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 Background: Economic growth, reflected by an increase in GRDP per 
capita, may stimulate consumption activities and contribute to higher 
waste generation. However, this relationship can differ across regions 
depending on waste management capacity and policy implementation. 
Objective: This study examines the relationship between GRDP per 
capita and waste generation at the district/city level in Indonesia by 
considering the moderating role of the Regional Waste Management 
Policy Strategy (Jakstrada). 
Methods: This study employed panel data covering Indonesian 
districts/cities during 2019–2024 and estimated the model using the 
Two-Way Fixed Effects approach. Robustness checks were conducted 
through mean centering of interaction variables to assess the 
consistency of the findings. 
Results: The estimation results indicate that GRDP per capita does not 
significantly affect waste generation in the baseline model. However, 
after incorporating Jakstrada as a moderating variable, the relationship 
becomes significant, showing that higher GRDP per capita is associated 
with increased waste generation. The negative and significant 
interaction coefficient demonstrates that Jakstrada weakens the 
tendency of waste generation growth associated with economic 
expansion. Further analysis indicates a potential nonlinear relationship 
between economic growth and waste generation. Robustness tests 
confirm the consistency of the coefficient direction and statistical 
significance. 
Conclusion: The findings highlight the importance of regional waste 
management policies in ensuring that economic growth is accompanied 
by sustainable environmental management. Strengthening policy 
implementation can help reduce the environmental pressures arising 
from economic development. 
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INTRODUCTION 

Waste generation has developed into one of the global environmental problems and is 
receiving increasing attention along with increasing economic activity, urbanization processes, 
and changes in people's consumption patterns (Lu et al., 2024; Nugroho et al., 2026; Voukkali et 
al., 2024). These dynamics encourage an increase in the amount of waste produced in various 
regions of the world (Yudartha et al., 2026). Based on the What a Waste 2.0 report published by 
the World Bank in 2018, the total global waste generation was recorded at around 2.01 billion 
tons per year, with more than a third of it not being adequately managed and environmentally 
sound in 2016. 

Countries with higher income levels, which despite accounting for only about 16% of the 
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world's population, tend to produce larger waste per capita that is almost 34% of total global 
waste. For low-income countries that account for 9% of the world's population, it generates only 
about 5% of total global waste. Overall waste generation has a positive relationship with economic 
growth (Kaza et al., 2018). When income increases gradually, the amount of waste produced by 
the community tends to increase. However, the speed of the increase in waste varies, depending 
on the level of income of the community. In low-income regions or countries, even a slight increase 
in ordinary income causes a considerable spike in waste generation. This happened because 
people began to shift from basic needs (simple meals, durable goods) to modern consumer goods 
that use more single-use packaging. As a result, the volume of waste increases rapidly (Zambrano-
Monserrate et al., 2021). In contrast, at higher income levels, an increase in income is not always 
followed by a significant spike in waste generation, as consumption tends to reach a saturation 
point as well as being supported by more efficient consumption practices and better waste 
management systems (Maalouf & Mavropoulos, 2023). 

At the national level, the waste problem in Indonesia is increasingly complex in line with 
the wide economic growth gap between regions (Iacovidou et al., 2025; Maskun et al., 2025; 
Wikurendra et al., 2024). The difference in GRDP per capita between districts/cities also forms 
different consumption patterns, where areas with higher economic activity tend to produce larger 
volumes of waste, especially from the household and trade sectors (Jovanca & Shara, 2025).  

The increase in Gross Regional Domestic Product (GRDP) per capita in various 
districts/cities not only shows an improvement in people's welfare, but also has an impact on 
environmental conditions. Based on data from the National Waste Management Information 
System (SIPSN), the number of national waste generation has been recorded at more than 25 
million tons per year since 2019 (Hartoyo, H., 2025).  

The difference in waste generation between districts/cities in Indonesia is not only caused 
by differences in population, but also by variations in income levels, economic structure, 
urbanization levels, and waste management capacity. Some areas with high GRDP per capita, 
especially big cities and centers of economic activity, show higher rates of waste generation than 
areas with lower economic activity. Although higher levels of regional income generally 
encourage an increase in waste generation, the presence of adequate management policies and 
facilities has been shown to significantly reduce the rate of waste generation (Mazzanti & Zoboli, 
2009; Ratnadewati & Juvitasari, 2024). This condition indicates that the relationship between 
GRDP per capita and waste generation is not simple, but is influenced by policy and institutional 
factors at the regional level. 

Figure 1. Scatter Plot Distribution of GRDP per Capita and Waste Generation Across Indonesian 
Districts/Cities, 2019–2024 

 
The results of the quadrant analysis on the scatterplot of the relationship between GRDP 
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per capita and regency/city waste generation in Indonesia for the period 2019–2024 show a 
diverse distribution pattern and reflect the heterogeneity of economic conditions and waste 
management capacity between regions. Based on the median value of GRDP per capita and median 
waste generation as the dividing line, all districts/cities are grouped into four quadrants, each of 
which has different characteristics. 

The visualization of the four quadrants confirms that the level of economic prosperity 
(GRDP per capita) is not the only determining factor in controlling waste generation in Indonesia. 
The existence of variations in regional economic structures, demographic disparities due to 
urbanization, and regional fiscal capacity inequality cause the dynamics of waste to be very 
complex (Aqilah, 2025). The empirical reality of these four quadrants provides a foundation for 
urgency why policy instruments such as Regional Waste Management Policies and Strategies 
(Jakstrada) are urgently needed as a moderation variable. These policies are needed to carry out 
structural interventions so that regions in Indonesia can break the linear relationship between 
the level of economic prosperity and environmental damage towards sustainable development 
targets. 

In addition, based on the EPI (Environmental Performance Index) report in 2024, it is 
noted that waste management in Indonesia is still the worst in ASEAN, especially for solid waste 
management. Waste management efforts do not only focus on downstream management aspects, 
but also require intervention on the upstream side through changes in consumption patterns and 
increasing the efficiency of resource use to suppress waste formation from the beginning. 

Several empirical studies show that the level of economic prosperity represented by GRDP 
or GRDP per capita is closely related to an increase in waste generation, although the strength and 
direction of these relationships vary between country and regional contexts. Studies in developed 
countries generally show that an increase in per capita income is followed by an increase in 
income Municipal Solid Waste (MSW), but the relationship is not mechanical and is strongly 
influenced by the social characteristics, urbanization level, and the policy framework of the waste 
management applied. In some cases, countries or regions with high income levels are actually able 
to reduce the growth rate of waste generation through the implementation of stricter 
environmental regulations, integrated waste management systems, and changes in people's 
consumption behavior (Akther et al., 2025; Blagoeva et al., 2023; Fauzi et al., 2025; Jovanca & 
Shara, 2025). This indicates that per capita income is not the only determining factor for waste 
generation, but interacts with institutional factors and applicable public policies. 

On the other hand, Indonesia still faces various challenges in waste management and 
plastic recycling. The OECD (2025) notes that Indonesia's plastic recycling rate in 2022 is still 
around 5%, while the rate of mismanaged waste reaches 72%. Mismanaged waste is a condition 
when waste is not managed safely, for example being disposed of carelessly, burned openly, or 
not entering the formal management system so that it has the potential to pollute the 
environment. This condition shows that the waste collection, sorting, and processing system in 
Indonesia is still not optimal compared to developed countries. In addition to limited 
infrastructure, low rates of waste separation from sources, weak policy enforcement, and high 
dependence on the informal sector are also challenges in improving sustainable waste 
management in Indonesia. Therefore, strengthening waste management policies and increasing 
the implementation of the circular economy is important to support environmental sustainability 
in Indonesia. 

However, most previous research has focused on cross-country or national-level analysis 
by relying on macro variables such as GRDP per capita, so it has not fully captured the dynamics 
of heterogeneity between regions within a country. In the context of Indonesia, which has a high 
variation in regional development levels, analysis at the district/city level is important to 
understand the relationship between the level of regional economic prosperity and waste 
generation more specifically. Therefore, by shifting the focus of research to the district/city level 
and using GRDP per capita as an indicator of regional economic prosperity, as well as including 
Jakstrada as a moderation variable, this research is expected to fill the existing research gap. This 
approach allows for empirical testing of the extent to which regional waste management policies 
play a role in strengthening or weakening the influence of per capita income on waste generation, 
thereby making an empirical and policy contribution that is relevant to sustainable waste 
management in Indonesia. This study further contributes by integrating subnational panel 
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evidence with a policy moderation framework, allowing the analysis to move beyond the 
assumption that economic growth produces uniform environmental consequences across 
regions. 

The placement of regulations as a moderation variable in this study is since the 
relationship between per capita income and waste generation is not always linear, but is 
influenced by institutional capacity and policy effectiveness at the regional level. In this context, 
the existence of Regional Waste Management Policies and Strategies (Jakstrada) is an important 
instrument that functions not only as a technical guideline for waste management, but also as an 
intervention mechanism that is able to direct the impact of increasing per capita income so that it 
does not directly increase waste generation uncontrollably. Without strong and implementing 
regulations, an increase in economic activity has the potential to drive a significant increase in 
waste consumption and production. On the other hand, regions that have a commitment to good 
waste management policies through Jakstrada tend to be able to control and even suppress the 
growth rate of waste generation despite experiencing economic improvement.  In addition, 
including Jakstrada as a moderation variable is a form of novelty in this study, because it allows a 
more comprehensive analysis in seeing how public policies play a role as a strengthening or 
weakening factor in the relationship between per capita income and waste generation.  

This study aims to obtain empirical evidence on the phenomenon of waste management 
at the district/city level in Indonesia by analyzing the relationship between GRDP per capita and 
waste generation per capita, and examining the role of Jakstrada policy as a moderation variable 
in this relationship. Through this analysis, the research is expected to be able to make a theoretical 
contribution in enriching environmental economics studies, especially related to how per capita 
income and waste generation are influenced by public policies. Practically and policyly, the results 
of this research are projected to be an empirical reference for local governments to evaluate the 
effectiveness of Jakstrada, as well as provide strategic input for relevant ministries and 
institutions in formulating stronger synergies between economic development and sustainable 
waste management. The novelty of this research lies in positioning Jakstrada as an institutional 
mechanism that conditions the economic–environmental relationship rather than merely treating 
waste policy as a descriptive background factor. 

 
Frame of Mind 

 

 
Figure 2. Research Framework 

  
Research Hypothesis 

Based on the framework of thought and the analysis model used, the research hypothesis 
is formulated as follows.  
H1: GRDP per capita has a positive relationship with the generation of waste per capita in 
districts/cities in Indonesia. 
H2: Regional policies and strategies for waste management (Jakstrada) moderate the relationship 
between GRDP per capita and waste generation per capita in districts/cities in Indonesia. 

 
METHOD 

This study employed an explanatory quantitative method to analyze the relationship 

Regional Economic 

Prosperity Levels 

(GRDP per capita) 

Waste Generation 

(kg/capita/year) 

Regional Waste Management Policies 

and Strategies 

(Jakstrada) 
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between economic and environmental variables at the district/city level in Indonesia. This 
approach was chosen because it enabled the empirical testing of relationships between variables 
using numerical data and statistical analysis techniques. Using this approach, the influence of 
GRDP per capita on waste generation could be measured objectively, while also evaluating 
whether the existence of Regional Policies and Strategies for Waste Management (Jakstrada) 
affected the strength of the relationship between the two variables. The focus of this study was to 
examine the influence of GRDP per capita on waste generation and to determine whether the 
existence of the Jakstrada Policy functioned as a moderating factor affecting the relationship 
between the two variables. 

The panel structure was specifically designed to control for unobserved, time-invariant 
characteristics across districts/cities and common temporal shocks through district and year 
fixed effects. 

This study employed a panel data approach that combined two dimensions: the cross-
sectional dimension of regional units and the time dimension. The data analyzed included several 
districts/cities that were observed repeatedly over several observation periods. This approach 
offered advantages over the use of cross-sectional and time-series data separately because it was 
able to capture variations both across regions and over time. 

The object of this study was waste generation at the district/city level in Indonesia. Waste 
generation was defined as the amount of waste generated by the activities of residents in an area 
over a specified period. The research subjects included all districts/cities in Indonesia with 
complete and consistent data for the variables under study during the observation period. 
Regencies/cities were selected as the units of analysis because local governments had direct 
authority over waste management, including the preparation and implementation of the 
Jakstrada. 

The variables examined in this study were waste generation, GRDP per capita, Jakstrada, 
population (population density), school-age population, number of waste banks, and expenditure 
per capita. 

This study employed panel data regression using a Two-Way Fixed Effects approach as 
the main analytical technique. To analyze the relationship between regional economic activity and 
waste generation, the study included GRDP per capita and its squared term as explanatory 
variables in the regression model. The inclusion of the squared term was intended to 
accommodate the possibility of a non-linear relationship between per capita income and waste 
generation, in line with the theoretical proposition known in the environmental economics 
literature as the Environmental Kuznets Curve (EKC). 

The estimation procedure was complemented by robustness testing using mean-
centering of the interaction variables to examine the consistency of the moderation effects and 
reduce potential multicollinearity concerns. 

 
RESULTS AND DISCUSSION 

Results 
Estimated Results 

 
Table 1 
Estimation Results of the Two-Way Fixed Effects (TWFE) Model and Jakstrada Moderation 
Dependent Variable: ln(Capita Waste Generation) 

Variables 
(1) (2) (3) 
Model 1 Model 2 Model 3: Moderation 

ln(GRDP per Capita) 
1.351 
(2.398) 

1.871 
(2.571) 

4.838* 
(2.530) 

ln(GRDP per Capita)² 
-0.046 
(0.117) 

-0.072 
(0.125) 

-0.206 
(0.124) 

Jakstrada Policy  
-0.031 
(0.051) 

 

ln(Population Density)  
-0.009 
(0.018) 

0.002 
(0.016) 

ln(Number of Waste Banks)  0.008 0.010 
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(0.008) (0.007) 

ln(Per Capita Expenditure)  
-0.772 
(0.824) 

-0.890 
(0.794) 

Mean Years of Schooling  
-0.051 
(0.069) 

-0.055 
(0.070) 

Jakstrada Policy   
35.001*** 
(11.218) 

Jakstrada Policy × ln(GRDP per Capita)   
-6.479*** 
(2.070) 

Jakstrada Policy × [ln(GRDP per Capita)]²   
0.298*** 
(0.095) 

Constant 
-4.006 
(12.371) 

1.164 
(13.550) 

-14.062 
(13.022) 

Year FE Yes Yes Yes 
District FE Yes Yes Yes 
Observations 
R-Squared 

570 
0.025 

570 
0.043 

570 
0.075 

Note: The dependent variable in all models is the natural logarithm of capita waste generation (ln 
(Capita Waste Generation)). Standard errors are reported in parentheses. All models apply 
district/city fixed effects, while Models (1) and (2) additionally include year fixed effects.  

Statistical significance is indicated by * p < 0.10, ** p < 0.05, *** p < 0.01. 
 
In Model 1, the relationship seen is still the most basic, namely the relationship between 

GRDP per capita and waste generation per capita. From the estimated results, the linear coefficient 
of GRDP has a positive value of 1.351, while the squared coefficient has a negative value of -0.046. 
In a directional way, these results still lead to an inverted-U pattern that is in line with the 
Environmental Kuznets Curve (EKC) hypothesis, where in the early stages, the increase in income 
tends to be followed by an increase in waste generation, but at higher income levels the rate of 
increase begins to slow down. However, the two coefficients are not statistically significant, so the 
basic relationship between GRDP per capita and waste generation cannot be firmly identified in 
the simplest model. This does not mean that the economic-waste relationship does not exist, but 
rather indicates that the relationship may not be homogeneous across regions.  

In Model 2, this study began to add Jakstrada as a variable that stands alone with GRDP 
and control variables. Mathematically, this model can be written as: 

ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑡)
= 0 + 𝛽1ln(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡) + 𝛽2[ln(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡)2] + ∑𝛽

4
𝑍𝑖𝑡 + 𝛼𝑖

+ 𝛿𝑡 + 𝜀𝑖𝑡  
with is a dummy Jakstrada. 𝐽 

Model 3 is the real crux of moderation testing. Mathematically, this model can be written 
as: 

ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛)
= 0 + 𝛽1ln(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡) +  2[ln(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡)2]

+ 𝛽3𝐽𝑎𝑘𝑠𝑡𝑟𝑎𝑑𝑎𝑖𝑡 + 𝛽4(𝑙𝑛(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡) × 𝐽𝑎𝑘𝑠𝑡𝑟𝑎𝑑𝑎𝑖𝑡)
+ 𝛽5([ln(𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝑘𝑎𝑝𝑖𝑡𝑎𝑖𝑡)2] × 𝐽𝑎𝑘𝑠𝑡𝑟𝑎𝑑𝑎𝑖𝑡)+𝛽6ln(𝑋𝑖𝑡) + 𝛼𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡 

Based on the estimated results, the equation becomes: 
ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛)

= −14,062 + 4,838𝑋 − 0,206𝑋2 + 35,001𝐽 − 6,479(𝐽𝑋) + 0,298(𝐽𝑋2) + ∑𝛽
4

𝑍𝑖𝑡

+ 𝛼𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡  
The results of the estimation show that the ln coefficient (GRDP per capita) in the basic 

condition is 4.838 and the squared coefficient is -0.206. In addition, the main or most important 
result is the interaction coefficient of Jakstrada × ln (GRDP per capita) of -6.479 and the interaction 
coefficient of Jakstrada × ln(GRDP per capita)2 of 0.298 and both are significant. This means that 
Jakstrada has completely changed the relationship between GRDP per capita and waste 
generation, or it can be said that the economic influence on waste is not the same between regions 
that have Jakstrada and regions that do not have Jakstrada. These findings indicate that policy 
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capacity determines whether economic expansion translates into greater environmental 
pressure, supporting the argument that institutional interventions are essential in sustainable 
development pathways. 

For areas without Jakstrada, the interaction component is missing and the equation 
becomes:( 𝐽 = 0 ) 

ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛) = −14,062 + 4,838𝑋 − 0,206𝑋2 + ∑𝛽
4

𝑍𝑖𝑡 

This means that in areas that do not have a Jakstrada, the increase in GRDP per capita is 
still related to the increase in waste generation, but the relationship is not linear because the 
squared coefficient is negative. Its marginal derivatives are: 

 
∂ln(𝑇𝑆)

∂𝑋
= 4,838 − 0,412𝑋 

 
The equation shows that in areas that do not have a Jakstrada, the influence of GRDP per 

capita on waste generation is not constant. The magnitude of the influence depends on the level 
of GRDP per capita owned by the region. The initial coefficient of 4.838 indicates that at low-
income levels, the increase in economic activity is still related to the increase in waste generation. 
However, the coefficient shows that the influence is weakening as income levels increase.−0,412𝑋 

 
As for the region with Jakstrada, the equation becomes:( 𝐽 = 1 ) 

ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛)
= (−14,062 + 35,001) + (4,838 − 6,479)𝑋 + (−0,206 + 0,298)𝑋2 + ∑𝛽

4
𝑍𝑖𝑡 

So: 
ln(𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛) = 20,939 − 1,641𝑋 + 0,092𝑋2 + ∑𝛽

4
𝑍𝑖𝑡 

Its marginal derivatives change into: 
∂ln(𝑇𝑆)

∂𝑋
= −1,641 + 0,184𝑋 

 
Robustness Check 

  
Table 2 
Robustness Check Results Using Mean-Centering Dependent Variable: ln(Capita Waste Generation) 

Variables 
(1) (2) (3) 
Model 1 Model 2 Model 3: Moderation 

Centered GRDP per Capita 0.409 0.388 0.579** 
 (0.284) (0.280) (0.275) 
Centered (GRDP per Capita)² -0.046 -0.072 -0.206 
 (0.117) (0.125) (0.124) 
Jakstrada Policy — -0.031 — 
  (0.051)  
ln(Population Density) — -0.009 0.002 
  (0.018) (0.016) 
ln(Number of Waste Banks) — 0.008 0.010 
  (0.008) (0.007) 
ln(Per Capita Expenditure) — -0.772 -0.890 
  (0.824) (0.794) 
Mean Years of Schooling — -0.051 -0.055 
  (0.069) (0.070) 
Jakstrada Policy — — -0.097* 
   (0.054) 
Jakstrada Policy × Centered GRDP per Capita — — -0.311*** 
   (0.115) 
Jakstrada Policy × Centered (GRDP per Capita)² — — 0.298*** 
   (0.095) 
Constant 5.094*** 12.842* 13.936* 
 (0.082) (7.633) (7.353) 
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Year FE Yes Yes Yes 
District FE Yes Yes Yes 
Observations 570 570 570 
R-squared 0.025 0.043 0.075 
Standard errors in parentheses. All models use Fixed Effects (district/city). Models (1)-(2) include 
year fixed effects. * p < 0.10, ** p < 0.05,  p < 0.01 

 
In Model 1, the GRDP coefficient per capita of the mean-centering result remained positive 

at 0.409, while the coefficient squared of GRDP per capita remained negative at -0.046. Although 
the value of the linear coefficient changes compared to the main model, the direction of the 
relationship formed remains the same.  

In Model 2, the estimation results also show a pattern that is identical to the main model. 
The GRDP coefficient per capita remained positive at 0.388, the squared coefficient remained 
negative at -0.072, while the Jakstrada coefficient remained negative at -0.030.  

In Model 3, the moderation model is the focus of the research. After mean-centering, the 
interaction coefficient between Jakstrada and GRDP per capita remained negative and significant 
at -0.311, while the interaction coefficient between Jakstrada and the square of GRDP per capita 
remained positive and significant at 0.298.  

 
Analysis of Regency and City Heterogeneity 

 
Table 3 
Results of Regency and City Heterogeneity Analysis Heterogeneity of Regency and City: ln(Per 
Capita Waste Generation) 

Variables 
(1)  
Cities: No 
Moderation 

(2)  
Regencies: No 
Moderation 

(3)  
Cities: 
Moderation 

(4)  
Regencies: 
Moderation 

ln(GRDP per Capita) 7.836*** -1.088 9.487* 5.604 

 (2.521) (8.679) (4.833) (11.960) 

ln(GRDP per Capita)² -0.321*** 0.057 -0.394* -0.255 

 (0.108) (0.432) (0.209) (0.594) 

Jakstrada Policy 0.085 -0.067 — — 

 (0.051) (0.067)   

ln(Population Density) -0.010 0.002 -0.008 -0.001 

 (0.013) (0.024) (0.015) (0.020) 

ln(Number of Waste 
Banks) 

0.005 0.008 0.006 0.012 

 (0.009) (0.010) (0.010) (0.010) 

ln(Per Capita 
Expenditure) 

-0.552 -1.087 -0.539 -1.265 

 (1.488) (0.971) (1.470) (0.791) 

Mean Years of Schooling 0.033 -0.114 0.035 -0.116 

 (0.089) (0.088) (0.090) (0.084) 

Jakstrada Policy — — 18.976 79.637 

   (33.793) (67.824) 

Jakstrada Policy × 
ln(GRDP per Capita) 

— — -3.404 -15.166 

   (6.088) (13.404) 

Jakstrada Policy × 
[ln(GRDP per Capita)]² 

— — 0.153 0.720 

   (0.273) (0.662) 
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Constant -36.821** 21.100 -46.276** -13.038 

 (13.721) (46.242) (22.162) (62.348) 

Year FE Yes Yes Yes Yes 

District FE Yes Yes Yes Yes 

Observations 198 372 198 372 

R-squared 0.182 0.046 0.186 0.113 

Notes: Standard errors are reported in parentheses. All models include district and year fixed 
effects. Columns (1) and (3) use the city subsample; columns (2) and (4) use the regency 
subsample. * p < 0.10, ** p < 0.05, *** p < 0.01. 
Source: Author's Edited Results, 2026 

  
The heterogeneity analysis demonstrates that the EKC pattern is more evident in cities 

than in regencies. Cities exhibit a statistically significant inverted-U relationship between GRDP 
per capita and waste generation, both before and after accounting for the moderating role of 
Jakstrada. In contrast, no statistically significant EKC pattern is found in regencies. Moreover, the 
insignificant interaction terms indicate that Jakstrada does not significantly moderate the 
relationship between economic development and waste generation in either district type. Overall, 
these findings reveal heterogeneity in the economic development–waste generation relationship 
across local administrative contexts, while evidence of Jakstrada as a significant moderator 
remains limited at the disaggregated level. 

 
Discussion 
Estimation Results of the Two-Way Fixed Effects (TWFE) Model and Jakstrada Moderation 

From the estimated results, the ln coefficient (GRDP per capita) increased to 1.871 and the 
squared coefficient to -0.072, but both are still not significant. The Jakstrada coefficient of -0.031 
is also not significant. This means that the existence of Jakstrada at this level has not shown a 
strong direct difference in waste generation when viewed as an average effect. Substantively, this 
shows that when other factors have been controlled, the existence of Jakstrada has not been 
immediately seen as a difference in the average generation of waste between regions. In other 
words, Jakstrada at this stage has not worked primarily as a factor that directly reduces waste, 
but only as a variable that needs to be further tested whether it changes the relationship between 
GRDP and waste. 

This insignificance requires careful interpretation, where in environmental econometrics, 
this result does not necessarily mean that the Environmental Kuznets Curve (EKC) relationship 
does not exist in Indonesia, but rather indicates the existence of extreme regional heterogeneity 
and structural variation between regions that hold back the estimated average effect. Akther et al. 
(2025) assert that the determinants of urban waste generation often fail to show uniform linear 
significance at the macro level due to disparities in technological capacity and governance at the 
local level that are in stark contrast to each other. This condition is reinforced by Abae (2025) 
which states that regions within a country often do not show homogeneous waste management 
behavior due to differences in the path of regional economic prosperity.  

In the context of this study, Jakstrada was included in Model 2 because it represents 
aspects of waste management policies that can affect how GRDP per capita is translated into 
environmental impact. Panayotou (1997) also showed that better policies and institutions can 
slope the EKC curve and accelerate the improvement of environmental quality, thus theoretically 
supporting the addition of the Jakstrada variable in the analysis. In simple language, Panayotou 
lays the groundwork that economic effects on the environment can differ depending on the quality 
of the policies involved. 

Therefore, the weak significance of Models 1 and 2 methodologically provides a strong 
theoretical justification for the importance of including local policy and institutional variables as 
conditioning factors. The relationship between GRDP per capita and waste generation in 
developing countries cannot move mechanically and automatically follows the EKC hypothesis, 
but must be intervened by regulatory instruments in the future (Ari & Şentürk, 2020). This 
empirical fact confirms the urgency of including the interaction variable of the Regional Waste 
Management Policy and Strategy (Jakstrada) in Model 3. 
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Model 3 is not a mere technical addition, but rather a logical response to two mutually 
reinforcing findings, namely, first, the insignificance of the GRDP coefficient per capita in Models 
1 and 2 which indicates a heterogeneity of parameters that has not been captured, and second, a 
quadrant distribution pattern that empirically shows that areas with equivalent GRDP per capita 
can generate significantly different waste generation. The insignificance of the relationship 
between GRDP per capita and waste generation in Model 1 indicates that GRDP per capita alone 
is not enough to explain the variation in waste generation. The relationship is likely influenced by 
other factors that determine how economic activity translates into an increase or decrease in 
waste generation. In the study of solid waste dynamics, Ari & Şentürk (2020) affirms that the 
relationship between economic output growth and environmental degradation cannot be allowed 
to proceed mechanically without intervention. Regulations and formal institutional commitments 
are necessary as a controlling instrument to suppress the negative externalities of people's 
economic activities. Therefore, as explained in the study of Akther et al. (2025), the failure of pure 
economic models in capturing the significance of data is often caused by the absence of local 
governance variables that function as conditioning factors in the field. This argument is reinforced 
by the findings. 

In areas that already have a Jakstrada, the pattern of relationships has changed 
significantly. The initial coefficient becomes negative at -1.641, which indicates that at a given 
income level, an increase in economic activity is no longer automatically followed by an increase 
in waste generation. In other words, the existence of Jakstrada changes the sensitivity of waste 
generation to GRDP per capita. 

This change shows the magnitude of the Jakstrada's moderation. The linear coefficient, 
which was originally 4.838 changed to -1.641, so that the existence of Jakstrada reduced the 
influence of GRDP per capita on waste generation by -6.479 points. Meanwhile, the squared 
coefficient changes from -0.206 to 0.092, which means that the shape of the nonlinear relationship 
also changes. In other words, Jakstrada is not just about minimizing economic influence, but about 
changing the way GRDP per capita is translated into waste generation. 

The Jakstrada dummy coefficient of 35.001 needs to be read carefully. In the interaction 
model, this coefficient indicates the level difference at the reference point, but is not the core of 
the moderation. The essence of moderation lies precisely in the significant interaction coefficient, 
because that coefficient shows that the relationship between GRDP and waste generation is 
indeed different between regions that have and those that do not have a Jakstrada. Thus, the 
results of this study show that regional waste management policies work as a conditioning factor 
that weakens the relationship between GRDP per capita and waste generation. 

After the interaction coefficient, the marginal effect analysis clarifies that the influence of 
GRDP per capita on waste generation is indeed different according to the status of the Jakstrada. 
In areas without Jakstrada, the marginal effect of GRDP per capita on waste generation is still 
positive and relatively larger, while in areas that have a Jakstrada, the marginal effect decreases 
and tends to be smaller. This difference shows that the existence of Jakstrada weakens the 
sensitivity of waste generation to GRDP per capita. In other words, when the regional waste 
management policy has been running, additional economic activities will no longer translate into 
additional waste generation in the same amount as in regions that do not have a Jakstrada. 
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Figure 3. Average Marginal Effect of GRDP per Capita in the Condition of Existence and Absence 
of Jakstrada 

Source: Author's Edited Results, 2026 
 
Figure 3 shows that the average marginal effect (GRDP per capita) on waste generation 

differs according to the policy status of the Jakstrada. In areas that do not have a Jakstrada, the 
marginal effect of GRDP per capita is positive at 4.838. This shows that the increase in economic 
activity is still related to the increase in waste generation. On the other hand, in areas that already 
have Jakstrada, the marginal effect decreased to a negative value of -1.641. This change of 
direction shows that the existence of Jakstrada has succeeded in reducing the sensitivity of waste 
generation to GRDP per capita.  

To complete the interpretation of the interaction coefficient and marginal effect, an 
analysis was carried out predictive margins as shown in Figure 4. In contrast to average marginal 
effects which focuses on changes in the slope of the relationship, predictive margins show how 
the prediction of waste generation changes at several levels of GRDP per capita according to the 
policy status of the Jakstrada. Thus, this graph provides a more intuitive picture of the substantive 
implications of the moderation results obtained in Model 3. 

Figure 4. Prediction of the Relationship between GRDP per Capita and Waste Generation in 
Conditions Before and After Jakstrada 
Source: Author's Edited Results, 2026 

 
On the left panel, it can be seen that when the ln (GRDP per capita) increases from around 

7.5 to 13.25, the prediction of ln (per capita waste generation) increases from around -9 to about 
18, meaning that in areas that do not have a Jakstrada, the increase in economic activity is still 
related to a considerable increase in waste generation. Visually, the positive slant of the line shows 
that the increase in GRDP per capita still translates into increased pressure on the regional waste 
system. The higher the level of regional income, the greater the prediction of waste generation 
produced when the region does not have adequate waste management policy instruments. 

The right panel shows a different pattern. When ln (GRDP per capita) increases from about 
7.5 to 13.25, the prediction of ln (per capita waste generation) decreases from about 10 to close 
to 0. In areas that already have a Jakstrada, the increase in economic activity is no longer followed 
by an increase in waste generation in the same amount. The existence of Jakstrada changes the 
relationship between GRDP per capita and waste generation so that the increase in income no 
longer results in additional waste generation as much as that occurs in areas without Jakstrada. 

Overall, the results of the study show that GRDP per capita does not automatically result 
in an increase in waste generation with the same pattern in all regions. The insignificance of the 
relationship in the basic model indicates that the relationship between the economy and waste 
generation is conditional and influenced by regional characteristics. When regional policy factors 
are considered through the Jakstrada, the relationship changes significantly, suggesting that 
regional waste management policies play a role as a conditioning factor that affects how GRDP per 
capita translates into environmental pressures. Thus, the findings of this study provide empirical 
evidence that the existence of Jakstrada not only functions as a waste management instrument, 
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but also as an institutional mechanism that is able to weaken the relationship between GRDP per 
capita and waste generation. These findings are an important basis for the formulation of policy 
recommendations that will be discussed in the next chapter. 
 
Robustness Check 

In Model 1, the GRDP coefficient per capita of the mean-centering result remained positive 
at 0.409, while the coefficient squared of GRDP per capita remained negative at -0.046. Although 
the value of the linear coefficient changes compared to the main model, the direction of the 
relationship formed remains the same. These results show that the mean-centering 
transformation does not change the basic pattern of the relationship between GRDP per capita 
and waste generation. Substantively, the relationship still leads to a nonlinear pattern in the shape 
of an inverted-U, i.e. the increase in income in the early stages of development tends to be followed 
by an increase in waste generation, while at higher income levels the rate of increase begins to 
slow down. This consistency shows that the initial indication of the existence of the EKC pattern 
found in the main model is not due to the measurement scale of the GRDP per capita variable, but 
rather comes from the relationship structure contained in the data. 

In Model 2, the estimation results also show a pattern that is identical to the main model. 
The GRDP coefficient per capita remained positive at 0.388, the squared coefficient remained 
negative at -0.072, while the Jakstrada coefficient remained negative at -0.031. There was no 
change in the direction of the coefficient or a change in substantive conclusions after mean-
centering was carried out. These findings show that the relationship between GRDP per capita, 
Jakstrada's policies, and waste generation remains stable even though the reference points of 
economic variables are changed to their average values. In other words, the results of the 
estimates in Model 2 are not sensitive to independent variable scale transformations. 

In Model 3, the moderation model is the focus of the research. After mean-centering, the 
interaction coefficient between Jakstrada and GRDP per capita remained negative and significant 
at -0.311, while the interaction coefficient between Jakstrada and the square of GRDP per capita 
remained positive and significant at 0.298. The consistency of the direction and significance of the 
two interaction coefficients showed that the main conclusions of the study did not change after 
the variable transformation was performed. Thus, the finding that Jakstrada moderates the 
relationship between GRDP per capita and waste generation persists in both the main model and 
the mean-centered model. 

Substantively, these results have an important meaning. In the main model, the existence 
of Jakstrada has been proven to change the relationship between GRDP per capita and waste 
generation. The same result appears again after the economic variable is changed to a centered 
form. Since the moderation effect remains significant in both model specifications, it can be 
concluded that the role of Jakstrada is not a result that arises due to certain mathematical 
characteristics of the GRDP variable, but rather reflects the empirical relationship that is 
contained in the data. In the context of this study, these results strengthen the argument that the 
existence of regional waste management policies does indeed play an institutional role as an 
institutional factor that affects how GRDP per capita is translated into waste generation.  

Overall, robustness checks using mean-centering showed that the entire model 
maintained the same relationship pattern as the main estimate. In Model 1 and Model 2, the 
direction of the relationship between variables remained consistent after the transformation. In 
Model 3, the Jakstrada interaction coefficient remained significant in the same direction as in the 
main model. Therefore, the results of the study can be stated to be robust to changes in model 
specifications, so that the main conclusion regarding the role of Jakstrada as a moderator variable 
that weakens the relationship between GRDP per capita and waste generation remains valid and 
reliable. 

 
Analysis of Regency and City Heterogeneity 

The results of estimating the influence of GRDP per capita on capita waste generation by 
separating the analysis between regencies and cities. In the model without moderation, it was 
found that GRDP per capita in urban areas has a positive and significant coefficient, while the 
quadratic variable of GRDP per capita has a negative and significant coefficient. These results 
indicate that the increase in GRDP per capita in urban areas is still going hand in hand with the 
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increase in household consumption and the use of consumer goods that produce waste and the 
relationship between GRDP per capita and capita waste generation in cities is nonlinear in the 
shape of an inverted U-shape.  

Overall, the results of the heterogeneity analysis show that the relationship between GRDP 
per capita and waste generation is more pronounced in urban areas than districts. Cities with 
higher rates of urbanization, consumption, and economic activity show a positive and nonlinear 
relationship between GRDP per capita and capita waste generation. On the other hand, in the 
districts the relationship is not significant due to the more diverse economic characteristics and 
the dominance of the primary sector. On the other hand, this study has not found evidence that 
the existence of Jakstrada is able to moderate the relationship between GRDP per capita and waste 
generation in both cities and districts. The findings indicate that the existence of policies does not 
necessarily reflect the effectiveness of implementation and shows that economic and urbanization 
factors are still the main determinants of waste generation at the regional level. The existence of 
policy documents is not necessarily followed by the provision of waste management 
infrastructure, institutional strengthening, and effective changes in community behavior. 

 
CONCLUSION 

This study confirms that GRDP per capita does not automatically result in an increase in 
waste generation by the same amount in all regions. What determines precisely how this growth 
is managed through public policy, institutional capacity, and regional context. In this case, 
Jakstrada has been proven to play a role as a conditioning factor that weakens the relationship 
between GRDP per capita and waste generation. 
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