561 0.053 0.571 0.000***
Regional classification 0.456 0.094 1.578 0.000***
Constant -4.255 0.448 0.014 0.000***

Observations: 10,730
Pseudo R*: 0.0703

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

The results show that, in general, common support was adequate across all algorithms.
Using the nearest-neighbor matching algorithm, all observations fell within the common
support. For kernel and radius matching, some observations were off support, but their

number was very small; therefore, the condition of sufficient common support was met.

Table 3. Common Support Evaluation Results

Algorithm On support Off support Matched
Treatment Control Treatment Control Treatment Control
NN(1) 581 10,149 0 0 0 530
NN(5) 581 10,149 0 0] 0 2,264
NN(10) 581 10,149 0 0 0 3,792
Kernel (0.06) 581 10,143 0] 6 0 10,143
Kernel (0.03) 581 10,133 0] 16 0 10,133
Radius (0.1) 581 10,147 0] 2 0 10,147
Radius (0.05) 581 10,140 0 0 10,140
Radius (0.01) 581 10,128 0 21 0 10,128

Source: ECED Survey 2013, processed by the author.

The next step was to assess the quality of matching. To this end, we examined
the reduction in overall standardized bias and the balance of each covariate before and
after matching. A covariate is considered balanced if the difference in means between the

treatment and control groups is not statistically significant based on the t-test.

As shown in Table 4, the matching process successfully reduced bias between groups.

The mean standardized bias across covariates before matching (23.7%) was substantially

http:/journal.uinjkt.ac.id/index.php/signifikan 241
https:/doi.org/10.15408/sjie.v15i1.50184


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.50184

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 235 - 252

reduced after matching, ranging from 1.2% to 18.0% across algorithms. However,
several algorithms (kernel matching with a bandwidth of 0.06 and radius matching with
calipers of 0.1 and 0.05) still showed significant differences between some covariates after
matching, indicating incomplete balance. Therefore, the estimated ATT is not reported.
Radius matching with calipers of 0.01 provided the best performance, reducing the mean
and median biases to 1.2% and 0.7%, respectively, and balancing all covariates between
the treated and control groups. Consequently, ATT estimates based on a Radius (0.01)
specification were used as the preferred specification, while results from nearest-neighbor
matching and a Kernel (0.03) specification served as robustness checks.

Table 4. Matching Quality Test Results

Before matching After . S
. (%) matching (%) Bias reduction (%) o
Algorithm Description
Mean Med Mean Med Mean Med
bias bias bias bias bias bias
NN(1) 23.7 14 3.8 3.5 83.97 75.00 All covariates are balanced.
NN(5) 23.7 14 2.2 1.7 90.72 87.86 All covariates are balanced.
NN(10) 23.7 14 1.9 1.3 91.98 90.71 All covariates are balanced.
Kernel (0.06) 23.7 14 8.7 5.1 63.29 63.57 The covariates of the head of
household’s years of schooling,
working mother, number of
children in the household,
and wealth index still show
significant differences.
Kernel (0.03) 23.7 14 3.3 2.5 86.08 82.14  All covariates are balanced.
Radius (0.1) 23.7 14 18 10.3 24.05 26.43 The covariates of the child’s

age, head of household’s
years of schooling, head of
household’s gender, working
mother, number of children,
and wealth index still show
significant differences.
Radius (0.05) 23.7 14 9.6 5.6 59.49 60.00 The covariates of the head of
household’s years of schooling,
working mother, number of
children in the household,
and wealth index still show
significant differences.
Radius (0.01) 23.7 14 1.2 0.7 94.94 95.00 All covariates are balanced.

Source: ECED Survey 2013, processed by the author.

Table 5 presents ATT estimates of PKH using various matching algorithms for the
four cognitive outcomes: composite cognitive score, Bahasa Indonesia skills, mathematics
skills, and abstract reasoning. Across all algorithms, the estimated ATT values were
small, negative, and statistically insignificant, with t-statistics below 1.645 (i.e., the
significance threshold at a 90% confidence level). According to these findings, there was
no statistically significant difference in cognitive test scores between children from PKH-

recipient and non-recipient households, even after balancing observable characteristics

using PSM.
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Table 5. Estimated ATT of PKH on Cognitive Outcomes Using PSM

Composite

o Bahasa Indonesia Mathematics Abstract reasoning
. cognitive
Algorithm  Obs. -~ ATT ATT ATT
(S.E) t-stat (S.E) t-stat (S.E) t-stat (S.E) t-stat
-0.061 -0.036 -0.027 -0.100
NN(1) 1,085 0.070) -1.3 (0.068) -0.54 0.062) -0.45 (0.069) -1.45
-0.050 -0.020 -0.038 -0.073
NNG) 2845 (655 09 gosz) 037 0oa9) 078 (pgsg 13T
-0.049 -0.028 -0.040 -0.055
NN(10) 4,373 0.053) -1.07 (0.050) -0.56 (0.047) -0.86 0.053) -1.03
Kernel -0.066 -0.046 -0.059 -0.059
(0.03) 10,714 (0.050) -1.44 (0.047) -0.97 (0.044) -1.34 (0.051) 116
Radius -0.050 -0.032 -0.046 -0.048
(0.01) 16,709 (0.050) 111 (0.048) -0.67 (0.045) -1.03 (0.051) -0.94

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

The absence of significant effects on cognitive outcomes is broadly in line with the
mixed evidence on the educational impacts of CCTs documented in recent literature.
Meta-analyses and reviews indicate that although CCTs often improve school enrolment
and attendance, their effects on learning outcomes are generally smaller and more
heterogeneous, especially in disadvantaged settings (Evans et al., 2023; Garcia & Saavedra,
2017; Milldn et al., 2019). Some recent studies document modest gains in specific test
scores, but many find no clear impact on cognitive performance, especially when school
quality is low and baseline learning levels are weak. In Indonesia, previous evaluations of
PKH have shown positive effects on school participation and reductions in child labor
(Cahyadi et al., 2020), but standardized cognitive test scores have not been specifically
examined. The present study adds to this literature by showing that in poor rural districts,
PKH does not lead to measurable improvements in cognitive achievement at ages 6-9,

even though it effectively targets disadvantaged households.

To understand why PKH does not translate into better cognitive test scores, it is
crucial to consider differences in household conditions between PKH-recipient and non-
recipient children, the school environment, and the impact of PKH on nutritional status
(BMI) and EDI outcomes. Table 6 compares household socioeconomic characteristics by
PKH status. Children from PKH lived in systematically more disadvantaged environments.
The heads of household in PKH families had, on average, 1.85 fewer years of schooling
than those in non-PKH households and were less likely to have completed basic education.
PKH households were also more likely to be headed by women and to have working
mothers, while their wealth index was significantly lower. These factors imply that the PKH
children grew up in households with tighter financial and time constraints and a more
limited capacity to provide cognitively stimulating inputs and educational support. This is
consistent with findings in low- and middle-income countries indicating that differences
in parental education, household wealth, and early nutritional risks are associated with

sizeable disparities in children’s cognitive development (Sania et al., 2019).
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Table 6. Household and Socioeconomic Characteristics by PKH Participation Status

. Non-PKH PKH t-stat/
Variable .
Obs. Mean Std.Dev. Obs. Mean StdDev. chi-square

Head of household’s 10,580 7.650 4,183 603 5.799 3.741 0.000***
years of schooling

Head of household’s 10,576 0.921 0.270 603 0.881 0.325 0.000***
gender

Working mother 10,153 0.399 0.490 581 0.528 0.500 0.001***
Wealth index 10,580 0.033 1.000 603 -0.578 0.796 0.000***

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

Table 7. Household Book Ownership by PKH Participation Status

i Non-PKH PKH . t-stat/
Variable Diff. .
Obs. Mean Obs. Mean chi-square
Owns at least one book 10,566 74.03% 603 61.36% 12.67% 0.000***
Owns more than 10 books 10,566 8.47% 603 3.48% 4.99% 0.000***
Owns more than 15 books 10,566 5.17% 603 1.49% 3.67% 0.000***

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author

The pattern of household investment in learning materials further reinforced this
conclusion. Table 7 shows that PKH households were less likely than non-PKH households
to own books. Only about 61% of PKH households owned at least one book, compared
with 74% of non-PKH households. The gap was only wider for larger numbers of books.
These differences were statistically significant at the 1% level. In this context, even with
the additional income from PKH, many beneficiary households may still prioritize basic
consumption needs and school-related expenses (such as uniforms and transportation)
over investments in books and other educational materials, limiting the potential of the

transfer to improve cognitive outcomes.

Table 8. Educational Facilities and Infrastructure per School at the District and Provincial Levels
(Academic Year 2024/2025)

L Classrooms/School Libraries/School Laboratories/School

District District Province District Province District Province
East Lampung 5.480 5.962 0.411 0.472 0.349 0.413
North Bengkulu 5.573 5.617 0.485 0.526 0.379 0.411
Sarolangun 3.943 5.154 0.358 0.449 0.208 0.317
Majalengka 5.723 5.862 0.344 0.405 0.248 0.381
Rembang 4.694 5.495 0.377 0.462 0.295 0.409
Kulon Progo 3.795 4.941 0.472 0.521 0.376 0.545
Sidenreng Rappang 5.884 5.772 0.574 0.550 0.363 0.384
Ketapang 5.252 5.487 0.494 0.557 0.314 0.359
Middle Lombok 4415 4761 0.385 0.395 0.194 0.260

Source: Basic Education Data, Ministry of Education and Culture, processed by the author.
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School takes on an increasingly important role in shaping children’s cognitive skills
relative to parental investment at home between ages 6 and 9 (Wang et al., 2023). PKH
requires school-age children to attend a minimum of 85% of effective learning days, thereby
increasing enrolment and attendance. However, being physically present at school does not
necessarily imply exposure to effective learning. The quality of school infrastructure and teachers
is crucial in determining whether increased attendance leads to better learning outcomes.

Table 8 compares the average number of classrooms, libraries, and laboratories
per primary school in the sample districts with provincial averages for the 2024/2025
academic year. The nine sample districts were classified as underdeveloped areas by the
Ministry of Development of Underdeveloped Regions, and this was reflected in their
educational infrastructure. In most districts, the average number of classrooms, libraries,
and laboratories per school was lower than the corresponding provincial averages, with
only a few exceptions. Given that these figures are based on recent data, it is likely that
the infrastructure gaps were even larger in 2013, when the ECED survey was conducted,

before efforts to reduce regional disparities in basic education began.

Teacher availability was similarly constrained. Table 9 shows that most sample districts
had fewer teachers per school than provincial and national averages, leading to larger classes
and heavier workloads, especially when PKH encourages additional enrolment. In such
conditions, teachers may struggle to provide sufficient attention and support to all students,
and opportunities for active learning and practice may be limited. The role of teachers is
particularly critical in low- and middle-income countries, where many students have few
alternative learning opportunities outside school due to low household income (Sanfo,
2024). Yet, recent evidence indicates that higher teaching quality alone is insufficient to
close learning gaps, as students from higher socioeconomic backgrounds tend to benefit
more in the absence of comparable instructional support for disadvantaged peers (Atlay et
al., 2019). In some settings, large declines in dropout have led to larger, more heterogeneous
classes, with adverse effects on test scores (Gazeaud & Ricard, 2024). In low-resource
settings, enrolling more children in school without simultaneously improving school quality
often fails to produce meaningful gains in learning (Garcia & Saavedra, 2017; Milldn et
al., 2019). These findings show that, in the absence of parallel supply-side improvements,

CCTs risk straining limited school resources and having only a modest impact on learning,

Overall, the limited school infrastructure and the shortage of teachers in the sample
districts mean that higher attendance induced by PKH did not automatically translate
into higher-quality learning. Without adequate classrooms, libraries, laboratories, and
teaching staff, students’ exposure to effective instruction and learning resources remained
constrained. This likely contributed to the absence of significant impacts of PKH on

cognitive test scores in this study, despite its success in encouraging school participation.

The age range of 6-9 years covered by the study corresponds to early primary school,
when children build on skills acquired earlier in life. A growing body of evidence indicates
that early-childhood education has high returns and complements later educational
investments (Cunha & Heckman, 2007). In Indonesia, early-childhood education, such

as attending kindergartens (TK and RA), can lay important foundations for later learning,
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particularly for children from poor households. To explore the role of early-childhood
education within the PKH context, this study compared the cognitive outcomes of PKH
and non-PKH children based on their participation in TK/RA (Table 10).

Table 9. Number of Teachers per Primary School in Sample Districts, Provincial, and National Levels
(Academic Year 2024/2025)

District Teachers/School
District Province National
East Lampung 9.97 11.36 10.11
North Bengkulu 10.67 11.61 10.11
Sarolangun 10.27 11.08 10.11
Majalengka 9.40 10.15 10.11
Rembang 8.12 8.15 10.11
Kulon Progo 8.10 10.03 10.11
Sidenreng Rappang 9.10 10.12 10.11
Ketapang 8.67 841 10.11
Middle Lombok 10.00 13.06 10.11

Source: Basic Education Data, Ministry of Education and Culture, processed by the author.

Table 10. Cognitive Outcomes of PKH Beneficiary Children by Participation
in Kindergarten or Raudatul Athfal

Non-TK/RA TK/RA
Variable
PKH Non-PKH Diff. t-stat PKH Non-PKH Diff. t-stat
Bahasa Indonesia 0.431 0.571 -0.140 2.2** 0.868 0.967 -0.099 1.6
Mathematics 0.053 0.249 -0.196 3.4** 0.557 0.679 -0.122 2.2**
Abstract reasoning 0.354 0.510 -0.156 2.4** 0.742 0.890 -0.148 2.2**

Composite cognitive 0.329 0.531 -0.201  3.1*** 0.876 1.023 -0.147 2.3*

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

The results indicate that children who attended TK/RA had higher cognitive
scores than those who did not, regardless of PKH status. Among children who did not
attend TK/RA, PKH beneficiaries performed significantly worse than non-PKH children,
with cognitive gaps of around 0.20 standard deviations in composite scores and similar
magnitudes in subject-specific tests, as shown in Table 10. Among children who attended
TK/RA, PKH beneficiaries still had lower cognitive scores than their non-PKH peers,
but the gaps were narrower. This pattern suggests that TK/RA enrolment not only raised

average cognitive achievement but also helped to narrow performance gaps between

children from PKH and non-PKH households.

Our findings imply that participation in early-childhood education can mitigate
some of the disadvantages associated with growing up in a poor PKH-recipient household.
In other words, TK/RA has the potential to act as an equalizing force, reducing cognitive
disparities between beneficiary and non-beneficiary children. From a policy perspective,

this supports the idea of systematically linking PKH to early childhood education services.
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Table 11. Estimated ATT of the PKH Program on Body Mass Index

Variable Obs. ATT S.E t-stat

Body Mass Index 10,689 0.021 0.068 -0.31

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

Analysis of other child outcomes further illuminates the mechanisms underlying
the main results. Table 11 reports the ATT estimates of PKH on children’s BMI. The
estimated effect was close to 0 (0.021) and statistically insignificant, indicating that PKH
did not improve nutritional status among beneficiary children. In high-poverty areas where
nutritious food is relatively expensive, the amount of cash transferred by PKH may be
insufficient to improve diet quality substantially. Moreover, households may allocate transfers
to multiple competing needs, such as staple foods, school-related expenditures, and other
basic consumption, leaving little room for upgrading children’s nutrition. Evidence indicates
that childhood stunting is associated with weaker cognitive and intellectual functioning,
highlighting the importance of good nutrition as a foundation for learning (Sideropoulos
et al., 2025). A persistently low BMI and poor nutritional status may reduce children’s
concentration, energy, and memory, thereby constraining their learning capacity and limiting
the potential impact of PKH on their cognitive test scores. By contrast, the AT'T estimates for
EDI outcomes in Table 12 are more encouraging. PKH had a positive, statistically significant
effect on the EDI language and cognitive development domain (ATT = 0.14, significant
at the 10% level) and on the subdomains of basic literacy and basic numeracy (significant
at the 5-10% level). The effects on the subdomains of interest in books, numbers, and

good memory and advanced literacy skills were also positive but not statistically significant.

Table 12. Estimated ATT of the PKH Program on EDI/Language and Cognitive Development

Variable Obs. ATT S.E t-stat
Domain
Language and cognitive development 8,509 0.14 0.08 1.74*
Subdomains
Basic literacy skills 8,754 0.142 0.071 2.01**
Interest in books, numbers, and having a good memory 8,678 0.101 0.079 1.28
Advanced literacy skills 8,744 0.159 0.148 1.08
Basic numeracy skills 8,693 0.143 0.082 1.76*

*** significant at 1%; ** significant at 5%; * significant at 10%
Source: ECED Survey 2013, processed by the author.

These findings indicate that PKH was associated with higher school readiness among
beneficiary children, particularly in foundational literacy and numeracy. One plausible
interpretation is that PKH reduces financial barriers to school entry and continuity, enabling
poor households to keep their children in school and meet basic schooling requirements.
This may translate into improvements in behaviors and skills captured by the EDI, such as

being interested in books, recognizing letters and numbers, and performing simple numerical
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operations, even if these changes are not yet reflected in higher scores on more demanding
standardized cognitive tests. These modest gains have longer-term implications, provided

that they are sustained and supported by improvements in school quality.

These findings imply that cash transfers alone are unlikely to yield substantial
improvements in learning outcomes in high-poverty rural settings without complementary
investments in early childhood services, school quality, and child nutrition. To ensure
that PKH can fully play its role as a human capital investment, policymakers should

therefore consider the following strategies.

First, the government should prioritize strengthening school infrastructure,
particularly in underdeveloped rural areas where PKH beneficiaries are concentrated.
The results show that many schools in the study districts have fewer classrooms, libraries,
and laboratories than provincial and national averages, even in recent years. The gap was
likely even wider at the time of the ECED survey. In such contexts, additional attendance
driven by PKH is unlikely to yield meaningful learning gains if children spend their
time in overcrowded classrooms without access to basic learning facilities. Ensuring that
primary schools have adequate classrooms, functioning libraries, simple laboratories, and
sufficient learning materials is therefore essential. Moreover, these facilities must not only
be provided but also effectively used as part of the teaching and learning process so that

they genuinely enrich children’s learning experiences.

Second, improving both the quantity and the quality of teachers is crucial to
convert higher enrolment and attendance into better learning outcomes. The analysis of
teacher—school ratios indicates that schools in the sample districts were often understaffed
compared with provincial and national benchmarks. When teachers face large classes and
additional students due to PKH, they may struggle to provide individual attention and
manage classrooms effectively. Policy efforts should therefore focus on recruiting more
teachers in underserved rural areas and on enhancing their professional competencies
through targeted training programs. Priority areas include subject-matter mastery,
classroom management, the use of effective and child-centered teaching strategies, and the
reinforcement of teacher discipline and motivation. With more competent and adequately
supported teachers, the additional time PKH children spend in school is more likely to

lead to real improvements in cognitive skills.

Third, the results highlight the important role of early-childhood education in
mitigating the initial disadvantages of PKH children. Children who attended TK/RA had
higher cognitive scores than those who did not, and participation in TK/RA appeared to
reduce the cognitive achievement gap between PKH and non-PKH children. Early-childhood
education can act as an equalizing force. In the medium to long run, it is desirable to more
closely integrate PKH with early-childhood education services, for example, by gradually
introducing attendance at TK/RA as a program conditionality. A similar approach has been
adopted in El Salvador, where CCT conditionalities include minimum school attendance
requirements for children aged 5-15 years (Sanchez Chico et al., 2020). Evidence from
other CCTs also indicates that cash alone may not be effective for the development of
young children; thus, conditionalities should be designed to reflect early childhood needs
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(Lopez Boo & Creamer, 2019). However, this must be done carefully and in stages because
access to TK/RA remains limited and uneven, especially in rural and underdeveloped regions
(Brinkman et al., 2017; Nakajima et al., 2016). In the initial phase, TK/RA attendance
requirements should be applied flexibly, taking into account local service availability: where
TK/RA services exist, PKH households should be encouraged or required to enroll their
children; where services are absent, such requirements should not be imposed. During this
phase, the government’s main responsibility is to expand TK/RA infrastructure and services,
particularly in poor and remote areas, so that all young children can access inclusive and
affordable early-learning opportunities. Only once TK/RA coverage is broadly adequate
can the policy move to a second phase, in which TK/RA attendance becomes a standard

conditionality for PKH beneficiaries, implemented uniformly across regions.

Finally, given that PKH does not significantly improve children’s BMI and that
many beneficiary children remain underweight, complementary nutrition interventions
are needed to support the development of their cognitive skills. The insignificant ATT
on BMI suggests that the current transfer level may not be sufficient to substantially
upgrade diet quality, especially when households face multiple competing needs. In high-
poverty and underdeveloped areas, PKH could therefore be complemented by the targeted
provision of nutritious food for beneficiary children, for example, through school feeding
schemes, fortified snacks, or vouchers for nutritious products. To maintain fiscal efficiency,
these interventions should carefully target PKH houscholds in the poorest and most
disadvantaged regions, where the risk of undernutrition is highest, and the potential returns
in terms of improved learning are likely to be greatest. By simultaneously addressing
constraints in school infrastructure, teacher capacity, early childhood education, and child
nutrition, PKH would have a much greater chance of fulfilling its objective of breaking the
intergenerational transmission of poverty through investments in children’s human capital.

CONCLUSION

This study examined whether PKH improves the cognitive outcomes of primary-
school children aged 6-9 years in poor rural districts. Using 2013 ECED survey data
and PSM to address selection into PKH, we assessed the program’s impact on Bahasa
Indonesia proficiency, mathematics skills, abstract reasoning, a composite cognitive score,
BMI, and EDI language and cognitive development outcomes. The estimates show that
PKH does not have a statistically significant effect on any of the cognitive test scores,
with small, insignificant ATT values across the matching algorithms. By contrast, PKH is
associated with modest but positive effects on EDI outcomes in the language and cognitive
development domain, particularly in basic literacy and basic numeracy, suggesting that
the program enhances school readiness, even though these gains have not yet translated
into higher cognitive test scores. Descriptive evidence points to several constraints that
likely attenuate PKH’s impact on learning: PKH children grow up in households with
lower parental education, lower wealth, and fewer books; they attend schools with below-
average infrastructure and teacher availability; they also often remain underweight, with
no detectable effect of PKH on BMI.
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These findings imply that cash transfers alone are unlikely to yield substantial
improvements in learning outcomes in high-poverty rural settings without complementary
investments in early childhood services, school quality, and child nutrition. Therefore, to
strengthen PKH’s role as a human capital investment, policymakers should consider the
following strategies. First, school infrastructure should be improved in underdeveloped
rural districts by ensuring access to adequate classrooms, libraries, laboratories, and learning
materials. Second, both the quantity and the quality of teachers in disadvantaged areas
must be increased. Third, PKH should be more closely linked to early childhood education
by gradually introducing TK/RA attendance as a condition while simultaneously expanding
TK/RA service availability and applying requirements flexibly where access remains limited.
Finally, transfers should be complemented with selective nutrition interventions, such as
school feeding schemes or vouchers for nutritious foods, focusing on PKH children in
the poorest and most underdeveloped regions. By addressing these constraints, PKH will
be better positioned to improve children’s cognitive achievement and contribute to the

long-term goal of breaking the intergenerational transmission of poverty.
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INTRODUCTION

Development is a continuous process with the primary objective of improving the
standard of living and community welfare. Efforts to enhance human resource quality
need to be initiated early in society. Human resources are a crucial factor in driving
regional economic growth (Saleh et al., 2020). Quality development requires long-term
investment in humans as the primary agents of development. Countries or regions that
succeed in fostering healthy, intelligent, and productive generations will achieve higher
economic competitiveness. Conversely, if human capital quality is low due to limited access
to basic needs such as nutrition, education, and health, the development process will
proceed slowly or may even stagnate (Wayes, 2024). One of the main obstacles to creating
high-quality human resources is stunting. According to the World Health Organization
(2015), stunting is a growth and developmental disorder in children characterized by a
height-for-age below the standard due to chronic malnutrition and recurrent infections,
which adversely affect physical, cognitive, and future productivity (Arqam et al., 2026;
Oyenubi & Rossouw, 2024).

The accelerated stunting reduction program constitutes one of Indonesias national
priority initiatives. East Java Province is among the twelve provinces designated as priority
regions for the implementation of this program. Given its large population and extensive
territory, East Java has considerable potential to contribute to the overall success of national
stunting reduction efforts (Hariani et al., 2023). According to data compiled by the East
Java Provincial Government, ten cities and regencies have been identified as primary priority
areas for accelerating stunting reduction. These regions are prioritized because stunting
prevalence rates exceed 20 percent, including Jember Regency (Muflihah et al., 2024).

Table 1. Comparison of Stunting Prevalence in East Java and Jember Regency

Year East Java (%) Jember Regency (%)
2019 26,86 37,94

2020 - -

2021 23,5 23,9

2022 19,2 34,9

2023 17,7 29,7

Sources: Susenas & SSGBI (2019); SSGI (2021); SSGI (2022); SKI (2023).

Table 1 shows data from 2019 to 2023, indicating that Jember Regency consistently
recorded higher prevalence rates compared to the East Java provincial average. In 2019,
the prevalence in Jember reached 37.94%, significantly above East Java’s 26.86%. Data for
2020 were unavailable; however, in 2021 Jember experienced a notable decline to 23.9%,
nearly equal to the provincial average of 23.5%. Nevertheless, in 2022, the situation in
Jember worsened sharply, increasing to 34.9%, in contrast to East Java, which continued
to decline to 19.2%. In 2023, Jember showed improvement with a decrease to 29.7%,

yet the figure remained considerably higher than the provincial average, which further
declined to 17.7%.

254 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.48638


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.48638

Miftah Ichda Diera
The Strategic Role of Stakeholders in Stunting Alleviation

International evidence indicates that stunting can hinder economic growth and
reduce labor productivity, potentially resulting in a 11% loss of Gross Domestic Product
(GDP) and a 20% decline in adult worker earnings. Moreover, stunting contributes to
widening inequality, reducing approximately 10% of lifetime earnings, and can trigger
intergenerational poverty (poverty traps) (TNP2K, 2017). High socioeconomic disparities

across regions in Indonesia are among the factors contributing to elevated stunting rates.

The issue of stunting in a region cannot be separated from its socioeconomic
conditions. Social factors, including parental education level, occupation type, and income,
play a significant role in determining children’s access to adequate nutrition and health
services (Prayitno et al., 2025). Various studies show that the roles of government, health
services, and the community are important in reducing stunting. Research by Astuti
et al. (2025), Jalloh et al. (2025), Orimadegun et al. (2025), and Supranoto et al.
(2025) confirms that stakeholder collaboration, community social capital, a multisectoral
approach, national health policies, and improved welfare are crucial to successfully
combating stunting. From a health service perspective, a meta-analysis study shows that
children in highland areas are at higher risk of stunting due to limited access to health
services (Rosyada et al., 2026).

However, several other studies have shown conflicting results. Research by Hamzah
et al. (2025) found that village funds and fiscal decentralization in Indonesia had a
positive effect on stunting, suggesting weak policy effectiveness at the regional level.
In Magelang, Central Java, the national stunting reduction program has not been
running optimally due to low maternal knowledge, inappropriate parenting patterns,
and weak program coordination (Ashar et al., 2025). Meanwhile, in Indonesia, unmet
health care needs were found to be positively correlated with stunting prevalence
(Rahardiantoro et al., 2024). From a poverty perspective, in Indonesia, high poverty
rates are associated with increased stunting risk (Aswi et al., 2025; Rahardiantoro et
al., 2024). It can therefore be concluded that high poverty rates are among the main
contributors to stunting, as economic constraints limit community access to nutritious
food, healthcare, and adequate sanitation (Pradhan et al., 2023). Jember Regency is
among the regions in East Java with relatively high poverty rates compared to other

districts and municipalities.

Table 2. The Five Regencies/Municipalities with the Highest Number of Poor Population
in East Java, 2021-2023.

Number of Poor Population (in Thousands)

Regency/City
2023 2022 2021
Malang 251,36 252,88 276,58
Jember 236,46 232,73 257,09
Sampang 221,71 217,97 237,23
Sumenep 206,1 206,2 224,73
Probolinggo 205,02 203,23 223,32
Source: Statistic Indonesia (2024)
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Table 2 shows that the number of poor residents in Jember Regency has fluctuated
from year to year. Based on this comparison, Jember consistently ranked second in East
Java with the highest number of poor residents. This condition indicates that poverty in
Jember Regency is relatively more severe compared to most other regencies/municipalities.
The high poverty rate in Jember also has implications for various other development issues,
including the high prevalence of stunting, since socioeconomic conditions are among the
main contributing factors to stunting in children. This is supported by the findings of
Ulfah & Nugroho (2020), which revealed that employment and income problems are
key drivers of stunting in Jember Regency.

High poverty levels further increase the risk of stunting in future generations,
creating a recurring cycle that is difficult to break without comprehensive interventions.
The lower the poverty rate, the higher the population’s welfare (Zhao & Zhao, 2025).
Low-income families generally face limited access to nutritious food, healthcare services,
clean water, and proper sanitation, all of which are essential factors for child growth
(Pradhan et al., 2023). In the long term, children born and raised in poverty are at
greater risk of experiencing stunting and declining human resource quality. Therefore,
stunting alleviation cannot be separated from comprehensive and sustainable poverty

reduction efforts.

This study differs from previous research in that it uses a MACTOR analysis, which
focuses on the roles and interactions of stakeholders in stunting alleviation rather than
solely on health or nutritional interventions. It adopts an actor-based analytical approach
to examine stakeholder influence, interests, and coordination, framing stunting as a human
resource development and regional development issue. Therefore, this study is crucial for
analyzing the roles of actors in stunting alleviation efforts to improve human resource
quality in Jember Regency. Accordingly, the findings of this research are expected to
provide relevant policy recommendations for the government and stakeholders.

METHODS

This study employs a mixed-methods approach combining qualitative and
quantitative techniques to comprehensively analyze stakeholder roles in stunting alleviation
in Jember Regency (Monica & Yaswinda, 2021). The purpose of employing a mixed-
methods approach is to obtain numerical data that are subsequently reinforced through
in-depth explanatory analysis of the collected and processed data, thereby producing
more comprehensive and holistic research findings (Komarolya, 2025). The primary
analytical tool used is MACTOR (Matrix of Alliances and Conflicts: Tactics, Objectives,
and Recommendations), which is designed to map stakeholder influence, interests, and
interactions within policy implementation (Kadaifci, 2024). The application of MACTOR
enables a more systematic analysis of inter-actor relationships, allowing the identification

of effective collaborative strategies to reduce the economic impacts of stunting.

The data used in this study consists of both primary and secondary data. Primary
data were collected through structured interviews and questionnaires administered to key
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stakeholders involved in stunting reduction programs, including government agencies,
health workers, community organizations, and household representatives. The questionnaires
were designed to capture actors' perceptions regarding their level of influence, dependency,
interests, and attitudes toward stunting alleviation objectives. Secondary data were obtained
from official government reports, statistical publications, and relevant policy documents

related to stunting, poverty, and human resource development in Jember Regency.

The population in this study comprises all stakeholders involved in stunting-
reduction policies in Jember Regency, including government institutions, at-risk families,
and stunting-free families. The sampling technique employed is purposive sampling, which
involves selecting respondents based on specific criteria considered capable of providing
relevant information for the research. Actors from government institutions and community
organizations were selected based on their expertise and competence in their respective
fields. Meanwhile, several actors, particularly at-risk and stunting-free families, were
selected based on being parents of stunted or non-stunted children (aged 0-59 months),
with a focus on the district with the highest stunting prevalence in Jember Regency in
2023, namely Kaliwates District.

Table 3. Actors and Objectives

Actors Objectives

Health Agency (HA) Improving access to and the quality of health services.

Food Security and Livestock Agency

(FSLA) Ensuring the availability of and access to nutritious food.

To coordinate cross-sectoral planning in accelerating stunting
reduction.

Integration of stunting alleviation programs into regional
development planning and local government budgeting.

Regional Development Planning Agency
(RDPA)

Women'’s Empowerment, Child

Protection, and Family Planning Agency Education on family planning, parenting practices, and maternal

and child health.

(WECPFPA)
Institution Academic support through research and education.

Sy Early detection and intervention measures to address stunting
Midwives

risk.

Posyandu Cadres

Monitoring the growth and development of children, accompanied
by nutrition and health education.

Family Welfare Empowerment Team
(FWET)

Promoting active community participation in stunting prevention
efforts.

Stunting-Risk Family (SRF)

Enhancing nutritional awareness.

Stunting-Free Families (SFF)

Role model in practicing parenting and nutritious food
consumption within the community.

Score Description:

0 = no influence
1 = low influence
2 = moderate influence

3 = strong influence
4 = very strong influence
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The data obtained from the questionnaires were subsequently processed and analyzed
using the MACTOR method to identify and map the roles, interests, and influence
of each actor in stunting reduction efforts in Jember Regency. MACTOR is applied
to examine the power relations, interconnections, and patterns of collaboration among
actors or stakeholders (Priyono et al., 2025). This method generally reveals each actor's
perceptions and preferences regarding the goals to be achieved. Furthermore, the analysis
identifies isolated actors or stakeholders with low levels of influence and dependency, as
well as bridging actors characterized by high levels of both influence and dependency.
In addition, relative strength is used as a basis for comparison to identify the actors or
stakeholders with the greatest influence (Yilmaz & Karadayi-Usta, 2025).

The stages of MACTOR analysis consist of several steps, namely: (1) identifying
the system actors; (2) determining a set of objectives to be achieved; (3) describing the
power relations among actors, measured on a scale from 0 (no influence) to 4 (very
strong influence); and (4) assessing the actors' attitudes toward the objectives based on
their level of resistance, using a scale of (+) support, (0) neutral, and (-) oppose, as well
as evaluating the importance of each objective for the actors on a scale from 0 (not
important) to 4 (very important) (Rees & MacDonell, 2017).

Table 4. Matrix Mactor

= 5 = o
F T = = a S| 8 -
da - o, w
vor |82/ E|8|Q|E|2|s5|2|28|%
25| "> |3|2|5(22 |9
= =1 w =

Health

0 3 4 3 3 4 4 3 3 3
Agency
FSLA 3 0 3 3 3 3 3 2 1 1
RDPA 3 1 0] 3 2 5 3 2 3 3
WECPFPA 1 3 2 0 3 3 3 2 3 3
Institution 3 1 2 3 0 3 3 3 1 1
Midwives 3 2 3 4 3 0 3 3 3 2
Posyandu
=osyancu 2 3 3 3 3 4 0 3 2 2
Cadres
FWET 2 3 3 3 1 3 3 2 2
SRF 2 2 2 3 2 3 3 2 0 3
SFF 2 2 2 3 2 3 3 2 2 0

Source: Primary data, processed (2025).

Table 4 presents an example of an MACTOR matrix illustrating the level of
influence among actors involved in stunting alleviation efforts in Jember Regency. Each
cell in the matrix indicates the extent to which one actor influences another, with values
ranging from 0 (no influence) to 4 (very strong influence). This matrix identifies key
actors with substantial influence over the system, as well as strategic actors to prioritize

in collaborative policy planning.
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RESULTS AND DISCUSSION

Based on the MACTOR analysis of stunting alleviation in Jember Regency aimed
at improving human resource quality, it can be concluded that the Health Agency holds
a high level of influence with low dependency, playing a central role in enhancing and
delivering health services. Midwives and Posyandu cadres demonstrate both high influence
and high dependency, as they function as key intermediaries between the health service
system and the community. Actors characterized by low influence but high dependency
include the Regional Development Planning Agency, which is responsible for development
planning and policy integration, and the Women’s Empowerment, Child Protection, and
Family Planning Agency, which focuses on advocacy for stunting-risk families and early
marriage education. Meanwhile, actors with both low influence and low dependency
include the Food Security and Livestock Agency, which ensures access to nutritious
food; the Family Welfare Empowerment Team, which carries out family education and
community empowerment; stunting-risk and stunting-free families as program beneficiaries;
and higher education institutions that contribute through scientific studies, research data,

and policy recommendations.

Figure 1. Map of Influences and Dependences between Actors

%
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Source: Primary data, processed (2025)

The figure provides an initial depiction of the relative importance of each actor,
distinguishing between dominant actors (high influence) and actors that tend to be
dominated (high dependency). Additionally, the figure helps identify stakeholders who
are less engaged or isolated (low influence and low dependency), as well as bridging or
relay actors (high influence and high dependency) (Wardono et al., 2019). Based on the
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results of the actor role mapping analysis within the quadrants, it is evident that Quadrant
I, known as dominant actors, includes the Health Agency. This actor is considered the
most influential, having high influence but low dependency. The analysis results indicate
that the Health Agency has a high influence and low dependency in stunting reduction
efforts. The findings align with research by Rahardiantoro et al. (2024), which shows
that government interventions aimed at improving education, access to healthcare, and

poverty reduction can help reduce stunting in Indonesia.

Furthermore, Sianti et al. (2024) emphasize that the Health Agency plays the most
dominant role in implementing specific stunting interventions. In relation to Booth's (1996)
poverty theory, the Health Agency addresses personal and physical factors as well as access
limitations through various stunting prevention and management programs, improvements
in maternal and child nutrition services, and the provision of basic health services that are
easily accessible to low-income populations. Limited access to health services, a key factor
in poverty, can also be mitigated through the Health Agency's efforts to expand the reach

o communi € centers, I'osyandu, an € insurance rogrames.
f health centers, Posyandu, and health prog

In Quadrant II, referred to as relay actors, there are midwives and Posyandu
cadres, who exhibit both high influence and high dependency. Their position indicates
that midwives and Posyandu cadres play a crucial role in driving stunting reduction in
Jember Regency. The influence of midwives is particularly significant, as they serve as
the primary intermediaries between the health care system and the community. These
findings align with Irdawati et al.'s (2024) research, which showed that health counseling
provided to cadres improved knowledge scores in both the control and treatment groups.
Although there were no significant differences, the results showed that the use of media
in healthcare services could yield better results than the cadres' knowledge scores. They
directly assist pregnant women, monitor child growth, and conduct community nutrition
education. By routinely organizing Posyandu activities and distributing supplementary
food for at-risk children, they facilitate access to health and nutrition services for low-
income communities, thereby improving human capital and helping break the cycle of
poverty. This supports Anne Booth's poverty theory, which identifies personal, physical,
and access-related factors as key contributors to poverty. Through their efforts, midwives

and Posyandu cadres help reduce these barriers to basic health services.

Quadrant III, or dominated actors, includes the Regional Development Planning
Agency and the Women's Empowerment, Child Protection, and Family Planning Agency,
which have low influence and high dependency. The Regional Development Planning
Agency primarily functions as a planner and integrator of development policies, including
stunting prevention, through the Regional Medium-Term Development Plan and Regional
Government Work Plan documents; however, implementation relies on technical agencies
in the field. According to Anne Booth's (1996) poverty theory, the Regional Development
Planning Agency addresses access and economic factors. As a planning and coordinating
actor, the Regional Development Planning Agency formulates strategies to address
stunting and poverty by integrating cross-sectoral programs, ensuring budget availability,
prioritizing nutrition and public health, and aligning the efforts of the Health Agency
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and other stakeholders. By expanding access to health services and strengthening nutrition
interventions through effective planning, the Regional Development Planning Agency
helps reduce barriers to access and improve the economic conditions of low-income

communities, thereby helping break the cycle of poverty.

Meanwhile, the Women's Empowerment, Child Protection, and Family Planning
Agency primarily addresses socio-cultural, personal, and physical factors. The agency focuses
on family education, women's empowerment, child protection, and family planning services
to prevent early marriage and manage high-risk births that contribute to stunting. Through
outreach and empowerment programs, Women's Empowerment, Child Protection, and
Family Planning Agency seeks to influence community attitudes and behaviors regarding
reproductive health, childcare practices, and the importance of nutrition from pregnancy
onward. Consequently, the Women's Empowerment, Child Protection, and Family Planning
Agency not only contributes to reducing stunting but also strengthens family foundations,

promoting healthier, more productive households capable of escaping poverty.

Lastly, Quadrant IV consists of actors with both low influence and low dependency.
Their role in stunting reduction remains limited and non-dominant in strategic decision-
making or cross-sectoral program coordination. The Food Security and Livestock Agency
plays an important role in supporting household food security and nutritional adequacy.
However, its direct influence on specific stunting interventions, such as health services
and nutrition education, is minimal and supplementary. Similarly, the Family Welfare
Empowerment Team's role is primarily promotive and educational through cadres and
community activities. However, they are not actively involved in policy design or program
formulation at the regency level. At-risk families and stunting-free families are program
targets rather than decision-makers, resulting in relatively low influence and dependency on
other actors. Meanwhile, universities generally lack direct authority over strategic decision-

making, particularly for projects implemented by the government or the private sector.

Figure 2. Actor Competitiveness Diagram
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Source: Primary data, processed (2025)

Figure 2 presents a histogram of each actor's competitiveness levels. Actors or

stakeholders with a value greater than 1 are categorized as having high competitiveness,
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whereas values below 1 indicate low competitiveness. Several actors with significant roles,
either through direct or indirect influence, in other words, those with high competitiveness,
include the Health Agency, the Food Security and Livestock Agency, and at-risk families.
These actors occupy strategic positions in stunting reduction efforts and have the potential
to impact economic outcomes positively. The Health Agency has the highest score of
1.29, indicating that it is the most influential actor in decision-making, coordination, and
the implementation of stunting reduction strategies. This result aligns with the Health
Agency's primary role as the implementer of specific stunting intervention programs.
The Food Security and Livestock Agency, for instance, ensures the availability and access
to nutritious food, which is a crucial foundation for improving the quality of human
capital. Meanwhile, the involvement of at-risk families highlights the importance of
community participation in supporting program success. Through the synergy of all these
actors, not only can improvements in child nutritional status be achieved, but sustainable
enhancement of human capital is also promoted, contributing to long-term economic
growth.

Figure 3. Distance Between Actors

Shortest net distances
—— Short net distances
—— Moderate net distances
= Long net distances
~— Longest net distances

Source: Primary data, processed (2025)

Figure 3 presents a graph illustrating the relationships among actors, depicting the
potential for collaboration among stakeholders. Similar to the inter-objective distance
graph, this graph also distinguishes connectivity levels using line colors. Based on the
analysis, actors with strong potential for collaboration in stunting reduction include the
Health Agency, the Food Security and Livestock Agency, midwives, and the Family Welfare
Empowerment Team. This finding aligns with (Apriliani et al., 2023), who stated that the
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synergy among the Health Agency, the Food Security and Livestock Agency, midwives,
and the Family Welfare Empowerment Team demonstrates strong collaborative potential
in stunting reduction due to their complementary roles. Their interventions directly target
factors contributing to poverty, as described by Anne Booth (1996). According to Booth,
poverty is not solely caused by economic limitations but also by socio-cultural, personal,
and physical factors, as well as limited access to basic services. These four actors address
these issues in different ways: the Health Agency and midwives reduce access barriers
and address personal and physical constraints through health and nutrition services; the
Food Security and Livestock Agency addresses economic constraints by ensuring the
availability of nutritious food and promoting the livestock sector; while Family Welfare
Empowerment Team targets socio-cultural aspects and access limitations through family
education and community empowerment. Through this cross-actor collaboration, stunting
reduction efforts become more comprehensive, encompassing health, nutrition, food
access, and community empowerment. Such collaboration ensures that obstacles arising

from economic, socio-cultural, or geographic limitations can be simultaneously mitigated.

Figure 4. Distance Between Objectives
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Figure 4 presents a graph of distances between objectives, illustrating the degree of
connectivity between actors and each objective. Similar to the previous graph, differences
in actor relationships are indicated by line colors: gray for weak connections, blue for
moderate connections, and red for strong connections. This graph is useful for identifying
each actor's position or stance toward specific objectives, whether supportive or not. The
visualization also depicts the relationships among objectives based on a scale derived from

the differences between convergence and divergence values.
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The red color indicates strong connections, where objectives such as regional
planning integration, nutritional status monitoring, stunting prevention education,
supplementary feeding program, family counseling services, community service,
information accessibility, university research, regional development indicators, equitable
health services, mobile services, income limitations, and early marriage campaigns are
highly interconnected. The close linkage among these objectives suggests that achieving
one strategic goal, such as strengthening university research or advancing stunting
prevention education, can synergistically support the realization of other objectives.
For example, robust research from universities can produce evidence-based policy
recommendations to enhance supplementary feeding and family counseling programs.
Similarly, increased community awareness through education supports early marriage
prevention campaigns and nutritional status monitoring services. This result aligns with
Atamou et al. (2023), who stated that maternal knowledge, maternal caregiving practices,
parental income, utilization of health services, and household sanitation play a crucial

role in reducing stunting.

CONCLUSION
Based on the MACTOR analysis of stunting reduction in Jember Regency, aimed

at improving human capital, the Health Agency has a strong influence, with low
dependency. It plays a central role in strategies such as nutritional status monitoring,
supplementary feeding programs, mobile and equitable health services, and improving
information accessibility. Midwives and Posyandu cadres exhibit high influence and
dependency as key actors in stunting prevention education, family counseling services,
community service, and early detection of nutritional problems. Actors with low influence
but high dependency include the Regional Development Planning Agency (RDPA),
which integrates regional planning through regional development indicators, and the
Women’s Empowerment, Child Protection, and Family Planning Agency, which focuses
on early marriage campaigns and addressing income limitations among at-risk families.
Actors with low influence and low dependency include the Food Security and Livestock
Agency, which supports supplementary feeding; the Family Welfare Empowerment Team,
through family education; universities through research-based policy recommendations;
and families as program targets. The Jember Regency Government needs to strengthen
cross-sector coordination by positioning the Health Office as a central actor, integrating
regional planning, strengthening the roles of midwives and Posyandu cadres, providing
support to supporting actors, and utilizing university research to achieve effective
and sustainable stunting reduction. Overall, regional planning integration, nutritional
monitoring, prevention education, supplementary feeding, family counseling, community
service, information accessibility, university research, and early marriage prevention are
interconnected strategies requiring strong collaboration among key actors in Jember

Regency.
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ABSTRACT

Research Originality: This study contributes to the existing
literature by examining the structural determinants of regional
poverty at the regency and municipal levels in West Nusa
Tenggara Province using the most recent post-pandemic panel
dataset.

Research Objectives: This study aims to analyze the effects of
minimum wages, open unemployment rates, income inequality,
and educational attainment on poverty rates in West Nusa
Tenggara Province.

Research Methods: The study uses panel data spanning
2018-2024 and covers 10 regencies and municipalities in
West Nusa Tenggara Province. The Fixed Effects Model (FEM),
selected based on the Chow and Hausman specification tests,
is employed to estimate the relationship between poverty rates
and the explanatory variables.

Empirical Results: The results indicate that the minimum wage
has a negative, statistically significant effect on poverty rates,
whereas income inequality has a positive effect. In contrast,
the open unemployment rate and educational attainment do
not demonstrate statistically significant effects on poverty.

Implications: These findings suggest that poverty alleviation
strategies should prioritize strengthening wage protection
frameworks and mitigating income inequality to foster inclusive
and sustainable regional development.
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INTRODUCTION

Poverty remains one of the most persistent challenges in development economics and
continues to occupy a central position in the policy agendas of many developing countries,
including Indonesia (Murti & Kurniawan, 2020; Purwono et al., 2021; Sugiharti et al,,
2022; Fitriady et al., 2024). Despite the sustained implementation of poverty alleviation
programs and fiscal decentralization reforms, substantial regional disparities in poverty
reduction persist. Poverty is not solely associated with low income; rather, it reflects
multidimensional deprivation, including limited access to education, healthcare services,
employment opportunities, and productive assets (Aguilar & Sumner, 2020; Breunig
& Majeed, 2020; Herndndez & Zuluaga, 2022; Zhu et al., 2022). These conditions
constrain human capital formation, reduce productivity, and weaken long-term regional

competitiveness.

Contemporary academic debates increasingly emphasize the structural dimensions
of poverty. The structuralist perspective posits that poverty is embedded in economic
systems characterized by unequal access to resources, labor-market segmentation, and
the dominance of low-productivity sectors (Breunig & Majeed, 2020; Amponsah et al.,
2023; Fahad et al., 2023). The vicious cycle of poverty theory further suggests that low
productivity leads to limited income and savings, thereby constraining capital accumulation
and perpetuating underdevelopment (Nguyen & Su, 2021). Similarly, the poverty trap
framework highlights how limited human capital, restricted access to credit, and labor
market rigidities prevent households from escaping chronic deprivation (Radosavljevic
et al., 2021). Collectively, these perspectives underscore that poverty is not merely
an outcome of individual characteristics but rather a manifestation of interconnected

structural constraints.

Empirically, numerous studies have examined the determinants of regional poverty;
however, the findings remain inconclusive and, in some cases, contradictory. Research
on minimum wages, for instance, yields mixed results. Some studies find that increases
in minimum wages reduce poverty by raising the real income of low-wage workers
(Sotomayor, 2021; Démurger et al., 2026). In contrast, other studies report limited
or even adverse effects, particularly when minimum wage adjustments suppress labor
demand or disproportionately benefit formal-sector workers (Backhaus & Miiller, 2023;
Hijzen et al., 2026). These divergent findings suggest that the relationship between
minimum wages and poverty is highly contingent upon labor market structures and

institutional contexts.

The relationship between unemployment and poverty has also been widely examined,
although both the magnitude and direction of its impact vary across regions (Ngubane
et al., 2023). Income inequality is frequently identified as a structural driver of persistent
poverty, particularly when economic growth is not inclusive (Adeleye et al., 2020).
Nevertheless, the interplay among economic growth, inequality, and poverty remains
contested, particularly regarding whether growth alone is sufficient to reduce poverty in

the absence of effective redistributive mechanisms.
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Human capital—particularly education—is widely regarded as a primary pathway
out of poverty. Empirical evidence indicates that higher levels of education reduce
poverty by enhancing productivity and expanding income opportunities (Hofmarcher,
2021; Spada et al., 2024; Leoni, 2025). However, other studies suggest that education
does not automatically alleviate poverty when labor markets are unable to absorb skilled
workers productively (Mansi et al., 2020; Yassine & Bakass, 2022). These contrasting
findings imply that the effects of structural determinants of poverty vary across different

economic structures and institutional settings.

Despite the extensive body of literature, a critical research gap remains in
understanding how these structural determinants interact simultaneously within subnational
contexts, particularly in regions characterized by pronounced spatial inequality. Existing
studies tend to adopt partial approaches—either focusing on single determinants or relying
on national-level aggregates—thereby overlooking the complex and interdependent nature

of poverty drivers at the local level.

Moreover, prior empirical studies rarely capture the dynamic evolution of poverty
determinants across different economic phases, particularly before, during, and after the
COVID-19 pandemic. This limitation creates an important gap in understanding whether
structural variables—such as minimum wages, unemployment, inequality, and education—
exhibit stable or shifting effects under changing macroeconomic conditions. Another
notable limitation is the scarcity of panel data analyses at the district and municipal levels,
particularly in less developed regions of Eastern Indonesia. Consequently, the existing
literature provides limited evidence on how localized economic structures and institutional

capacities shape poverty dynamics within a decentralized governance system.

Table 1. Number and Percentage of the Poor Population in West Nusa Tenggara Province, 2018-2024

Year Number of Poor Population (thousand persons) Poverty Rate (%)
2018 737.46 14.75
2019 735.96 14.56
2020 713.89 13.97
2021 746.66 14.14
2022 731.94 13.68
2023 751.23 13.85
2024 709.01 12.91

Source: Statistics Indonesia (BPS) and One Data West Nusa Tenggara; compiled and processed by the author (2026).

West Nusa Tenggara Province provides a relevant empirical setting for this analysis.
Although poverty rates have been declining, they remain above the national average
(see Table 1). Fluctuations observed during the pandemic period indicate structural
vulnerabilities that cannot be explained solely by cyclical shocks. Moreover, disparities
across districts and municipalities—particularly in North Lombok—reflect variations in

regional economic capacity and structural characteristics (see Table 2). These features make
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West Nusa Tenggara an appropriate case for examining structural poverty dynamics at

the subprovincial level.

Building on these gaps, this study introduces a novel element by integrating multiple
structural determinants—minimum wages, open unemployment, income inequality, and
education—within a single balanced panel data framework at the district and municipal
levels. Unlike prior studies that rely on static or partial analyses, this research explicitly
captures temporal dynamics over the 2018-2024 period, encompassing pre-pandemic,
pandemic, and post-pandemic phases, thereby enabling a more nuanced understanding

of structural resilience and vulnerability.

Table 2. Poverty Rate by Regency/City in West Nusa Tenggara Province, 2018-2024 (%)

Regency/City 2018 2019 2020 2021 2022 2023 2024
West Lombok 15.20 15.17 14.28 14.47 13.39 13.67 12.65
Central Lombok 13.87 13.63 13.44 13.44 12.89 12.93 12.07
East Lombok 16.55 16.15 15.24 15.38 15.14 15.63 14.51
Sumbawa 14.08 13.90 13.65 13.91 13.50 13.91 12.87
Dompu 12.40 12.25 12.16 12.60 12.40 12.62 11.59
Bima 14.84 14.76 14.49 14.88 14.50 14.39 13.88
West Sumbawa 14.17 14.00 13.34 13.54 13.02 12.95 12.23
North Lombok 28.83 29.03 26.99 27.04 25.93 25.80 23.96
Mataram City 8.96 8.92 8.47 8.65 8.63 8.62 8.00
Bima City 8.79 8.60 8.35 8.88 8.80 8.67 8.12

Source: Statistics Indonesia (BPS) and One Data West Nusa Tenggara; compiled and processed by the author (2026).

Furthermore, this study contributes to the literature by focusing on a relatively
underexplored regional context—West Nusa Tenggara—thereby providing granular
empirical evidence that complements national-level findings and advances the discourse
on spatially inclusive development. Specifically, this study examines the effects of minimum
wages, open unemployment rates, income inequality, and education levels on poverty rates
across districts and municipalities in West Nusa Tenggara Province during the 2018-
2024 period. By elucidating the structural mechanisms underlying regional poverty, this
research contributes to the development economics literature and provides an evidence-
based foundation for designing targeted, inclusive poverty-alleviation strategies tailored

to regional characteristics.

METHODS

This study adopts a quantitative research design employing panel data regression
to examine the effects of structural determinants on the poverty rate in Nusa Tenggara
Barat Province. The structural variables considered include the minimum wage, the
open unemployment rate, income distribution inequality proxied by the Gini ratio, and

educational attainment proxied by mean years of schooling. A panel data framework was
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selected because it simultaneously captures cross-sectional variation across regencies or
municipalities and temporal variation over time. Compared to purely cross-sectional or
time-series approaches, panel data models generate more efficient and consistent parameter
estimates (Anser et al., 2020; Baltagi, 2021). Furthermore, panel estimation techniques
allow for controlling for unobserved regional heterogeneity that may influence poverty

levels but cannot be directly observed or measured.

The sample comprises all 10 regencies or municipalities in Nusa Tenggara Barat
Province over the period 2018-2024, yielding a balanced panel of 70 observations (10
cross-sectional units x 7 years). The selection of the 2018-2024 period is based on three
considerations. First, the period ensures data availability and consistency at the regency
or municipal level, as standardized statistics were regularly published during these years.
Second, the timeframe captures significant structural dynamics, including pre-pandemic
conditions, economic contraction during the COVID-19 pandemic (2020-2021), and
the subsequent recovery phase (2022-2024). Incorporating this period enables the model
to account for structural shocks and post-shock adjustments in poverty dynamics. Third,
the use of recent data enhances the policy relevance of the findings, particularly in the

context of regional development planning under fiscal decentralization.

The study relies on secondary data obtained from official and authoritative sources.
The primary data source is Statistics Indonesia (BPS), including publications on Poverty
Statistics, People’s Welfare Indicators, the National Labor Force Survey, Education
Indicators, and Income Distribution Statistics. Supplementary data were collected from
the official database of the Provincial Government of Nusa Tenggara Barat. All datasets
were verified, harmonized in terms of measurement units, and aligned across time to
preserve the balanced panel structure. Data collection followed a systematic documentation
procedure involving downloading, compiling, and processing quantitative information
from official publications and databases (Taherdoost, 2022).

Table 3. Operational Definitions and Measurement of Variables

Variable Operational Definition Unit Source
Poverty Rate Percentage of the population with average per Percent Statistics
capita monthly expenditure below the poverty Indonesia
line
Minimum Wage Statutory monthly minimum wage is established Thousand Statistics
as the lowest permissible wage for workers in rupiah Indonesia
each regency or municipality
Open Unemployment  The percentage of the labor force that is Percent Statistics
Rate unemployed Indonesia
Gini Ratio Indicator of income distribution inequality Index (0-1) Statistics
Indonesia
Mean Years of Average number of years of formal education Years Statistics
Schooling completed by the population Indonesia

The dependent variable is the poverty rate, defined as the percentage of the
population whose average per capita monthly expenditure falls below the official poverty
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line in each regency or municipality. The independent variables are defined as follows:
(1) the regency or municipal minimum wage, measured in thousand rupiah per month;
(2) the open unemployment rate, measured as the percentage of the labor force that
is unemployed; (3) the Gini ratio, representing income distribution inequality; and (4)
mean years of schooling, measured in years as an indicator of educational attainment.
To mitigate potential heteroskedasticity and facilitate elasticity-based interpretation of

the coeflicients, the poverty rate variable was transformed to its natural logarithm.

The empirical specification was estimated using three panel data approaches:
Pooled Ordinary Least Squares (Pooled OLS), the Fixed Effects Model (FEM), and the
Random Effects Model (REM). Model selection proceeded sequentially. First, the Chow
test was employed to compare Pooled OLS and FEM. Rejection of the null hypothesis
of homogeneous intercepts indicated the preference for FEM. Second, the Hausman test
was conducted to determine the most appropriate specification between FEM and REM.
The null hypothesis of the Hausman test states that the REM estimator is consistent
and efficient. Rejection of this hypothesis implies that FEM provides more consistent
estimates. This selection procedure ensures that the chosen model appropriately accounts
for unobserved regional heterogeneity (Baltagi, 2021). The general regression model is

specified as follows:
In(POV) = a + B,WAGE_+ B,0UR_+ B,GR_+ B,MYS_ + ¢ (1)

Where In(POV), denotes the natural logarithm of the poverty rate in regency or
municipality i at time t; WAGE, represents the minimum wage; OUR denotes the open
unemployment rate; GR_refers to the Gini ratio; MYS, indicates mean years of schooling;

« is the intercept; B,-B, are slope coefficients; and € is the error term.

Table 4. Multicollinearity Test Results (Correlation Matrix)

Variable WAGE OUR GR MYS
WAGE 1.000 -0.095 0.145 0.188
OUR -0.095 1.000 0.334 -0.339
GR 0.145 0.334 1.000 -0.076
MYS 0.188 -0.339 -0.076 1.000

Notes: All pairwise correlation coefficients are below the conventional threshold of 0.80, indicating no serious
multicollinearity.

Source: Processed using EViews 13 (2026).

Following model selection, diagnostic tests were performed to ensure the
robustness of the estimations. Multicollinearity was assessed using the Variance Inflation
Factor (VIF), while heteroskedasticity was tested using the Glejser procedure. When
heteroskedasticity was detected, robust standard errors were applied to ensure consistent

statistical inference.
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Table 5. Heteroskedasticity Test Results (Glejser Test)

Variable Probability
WAGE 0.256
OUR 0.823
GR 0.211
MYS 0.867

Notes: All probability values exceed 0.05, indicating that the model does not exhibit heteroskedasticity.
Source: Processed using EViews 13 (2026).

Hypothesis testing involved the F-test to evaluate the joint significance of all
explanatory variables and the t-test to assess the partial effects of individual variables at
the 1%, 5%, and 10% significance levels. The coefficient of determination (R?) was used
to assess the model’s ability to capture variation in poverty across regions and over time.

All statistical analyses were conducted using EViews 13.

RESULTS AND DISCUSSION

This study employs panel data regression analysis using three alternative
specifications—the Pooled Ordinary Least Squares (Pooled OLS), Fixed Effects Model
(FEM), and Random Effects Model (REM)—to examine the effects of minimum wage,
open unemployment rate, income distribution inequality, and education level on poverty.
The estimation results indicate that the minimum wage and income distribution inequality
are statistically significant determinants of poverty. In contrast, the open unemployment

rate and average years of schooling do not exhibit statistically significant effects, as shown

in Table 7 under the selected Fixed Effects Model.

Table 6. Model Selection Test Results

Test Test Statistic Probability Decision
Chow Test (Pooled OLS vs. FEM) 370.865 0.000*** FEM selected
Hausman Test (FEM vs. REM) 10.758 0.029** FEM selected

Notes: *** p < 0.01; ** p < 0.05; * p < 0.10.
Source: Processed using EViews 13 (2026).

Model selection was conducted through a series of specification tests. The Chow
test yielded a probability value of 0.000, leading to the rejection of the Pooled OLS in
favor of the FEM. Furthermore, the Hausman test yielded a p-value of 0.029, indicating
that the FEM is more appropriate than the REM. These findings confirm the presence
of unobserved regional heterogeneity correlated with the explanatory variables, thereby

justifying the use of a fixed effects specification (see Table 6).

Prior to interpreting the regression coefficients, classical diagnostic tests were
performed. The multicollinearity test reported in Table 4 shows that all pairwise correlation
coefficients among the independent variables are below 0.80, suggesting the absence of
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serious multicollinearity. In addition, the Glejser heteroskedasticity test in Table 5 indicates
that all p-values exceed 0.05, suggesting no evidence of heteroskedasticity. Accordingly,
the estimated model satisfies the underlying regression assumptions and is suitable for

statistical inference.

Table 7. Panel Data Estimation Results

Dependent Variable: In(POV)

Variable Coefficient

Pooled OLS FEM REM
WAGE -4.036* -2.406*** -2.436***
OUR -1.653*** 0.100 0.079
GR -34.867*** 5.571** 5.299**
MYS -3.256 9.666 9.536
Constant 43.279 10.083 10.399

Model Summary Statistics

R? 0.372 0.989 0.454
Adjusted R? 0.333 0.987 0.420
F-statistic 9.623 411.342 13.503
Prob (F-statistic) 0.000 0.000 0.000

Notes: *** p < 0.01; ** p < 0.05; * p < 0.10.
Source: Processed using EViews 13 (2026).

Individually, the minimum wage has a negative effect on poverty. This result indicates
that increases in the minimum wage are associated with reductions in poverty levels.
Within the wage-led growth framework, higher minimum wages enhance the real income
of low-wage workers, strengthen purchasing power, and stimulate aggregate demand. This
finding is consistent with a broader body of empirical literature. Duncan (2021), Wang
et al. (2023), and Démurger et al. (2026) demonstrate that minimum wage policies
contribute to poverty reduction, particularly in regions with a relatively high share of
formal-sector employment. Similarly, Lv et al. (2023) and Arranz and Garcia-Serrano
(2025) argue that minimum wage increases can improve welfare among low-income
workers when labor market distortions are limited. However, some studies, such as
Chenarides et al. (2025), highlight potential adverse employment effects, suggesting that
the net impact depends on labor market conditions and enforcement capacity. From the
perspective of efficiency wage theory, higher wages may also improve productivity and
job stability, thereby reinforcing poverty-reducing effects. In segmented labor markets
characteristic of many developing economies, minimum wage policy serves as a regional

redistributive instrument.

In contrast, income inequality has a positive effect on poverty. This finding reinforces
the inequality—poverty nexus, indicating that higher levels of inequality diminish the
poverty-reducing impact of economic growth. Elevated inequality constrains low-income

groups  access to economic opportunities, productive assets, and social services, thereby
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increasing vulnerability. This result is consistent with Wan et al. (2021), Adeleye et
al. (2020), and Delgado et al. (2025), who report that rising inequality significantly
exacerbates poverty. In addition, Adeleye et al. (2020) and Breunig and Majeed (2020)
emphasize that high inequality reduces the elasticity of poverty with respect to growth,
meaning that economic expansion becomes less effective in alleviating poverty. The relative
deprivation perspective further suggests that structural inequality limits social mobility
and undermines the inclusiveness of economic growth. These findings collectively confirm
that, without equitable distribution mechanisms, growth alone is insufficient to achieve

meaningful poverty reduction.

The open unemployment rate does not exert a statistically significant effect on
poverty. This outcome implies that the relationship between unemployment and poverty
at the regional level is not necessarily direct. In many developing economies, a substantial
share of the labor force is absorbed into the informal sector, which provides alternative—
albeit low-productivity—sources of income. Consequently, poverty appears to be more
closely associated with income quality and stability rather than open unemployment
status per se. This finding aligns with studies such as Benavides et al. (2022) and Misra
et al. (2024), which emphasize the dominant role of informal employment in shaping
livelihood strategies in developing countries. Although this result differs from Ngubane
et al. (2023) and Zaman et al. (2023), who document a significant positive relationship
between unemployment and poverty, it supports the argument that conventional
employment indicators may not adequately capture household economic vulnerability
in economies dominated by informal employment. Therefore, underemployment and
vulnerable employment may constitute more appropriate indicators for explaining poverty

dynamics.

Similarly, education level, proxied by average years of schooling, does not
have a statistically significant effect on poverty. While human capital theory posits
that education enhances productivity and income potential, empirical results suggest
that improvements in formal education do not automatically translate into poverty
reduction in the absence of sufficient labor-market absorption. This finding contrasts
with Apergis et al. (2022) and Spada et al. (2024), but is supported by Yassine and
Bakass (2022), who argue that education expansion without corresponding job creation
may lead to “educated unemployment.” Furthermore, Goczek et al. (2021) highlight
that the quality of education, rather than years of schooling alone, plays a crucial role
in determining economic outcomes. Structural constraints such as skill mismatches,
limited industrial diversification, and weak demand for skilled labor further hinder
the effective transmission of educational attainment into higher income and sustained

poverty alleviation.

Overall, the findings underscore that structural and distributive factors—
particularly wage policy and income inequality—play a more decisive role in shaping
poverty dynamics than labor quantity indicators or formal educational attainment. This
conclusion is consistent with the broader development literature, including Alekhina and

Ganelli (2023) and Saher et al. (2024), which emphasizes the importance of inclusive
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growth and equitable distribution. The policy implications highlight the need to
strengthen minimum-wage enforcement, promote more equitable income distribution,
and advance an economic transformation capable of generating productive and decent
employment. In addition, complementary policies—such as improving education
quality, expanding social protection, and formalizing the informal sector—are crucial
to maximizing the effectiveness of poverty reduction strategies. Such an integrated and
multidimensional approach is essential for achieving sustainable poverty reduction at

the regional level.

CONCLUSION

This study examines the effects of key structural determinants—namely the minimum
wage, open unemployment rate, income inequality, and educational attainment—on
regional poverty in West Nusa Tenggara over the 2018-2024 period. The empirical results
from the Fixed Effects model indicate that the minimum wage and income inequality
are the primary determinants of poverty. The minimum wage exerts a negative effect
on poverty, suggesting that higher wage standards contribute to poverty reduction by
improving income levels and purchasing power. In contrast, income inequality has a
positive effect, indicating that a more unequal income distribution exacerbates poverty.
Meanwhile, the open unemployment rate and average years of schooling do not exhibit
statistically significant effects, suggesting that poverty is more strongly shaped by income

structure than by labor market participation or educational attainment alone.

Based on these findings, several policy recommendations are proposed. The government
should strengthen minimum wage policies through consistent enforcement and effective
monitoring, particularly in sectors dominated by vulnerable workers, to ensure adequate
income protection. In addition, efforts to reduce income inequality should be intensified
through the expansion of targeted social protection programs, the implementation of
progressive fiscal policies, and support for micro and small enterprises to enhance income
distribution. Furthermore, development policies should prioritize the creation of productive
and inclusive employment opportunities aligned with regional economic potential, thereby

enabling more equitable economic growth and more effective poverty alleviation.
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ABSTRACT

Research Originality: This study examines the joint effects of
digital financial instruments and financial inclusion indicators
on regional economic performance during the post-pandemic
period of accelerated digital transformation.

Research Objectives: The study aims to analyze the impact of
electronic money transactions, third-party funds of Rural Banks
(BPR), credit card transactions, and household internet access
on Gross Regional Domestic Product (GRDP) per capita.

Research Methods: Using panel data from 38 provinces over the
2020-2024 period, this study employs panel regression analysis.
Based on the Chow and Hausman tests, the Fixed Effects Model
(FEM) is selected as the most appropriate estimator.

Empirical Results: The findings indicate that electronic
money transactions, credit card transactions, and household
internet access have a positive effect on GRDP per capita. In
contrast, third-party funds of Rural Banks do not demonstrate
a significant relationship with regional economic performance.
Implications: The results underscore the importance of
strengthening digital financial ecosystems and expanding
digital infrastructure to foster inclusive and sustainable regional
economic growth in emerging economies.
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INTRODUCTION

Digital transformation in the financial sector has emerged as a major driver of
structural change in modern economies, including those of developing countries (Barroso
& Laborda, 2022; Dakwal et al., 2024). The rapid expansion of financial technology
(fintech), electronic payment systems, and internet-based financial services has fundamentally
reshaped patterns of access to and utilization of financial services by households and
firms (Bollaert et al., 2021; Nugraha et al., 2022). From a development economics
perspective, digital financial transformation not only reflects technological advancement
but also functions as a structural mechanism that deepens financial intermediation, reduces

transaction costs, and promotes more inclusive economic growth.

In Indonesia, the acceleration of digital payment systems has been actively promoted
by both the monetary authority and the government. Bank Indonesia has designated
electronic money, the Quick Response Code Indonesian Standard (QRIS), and various
non-cash payment instruments as central pillars of the national digital economic
architecture (Muchtar et al., 2024). The digitalization of payment systems aims to integrate
formal and informal economic actors, expand financial inclusion, and reduce interregional
disparities—particularly in provinces with limited access to conventional banking services
(Widarwati et al., 2022). The post—COVID-19 pandemic period further accelerated this
transformation, as mobility restrictions stimulated the widespread adoption of digital

transactions across sectors.

The development economics literature consistently demonstrates that inclusive
financial systems play a critical role in promoting economic growth and reducing
inequality (Omar & Inaba, 2020; Menyelim et al., 2021). Access to financial services
enables households and firms to manage risk, accumulate capital, and expand productive
activities (Hasan et al., 2021). However, empirical evidence on the growth effects of
financial inclusion remains inconclusive. Some studies report that fintech integration and
enhanced financial inclusion positively contribute to economic growth and financial system
stability (Rossi & Scalise, 2022; Azmeh & Al-Raeei, 2024; Sant’ Anna & Figueiredo, 2024).
Others argue that the magnitude and direction of these effects depend on institutional
quality, financial system depth, and socio-economic readiness (Liu et al., 2021; Xi &
Wang, 2023; Yakubi et al., 2022; Chinoda & Kapingura, 2024; Meniago, 2025). These
divergent findings suggest that the economic impact of financial digitalization is neither

automatic nor uniform across regions.

Alongside advances in digital technology, the determinants of financial inclusion are
no longer confined to the presence of formal financial institutions; they also encompass
digital infrastructure and digital financial literacy (Kass-Hanna et al., 2022; Choung et
al., 2023). Indonesia exhibits substantial interprovincial heterogeneity in infrastructure
quality, internet penetration, and financial intermediation capacity. This heterogeneity
implies that the economic effects of digital transformation are likely to be asymmetric
across provinces. Therefore, a macro-regional analytical framework is required to integrate

multiple dimensions of the digital financial ecosystem within a unified empirical model.
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Figure 1 illustrates that economic growth moved in parallel with increases in electronic
money transactions and household internet access during the post-pandemic period. The
rising intensity of digital transactions coincided with economic recovery and improved
performance across provinces. This co-movement suggests a potential structural linkage
between digital economic development and regional economic performance. However, the
observed relationship remains descriptive. The causal associations among electronic money
transactions, financial intermediation indicators, digital access, and regional economic
output have not yet been comprehensively examined within an interprovincial panel data

framework in Indonesia.

Figure 1. Trends in Digital Economy Indicators and Indonesia’s Economic Performance, 2020-2024
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Source: Badan Pusat Statistik and Bank Indonesia; authors’ calculations (2026).

Empirical studies in Indonesia generally conclude that fintech and digital payment
systems enhance financial inclusion and transaction efhiciency (Nugraha et al.,, 2022;
Setiawan et al., 2021; Muchtar et al., 2024). However, most of these studies adopt
micro-level or sectoral perspectives, focusing separately on household behavior, MSMEs,
or financial institution performance. At the global level, Tay et al. (2022) observe that
research on digital finance remains dominated by micro-level and cross-country analyses,

with limited subnational investigation within a single developing country context.

Moreover, prior research tends to examine components of digital finance in
isolation—such as financial literacy, fintech adoption, electronic money, or non-cash
payments—without integrating these instruments into a unified empirical framework. In
contrast, a combined analysis of digital payment intensity (electronic money and credit
cards), financial intermediation depth (measured by third-party funds of regional financial
institutions), and digital access (proxied by household internet access) more accurately
reflects the structural complexity of the digital financial ecosystem. Such an integrated
perspective is essential because multidimensional interactions among these components

may generate heterogeneous economic effects acCross I'CgiOIlS.

Rather than merely addressing the lack of regional-level evidence, this study departs

conceptually from prior literature by positioning digital financial transformation as a
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systemic regional growth driver, rather than solely as a financial inclusion instrument. By
simultaneously modeling the digitalization of payments, banking intermediation capacity,
and digital access within a unified provincial panel framework, this research captures the
structural complementarity among digital infrastructure, financial depth, and transactional
intensity. This specification enables an assessment of whether digital finance functions
as an independent growth catalyst or as a reinforcing mechanism that amplifies existing

regional economic capacity.

Based on this framework, the study analyzes the role of digital financial instruments
and financial inclusion indicators in explaining regional economic performance across 38
provinces in Indonesia during the 2020-2024 period. Specifically, it examines the effects
of electronic money transactions, third-party funds of regional financial institutions, credit
card usage, and household internet access on Gross Regional Domestic Product (GRDP)
per capita.

The novelty of this research lies not only in its empirical aspects but also in its
structural and contextual dimensions. Structurally, it develops an integrated macro-regional
model that treats digital payment systems, financial intermediation, and digital access as
interrelated components of a unified digital financial ecosystem. Contextually, it exploits
the 2020-2024 post-pandemic acceleration phase as a quasi-natural period of digital shock
and structural adjustment, thereby capturing transformation dynamics rather than steady-
state relationships. Methodologically, the use of a balanced interprovincial panel covering
all 38 provinces allows for the identification of heterogeneous regional effects within a
single national institutional setting. This design minimizes cross-country institutional bias

while preserving meaningful regional variation.

Accordingly, this study advances the development economics literature by providing
a meso-level empirical bridge between micro-level digital finance research and cross-
country growth analyses. It offers evidence on how digital financial transformation reshapes
regional growth structures within a large developing economy and generates policy-relevant
insights for designing territorially differentiated digital financial strategies that support

inclusive and sustainable economic development in Indonesia.

METHODS

This study employs an explanatory quantitative design to examine the causal
relationships among digital financial instruments, financial inclusion indicators, and
regional economic performance in Indonesia. This approach is appropriate because it
aims to test theoretically grounded hypotheses and explain causal linkages among variables
based on established theoretical frameworks and prior empirical evidence (Taherdoost,
2022). Through this design, the study not only describes observable phenomena but also
statistically evaluates the influence of independent variables on the dependent variable.

The study utilizes secondary panel data that combine cross-sectional and time-series
dimensions. The unit of analysis consists of 38 provinces in Indonesia, observed over

the period 2020-2024, yielding a balanced panel of 190 observations (38 provinces over
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five years). Panel data are employed because they increase the number of observations
and degrees of freedom, mitigate potential multicollinearity, and control for unobserved
heterogeneity across provinces (Ocharive & Iworiso, 2024) The selected time frame
captures the phase of accelerated digital financial transformation following the COVID-19

pandemic.

The data were obtained from official publications of the Central Statistics Agency
(Badan Pusat Statistik), Bank Indonesia, and the Financial Services Authority (Otoritas Jasa
Keuangan). Data collection was conducted through documentary analysis by compiling
consistently and systematically published annual provincial-level statistics (Sardana et al.,
2023). The use of official institutional sources enhances data validity, reliability, and

cross-regional comparability.

The dependent variable is Gross Regional Domestic Product (GRDP) per capita
at current prices, which serves as a proxy for regional economic performance. GRDP
per capita reflects the average income level of a region's population and its productive
capacity. The independent variables include: (1) the value of electronic money transactions
as an indicator of digital payment intensity; (2) third-party funds of conventional Rural
Banks (BPR) as a measure of local financial intermediation; (3) the value of credit card
transactions as a proxy for formal consumer credit activity; and (4) the percentage of

households with internet access as an indicator of digital infrastructure readiness.

Table 1. Operational Definitions and Measurement of Research Variables

Variable Operational Definition Unit Data Source
GRDP per Capita The total value of final goods and services Million rupiah BPS
produced in a province in one year, divided by per capita
the total population at current prices
Electronic Money Total annual value of electronic money Billion rupiah Bank
Transactions transactions at the provincial level Indonesia
Third-Party Funds of Total public funds collected by conventional Billion rupiah OJK
Rural Banks (BPR) Rural Banks in a province
Credit Card Total annual value of credit card transactions at Million rupiah Bank
Transactions the provincial level Indonesia
Households with Percentage of households that accessed the Percent BPS
Internet Access internet within the last three months

The econometric specification is formulated as follows:

GRDP, = a + B,EM, + B,BPR, + B,CC, + B,INT, + ¢ (1)

Where GRDP, denotes GRDP per capita of province i in year t; EM, represents the
value of electronic money transactions; BPR denotes third-party funds of conventional
Rural Banks; CC, represents the value of credit card transactions; INTit denotes the
percentage of households with internet access; a is the intercept term; B -, are the

regression coefficients; and € is the error term.

Panel data regression is estimated using three alternative specifications: the Common

Effects Model (CEM), the Fixed Effects Model (FEM), and the Random Effects Model
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(REM) (Baltagi, 2021). Model selection is conducted sequentially. The Chow test is
used to compare the CEM and FEM, while the Hausman test is used to determine
which model is most appropriate between the FEM and REM. The selected specification
forms the basis for subsequent inferential analysis. Hypothesis testing is conducted using
the F-test to assess the joint significance of all independent variables on GRDP per
capita and the t-test to evaluate the partial effect of each independent variable. Statistical
significance is assessed at the 1%, 5%, and 10% levels. The coeflicient of determination
(R?) is used to evaluate the model's explanatory power in accounting for variations in

regional economic performance.

Table 2. Multicollinearity Test Results

Variance Inflation Factor (VIF) Analysis

Variable VIF
Electronic Money (EM) 3.59
Rural Bank Third-Party Funds (TPF) 3.50
Credit Cards (CC) 1.22
Internet Access (INT) 1.17
Mean VIF 2.37

Note: The VIF values for all explanatory variables are below the conventional threshold of 10, indicating that
multicollinearity does not pose a serious concern in the estimated model.

Source: Authors’ calculations based on data from Statistics Indonesia (Badan Pusat Statistik), Otoritas Jasa Keuangan,
and Bank Indonesia, processed using Stata 17 (2026).

To ensure the validity of the estimators, classical diagnostic tests are performed,
including a multicollinearity test using the Variance Inflation Factor (VIF) and a
heteroskedasticity test using the Glejser procedure. If heteroskedasticity is detected, the
model is re-estimated using robust standard errors to obtain consistent and efficient

parameter estimates. All statistical analyses are conducted using Stata version 17.

Table 3. Heteroskedasticity Test Results

Heteroskedasticity Test
Test Statistic p-Value Conclusion
Glejser Test 2.54 0.111 No heteroskedasticity detected

Note: The Glejser test produces a p-value of 0.111, which exceeds the 5% significance level. Accordingly, the null
hypothesis of homoskedasticity cannot be rejected, indicating that the regression model is not heteroskedastic.

Source: Authors’ calculations based on data obtained from Statistics Indonesia (Badan Pusat Statistik), Otoritas Jasa
Keuangan, and Bank Indonesia, processed using Stata 17 (2026).

RESULTS AND DISCUSSION

The estimation results indicate that digital finance-related variables—namely,
electronic money transactions, credit card usage, and the percentage of households with
internet access—positively affect GDP per capita in Indonesia. In contrast, third-party
funds of conventional Rural Banks (BPR) do not exhibit a statistically significant impact.
Based on the Chow test (p-value = 0.000) and the Hausman test (p-value = 0.000),
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the Fixed Effects Model (FEM) was selected as the most appropriate specification (see
Table 4). These results confirm the presence of time-invariant unobserved provincial
heterogeneity that is correlated with the explanatory variables. Accordingly, structural
characteristics, institutional capacity, and socio-economic conditions across provinces
contribute systematically to variations in regional economic performance. The classical
assumption tests presented in Tables 2 and 3 indicate that the model satisfies the standard
econometric adequacy criteria. No serious multicollinearity is detected, as reflected by an

average VIF of 2.37, and there is no evidence of heteroskedasticity (p-value = 0.111).

Individually, electronic money transactions have a positive effect on GDP per
capita. An increase in digital payment intensity is associated with higher regional income
levels. This finding suggests that digital payment systems enhance transaction efficiency,
reduce transaction costs, and accelerate the velocity of money, thereby stimulating
aggregate economic activity. Beyond efliciency gains, digital payments reduce information
asymmetries and expand financial inclusion—particularly among previously unbanked
populations—thereby enlarging the effective market size and stimulating productivity-
enhancing investments. From an endogenous growth perspective, improvements in
payment technology generate spillover effects by facilitating the diffusion of innovation

and strengthening market integration across regions.

Table 4. Fixed Effects Model Estimation Results

Dependent Variable: Gross Regional Domestic Product (GRDP) per Capita

Variable Coefficient t-Statistic p-Value
Electronic Money (EM) 2,852.449 6.44 0.000***
Rural Bank Third-Party Funds (BPR) 228.040 0.93 0.353
Credit Cards (CC) 337,688.100 3.95 0.000***
Internet Access (INT) 2,320.131 3.37 0.001***
Constant 111,906.400 1.73 0.085

Model Diagnostics
Statistic Value
Adjusted R-squared 0.867
F-statistic 42.79
Prob > F 0.000
Number of Observations 190
Model Selection Tests
Test Probability Decision

Chow Test 0.000*** FEM
Hausman Test 0.000*** FEM

Notes: *** p < 0.01; ** p < 0.05; * p < 0.10.

Source: Authors’ calculations based on data obtained from Statistics Indonesia (Badan Pusat Statistik), the Financial
Services Authority (Otoritas Jasa Keuangan), and Bank Indonesia, processed using Stata 17 (2026).

This result is consistent with Wasiaturrahma and Kurniasari (2021), who argue

that the development of digital finance strengthens regional economic growth through
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improved financial access and transaction efhiciency. Chen and Xiao (2025) further
demonstrate that digital payment ecosystems integrate formal and informal sectors, thereby
expanding the production base and income-generating capacity. Additional evidence from
Koomson et al. (2020) and Djahini-Afawoubo et al. (2023) indicates that mobile money
adoption significantly increases household income and facilitates poverty reduction through
enhanced risk-sharing mechanisms. Oanh and Dinh (2024) also find that digital finance
deepens financial systems and enhances economic stability in emerging economies, while
Verma et al. (2023) document that ICT-driven financial development stimulates long-
term economic growth in developing countries. In light of these studies, the present
study provides further empirical evidence that digital transaction instruments function not
merely as substitutes for conventional payment methods but also as catalysts of regional

structural transformation, particularly in provinces with expanding digital ecosystems.

Credit card use likewise exhibits a positive effect on GDP per capita. Credit-based
non-cash instruments help sustain aggregate demand and support economic circulation,
particularly in more urbanized provinces. From a development economics perspective, credit
cards facilitate consumption smoothing and short-term liquidity management, thereby
enhancing regional demand stability. In Keynesian terms, expanded access to consumer credit
increases the marginal propensity to consume, amplifying the short-run multiplier effect on
output. Moreover, higher credit card penetration may signal greater financial sophistication

and institutional maturity, thereby indirectly supporting private-sector expansion.

These findings are consistent with Kredina et al. (2022), who report a positive
relationship between non-cash transactions and regional economic growth through the
consumption channel. Luo and Zhu (2025) similarly find that credit card expansion
increases economic output, particularly in regions with higher levels of financial literacy.
Eichengreen et al. (2024) further argue that deeper consumer credit markets support
aggregate demand and accelerate economic recovery in emerging markets. Meanwhile, Yang
and Zhang (2020) demonstrate that broader financial access enhances economic growth by
relaxing liquidity constraints faced by households and firms. However, in contrast to digital
payment instruments—which promote long-term structural efficiency—credit cards appear
to function primarily as demand stabilizers rather than as agents of production-structure
transformation. This distinction reinforces the argument that not all forms of financial
deepening exert identical growth effects; their developmental impact depends on whether
they expand productive capacity or predominantly stimulate short-term consumption.

Household internet access positively affects GDP per capita, underscoring the
critical role of digital infrastructure in boosting regional economic performance. Internet
penetration strengthens connectivity, broadens access to digital financial services, and
encourages participation in e-commerce and platform-based economic activities (De
Clercq et al., 2023; Okolo et al., 2025). More importantly, digital infrastructure reduces
geographic barriers, facilitates knowledge diffusion, and improves labor market matching
efficiency, thereby increasing total factor productivity at the regional level. From the
perspective of new economic geography, enhanced digital connectivity mitigates spatial

inequality by integrating peripheral regions into broader economic networks.
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Zhang et al. (2021) show that digital infrastructure significantly improves regional
economic performance. Further Trinugroho et al. (2022) document that internet
penetration in Indonesia accelerates digital financial adoption and promotes economic
growth, particularly in more urbanized provinces. Supporting this view, Briglauer et al.
(2025) find that broadband infrastructure significantly increases GDP growth across
OECD countries, while Verma et al. (2023) demonstrate that ICT expansion exerts a
measurable positive impact on economic growth in developing economies. Compared
with these studies, the present study strengthens the argument by empirically integrating
digital finance and digital infrastructure variables within a unified panel data framework,
thereby highlighting their complementary and mutually reinforcing roles in explaining

regional income disparities.

Conversely, third-party funds of conventional Rural Banks (BPR) do not exert a
statistically significant effect on GDP per capita. Although the estimated coeflicient is
positive, it lacks sufficient explanatory power at the macro-regional level. This finding
suggests that increased fund mobilization by local microfinance institutions has not been
fully translated into higher aggregate output. A deeper interpretation suggests that financial
intermediation at the micro level may remain concentrated in low-productivity sectors,
with limited spillover effects on industrial upgrading or technological innovation. In
addition, the relatively small asset base of BPRs may constrain their capacity to finance

scalable, productivity-enhancing investments.

This result aligns with Konstantakopoulou (2023), who argues that the growth
impact of local financial intermediation depends critically on the quality of credit
allocation and its linkages to productive sectors. Sirag et al. (2025) similarly contend
that finance—growth relationships are nonlinear and conditional on the stage of financial
development. However, this finding contrasts with Putra et al. (2026), who identify a
positive contribution of BPR funds to regional growth in areas characterized by strong
MSME ecosystems and supportive local policies. Asante et al. (2023) further emphasize
that small financial institutions can stimulate growth when institutional quality and
regulatory frameworks are robust. These differences suggest that the effectiveness of
microfinance institutions depends on regional structural conditions, institutional capacity,

and the degree of integration with digital financial systems.

Overall, the empirical evidence indicates that digital financial instruments
and digital infrastructure exert a more consistent and robust influence on regional
economic performance than conventional financial intermediation. The strengthened
analysis demonstrates that technology-based financial deepening contributes not only
through demand stimulation but also through structural efliciency gains, productivity
enhancement, and market integration. Digitalization, therefore, emerges as a central
driver of regional economic transformation in Indonesia during the period under study.
These findings reinforce and extend the growing empirical consensus that digital finance
and digital connectivity constitute key determinants of regional growth dynamics.
Accordingly, regional development strategies should prioritize strengthening the digital
ecosystem, enhancing digital financial literacy, improving institutional quality, and
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integrating conventional financial institutions into technology-based economic networks

to foster inclusive and sustainable regional growth.

CONCLUSION

This study examines the contribution of digital financial instruments and financial
inclusion to regional economic performance in Indonesia at the provincial level during
the post-pandemic phase of digital acceleration. Using panel data estimated through a
Fixed Effects Model (FEM), the research objectives have been systematically addressed.
The results indicate that digital financial variables—namely, electronic money transactions,
credit card usage, and the proportion of households with internet access—positively affect
Gross Regional Domestic Product (GRDP) per capita. These findings confirm that the
deepening of digital finance and the expansion of digital infrastructure make a substantive
contribution to strengthening regional economic performance. In contrast, third-party
funds mobilized by Rural Banks (BPR) do not exhibit a significant effect on GRDP per
capita. This finding suggests that conventional financial intermediation at the regional
level has not yet translated into broader productivity gains, particularly in an increasingly
digitalized economy. Accordingly, the effectiveness of financial inclusion appears to be
enhanced when embedded within a robust digital financial ecosystem rather than when

reliant solely on traditional banking mechanisms.

From a policy perspective, these findings underscore the importance of prioritizing the
development of a comprehensive digital financial ecosystem within regional development
strategies. The government should accelerate the equitable expansion of digital infrastructure,
particularly in provinces with low internet penetration, to mitigate interregional digital
disparities. The regulatory framework should also promote the integration of local financial
institutions, including Rural Banks, into digital platforms in order to enhance efficiency,
expand service outreach, and strengthen competitiveness. In addition, digital financial
literacy programs should be scaled up to ensure that increased access to digital financial
services translates into productive economic activity rather than remaining confined to
transactional use. Effective coordination among monetary authorities, financial regulators,
and regional governments is essential to foster innovation while safeguarding financial
system stability. Providing targeted incentives for the adoption of digital payment systems
among micro, small, and medium enterprises (MSMEs), alongside integrating digital
finance into local value chains, may further amplify the growth effects identified in this
study.

This study has several limitations. The analysis relies primarily on macro-level
quantitative indicators and therefore does not fully capture qualitative dimensions of
digital finance usage, such as service efliciency, depth of utilization, and user capability.
Moreover, institutional quality and financial literacy were not explicitly incorporated
as moderating variables, although both may influence the magnitude and transmission
of the relationship between digital finance and economic performance. Future research
should incorporate institutional indicators, measures of digital financial literacy, nonlinear

modeling frameworks, and spatial econometric approaches to more comprehensively
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capture interregional spillover effects and structural heterogeneity. Overall, this study
provides empirical evidence that digital financial transformation constitutes a strategic
driver of regional economic growth in Indonesia. Strengthening digital financial
inclusion—supported by adequate infrastructure, institutional integration, and enhanced
literacy—represents a critical prerequisite for fostering inclusive, resilient, and sustainable

regional development.
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ABSTRACT

Research Originality: This research is original in its focus
on the long-run structural determinants of risk-taking in
Indonesian Islamic banking.

Research Objectives: The study aims to analyze how liquidity,
profit-and-loss sharing (PLS), financing growth, financing-to-
deposit ratio (FDR), economic growth, and inflation influence
risk-taking behavior in Islamic banks.

Research Methods: This study employs ARDL and Error
Correction Model (ECM) techniques. The study investigates
quarterly data from 2015 to 2024 to assess short-run and
long-run relationships. The ECM framework provides insights
into the adjustment mechanism toward equilibrium.

Empirical Results: In the short run, liquidity, PLS, and financing
growth significantly affect risk-taking. In the long run, liquidity
has a significant negative effect, whereas PLS and Z-score exhibit
a positive effect. Other variables are not statistically significant.
The ECM confirms a strong adjustment mechanism, indicating
that approximately 33.5% of short-run deviations are corrected
toward long-run equilibrium each quarter.

Implications: Policymakers and practitioners should design
risk management strategies that differentiate between short-
run operational adjustments and long-run macroeconomic
anticipation.
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INTRODUCTION

Islamic banking has grown rapidly worldwide, supported by asset accumulation and
increasing customer demand, positioning it as a strategic player in the financial industry
(Aslam & Haron, 2021; Banna & Alam, 2021). In Indonesia, the sector contributes
significantly to financial inclusion and economic recovery (Fauzi et al., 2023). Financing
growth, particularly through profit-loss sharing (PLS) contracts, strengthens the role of
Islamic banks, though high financing-to-deposit ratios (FDRs) pose challenges in managing
non-performing financing (Widarjono, 2020). To further explain these structures, the

theoretical foundations justify the selection of variables and frame the empirical analysis.

Theoretical foundations also guide the selection of variables. Systemic Financial
Stability Theory emphasizes liquidity and FDR as indicators of resilience under
macroeconomic shocks (Warjiyo & Juhro, 2022; Zigrand, 2014). Contingency Theory
justifies the inclusion of GDP growth and inflation, as organizational strategies must adapt
to external conditions (Sajko et al., 2021). Risk-Based Decision Making and Prospect
Theory explain behavioral tendencies under uncertainty, supporting the use of Z-Score as
a dependent variable and highlighting the role of PLS contracts in shaping managerial
choices (Hu & Wang, 2023; Louhichi et al., 2022). Islamic Financial Resilience Theory
further reinforces the normative foundation for including Sharia-compliant variables, such
as PLS and FDR, by emphasizing risk-sharing and the prohibition of interest as distinctive
resilience mechanisms (Mutamimah & Saputri, 2023).

Empirical findings remain diverse. Liquidity has been associated with increased
exposure in some contexts (Abbas & Ali, 2022), while other studies suggest it reduces
vulnerability by strengthening buffers (Smaoui et al., 2020). PLS contracts also demonstrate
varying effects: musharakah tends to stabilize risk, whereas mudharabah may amplify it
depending on governance quality (Danlami et al., 2022; Widarjono & Mardhiyah, 2022).
Inflation likewise produces contrasting impacts; Indonesian banks often increase risk-taking
under inflationary pressure, while banks in MENA countries adopt more cautious strategies
(Danlami et al., 2022; Moudud-Ul-Hugq et al., 2023). Governance quality further shapes
these outcomes, with stronger institutions amplifying stabilizing effects and weaker ones
exacerbating asymmetric information (Ashraf, 2021). Another important consideration is
risk measurement. While many studies rely on Non-Performing Loans (NPL) or Return
on Equity (ROE), these indicators are often criticized for failing to capture systemic
stability. Recent research advocates the use of Z-Score as a more comprehensive measure,
since it reflects insolvency risk and long-term resilience (Hu & Wang, 2023; Louhichi
et al., 2022). By adopting the Z-score, this study contributes methodologically to the
literature, offering a more robust framework for analyzing the structural drivers of risk-

taking in Indonesian Islamic banking.

Prior studies also highlight differences in resilience between Islamic and conventional
banks. Some evidence suggests that Islamic banks are more stable during financial crises
due to their reliance on asset-backed financing and risk-sharing principles (Athari et al.,
2023; Vuong et al., 2024). Other studies, however, indicate that Islamic banks may be
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more vulnerable to macroeconomic shocks because of limited liquidity instruments and
stricter regulatory constraints (Fakhrunnas et al., 2021). Methodological differences further
complicate conclusions: cross-country panel studies often find that Islamic banks are more
resilient, while single-country analyses yield mixed results, depending on macroeconomic
shocks and regulatory frameworks (Rahman et al., 2023). These variations suggest that
risk-taking structures are highly context-dependent and require country-specific analysis.

Numerous studies have examined risk-taking in Islamic banking; most focus on
static relationships, single-period analyses, or cross-country comparisons. Evidence on
Indonesia remains limited, particularly in distinguishing short-run and long-run effects
under unique regulatory and Sharia frameworks. This study addresses these gaps by
applying the Autoregressive Distributed Lag (ARDL) and Error Correction Model (ECM)
approaches to capture structural drivers of risk-taking between internal indicators (liquidity,
PLS, financing growth, FDR) and macroeconomic factors (GDP growth, inflation). The
novelty lies in combining methodological rigor with Sharia-based operational principles,
while adopting Z-Score as a more comprehensive measure of risk-taking. Accordingly,
the purpose of this study is to provide empirical insights into the structural drivers of
risk-taking in Indonesian Islamic banking, thereby contributing to the academic literature

and to policy formulation by highlighting strategies for effective risk management.

METHODS

This study employs a quantitative approach to examine the structural drivers of risk-
taking in Indonesian Islamic banking. The dependent variable is risk-taking, proxied by
the Z-score. In contrast, the independent variables include liquidity, profit-and-loss sharing
(PLS), financing growth, financing-to-deposit ratio (FDR), inflation, and economic growth.
Quarterly data from 2015 to 2024 were selected because 2015 marks the implementation
of key regulatory reforms in Islamic banking, ensuring consistency in reporting standards,
while 2024 provides the most recent post-pandemic observations. Bank-level data were
obtained from the Islamic banking statistics published by the Financial Services Authority
(OJK), complemented by macroeconomic indicators from Bank Indonesia and the Central
Bureau of Statistics (BPS).

The AutoRegressive Distributed Lag (ARDL) model was chosen as the primary
analytical tool because it is suitable for time series data with mixed integration orders
(I(0) and I(1)) and allows simultaneous estimation of short-run and long-run effects
without requiring pre-testing for cointegration (Ahmed & Delin, 2019; Faudzi & Asmara,
2021). Once cointegration is confirmed through bounds testing, the model is re-specified
into an Error Correction Model (ECM) to capture the adjustment mechanism. The
ECM framework identifies how short-term deviations are corrected toward long-term
equilibrium, with the error correction term (ECT) serving as an indicator of adjustment

speed (David et al., 2019).

Robustness was ensured through diagnostic tests for serial correlation, heteroskedasticity,

and normality, while parameter stability was examined using CUSUM and CUSUMSQ
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tests. These procedures confirm that the estimated relationships are statistically reliable and
structurally stable across the sample period. Overall, the ARDL-ECM framework enables
the study to capture both the short- and long-run structural drivers of risk-taking. At the
same time, diagnostic and stability checks strengthen the credibility of the findings for
academic and policy purposes. Table 1 presents the more detailed information about the

operational variables.

Table 1. Operational Variables

No. Variable Definition Symbol Formula References
1 Risk-taking (ZSC) Inverse of stability, Z5C ROA - (EQ/Total Aset) Danlami et al., (2022)
proxied by Z-score oROA Smaoui et al., (2020)
Return on Assets  Profitability ratio ROA Profit before tax /
(ROA) Total assets
Capital Equity ratio CAR Equity / Total assets
Adequacy Ratio
(CAR)
Standard Risk volatility o > (x_i - mean)”2}{n}
deviation of ROA
ROA
2 Liquidity Ratio of short- LIK Short-term liabilities  Jedidia & Salah, (2022)
term obligations / Short-term deposits Smaoui et al., (2020)
coverage
3 Profit-Loss Ratio of PLS PLS (Mudharabah + Bilgin et al., (2021)
Sharing (PLS) financing Musharakah) / Total Danlami et al., (2022)
financing
4 Financing % increase in PPE Financing(t) / Bilgin et al., (2021)
Growth (PPE) financing Financing(t-1)
5  Financing-to- Ratio of financing FDR Total financing / Total Darma & Afandi,
Deposit Ratio to third-party deposits (2021)
(FDR) funds Suripto et al. (2023)
6 Inflation (INF) % change in CPI INF IHK, - IHK, , Danlami et al., (2022)
IHK_, o Lestari & Suprayogi,
(2020)
Shareef & Prabheesh,
(2022)
7  Economic % change in GDP PEK Nil Ek t - Nil Ek t-1 Danlami et al., (2022)
Growth (PEK) Nil Ek t-1 Lestari & Suprayogi,
(2020)
Moudud-Ul-Hug et al.,
(2023)
8 Economic Policy Frequency- WUI (Occurrences of Ahir et al., (2020)

Uncertainty
(wul)

based index of
uncertainty in EIU
reports

“uncertainty”/ Total
words) x 1000,
normalized to base

Chand et al., (2024)
Ashraf, (2021)

period

This study employs the Autoregressive Distributed Lag—Error Correction Model
(ARDL-ECM) to examine both the short-run dynamics and the long-run equilibrium
relationship between risk-taking (Z-Score) and its determinants. This approach is particularly

suitable because it can accommodate variables with different orders of integration (I(0) or
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I(1)) and provides a unified framework to capture persistent long-run effects as well as
short-run adjustments. The first step is to estimate the long-run equilibrium relationship
between risk-taking and its explanatory variables. The cointegration equation is specified
as follows: (Sandia et al., 2025)

Z-Scoret = a + a-FDRt + a - INFt + o,-LIKt + a,-PEKt + o -PLSt + o -PPE + p,
Where:

*a, =long run constanta

* . = coefisien

* i = residual cointegration as error correction term

Once the long-run relationship is established, the residuals (1) are used to construct the ECT,

which is then incorporated into the short-run dynamics. The short-run equation is expressed
as: (Sandia et al., 2025)

A Z-Score t = a, + alA FDRt + aZA INF, + a3A LIK, + (x4A PEKt + (xSA PLSt + a6A PPE, +

PECT,_, + 1,
Where.:
* A (Delta) = the change (difference) in a variable between one period and the next.
° = the constant term in the short-run equation.
. = coefisien
L) = the adjustment coefficient
° U, = residual cointegration as error correction term

The ARDL-ECM framework is applied sequentially to capture both long-run
equilibrium and short-run dynamics, with the long-run equation establishing the relationship
between risk-taking and its determinants, and the short-run specification incorporating
the error correction mechanism to adjust deviations back toward equilibrium; this dual
approach enables clear differentiation between temporary effects and persistent influences,
offering a comprehensive view of risk-taking behavior in Islamic banking under economic

uncertainty.

RESULTS AND DISCUSSION

Liquidity emerges as the most consistent structural driver of risk-taking behavior in
Indonesian Islamic banks, exerting a stabilizing influence by reducing risk exposure and
strengthening overall bank resilience. Profit and loss sharing (PLS) also plays a significant
role, simultaneously enhancing growth and stability while increasing risk if not properly
managed, reflecting its ambivalent nature. Economic growth shows only temporary effects,
influencing risk-taking in the short run but losing significance in the long run, while
financing growth similarly heightens short-run vulnerabilities without structural impact.
In contrast, the financing-to-deposit ratio (FDR) and inflation remain insignificant across

estimations, underscoring their limited direct role in shaping the drivers of risk-taking
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structure. However, inflation may exert an indirect influence through liquidity. Overall,
the findings highlight that risk-taking in Islamic banking is primarily driven by internal
factors such as liquidity and PLS, with macroeconomic variables exerting only short-lived

or indirect effects.

Table 2 summarizes the descriptive statistics of the variables used. Liquidity shows
moderate variation, indicating adequate liquid assets across periods. The Financing to
Deposit Ratio reflects a consistently aggressive financing stance with low dispersion.
Financing growth displays wider variability, highlighting differences in portfolio expansion
capacity. Profit-Loss Sharing confirms the dominance of profit-sharing contracts, though
its application shifts over time. At the macro level, inflation fluctuates moderately, while
economic growth captures both contractionary and recovery phases. Z-Score, as a proxy
for risk-taking, suggests overall strong stability, though risk profiles differ across periods.
These descriptive results provide an initial overview of the internal and external conditions
shaping risk-taking behavior and serve as the basis for further ARDL-ECM analysis to

distinguish short-run dynamics from long-run equilibrium effects.

Table 2. Summary Statistics

Variabel Obs Mean Std. Dev Minimum Maksimum
LIK (%) 40 25,48 5,34 16,61 38,74
FDR (%) 40 84,27 3,63 76,33 96,52
PPE (%) 40 2,62 1,58 0,23 6,52
PLS (%) 40 44,.69 6,79 32,66 53,00
INF (%) 40 3,31 1,77 1,33 7,26
PEK (%) 40 4,90 2,03 -5,32 7,08
Z-score 40 39,98 6,73 26,20 50,80

Stationarity testing is a crucial preliminary step in time series analysis to ensure
that the variables used do not contain unit roots, which could lead to spurious regression
results. The Augmented Dickey-Fuller (ADF) test was applied to all variables at the first-
differencing level (I(1)), except for financing growth (PPE), which was already stationary
at the level (I(0)).

Table 3. Stationarity Test Result

Variable Probability Result
Inflation (INF) 0.0000 p < 0.05 (Stationary)
Financing to Deposit Ratio (FDR) 0.0000 p < 0.05 (Stationary)
Liquidity (LIK) 0.0000 p < 0.05 (Stationary)
Economic Growth (PEK) 0.0007 p < 0.05 (Stationary)
Profit-Loss Sharing (PLS) 0.0228 p < 0.05 (Stationary)
Financing Growth (PPE) 0.0000 p < 0.05 (Stationary at 1(0))
Risk-Taking (Z-Score) 0.0003 p < 0.05 (Stationary)
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The ADF test results show that most variables, namely inflation, Financing to
Deposit Ratio, liquidity, economic growth, Profit-Loss Sharing, and risk-taking (Z-Score),
are non-stationary at the level but become stationary after first differencing (I(1), while
financing growth is stationary at the level (I(0)). This confirms that the Autoregressive
Distributed Lag (ARDL) model is appropriate, as it accommodates variables integrated at
both levels and in first differences, provided none are integrated at order 2 (I(2)) (Menegaki,
2019). Consequently, internal factors and macroeconomic indicators can be consistently
examined in relation to Z-Score, with stationarity ensuring the avoidance of spurious
regression and supporting robust short-run and long-run estimations. Stationarity testing
provided the foundation for determining the appropriate lag length in the model. The
Akaike Information Criterion (AIC) was employed to select the optimal lag structure, as it
identifies the best model based on the lowest information value (Khim & Venus, 2004). Lag
selection is critical to capture both short-run dynamics and long-run relationships among
the variables. The ARDL(1,2,2,1,3,0,3) specification emerged as the most representative
model, producing the lowest AIC value. This structure balances the inclusion of sufficient

lags to reflect dynamic adjustments while avoiding over-parameterization.

The cointegration test within the ARDL framework, conducted using the Bounds
Testing approach, confirms the existence of a long-run equilibrium relationship among
the variables. The calculated F-statistic of 6.427 (sample size 35) exceeds the upper bound
critical values at the 10%, 5%, and 1% significance levels, leading to the rejection of
the null hypothesis of no cointegration. This finding validates the ARDL model for
analyzing both short-run dynamics and long-run relationships (Mohammed, 2024). It
further indicates that internal factors, along with external indicators, are jointly associated
with risk-taking behavior (Z-Score) in Indonesian Islamic banking. The confirmation of
cointegration strengthens the reliability of subsequent ARDL estimations and supports

the robustness of the study’s empirical results.

The classical assumption tests confirm that the ARDL model satisfies the key
statistical requirements. The Jarque-Bera test (p = 0.445) indicates that the residuals
are normally distributed (Da et al., 2023), while the Breusch-Godfrey test (p = 0.837)
provides no evidence of autocorrelation, indicating independence across time. The Breusch-
Pagan test (p = 0.901) suggests homoskedasticity, meaning residual variance is constant.
Multicollinearity is not a concern, as the highest VIF value (4.283) is well below the critical
threshold of 10. Furthermore, the CUSUM and CUSUMSQ tests confirm structural
stability of the ARDL model within critical bounds. Collectively, these results indicate that
the model is robust, with unbiased and efficient coefficient estimates, thereby validating
its capacity to capture both short-run dynamics and long-run equilibrium in Islamic

banks' risk-taking behavior.

To capture immediate effects, the ARDL model was first estimated in its short-run
form, in which lagged variables indicate how past financing, liquidity, and macroeconomic
conditions influence current risk-taking. In contrast, the ARDL-ECM framework identifies
the long-run equilibrium, with coefficients reflecting the persistent impact of these internal

and external factors on risk-taking behavior.
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The ARDL estimation results in Table 4 highlight both short and long-run
effects of internal and macroeconomic variables on risk-taking in Indonesian Islamic
banks. Liquidity consistently shows a negative relationship with stability, indicating that
higher liquidity reduces risk-taking. Profit-Loss Sharing exerts a strong positive effect,
confirming that greater reliance on profit-sharing contracts increases exposure. The Z-Score
itself reflects significant dynamics, showing sensitivity of stability to past risk behavior.
Economic growth and financing growth display notable short-run impacts, suggesting that
lagged macroeconomic conditions and portfolio expansion contribute to fluctuations. By
contrast, the Financing-to-Deposit Ratio and inflation are not significant, underscoring
the dominant roles of liquidity and profit-loss sharing in shaping Islamic bank stability.

Table 4. ARDL and Long-Run Estimation Results

ARDL Probability Long-Run Probability

Varlable Coefficient ARDL Variable Coefficient Long Run
Financing to Deposit -0.1857 0.2670 Financing to Deposit -0.2841 0.2175
Ratio (FDR-2) Ratio (FDR)
Inflation (INF-2) -0.2087 0.1751 Inflation (INF) -0.3193 0.6053
Liquidity (LIK) -0.2391 0.0097 Liquidity (LIK) -0.3658 0.0097
Economic Growth -0.0306 0.0018 Economic Growth -0.0468 0.8229
(PEK-3) (PEK)
Profit-Loss Sharing 0.5152 0.0040 Profit-Loss Sharing 0.7883 0.0040
(PLS) (PLS)
Financing Growth 0.0475 0.0462 Financing Growth 0.0727 0.7846
(PPE-2) (PPE)
Z-score (-1) -0.6543 0.0214 Z-score -0.1501 0.0312
Constant 56.9814 0.0072 Constant 87.2223 0.0072

The ECM estimation results in Table 5 confirm short-run dynamics and the
speed of adjustment toward long-run equilibrium in the ARDL framework. Liquidity
shows a significant negative effect on risk-taking, underscoring its dominant role in
short-run mitigation. The error-correction term (—0.3348, p = 0.0002) is negative and
highly significant, validating cointegration and indicating that deviations from long-run
equilibrium are corrected at about 33 percent per period. Other short-run variables,
such as Financing to Deposit Ratio, inflation, economic growth, Profitc-Loss Sharing, and
financing growth, display expected signs but are statistically insignificant, suggesting weaker
immediate effects or absorption through liquidity. Overall, the ECM results reinforce the
robustness of the ARDL-ECM framework, with liquidity as the key short-run stabilizer

and the error correction term ensuring reliable long-run adjustment.

The comparison of variable significance across ARDL, the long-run form, and
the ECM highlights the consistency of each variable’s role in influencing risk-taking (as
measured by Z-scores). This summary allows us to identify which variables exert dominant
effects in the short-run dynamics, in the long-run equilibrium, or through the adjustment

mechanism. The results are presented in Table 6.
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Table 5. ECM Estimation Results

Variable Coefficient Probability
DFDR -0.1339 0.2657
DINF 0.4279 0.2861
DLIK -0.1789 0.0445
DPEK -0.1945 0.1884
DPLS 0.4099 0.1997
DPPE -0.0813 0.5460
ECT -0.3348 0.0002

Table 6. Comparison of Variable Significance in ARDL-ECM

Significant in Significant in Long- Significant in

Variable ARDL run Form ECM Dominant Role
LIK Yes Yes Yes Short-run & long-run
PLS Yes Yes No Long-run
PEK Yes No No Lagged short-run effect
PPE Yes No No Lagged short-run effect
FDR No No No Not dominant
INF No No No Not dominant
ECT — — Yes Equilibrium correction

Liquidity emerges as the most consistent and significant determinant of risk-taking
behavior in Indonesian Islamic banks. Across ARDL, long-run, and ECM estimations,
liquidity shows a negative and statistically significant effect on the Z-Score, confirming
its stabilizing role. Higher liquidity reduces risk-taking and strengthens bank stability
(Widarjono & Afandi, 2025). This finding is reinforced by Dahir et al. (2018), who
argue that liquidity risk reduces banks™ risk-taking, and Anis and Hamdi (2022), who
show that economic uncertainty increases liquidity risk in Islamic banks. However, Abbas
and Ali (2022) find that liquidity funding increases risk-taking in U.S. commercial banks.
In Islamic banking, liquidity serves as a safeguard that enhances stability, whereas in
conventional banking it can amplify risk, reflecting structural and regulatory differences
between the two systems.

Profit-loss sharing (PLS) also emerges as a strong and significant factor. The ARDL
and long-run models confirm that greater reliance on profit-sharing contracts increases
risk exposure, with consistently high coeflicients. At the same time, PLS financing
contributes positively to Indonesias economic growth (Masrizal & Trianto, 2022) and
strengthens Islamic bank stability (Widarjono & Mardhiyah, 2022). However, Widarjono
et al. (2020) caution that a high proportion of PLS contracts can increase financing
risk. Thus, PLS is ambivalent: beneficial for growth and stability, but excessive reliance
without proper monitoring can heighten financing risk, making a balanced application
crucial for sustainable Islamic banking performance.
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Economic growth (PEK) shows significant short-run lagged effects, particularly at the
third lag (PEK-3), but loses significance in the long run. This result suggests that growth
influences risk-taking only temporarily. Supporting evidence indicates that economic
growth enhances resilience in Islamic banking (Solikhin, 2024), while Suprayitno et al.
(2024) argue that macroeconomic factors do not exert a major long-run influence on
financing risk, explaining the lack of long-run significance. In Islamic banks, growth
provides short-term support for stability, but its impact fades over time, leaving internal

factors as the main drivers of long-run risk behavior.

Financing growth (PPE) shows significant short-run effects at the second lag,
indicating that rapid expansion temporarily increases risk exposure but does not persist
structurally in the long run. This study supports Saleem et al. (2021), who highlight the
positive role of Islamic banking in sustaining economic growth, and aligns with Widarjono
and Afandi (2025), who find that sectoral concentration and higher financing volumes
raise default risks, consistent with short-run vulnerabilities. However, these results contrast
with those of Razali et al. (2024), who argue that extraordinary financing negatively
affects performance in both the short- and long-run. In contrast, the present evidence
suggests its impact is cyclical and temporary rather than permanent. In Islamic banks,
financing growth can expose them to short-term risks, but these effects fade over time,

highlighting the need for prudent monitoring during rapid expansion.

The financing-to-deposit ratio (FDR) is insignificant across all estimations, showing
its limited role in risk-taking behavior. Although often seen as a measure of efficiency,
evidence indicates it does not directly affect Islamic bank stability (Suprayitno et al.,
2024). In contrast, Haryanto et al. (2024) find that higher FDR is associated with
greater non-performing financing (NPF), suggesting context-specific risks. Overall, FDR’s
influence on Islamic bank stability in Indonesia is minimal, with internal management
and structural factors proving more decisive. FDR has little long-run impact, making

internal governance more critical for managing risk in Islamic banks.

Inflation (INF) shows no significant effects in ARDL or long-run models, indicating
a limited direct role in risk-taking. (Solikhin, 2024) also finds that inflation does not
strengthen Islamic bank stability. At the same time, Anis and Hamdi (2022) note its
negative impact on liquidity risk, and Fakhrunnas (2023) highlights a non-linear link
between liquidity risk and stability. Thus, inflation is insignificant in the short term but
still relevant indirectly through liquidity. For Islamic banks, inflation has a minimal direct
impact on risk, yet its indirect effects via liquidity make careful liquidity management

essential.

The Z-Score shows significant short and long-run dynamics, with negative coefhicients
indicating that past risk behavior affects current stability and drives correction toward
equilibrium. This study supports Solikhin (2024), who finds Islamic banks resilient in
crises, but contrasts with Purbayanto et al. (2022), who note excessive risk-taking among
Indonesian Islamic banks. The Z-Score highlights Islamic banks’ resilience, yet also signals
that stronger risk management is needed to prevent excessive risk-taking from undermining

long-term stability.
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CONCLUSION

Internal structural factors, especially liquidity and profit-loss-sharing (PLS) contracts,
are the main drivers of risk-taking in Islamic banks, while macroeconomic variables such
as inflation and economic growth play a limited role. Liquidity consistently serves as a
stabilizing factor, reducing risk in both the short and long run. In contrast, PLS contracts
tend to increase long-term risk exposure. Financing growth and economic growth have
only short-run lagged effects and do not persist in the long-run equilibrium, while variables
such as FDR and inflation remain insignificant. The significant error correction term
indicates a stable long-run relationship, highlighting the resilience of Islamic banks in
managing risk. Therefore, regulators and bank managers should prioritize strong liquidity
management to maintain stability. Enhancing liquidity buffers can reduce short-term
shocks and support long-term resilience, while careful monitoring of PLS contracts is

necessary to balance their benefits and associated risks.
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ABSTRACT

Research Originality: This study is original in applying a
Magqashid Sharia-based human development index to examine
the short- and long-run effects of human development on
income inequality in D-8 countries.

Research Objectives: This study aims to analyze whether
human development based on the Magashid Sharia framework
can effectively reduce income inequality in D-8 countries in
both the short run and the long run.

Research Methods: Using panel data from eight D-8 countries
during 2003-2022, income inequality is measured by the
Gini index and the Palma ratio, while human development is
represented by the Maqashid Sharia Index (MSI). The analysis
employs a Panel ARDL model with the Pooled Mean Group

estimator to capture short-run and long-run relationships.

Empirical Results: The results show that Magqashid Sharia-
based human development significantly reduces income
inequality in the long run across D-8 countries, reflecting the
maslahah-oriented approach of Islamic economic development.
In the short run, it reduces inequality in Indonesia and Turkey
but increases inequality in Bangladesh, Egypt, and Nigeria.

Implications: These findings suggest that human development
policies should incorporate moral and value-based dimensions.
Policymakers in D-8 countries need to promote not only
education, health, and income, but also ethical values to ensure
more equitable income distribution.
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ARDL; income distribution
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INTRODUCTION

Income inequality has long been recognized as a significant contributor to other
forms of inequality and poverty (Vo et al., 2024; Kuznets, 1955). Income inequality
refers to the gap between the richest and poorest members of society, where a wider gap
indicates greater inequality (George et al., 2016). This issue is specifically addressed in
Sustainable Development Goal 10.1, which aims to increase the incomes of the bottom
40 percent of the population so that they grow faster than the national average by
2030 (World Bank, 2016). Over the past decade, developing countries have experienced
economic growth without corresponding improvements in income inequality (Kebalo &
Zouri, 2024; Batuo et al., 2022; Bicaba et al., 2017).

Furthermore, one of the associations of countries with the largest Muslim population
is the D-8. The D-8 (Developing Eight Countries) is an economic cooperation organization
consisting of eight developing countries: Bangladesh, Egypt, Indonesia, Iran, Malaysia,
Nigeria, Pakistan, and Turkey. It was officially formed in 1997. At the Fifth D-8 Summit
in Bali in 20006, several main objectives of the organization were established. Member states
are committed to reducing economic disparities and promoting development. Despite the
noble vision and the predominance of a Muslim population, which ought to prioritize
socio- economic justice and welfare, income disparity remains a significant concern in
the D-8 countries. According to the World Inequality Database 2023, the wealthiest
individuals in the D-8 countries have long controlled over 50% of the total income, and
this proportion has not shown steady improvement over the past two decades. Only 10
out of 100 people in the D-8 countries account for approximately 50% of the national

income.

Figure 1. Gini Coefficient of D-8 Countries in 2024
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Moreover, income inequality in D-8 countries has reached a warning level. According
to the UN classification, a Gini coefficient above 0.4 is considered a global warning

312 http:/journal.uinjkt.ac.id/index.php/signifikan
https:/doi.org/10.15408/sjie.v15i1.49355


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49355

Shofiatul Hilwa
Human Development and Income Inequality in D-8 Countries

threshold. Most D-8 countries fall within the range of 0.5 to 0.6, which indicates severe
income inequality. Figure 1 presents the Gini coeflicient across D-8 member countries in
2024. Turkey records the highest Gini index value at 0.59, followed by Indonesia at 0.58
and Egypt at 0.54. These underscore that income inequality in D-8 countries remains a

critical development concern that requires urgent policy attention.

On the other hand, human development is a significant factor influencing reductions
in income inequality across various studies (Vo et al., 2024; Kamalu & Ibrahim, 2023;
Theyson & Heller, 2015). Additionally, human capital, a crucial component of human
development, is also a determinant of income inequality (Furceri & Ostry, 2019; Moyo
et al., 2022; Sehrawat & Singh, 2019). Moreover, the HDI is a commonly used indicator
to assess human development in a country (Ngoc & Hai, 2022; Nogueira, 2021). This
index has been developed by the United Nations Development Program (UNDP) since
1994 and consists of three core dimensions: healthy and long life, knowledge, and a
decent standard of living. However, despite its widespread use as an indicator of human
development, researchers have criticized the UNDP index for not fully capturing the
quality of human development. Among these criticisms is that the HDI is considered
value-neutral (Aydin, 2017). Additionally, the HDI does not account for moral factors
and may exclude social indicators, such as cultural values. Therefore, this index is deemed
inadequate from an Islamic economic perspective because it does not emphasize the moral

and spiritual aspects of human beings (Aydin, 2017).

Some studies have attempted to refine and modify the HDI to obtain a concept
and dimensions that fully describe human development (Salas-Bourgoin, 2014). One of
these HDI modifications is the human development index from an Islamic perspective,
formulated on the basis of the concept of magqashid sharia. Maqashid al-Sharia is the
goal of advancing human well-being, achieved by safeguarding five aspects: religion (din),
posterity (nasl), life (nafs), intellect (‘aql), and wealth (maal). These five aspects have
been used by various researchers (Widiastuti et al., 2022; Jatmiko & Azizon, 2021; Mili,
2014) as indicators of human development from an Islamic perspective. This concept of
human development from the perspective of magqashid sharia has a broader scope than
the conventional concept, as it integrates moral values (Chapra, 2008). From an Islamic
perspective, human development involves not only material aspects such as economics,
education, and health but also moral, social, and ethical dimensions (Aydin, 2017).
Human resource development should not only focus on improving skills and technical
aspects, but should also include spiritual and moral guidance, which is the foundation
of human development (Mahri et al., 2021).

In addition, human development grounded in the objectives of Islamic law is
considered capable of preventing inequality and poverty, as one of the orientations of
Islamic economic development, namely maslahah (Mahri et al., 2021). The maslahah
orientation is an advanced stage of human development. Human development will bring
widespread benefits and prosperity for the entire community (maslahah), not just protect
a few, and will not cause harm to other groups (Mahri et al., 2021). Additionally, one of

the four main objectives based on the maqashid sharia is to ensure the long-term survival

http:/journal.uinjkt.ac.id/index.php/signifikan 313
https:/doi.org/10.15408/sjie.v15i1.49355


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49355

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 311 - 326

of humanity (Mahri et al, 2021). From the perspective of Islamic economic development,
the focus of development is not limited to meeting immediate or short-term needs, but
also includes long-term needs (Mahri et al, 2021). Therefore, the tendency for income
inequality to change will occur in the long run, leading this study to use both short-

and long-term estimations.

Based on the discussion above, addressing income inequality in Muslim countries
requires human development measures grounded in the Islamic perspective, which is
the concept of maqashid sharia. As in Islam, the issues of inequality and injustice in
society are of primary concern. Therefore, the question arises whether human development
grounded in the objectives of Islamic law can truly help developing Islamic countries

overcome income inequality in the short and long term.

This study is positioned at the intersection of development economics, income
distribution, and Islamic economic thought by examining income inequality through a
Magqashid Sharia-based human development framework. This study remains relevant as
income inequality in D-8 countries has shown limited improvement over time, and the
Gini coeflicient exceeds the UN’s warning level of 0.4. Previous studies have discussed
the impact of human development on income inequality (Vo et al., 2024; Theyson &
Heller, 2015; Kamalu & Ibrahim, 2023). But these studies largely rely on conventional
human development measures that overlook moral, ethical, and value-based dimensions.
They did not consider the Islamic perspective, which has broader dimensions. Previous
studies examining human development from a maqashid sharia perspective have not
addressed its impact on income inequality; they have focused only on its influence on
poverty (Widiastuti et al., 2022), happiness and life satisfaction (Jatmiko & Azizon,
2021), and human well-being (Mili, 2014).

Unlike previous studies that focus on conventional human capital or HDI measures,
this research employs the maqashid sharia-based development, thereby offering a more
holistic and value-oriented explanation. Discussion of how it can affect income inequality
remains limited. Thus, this study aims to fill these research gaps. This study contributes
to the literature by extending the maqashid sharia-based human development framework
to the analysis of income inequality in D-8 countries, an underexplored area. Using a
dynamic panel approach, this research examines both the short-run and long-run effects
of maqashid sharia-based human development on income inequality. Accordingly, the
purpose of this study is to analyze the short-term and long-term impacts of maqashid

sharia-based human development on income inequality across D-8 member countries.

METHODS

This study uses annual secondary panel data from eight D-8 countries covering
the period 2003-2022, comprising 160 observations. However, because first-difference
variables are included, the total number of observations is 152. The data period is limited
to 2003— 2022 due to data availability constraints for several key variables used in
this study. In particular, some components of the independent variables are not yet
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consistently available for all D-8 countries for 2023 and 2024 across the respective data
sources. Therefore, the 2003-2022 period represents the most recent dataset, ensuring

methodological robustness and comparability across countries.

This study employs quantitative data, with income inequality as the dependent
variable and human development, measured by the Magashid Sharia Index (MSI), as the
main independent variable. MSI is constructed from five dimensions, each represented
by a specific indicator (see Table 1). In addition, control variables included are GDP,
inflation, and unemployment (Vo et al., 2024; Moyo, 2022; Sehrawat & Singh, 2019).
The regression model follows previous studies examining the effect of human development
on income inequality (Vo et al., 2024; Ngoc & Hai, 2022; Moyo et al., 2022; Sehrawat
& Singh, 2019). The regression models are specified as follows:

Ginii’t =Qq; + ﬁlMSIl',t + lenGDPi_t + ﬁ3(lnGDP)2it + ﬁ41NFi,t + ﬁ5UNEMPi’t + Si,t (1)

PALMAM = Qa; + BlMSIi,t + ,lenGDPi_t + ﬁ3(lnGDP)2it + B4—1NFi,t + B5UNEMPM + Si,t (2)

Where:

GINIit : Gini index

PALMA;t : Palma ratio

MSIiy: : Maqashid Sharia Index,
In(GDP)it : natural logarithm of GDP
INFit : inflation rate

UNEMPjz : unemployment rate

ai : intercept for each country.

The analysis method used in this study is the Panel Autoregressive Distributed
Lag (ARDL) method. The Panel ARDL (Autoregressive Distributed Lag) model is an
econometric approach used to analyze the short- and long-term relationships between
variables in panel data, which is data that includes multiple individuals observed over a
specific period. Since the analysis will be based on the Pooled Mean Group model, the

regression model is transformed into an ARDL (p,q) model, which is specified as follows:

p a
Ayie = 0(Vig—1 + Bxir) + Z ajAy;.—j + Z ViebXi ek + &
=1 k=1

Where: Ay: dependent variable, 8: error correction term, B: vector of long-run coefficients,
X, : vector of independent variables, aj: short-run coefficient (to be estimated) of the lagged
dependent variable, Y,: short-run coefhcient (to be estimated) of the lagged independent
variable, € : error term, j and k: optimal number of lags of the dependent and independent

variable.

The MSI is constructed following the simple weighted approach of Widiastuti (2022)
and Kasri and Ahmed (2015), assigning equal weights to all indicators for simplicity and
interpretability. Indicators for each maqashid sharia dimension are normalized using the
minimum-maximum method to obtain values between 0 and 1. The MSI is calculated
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as the average of the five equally weighted dimensions—religion, life, intellect, posterity,
and wealth. MSI values range from 0 to 1 and are classified into low (<0.550), medium
(0.550-0.699), high (0.700-0.799), and very high (20.800) human development levels,
following the UNDP classification.

The research framework of this study is described as follows. The study begins with
the construction of the Maqashid Sharia Index, followed by descriptive analysis and a
series of diagnostic tests, including cross-sectional dependence tests, slope homogeneity
tests, and stationarity tests to determine whether variables are stationary. The analysis
then proceeds with a cointegration test to identify long-run relationships, lag selection,

the Hausman test, and, finally, panel ARDL estimation and discussion.

RESULTS AND DISCUSSION

The results indicate that maqashid sharia-based human development reduces income
inequality across all D-8 countries in the long run, supporting Islamic development theory
that emphasizes maslahah-oriented outcomes. In the short run, it reduces income inequality
in Indonesia and Turkey, suggesting that development benefits in these countries are more
evenly distributed across income groups. In contrast, human development increases income
inequality in Bangladesh, Egypt, and Nigeria in the short run, as development gains
tend to be concentrated among higher-income groups. No significant short-run effects
are observed in Iran, Malaysia, and Pakistan. Furthermore, GDP exhibits a U-shaped
relationship with income inequality, initially reducing inequality before increasing it, while

inflation and unemployment are found to exacerbate income inequality in the long run.

To provide context for these findings, the following subsection presents the
descriptive statistics, preliminary diagnostic tests, and discussion of estimation results.
Table 1 shows the descriptive statistics of the indicators used to construct MSI. The
control of corruption indicator averages -0.639 on the WGI scale, ranging from -2.5
to +2.5, indicating weak corruption control across D-8 countries with limited variation
(SD = 0.464). Life expectancy averages about 69 years, which is below the global
average and suggests relatively poor health outcomes with substantial variation (SD =
7.511). The mean years of schooling is around 7, indicating low educational attainment
with modest variation (SD = 1.958). The fertility rate averages 2.961, exceeding the
replacement level and indicating potential population growth (SD = 1.258), while GNI
per capita averages USD 11,433.61 and reflects considerable income disparities across

D-8 countries (SD = 7,564.22).

Using the Simple Weighted Index method, which assigns equal weight to each
dimension of maqashid sharia (20%), MSI values for each D-8 country were obtained.
Figure 1 shows the average MSI trend in D-8 countries from 2003-2022. Overall, MSI
values increased over time in most D-8 countries, indicating improvements in magqashid
sharia- based human development despite year-to-year fluctuations. Malaysia consistently
recorded the highest MSI, approaching 0.8 in the final years, while Bangladesh, Pakistan,
Nigeria, and Indonesia remained below the D-8 average. Turkey, Iran, and Egypt recorded
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higher and steadily rising MSI values. Although the average MSI across D-8 countries

increased over the past two decades, progress remains uneven across member states.

Table 1. Descriptive Statistics of MSI Indicators

Dimensions Indicators Mean Std. Dev. Min Max
Religion Control of -0.639 0.464 -1.597 0.397
Corruption
Life Life Expectancy 68.593 7.511 48.441 78.475
Intellect Mean Years of 7.413 1.958 4.035 10.748
Schooling
Posterity Fertility rate 2.961 1.258 1.550 6.100
Wealth GNP per capita 11433.610 7564.219 2551.600 32833.540

Figure 2. Trend of the D-8 Countries' Maqgashid Sharia Index
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Table 2 summarizes the descriptive statistics for all variables used in the analysis.
The average Gini index of 0.541 indicates that income inequality in these 8 countries is
generally quite high. The average MSI of 0.452 shows that, overall, human development
based on magqashid sharia is at a low level (i.e., less than 0.55), according to MSI
categorization in the methods section.

Table 2. Summary Statistics

Variables Mean Std. Dev. Min Max
Gini 0.541 0.035 0.486 0.627
Palma 3.994 0.827 2.912 6.861
MSI 0.452 0.136 0.205 0.734
InGDP 26.627 0.546 25.281 27.809
InGDP_square 709.319 29.113 639.153 773.322
inf 10.871 11.269 -5.992 96.036
unemp 6.555 3.695 0.398 14.026
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Table 3 shows the correlations among the independent variables in the model. Of
all the available variables, the correlations between them are mostly weak to moderate,
indicating that these factors are interconnected but not highly or perfectly correlated.
Therefore, there is no multicollinearity problem in the data.

Table 3. Correlation Matrix

MSI InGDP inf unemp
MSI 1.000
InGDP 0.385 1.00
Inf 0.082 0.202 1.00
Unemp 0.399 0.359 0.380 1.00

Table 4 shows the results of the cross-sectional dependence test. Since the p-value
is greater than 0.05, the null hypothesis that the cross-sections are independent fails to
be rejected. Thus, there is no cross-sectional dependence in this data. Table 5 shows the
results of the slope homogeneity test. The null hypothesis of slope homogeneity is rejected
by the Delta test at the 5 percent level and by the adjusted test at the 1 percent level,
indicating heterogeneous slope coeflicients across the model. Because there is heterogeneity,

the Mean Group or Pooled Mean Group method is suitable.

Table 4. Results of Cross-Sectional Dependence Test
Test Test statistic P-value

Cross-sectional dependence -0.953 0.341

Table 5. Results of Slope Homogeneity Test
Slope homogeneity 5.494*** 0.000
Adj. 6.567*** 0.000
Note: ***, **, and * are each significant at 0.01, 0.05, and 0.1, respectively.

Table 6. Results of the Unit Root Test

Variables P-value from IPS test P-value from the LLC test
At level At first difference At level At first difference
Gini 0.034 0.000 0.003 0.000
Palma 0.032 0.000 0.005 0.000
MSI 0.056 0.000 0.000 0.000
InGDP 0.971 0.000 0.171 0.000
InGDP_square 0.984 0.000 0.290 0.000
Inf 0.597 0.000 0.892 0.000
Unemp 0.066 0.000 0.013 0.000

Note: ***, **, and * are each significant at 0.01, 0.05, and 0.1, respectively.
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Since there is no cross-sectional dependence in the data, first-generation unit root
tests, namely Im-Pesaran-Shin (IPS) and Levin-Lin-Chu (LLC), were used to assess
whether the model data are stationary. Testing was conducted to ensure that no variables
exceeded the order of integration I(1) or first difference, as ARDL estimation is not valid
if the variables have an integration order of I(2) or second difference (Mendy & Widodo,
2018). The results of the unit root test are presented in Table 6.

According to the IPS unit root test, the Gini index and Palma ratio variables are
stationary at the level and do not contain a unit root. Therefore, both variables are
stationary at 1(0). By contrast, the MSI variable, the natural logarithm of GDP (InGDP)
and its square, the inflation and unemployment rates, are all non-stationary at the level or
contain unit roots. However, after testing the first difference, all the mentioned variables
became stationary at the 1% level. Therefore, these variables are stationary at I(1). The
results of the LLC unit root test showed that the Gini index variable, the Palma ratio,
and the MSI were stationary at the level, while the other variables were stationary at
the first difference. Because the combination of variables is stationary at the level and

in first differences, and none is second-differenced, the panel ARDL method is suitable.

Table 7 shows the results of the cointegration test using the Kao method. The
null hypothesis is that there is no cointegration among all variables, while the alternative
hypothesis is that there is cointegration. The p-value is less than the significance level of
0.05. Because the test results showed significant findings, the null hypothesis stating no
cointegration was rejected, and the alternative hypothesis was accepted. The variables are

cointegrated, indicating a stable long-term relationship among all variables in the model.

Table 7. Results of Cointegration Tests

Cointegration Tests Statistic p-value
Modified Dickey-Fuller -2.096** 0.018
Dickey Fuller -2.436*** 0.007
Kao Augmented Dickey-Fuller -2.282** 0.011
Unadjusted Modified -2.776*** 0.002
Dickey-Fuller
Unadjusted Dickey-Fuller -2.707*** 0.003

Note: ***, **, and * are each significant at 0.01, 0.05, and 0.1, respectively

The next step is determining the optimal lag. The lag selection process uses the
Bayesian Information Criterion (BIC) method, with a maximum lag of 1. Based on this
method's results, the lag for all variables is 1. Thus, the model is ARDL (1, 1, 1, 1, 1,
1). Before moving to the regression stage, a Hausman test was conducted to determine
which model was more eflicient among the three types of panel ARDL models: between
Mean Group (MG) and Pooled Mean Group (PMG), and between Dynamic Fixed Effects
(DFE) and PMG. Based on the Hausman test results, the selected model was the PMG
model. Table 8 presents the PMG estimation results.
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Table 8. Results of Pooled Mean Group Estimation

Model 1 (Gini Index) Model 2 (Palma Ratio)
Long-run results Short-run results Long-runresults Short-run results
Error correction term -0.326*** -0.345**
(0.127) (0.138
MSI -0.643*** -0.095 -14.054*** -2.614
(0.199) (0.140) (2.277) (3.857)
InGDP -3.688*** 12.826 -85.844*** 484.039
(0.888) (8.858) (21.116) (428.142)
INnGDP_square 0.071*** -0.239 1.669*** -9.050
(0.017) (0.165) (0.402) (7.997)
Inflation 0.0008*** -0.0003 0.021*** -0.006*
(0.000) (0.000) (0.005) (0.003)
Unemployment 0.0097*** -0.002* 0.209*** -0.043
(0.001) (0.001) (0.028) (0.030)
Constant 15.626*** 382.887***
(6.085) (152.709)
Observation 152 152 152 152

Note: Numbers in parentheses are standard errors.
*xx** and * are each significant at 0.01, 0.05, and 0.1, respectively.

In both models, ECT is negative and significant. The ECT shows that the model's
variables have adjustment speeds of 32.6% and 34.5%. The ECT coeflicient must be
negative and significant to indicate that the system returns to long-term equilibrium after
experiencing a shock or disturbance. The adjustment speed indicates that the system will
return to its long-term equilibrium more quickly following short-term shocks, thereby

facilitating faster convergence to the long-term equilibrium (Ramos-Herrera, 2025).

In both models, the short-term MSI coefficient is negative but not significant.
This implies that, on average, the effects of magqashid sharia-based human development
on income inequality have not immediately appeared in the short term. However, the
long-term MSI coefficient is negative and significant at the 1% level in both models.
Similar results were also found in model 2, with the Palma ratio as the dependent
variable, where the long-term MSI coefficient is negative and significant at the 1% level,
indicating robustness.

Two points are estimated to be the cause of these findings. First, the short-
term coeflicient here only describes the average results across the D-8 countries.
Methodologically, these results may be insignificant because the influence in each
country can move in different directions in the short term, as the PMG model assumes
that short-term coefficients can differ across countries (Pesaran, 2004). For more details
on short-term results by country, please refer to the next section. Second, strengthening
human development in a country is a long-term investment process whose impact
is not immediately visible in a short period (Deming, 2022). Investment in human
development requires time to produce a significant impact on income distribution.
These results are consistent with studies by Vo et al. (2024) and Moyo et al. (2022),
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which also did not provide significant evidence for human development variables in
the short term. Based on the results of both models, the MSI variable is negative
and significant in the long term. This result aligns with studies by Vo et al. (2024),
Kamalu and Ibrahim (2023), and Ngoc and Hai (2022), which show that long-term
human development can reduce income inequality. As human development based on
the objectives of Islamic law increases, income distribution becomes more equitable.
This finding confirms the validity of the maqashid sharia theory, which is oriented
toward the public good.

This is because MSI emphasizes the holistic development of human potential,
encompassing moral, educational, health, intergenerational sustainability, and material
aspects. This means that the benefits of this increased development are felt by the general
public in the D-8 countries, not just a select few. The increase in MSI reflects an
improvement in people's quality of life through the fulfillment of these five aspects,
which can benefit the entire community, ultimately reducing income inequality in the
D-8 countries. The benefits of maqashid sharia-based human development are inclusive
and prioritize collective interests and shared prosperity (maslahatul ummah). Additionally,
these results show that human development, when implemented with maqashid sharia
principles, is more effective at reducing income inequality in society than conventional
measures. Compared with previous studies using conventional measures (Vo et al., 2024),
MSI showed a greater influence on income inequality. This may be due to MSI's broader
scope, which includes not only material aspects but also non-material ones, such as moral

values and heritage.

This result is similar to the findings of Widiastuti et al. (2022), who found that
the maqashid sharia-based human development index can significantly reduce poverty
levels in Muslim countries. Similarly, Jatmiko and Azizon (2021) found that the MSI
is better at reflecting the achievement of happiness and life satisfaction (as a measure of
falah) than the HDI. This proves that using a holistic measure of human development,
such as maqashid sharia, is important, especially for addressing poverty and income
inequality in D-8 countries. On the other hand, the logarithm of GDP has a negative
long-term coefficient and a positive squared term, and is significant in both models at
the 1% level. This indicates a U- shaped effect. This result contradicts Kuznets' theory,
which posits that the relationship between economic growth and income inequality is
an inverted U-shaped curve. However, these results are consistent with the findings of
Nam and Ryu (2025) and Vo et al. (2024), which show a U-shaped relationship between

economic growth and income inequality.

Meanwhile, in both models, the inflation variable has a positive and significant
long- term coefficient, indicating that inflation can worsen income inequality. This result
is consistent with the study by Sehrawat and Singh (2019). Inflation reduces purchasing
power, and its impact is felt more heavily by the middle and lower classes because they
cannot adjust to rising prices, while the wealthy are less likely to be significantly affected,
thereby widening the income gap. The long-term coefhicient for the unemployment rate

variable is positive and significant at the 1% level in both models. This shows that high

http:/journal.uinjkt.ac.id/index.php/signifikan 321
https:/doi.org/10.15408/sjie.v15i1.49355


http://journal.uinjkt.ac.id/index.php/signifikan
https://doi.org/10.15408/sjie.v15i1.49355

Signifikan: Jurnal llmu Ekonomi
Volume 15(1), 2026: 311 - 326

unemployment rates can lead to greater income inequality in the long run. This result
is consistent with the research by Furceri and Ostry (2019).

The short-term results above are general regression results, with the coefhicients
for each country simply being averages. The PMG method assumes that the short-
run coeflicients differ across units of analysis (countries). Therefore, a more detailed
explanation of MSI's short-term impact on income inequality in each country is

presented in Table 9.

Table 9. Results of Short-Term Pooled Mean Group Estimation by Country

Short-run results

Bangladesh Mesir Indonesia Iran Malaysia Nigeria  Pakistan Turki
ECT -0.278***  -0.545"** -1.042*** -0.399*** -0.301*** -0.069*** -0.133***  0.158*
(0.097) (0.101) (0.217) (0.109) (0.054) (0.019) (0.044) (0.081)
MSI 0.163*** 0.148*  -0.751***  0.256 0.036 0.042* 0.048  -0.702***
(0.053) (0.082) (0.345) (0.159) (0.067) (0.023) (0.087) (0.226)
InGDP -2.074 0.955 13.598  71.841*** 12.542***  -0.914 12.783*** -6.118
(2.755) (5.429) (20.334)  (20.250) (3.059) (0.995) (4.548) (3.740)
I?c?uzlr:’e_ 0.040 -0.018 -0.247  -1.343***  -0.236*** 0.017  -0.241***  0.109
(0.053) (0.103) (0.369) (0.379) (0.058) (0.019) (0.086) (0.069)
Inflation -0.0001*  -0.0003***  -0.001  -0.00003 -0.001*** -0.0001** -0.0004 0.0006***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Unemp -0.003***  -0.003***  -0.009 0.001 -0.0007 0.0006  -0.0008  -0.004*
(0,001) (0.001) (0.009) (0.003) (0.005) (0.000) (0.001) (0.002)
Constant ~ 13.311***  26.142*** 49.837*** 19.115*** 14.463*** 3.333*** 6.363**  -7.554**
(8.796) (7.858) (15.559)  (6.492) (3.863) (1.069) (2.518) (3.716)

Note: Numbers in parentheses are standard errors.
kkk kX

, **, and * are each significant at 0.01, 0.05, and 0.1, respectively.

The ECT variable is negative and significant across all countries, indicating a stable
long-term relationship between the variables. The largest ECT coefhicient is in Indonesia
(- 1.042), and the smallest is in Nigeria (-0.069). Indonesia has a faster rate of adjustment
compared to other countries. This may be due to the rapid policy response from the
Indonesian government to mitigate short-term inequality, for example, through the Direct
Cash Assistance program, which directly increases the incomes of low-income communities
(Yusuf, 2018), making them more resilient to economic shocks. Meanwhile, Nigeria
experienced a slower pace of adjustment, possibly due to low economic stability (Raj,

2023), which slowed Nigeria's response to short-term shocks.

The MSI variable was found to be significant in several countries, namely
Bangladesh, Egypt, Indonesia, Nigeria, and Turkey. Negative MSI coefficients were
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observed in Indonesia and Turkey, indicating that MSI reduced income inequality in these
two countries in the short term. This means that within a shorter timeframe, the benefits
of development can be more evenly distributed among the people of Indonesia and Turkey.
Health and education aspects in Indonesia and Turkey are evenly distributed, not just felt
by the wealthiest groups, which can improve the capabilities of low-income communities
in both countries in the short term. This can increase the likelihood that someone will
be accepted into the labor market and earn a higher income, thereby worsening income
inequality (Suhendra, 2020). The MSI variable is positive and significant in Bangladesh,
Egypt, and Nigeria in the short term. This means that human development initially
worsened income inequality in Bangladesh, Egypt, and Nigeria. This is likely because
the increased human development, such as education and health, present in the country
more directly benefits high-income groups who tend to have greater access to resources.
Consequently, the initial benefits of human development investments are enjoyed more by
them, leading to a widening of income inequality in the short term. However, over the
long term, human development grounded in the magqashid sharia will overcome income

inequality across all D-8 countries.

CONCLUSION

The research results show that human development based on maqashid sharia reduces
income inequality problems in all D-8 countries in the long run. This result proves the
validity of the theory of development in Islamic economics, which is oriented toward
maslabah. In the short term, human development based on maqashid sharia reduces
income inequality in Indonesia and Turkey. These results show that human development
in Indonesia and Turkey is evenly distributed, so both low- and high-income communities
can feel the benefits of development. Meanwhile, in Bangladesh, Egypt, and Nigeria,

human development increases income inequality.

This study offers several policy recommendations for the government to implement.
The government needs to expand access to human development in line with the objectives
of Islamic law. The government needs to ensure that access to education and healthcare
services is accessible to all segments of society. Additionally, in long-term development
planning, the government needs to incorporate values (morality and heritage) into its
development metrics to realize the common good for all its citizens. Several limitations
must be acknowledged. This study only used one indicator to describe each dimension
of the MSI variable. To enrich the research findings, future studies could use more
comprehensive indicators for each dimension. Additionally, this study did not include

trade openness as a control variable, so future studies are advised to include it.
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