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This study aims to test the endogeneity among green growth, foreign debt, and aging 

population for Indonesia and Malaysia using a vector autoregression approach from 1975 to 

2023. This study can provide important insights into how economic and demographic factors 

interact in the context of green growth and foreign debt, as well as offer more informed policy 

recommendations for both countries. Endogeneity analysis in this context will help design 

more effective and adaptive policies to address global and local economic dynamics toward 

achieving sustainable development goals. The key findings of this study indicate similar results 

in both countries, showing causality between the aging population and foreign debt. 

Furthermore, there is a one-way relationship where only green growth affects foreign debt. 

Additionally, there are divergent findings between the two countries: green growth and aging 

population do not influence each other in Indonesia, whereas in Malaysia, it is only aging 

population that affects green growth. Recommendations from this study suggest that both 

countries need to promote sustainable health for aging populations through the development 

of productive investments and risk management in the use of foreign debt.  
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1. INTRODUCTION

The issue of green growth (GG) is a critical indicator in 

assessing the performance and success of a country, which 

trend is closely related to the use of inputs to generate total 

output over a specific period [1]. The GG trend refers to the 

utilization of economic inputs to achieve high output within a 

particular period while considering the comprehensive 

environmental impacts [2, 3]. Various types of inputs as 

components of production factors used in economic activities 

include resources, which can be classified into capital 

resources and human resources [4]. In this regard, the 

increasingly widespread globalization does not negate a 

country's ability to obtain capital resources from abroad 

through foreign debt (FD) [5]. Additionally, human resources 

can refer to the population [6, 7]. 

Factors of production from capital resources, particularly 

those sourced from FD, refer to capital obtained through loans 

acquired from institutions or other countries. This can include 

international bank loans, international bonds, or credits from 

international financial institutions [8]. Funding from FD is 

utilized to enhance a country's production capacity, finance 

infrastructure projects, industrial development, or other 

investments aimed at fostering economic growth (EG) [9, 10]. 

However, the use of FD requires careful consideration 

regarding repayment risks, interest costs, and overall 

economic impact. Generally, these production factors play a 

crucial role in the global modern economy, where access to 

FD can accelerate a country's EG, but must also be managed 

prudently to avoid excessive dependence or uncontrolled 

financial risks [11, 12]. 

Meanwhile, factors of production from human resources, 

referring to the population, constitute the economically active 

portion of the population. The size and composition of the 

population significantly influence a country's production 

capacity [13, 14]. Countries with large and skilled populations 

typically generate more goods and services [15]. However, the 

focal issue concerning human resource factors of production 

is the aging population (AP), as it leads to a decline in the 

proportion of the population that is economically active. This 

can reduce the available workforce to meet production and 

service needs, thereby affecting EG potential [16]. Moreover, 

an AP does not contribute to a country's output growth, thus 

slowing its EG. Additionally, an AP aggregates economic 

burdens on a country because this elderly group requires more 

medical care compared to younger age groups. 

Previous literature reviews have identified studies on this 

topic, but a significant gap necessitates further analysis. 

Existing studies tend to be conventional, overlooking the 

concepts of GG and neglecting endogeneity and comparative 

analysis. For instance, Lopreite and Mauro [17] analyzed 

emerging economies from 1990 to 2015, finding that FD had 

a significant negative impact on EG due to its non-productive 

application. Similarly, research by Kharusi and Ada [18] in 
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Ukraine from 2006 to 2016 revealed that high FD coupled with 

macroeconomic instability hindered EG. Additionally, 

Shkolnyk and Koilo [19] studied the Economic Community of 

West African States from 1990 to 2016, highlighting FD as a 

capital source that could enhance healthcare expenditure, 

thereby impacting the AP. Meanwhile, N’Zue [20] conducted 

research in Croatia from 2004 to 2019, indicating that an 

unbalanced AP to productive age population ratio leads to 

reduced EG. These findings were reinforced by Buterin et al. 

[21], who found across countries that an increase in AP, 

combined with adequate human resource quality, enhances EG. 

Therefore, this research fills this gap by exploring the 

endogeneity between GG, FD, and AP towards achieving 

sustainable development (SD). 

 

 
 

Figure 1. GG in percent [24] 

 

 
 

Figure 2. FD in millions of USD dollars [24] 

 

 
 

Figure 3. AP in percent of the total population [24] 

 

SD represents a correction to the classical development 

model that solely focuses on EG and serves as an anticipation 

of development activities exceeding the carrying capacity of 

natural resources and the environment [22]. Furthermore, 

achieving SD also holds the potential to enhance 

environmental sustainability while ensuring future generations 

are not compromised due to the current economic system [23]. 

Moreover, GG, FD, and AP, upon scrutiny and analysis, can 

be interconnected in several ways. GG is believed to offer new 

investment opportunities that can help address economic 

challenges arising from AP through increased demand for 

environmentally friendly technologies and healthcare services. 

On the other hand, prudent management of FD can provide 

funding for GG investments and infrastructure to support AP. 

However, it is crucial to investigate that the relationship 

between GG, FD, and AP may vary from one country to 

another due to each country's unique economic context. Based 

on this explanation, GG, FD, and AP are part of 

macroeconomic indicators believed to have interdependencies 

in the context of SD in a country, particularly in Indonesia and 

Malaysia, which are classified as upper-middle-income 

countries in the Association of Southeast Asian Nations 

(ASEAN). These conditions are summarized in Figures 1-3. 

Based on the information in Figures 1-3, the phenomenon 

observed is that GG in Indonesia tends to be higher compared 

to Malaysia during the observation period. However, the FD 

condition in Indonesia is larger than in Malaysia. Additionally, 

the AP trend in Malaysia shows a more significant increase 

compared to Indonesia. Ideally, high GG in Indonesia should 

help reduce dependence on foreign resources like FD to 

enhance economic self-reliance. However, Indonesia's FD is 

larger than Malaysia's, which contradicts previous literature 

findings. FD has the potential to become a heavy burden on 

the economy due to substantial annual interest and principal 

debt payments. This could potentially limit Indonesia's ability 

to allocate resources towards sustainable development, 

including GG and services needed by the AP. Based on these 

phenomena, the interdependencies between GG, FD, and AP 

in these two countries are not evident yet. 

There are several challenges in achieving SD through GG, 

FD, and AP. One of the key challenges in achieving optimal 

GG is how to allocate factors of production efficiently and 

implement appropriate policies to stimulate sustainable GG. 

On the other hand, a challenge for FD is that interest and 

principal debt payments can consume a significant portion of 

a country's income, hindering the ability to invest in 

infrastructure and other public services [25-27]. Managing FD 

is a complex challenge for many countries, requiring wise 

policies to minimize associated risks [28, 29]. Meanwhile, the 

challenge for AP is placing additional pressure on pension 

systems and healthcare services, as governments must ensure 

that the AP group has sustainable strategies to address 

increasing needs, while also promoting greater economic 

participation from older individuals [30, 31]. 

In the context of SD, Indonesia and Malaysia exhibit unique 

characteristics and face different challenges. However, 

through comparative analysis, these countries can learn from 

each other to optimize efforts toward inclusive SD. 

Specifically, the interrelation of GG, FD, and AP presents 

crucial issues that are important to analyze, drawn from 

various studies to support the focus of this research. First, GG 

is part of development indicators focusing on SD by 

prioritizing environmental protection and committing to 

reducing negative impacts on ecosystems [32]. 

Implementation of GG involves investments in 

environmentally friendly technologies and practices, such as 

renewable energy, energy efficiency, sustainable 

transportation, and improved waste management [33]. 

Additionally, GG aims to enhance economic and social well-

being while minimizing carbon emissions and other negative 

environmental impacts [34]. Second, FD refers to funds 

borrowed by a country from foreign creditors, which can be 

used to finance economic investments and development like 

infrastructure, education, and other public services [17]. 

However, excessive FD can burden a country's economy if not 

managed properly, due to required interest and principal 
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repayments, with risks of default [35, 36]. Third, AP refers to 

the increase in the proportion of the elderly population within 

a population, which can impact the economy in various ways, 

including changes in the workforce structure, demand for 

healthcare and long-term care services, and disparities in 

consumption of goods and services by younger generations 

[37, 38]. 

There are three urgencies of this research based on the 

endogeneity test and comparison to be conducted in this study. 

First, the study of GG is important to ensure that the achieved 

EG is not only sustainable economically but also 

environmentally, allowing both countries to compare their 

strategies and policies in this regard to observe the best 

approaches that can be adopted to promote sustainable GG. 

Second, FD is a crucial source of financing for both countries 

in building infrastructure and expanding production capacity, 

thus comparing both countries can provide insights into how 

to manage FD wisely to promote inclusive and sustainable EG. 

Third, the increasing AP through significant demographic 

changes poses challenges in social, health, and economic 

policies, including financing pension systems, long-term 

healthcare services, and the availability of skilled labor. A 

comparison between the two countries can help find the best 

solutions to address the impact of AP on SD. 

Based on the various explanations provided earlier, this 

study aims to analyze and compare the endogeneity present in 

the relationship between GG, FD, and AP in Indonesia and 

Malaysia. Therefore, the research question addressed in this 

study is: How does endogeneity affect the relationship 

between GG, FD, and AP in Indonesia and Malaysia? 

 

 

2. METHODOLOGY 
 

2.1 Data and variables 

 

The data in this study is secondary data obtained from 

various official global agencies, including the World Bank and 

Fred Economic Data. Specifically, this research categorizes 

data based on time series and cross-section analyses. The time 

series in this study covers the period from 1975 to 2023. 

Meanwhile, the cross-section analysis includes two regions: 

Indonesia and Malaysia. 

The variables used in this study are all endogenous, 

including GG, FD, and AP. The selection of these variables is 

based on references from literature reviews and identified 

research gaps discussed earlier. Furthermore, the endogeneity 

relationships of each variable in this study serve as the 

foundation, as illustrated in Figure 4. 

The operational definitions of the research variables have 

been summarized in Table 1. 

 

Table 1. Operational definitions of research variables 

 
Variable Indicator Unit Source 

GG 

The EG rate considers the 

depletion of natural 

resources, including net 

deforestation, energy, and 

mineral depletion. 

Persentase [24] 

FD 
Total FD in the short and 

long-term 
US Dollar [24] 

AP 
The number of people 

aged 65 and older 

Percentage of 

the total 

population 

[25] 

 
 

Figure 4. Variable relationships 

 

2.2 Data analysis methodology 

 

This study employs the Vector Autoregression (VAR) 

approach, motivated by the types of variables and conceptual 

framework used in this research. In VAR analysis, there are no 

exogenous variables in the model, making all variables 

endogenous. The VAR approach is a reliable tool for 

describing data and making good predictions in multivariate 

equations [39]. Additionally, VAR examines how past values 

of a variable can explain its current state and are influenced by 

the past values observed from all other endogenous variables 

in the model. Moreover, VAR is commonly used to analyze 

relationships among a system of time series variables and the 

impact of shocks on the variable system. Based on this 

explanation, the econometric model for analyzing the 

endogeneity of GG, FD, and AP for comparison between 

Indonesia and Malaysia has been summarized in Eqs. (1) to 

(3). 

 

𝐺𝐺𝑡 = 𝛼01𝑖 + ∑ 𝛽01𝑖𝐺𝐺𝑡−𝑖

𝑛

𝑖=1

+ ∑ 𝜃01𝑖𝐹𝐷𝑡−𝑖

𝑛

𝑖=1

 

+ ∑ 𝜆01𝑖𝐴𝑃𝑡−𝑖

𝑛

𝑖=1

+  𝜀01𝑡 

(1) 

 

𝐹𝐷𝑡 = 𝛼02𝑖 + ∑ 𝛽02𝑖𝐺𝐺𝑡−𝑖

𝑛

𝑖=1

+  ∑ 𝜃02𝑖𝐹𝐷𝑡−𝑖

𝑛

𝑖=1

 

+ ∑ 𝜆02𝑖𝐴𝑃𝑡−𝑖

𝑛

𝑖=1

+  𝜀02𝑡 

(2) 

 

𝐴𝑃𝑡 = 𝛼03𝑖 + ∑ 𝛽03𝑖𝐺𝐺𝑡−𝑖

𝑛

𝑖=1

+  ∑ 𝜃03𝑖𝐹𝐷𝑡−𝑖

𝑛

𝑖=1

 

+ ∑ 𝜆03𝑖𝐴𝑃𝑡−𝑖

𝑛

𝑖=1

+ 𝜀03𝑡     

(3) 

 

Explanation: 

t: time period 

t-i: lagged time period i 

α: constant 

β, θ, λ : coefficients 

ε: residual 

 

Based on the explanation of the VAR approach concept, it 

is necessary to understand each stage of its operation to 

support the research objectives established [40]. The sequence 

of stages in implementing the VAR approach includes: 

 

2.2.1 Stationarity test 

Time series economic data generally exhibit stochastic 

properties or non-stationary trends, indicating the presence of 

unit roots in the data. To estimate the model using the data, it 

is essential to first test the stationarity of the data, known as 

the unit root test. The method used to determine whether 

GG FD 

AP 
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variables in this study are stationary or not is through the unit 

root test. 

 

2.2.2 Optimal lag 

Determining the number of lags to use in the VAR model 

can be based on criteria such as Akaike Information Criterion 

(AIC) and Schwarz Information Criterion (SC). In this study, 

the lag chosen is the model with the lowest AIC value. 

 

2.2.3 Stability test 

To test the stability of the formed VAR estimation, a check 

is performed on the stability conditions of VAR, which 

involve the characteristics of polynomial roots. A VAR system 

is considered stable if the modulus of all its roots is less than 

1. 

 

2.2.4 Granger causality test 

Causality testing can be performed using various methods, 

including Granger causality and error correction model 

causality. Granger causality is used to test the cause-effect 

relationship between two variables. The predictive power of 

previous information can indicate the presence of a cause-

effect relationship between variables over time. 

 

2.2.5 Cointegration test 

If the stationary phenomenon is at the 1st difference level, 

then testing should be conducted to determine the possibility 

of cointegration. The concept of cointegration essentially 

ensures long-term equilibrium among the observed variables. 

 

2.2.6 VAR instrument 

VAR includes specific instruments capable of accounting 

for interactions among variables in the model. These 

instruments include Impulse Response Functions (IRF) and 

Variance Decompositions (VD). IRF applies a moving 

average vector to determine the impact of shocks in one 

variable on another. Meanwhile, VD is used to analyze the 

extent of shock impact on one variable to another. 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Stationarity test results 

 

The stationarity test for the data in this study employed a 

test called Augmented Dickey-Fuller (ADF). A variable is 

considered stationary if the probability value is less than α = 

0.05. Conversely, a variable is deemed non-stationary if the 

probability value exceeds α = 0.05. However, if a categorical 

variable's data is found to be non-stationary, the solution 

involves employing non-stationary difference processes. 

 

Table 2. Stationarity test results 

 

Variable 

Indonesia 

Level First Difference 

ADF Prob ADF Prob 

GG -3.923001 0.0039 -15.19666 0.0000 

FD -1.850967 0.3518 -3.790923 0.0260 

AP -1.079824 0.9197 -5.207062 0.0007 

Variable 

Malaysia 

Level First Difference 

ADF Prob ADF Prob 

GG -2.030760 0.2731 -8.435826 0.0000 

FD 1.926553 0.9998 -5.939257 0.0000 

AP 1.406892 0.9988 -3.531353 0.0116 
Source: Author's work, 2024. 

 

Table 2 summarizes the stationarity test results for the 

endogeneity models GG, FD, and AP comparing Indonesia 

and Malaysia at the level and first difference levels. From the 

table, it can be observed that the ADF probability value for the 

GG variable in Indonesia indicates stationarity at the level, as 

its probability is less than α = 0.05. However, the other 

variables for Indonesia and all variables for Malaysia are non-

stationary at the level. Upon identifying these conditions, the 

ADF test procedure was then applied to test the stationarity of 

the variables by conducting unit root tests at the first difference 

level. Subsequently, from the results of the next stage of unit 

root tests, all variables in Indonesia and Malaysia, which 

previously did not pass at the level, were found to be stationary 

at the first difference level. 

 

3.2 Optimal lag results 

 

The VAR approach is highly sensitive to the number of 

lagged data used, hence it is essential to determine the optimal 

lag length. Determining this lag length helps in understanding 

the duration of influence periods on an endogenous variable 

both in the past and on other endogenous variables. The 

optimal lag length can be determined based on values of the 

likelihood ratio (LR), final prediction error (FPE), Akaike 

Information Criteria (AIC), Schwarz Criteria (SC), and 

Hannan-Quinn (HQ). These values can be found in Table 3. 

 

Table 3. Optimal lag test results 

 
Indonesia 

Lag LogR LR FPE AIC SC HQ 

0 -1103.098 NA 4.42e+18 51.44643 51.56930 51.49174 

1 -1041.255 112.1812 3.79e+17 48.98859 49.48009 49.16984 

2 -1024.837 27.49090 2.70e+17 48.64356 49.50368 48.96075 

3 -996.0618 44.16601 1.10e+17 47.72380 48.95255* 48.17693 

4 -983.3028 17.80324* 9.51e+16* 47.54897* 49.14633 48.13803* 

Malaysia 

Lag LogR LR FPE AIC SC HQ 

0 -1.013.708 NA 2.13e+17 4.841.466 4.853.877 4.846.015 

1 -9.012.857 2.034.304 1.55e+15 4.348.980 4.398.627 4.367.177 

2 -8.844.378 28.07981* 1.08e+15* 43.11609* 43.98492* 43.43455* 

3 -8.756.110 1.345.045 1.11e+15 4.312.433 4.436.552 4.357.928 

4 -8.667.587 1.222.450 1.15e+15 4.313.137 4.474.492 4.372.280 
Source: Author's work, 2024. 
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Table 3 summarizes the optimal lag test results. From the 

table, it is observed that the smallest AIC value (indicated by 

an asterisk) is at lag 4 for Indonesia, while for Malaysia, it is 

at lag 2. Therefore, the chosen optimal lag results for this study 

are lag 4 for Indonesia and lag 2 for Malaysia, based on the 

smallest AIC values. 

 

3.3 Stability test results 

 

Stability testing is necessary to determine whether the 

estimated VAR model is stable or not, based on the roots of 

the characteristic polynomial. A VAR model is considered 

stable if all its roots have moduli less than 1, a condition that 

can be observed in Table 4. 

 

Table 4. Stability test results 

 
Indonesia 

Root Modulus 

0.864388 - 0.108255i 0.871140 

0.864388 + 0.108255i 0.871140 

-0.202138 - 0.391418i 0.440532 

-0.202138 + 0.391418i 0.440532 

0.270478 0.270478 

-0.235795 0.235795 

Malaysia 

Root Modulus 

-0.248625 - 0.583660i 0.634408 

-0.248625 + 0.583660i 0.634408 

-0.380654 - 0.162513i 0.413893 

-0.380654 + 0.162513i 0.413893 

0.339853 0.339853 

0.064719 0.064719 
Source: Author's work, 2024. 

 

Table 4 summarizes the stability test results for the 

endogeneity models GG, FD, and AP comparing Indonesia 

and Malaysia. From the table, there are no characteristic roots 

with moduli greater than 1 for both Indonesia and Malaysia. 

Additionally, from Figure 5, it is evident that all inverse roots 

of the AR polynomial are located inside the unit circle. 

 

 
 

Figure 5. VAR stability test results 
Source: Author's work, 2024. 

 

3.4 Granger causality test results: How does endogeneity 

affect the relationship between GG, FD, and AP in 

Indonesia and Malaysia? 

 

The Granger causality test among the variables in the study 

is conducted to determine the causal relationship between 

variables, which can be observed in Table 5. 

 

Table 5. Granger causality test results 

 
Indonesia 

Null Hypothesis: Obs F-Statistic Prob. 

FD does not Granger Cause GG 44 0.47239 0.7556 

GG does not Granger Cause FD  4.38016 0.0056 

AP does not Granger Cause GG 44 1.24405 0.3104 

GG does not Granger Cause AP  0.77663 0.5479 

AP does not Granger Cause FD 44 7.88443 0.0001 

FD does not Granger Cause AP  5.46479 0.0016 

Malaysia 

Null Hypothesis: Obs F-Statistic Prob. 

FD does not Granger Cause GG 45 1.00107 0.3765 

GG does not Granger Cause FD  3.76295 0.0318 

AP does not Granger Cause GG 45 2.82557 0.0711 

GG does not Granger Cause AP  0.44707 0.6427 

AP does not Granger Cause FD 45 4.09229 0.0242 

FD does not Granger Cause AP  3.44567 0.0416 
Source: Author's work, 2024. 

 

Firstly, the Granger causality test conditions for both 

countries reveal that there are variables with bidirectional 

relationships, namely AP and FD. This indicates that AP 

influences FD and vice versa. Several factors contribute to the 

causal link between an AP and FD in Indonesia and Malaysia, 

primarily involving rising social expenditure. With the 

growing number of elderly individuals, the financial demands 

on the government budget increase. If domestic tax revenues 

fall short of meeting these demands, the government might 

resort to borrowing from foreign sources to address the budget 

shortfall. The influence of AP on FD tends to compel the 

government to increase spending in the health and social 

sectors, such as pensions, healthcare services, and long-term 

care. This can lead to larger budget deficits, forcing the 

government to borrow money from abroad. On the other hand, 

AP tends to reduce consumption due to lower pension income 

or financial uncertainty, potentially dampening long-term EG 

through lower domestic demand, which may prompt the 

government to take on more FD to stimulate EG. In line with 

this, the phenomenon of AP presents challenges for the 

government in financing long-term investments and 

innovations crucial for long-term EG. These resource 

constraints may drive the government to seek additional 

funding sources from abroad. Conversely, the influence of FD 

on AP suggests that higher FD restricts the government's 

ability to allocate public funds to social and healthcare services 

crucial for AP, such as elderly-friendly housing, healthcare 

facilities, and accessible public transportation. This could 

result in limited access to necessary healthcare for AP, thereby 

impacting their health and life expectancy. Furthermore, high 

FD tends to compel the government to reduce funds allocated 

to pension and social programs essential for AP, thereby 

diminishing their quality of life, potentially forcing them to 

work longer or rely on family resources. Based on these 

explanations, this research finding is supported by Gouriéroux 

et al. [41], suggesting that FD tends to burden a country's 

economy, reducing its capacity to invest in long-term EG. 

Insufficient investment in EG can hinder job creation needed 

to support AP's needs. 

Secondly, there is a one-way relationship for both countries, 

where only GG influences FD because the implementation of 

GG tends to allocate more investment towards 

environmentally friendly infrastructure such as renewable 
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energy, public transportation, and clean water management, 

which require FD to fund these large-scale projects. Elements 

that explain the link between GG and FD in Indonesia and 

Malaysia can be seen through the lens that effective GG 

projects can enhance investor confidence and generate new 

economic prospects, potentially affecting foreign debt patterns. 

When investors perceive opportunities for sustainable 

development, they might be more willing to offer financial 

support. Moreover, by focusing on energy efficiency and 

environmentally friendly technologies, GG can reduce 

dependence on energy imports, thus decreasing the trade 

balance deficit and potentially increasing FD for GG 

expansion. Additionally, implementing GG makes a country 

more proactive in the international community regarding 

climate change and sustainable development, thereby 

potentially accessing FD sources with low interest rates. Based 

on these explanations, this research finding is supported by 

Yared [42], suggesting that GG can provide long-term benefits 

in managing natural resources and enhancing environmental 

resilience, with proper implementation and wise FD 

management remaining crucial. 

Thirdly, GG and AP do not influence each other in 

Indonesia due to their differing policy focuses and priorities. 

GG primarily focuses on transitioning to a more sustainable 

and environmentally friendly economy, aiming to improve 

resource efficiency and reduce environmental impact. On the 

other hand, AP reflects changes in the age structure of the 

population, with an increasing proportion of elderly 

individuals living longer. GG is often associated with 

technological innovation and environmental policies, whereas 

AP results from declining birth rates and increased life 

expectancy, which can occur independently of each other. 

Furthermore, GG tends to involve policy changes and 

medium- to long-term investments, while AP is a demographic 

process that unfolds gradually over several decades. For 

example, better environmental policies through GG can 

contribute to the health and well-being of AP, while GG 

through green technology development can create new 

economic opportunities crucial for AP. Nevertheless, directly, 

both tend to have their own distinct dynamics and can operate 

in parallel without directly influencing each other. Based on 

these explanations, this research finding is supported by 

Jahanger et al. [43], suggesting that the effects of GG are not 

directly felt or do not directly influence the dynamics of 

ongoing AP. 

Fourthly, only AP influences GG in Malaysia because AP 

tends to prefer environmentally friendly or sustainable 

products and services. For instance, there may be an increased 

demand for renewable energy technologies or better public 

transportation as AP grows, thereby driving growth in these 

sectors through GG. Furthermore, AP typically has greater 

healthcare and welfare needs. These needs can motivate 

investments in more efficient and environmentally friendly 

healthcare infrastructure as part of GG, such as energy-

efficient hospitals or more efficient medical technologies. 

Moreover, AP can generate increased demand for jobs in 

sectors related to elderly care, such as healthcare, social 

services, or technologies that help maintain their quality of life. 

This can stimulate GG through the creation of new jobs and 

increased productivity. Based on these explanations, this 

research finding is supported by Hosan et al. [44], suggesting 

that AP can present demographic and social challenges but 

also opportunities to promote GG through technological 

innovation, policy changes, and increased demand for 

environmentally friendly solutions. 

 

3.5 Cointegration test results 

 

This study employed the Johansen test by comparing the 

trace statistic with critical values at the α = 0.05 level. If the 

trace statistic is smaller than the critical value, then the two 

variables are not cointegrated, which can be seen in Table 6. 

Table 6 summarizes the cointegration test results for 

Indonesia and Malaysia, where the trace statistic values appear 

to be smaller than the critical values for both countries. Thus, 

indicating that all variables are not cointegrated, meaning they 

do not have long-term relationships. 

 

Table 6. Granger cointegration test results 

 
Indonesia 

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob.** 

None 0.040482 6.692372 29.79707 0.9995 

At most 1 0.007273 1.072250 15.49471 0.9999 

At most 2 0.000585 0.079534 3.841466 0.7779 

Malaysia 

Hypothesized 

No. of CE(s) 
Eigenvalue 

Trace 

Statistic 

0.05 

Critical Value 
Prob.** 

None 0.408971 17.35436 27.58434 0.5497 

At most 1 0.329991 13.21530 21.13162 0.4326 

At most 2 0.149908 5.359549 14.26460 0.6959 
Source: Author's work, 2024. 

 

3.6 Results of VAR instrument test 
 

The VAR analysis not only examines the endogeneity 

relationships among variables but also includes features like 

IRF and VD. These features allow for assessing how variables 

respond and the time required to return to their equilibrium 

points, as well as determining the extent of influence each 

variable has. 
 

3.6.1 IRF results 

IRF provides an overview of how a variable responds in the 

future if there is a disturbance in another variable, presenting 

the analysis results in graphical form over 10 periods for easier 

interpretation. This test yields graphs illustrating whether the 

response of the variables is positive or negative. The IRF 

analysis results for the endogeneity of GG, FD, and AP in 

Indonesia and Malaysia can be viewed in Figures 6 and 7. 

Based on the information in Figure 6 there are several main 

points, including FD in responding to shocks from GG in the 

response panel of D(GG) to D(FD) for 10 months, where FD 

tends to respond negatively to GG shocks except in the fourth 
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and seventh months and getting closer to the point of 

equilibrium until the end of the period. This is different from 

AP in responding to shocks from GG in the response panel of 

D(GG) to D(AP) for 10 months, where AP tends to respond 

negatively to GG shocks except in the sixth month and gets 

closer to the balance point until the end of the period. Apart 

from that, GG responded to the shock from FD in the response 

panel of D(FD) to D(GG) for 10 months, where GG tended to 

respond positively to the FD shock except in the fourth and 

fifth months and further away from the balance point with a 

negative response until the end of the period. Then, AP 

responded to the shock from FD in the response panel of D(FD) 

to D(AP) for 10 months, where AP tended to respond 

positively to the FD shock except in the fourth and fifth 

months, and increasingly moved away from the balance point 

with a negative response until the end of the period. On the 

other hand, GG responded to a shock from AP in the response 

panel of D(AP) to D(GG) for 10 months, where GG received 

a positive shock from AP, and reached an equilibrium point at 

the end of the period. Finally, FD responded to a shock from 

AP in the response panel of D(AP) to D(FD) for 10 months, 

where FD tended to respond positively to AP shocks and 

moved further away from the equilibrium point at the end of 

the period. 
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Figure 6. IRF analysis results for Indonesia 
Source: Author's work, 2024. 

 

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 10

Response of D(GG) to D(GG)

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 10

Response of D(GG) to D(FD)

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 10

Response of D(GG) to D(AP)

-2,000

-1,000

0

1,000

2,000

3,000

4,000

1 2 3 4 5 6 7 8 9 10

Response of D(FD) to D(GG)

-2,000

-1,000

0

1,000

2,000

3,000

4,000

1 2 3 4 5 6 7 8 9 10

Response of D(FD) to D(FD)

-2,000

-1,000

0

1,000

2,000

3,000

4,000

1 2 3 4 5 6 7 8 9 10

Response of D(FD) to D(AP)

-5,000

-2,500

0

2,500

5,000

7,500

10,000

1 2 3 4 5 6 7 8 9 10

Response of D(AP) to D(GG)

-5,000

-2,500

0

2,500

5,000

7,500

10,000

1 2 3 4 5 6 7 8 9 10

Response of D(AP) to D(FD)

-5,000

-2,500

0

2,500

5,000

7,500

10,000

1 2 3 4 5 6 7 8 9 10

Response of D(AP) to D(AP)

Response to Cholesky One S.D. Innovations ± 2 S.E.

 
 

Figure 7. IRF analysis results for Malaysia 
Source: Author's work, 2024. 
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Based on the information in Figure 7 there are several main 

points, including FD in responding to shocks from GG in the 

response panel of D(GG) to D(FD) for 10 months, where FD 

tends to respond positively to GG shocks except in the third 

and sixth months and getting closer to the point of equilibrium 

until the end of the period. This is different from AP in 

responding to shocks from GG in the response panel of D(GG) 

to D(AP) for 10 months, where AP tends to respond negatively 

to GG shocks except in the third and sixth months and gets 

closer to the balance point until the end of the period. Apart 

from that, GG responded to the shock from FD in the response 

panel of D(FD) to D(GG) for 10 months, where GG tended to 

respond negatively to the FD shock except in the third and 

sixth months and was getting closer to the balance point with 

a negative response. until the end of the period. Then, AP 

responded to the shock from FD in the response panel of D(FD) 

to D(AP) for 10 months, where AP tended to respond 

positively to the FD shock, and was getting closer to the point 

of balance until the end of the period. On the other hand, GG 

responded to a shock from AP in the response panel of D(AP) 

to D(GG) for 10 months, where GG received a positive shock 

from AP, and approached the equilibrium point at the end of 

the period. Finally, FD responded to a shock from AP in the 

response panel of D(AP) to D(FD) for 10 months, where FD 

tended to respond negatively to AP shocks and got closer to 

the balance point at the end of the period. 

 

3.6.2 VD results 

VD complements previous analysis by providing estimates 

of how much each variable contributes to the changes in itself 

and other variables over several future periods, measured in 

percentage terms. This allows us to understand which 

variables are expected to have the largest contributions to a 

specific variable. The VD results in this study can be seen in 

Tables 7-9. 

 

Table 7. VD results for D(GG) 

 
Indonesia 

Period S.E. D(GG) D(FD) D(AP) 

1 4.134733 100.0000 0.000000 0.000000 

2 4.729798 97.60764 2.304919 0.087439 

3 4.850724 93.18216 2.689695 4.128141 

4 5.186135 83.93970 5.543283 10.51701 

5 5.275425 81.12870 5.708159 13.16315 

6 6.197846 64.14242 7.962709 26.50690 

7 6.403623 60.27564 11.96876 27.89487 

8 7.016789 52.08739 13.21746 35.94385 

9 7.999279 40.64971 13.32390 45.99373 

10 8.025633 40.41052 13.35656 46.26558 

Malaysia 

Period S.E. D(GG) D(FD) D(AP) 

1 4.711124 100.0000 0.000000 0.000000 

2 5.542816 98.50752 1.492406 0.079504 

3 5.671968 94.80323 5.081913 0.114858 

4 5.849480 94.58418 5.246027 0.169793 

5 5.869754 94.34374 5.487154 0.169109 

6 5.895305 94.52154 5.792937 0.195525 

7 5.903433 94.41602 5.778240 0.195737 

8 5.905182 93.07823 5.826124 0.195645 

9 5.907781 93.06393 5.834647 0.201423 

10 5.908011 93.05951 5.837706 0.202786 

Source: Author's work, 2024. 

 
Table 7 summarizes the VD results for D(GG) in Indonesia 

and Malaysia, indicating that the variables expected to have 

the largest contributions to GG in the next 10 months differ 

between the two countries. For Indonesia, the variable 

expected to contribute the most to GG is GG itself, with an 

average monthly contribution of 71.34%, followed by AP with 

21.05% and FD with 7.61%. For Malaysia, the variable 

expected to contribute the most to GG is also GG itself, with 

an average monthly contribution of 95.22%, followed by FD 

with 4.64% and AP with 0.14%. Based on this explanation, in 

both countries, GG provides the highest average monthly 

contribution, but its monthly contributions are decreasing over 

time. Conversely, FD and AP have smaller average monthly 

contributions initially but show increasing contributions over 

time. 

 

Table 8. VD results for D(FD) 

 
Indonesia 

Period S.E. D(GG) D(FD) D(AP) 

1 3104.272 0.029722 99.97028 0.000000 

2 4077.892 11.63626 58.44401 23.13379 

3 4471.067 11.65141 50.92103 24.18833 

4 6618.442 12.04871 48.62093 24.38513 

5 7418.051 12.05933 41.94521 45.29546 

6 7717.213 12.31692 40.75601 48.67603 

7 8985.401 12.94518 39.27526 48.92706 

8 10437.28 17.17086 32.25296 56.09562 

9 10569.60 27.19074 31.90433 56.45941 

10 15320.85 30.81290 20.74591 71.77279 

Malaysia 

Period S.E. D(GG) D(FD) D(AP) 

1 2613.408 0.000546 99.99945 0.000000 

2 2849.536 13.10179 89.03919 5.790377 

3 2997.649 13.23857 80.57897 6.319245 

4 3009.869 14.02016 79.93734 6.824096 

5 3034.065 14.47631 78.87596 7.103875 

6 3052.544 14.50136 77.92598 7.517467 

7 3061.304 14.51138 77.59723 7.901416 

8 3067.625 14.54187 77.28521 8.172924 

9 3073.630 14.55656 76.98355 8.505063 

10 3080.589 15.17043 76.66480 8.858894 
Source: Author's work, 2024. 

 

Table 8 summarizes the Variance Decomposition (VD) 

results for D(FD) in Indonesia and Malaysia, showing the 

variables expected to have the largest contributions to FD in 

the next 10 months differ between the two countries. For 

Indonesia, the variable expected to contribute the most to FD 

is FD itself, with an average monthly contribution of 46.48%, 

followed by AP at 39.89% and GG at 14.79%. For Malaysia, 

the variable expected to contribute the most to FD is also FD 

itself, with an average monthly contribution of 81.49%, 

followed by GG with 12.81% and AP with 6.69%. Based on 

this explanation, in both countries, FD provides the highest 

average monthly contribution, but its monthly contributions 

are decreasing over time. Conversely, GG and AP have 

smaller average monthly contributions initially but show 

increasing contributions over time. 

Table 9 summarizes the Variance Decomposition (VD) 

results for D(AP) in Indonesia and Malaysia, indicating the 

variables expected to have the largest contributions to AP in 

the next 10 months differ between the two countries. For 

Indonesia, the variable expected to contribute the most to AP 

is AP itself, with an average monthly contribution of 87.13%, 

followed by GG with 9.20% and FD with 3.79%. For Malaysia, 

the variable expected to contribute the most to AP is also AP 

itself, with an average monthly contribution of 92.05%, 

2846



 

followed by FD with 6.99% and GG with 1.02%. Based on this 

explanation, in both countries, AP provides the highest 

average monthly contribution, but its monthly contributions 

are decreasing over time. Conversely, GG and FD have 

smaller average monthly contributions initially but show 

increasing contributions over time. 

 

Table 9. VD results for D(AP) 

 
Indonesia 

Period S.E. D(GG) D(FD) D(AP) 

1 17762.88 8.096784 1.259014 89.71060 

2 47180.73 8.211903 1.803667 88.81664 

3 67495.45 8.265662 2.690083 88.79735 

4 71979.22 8.485731 2.990750 88.59665 

5 72569.52 8.600741 3.086580 88.56005 

6 73173.50 9.640204 3.137690 86.95373 

7 86235.79 9.716316 3.329950 86.85247 

8 126666.3 10.45745 4.024529 86.33527 

9 141406.1 10.33536 6.799963 83.76509 

10 152572.1 10.18094 7.634172 82.86468 

Malaysia 

Period S.E. D(GG) D(FD) D(AP) 

1 2319.299 0.065042 9.870774 95.80752 

2 4251.271 0.960313 7.331290 95.52974 

3 5802.821 0.974258 5.829880 95.19061 

4 7259.099 0.975549 4.963641 94.67204 

5 8676.870 1.005457 4.322500 93.95238 

6 10043.05 1.039257 3.835133 93.13086 

7 11337.79 1.053513 3.494716 91.61520 

8 12591.29 1.083982 3.232170 88.60190 

9 13819.14 1.373567 13.98470 86.88343 

10 15019.63 1.527327 13.05153 84.64174 
Source: Author's work, 2024. 

 

 

4. CONCLUSION 

 

Based on the endogeneity analysis conducted, the findings 

of this study highlight similar and different results in the 

comparisons made as a novelty of the study. The novel 

contribution of this study is to obtain consistent findings in 

both countries covering the causality between AP and FD, 

with only GG affecting FD. These consistent findings indicate 

coherence among the analyzed countries, thus supporting the 

generalization of the research outcomes. In other words, the 

findings of this study have potential relevance for other 

countries with similar characteristics within the same context. 

Moreover, this consistency reinforces confidence in the 

validity of the research findings, suggesting that observed 

patterns or relationships are less likely influenced by specific 

factors of any country. Therefore, this provides a stronger 

foundation for developing universally applicable policies to 

design more effective strategies in a global or regional context. 

Furthermore, there are also differing findings between the two 

countries. In Malaysia, only AP affects GG, whereas in 

Indonesia, there is no significant relationship between AP and 

GG, even though it is unidirectional. This means that the 

relationships studied cannot be considered uniform across 

both countries and require a more contextual approach in 

interpretation. Additionally, specific factors in the investigated 

countries have different influences on the phenomena studied, 

indicating that the findings of this research cannot be broadly 

applied and present opportunities for further research to delve 

into factors that may influence these differences. 

There are two policy recommendations from this research 

that are generalizable to the analyzed countries. First, 

governments need to manage FD and address AP in the 

context of sustainable development through prudent FD 

management to ensure that FD is used for productive 

investments that can enhance economic growth in the long 

term. This includes transparency in loan utilization, 

diversification of funding sources, and careful risk 

management. Furthermore, such FD management will 

promote investment in inclusive and sustainable healthcare 

systems to address AP needs. This encompasses better access 

to primary healthcare, geriatric services, and financial 

protection. Additionally, FD management can also be focused 

on developing education and training programs to enhance AP 

skills and adaptability, thereby maintaining their productivity 

in the labor market. Second, governments need to incentivize 

GG to significantly contribute to FD in the context of 

sustainable development by providing fiscal incentives such as 

tax exemptions or tax credits for investments in green 

technologies and eco-friendly infrastructure projects. This can 

enhance GG and attract private investments that can reduce 

reliance on FD. Moreover, governments need to enhance 

resource efficiency and energy savings through energy-

efficient production practices, which not only reduce 

operational costs but also lessen dependence on energy 

imports and help manage trade deficits that can affect FD. 

Furthermore, there are also policy recommendations from 

this research specific to Malaysia. The government needs to 

manage environmental governance to promote GG in the 

context of sustainable development through fiscal incentives 

such as tax exemptions or tax credits for companies investing 

in green technology and environmentally friendly 

infrastructure projects. On the other hand, it is also crucial for 

the government to develop education and training programs 

tailored to environmental professionals, empowering them 

with new skills relevant to the green sector. 

This research has several weaknesses that need to be 

considered for future studies. Among these, the endogeneity 

approach often captures complex and mutually influencing 

relationships between the variables under study. However, in 

the context of GG, FD, and AP, there is a risk that the 

relationship between these variables may be influenced by 

unobserved or poorly controlled factors in the analysis. 

Therefore, it is necessary to consider other exogenous 

variables for each endogenous variable in this study to make it 

more comprehensive. 
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