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The Relationship between Inflation and Economic Growth in Indonesia: A Time Series Approach

ABSTRACT
	Aims: This empirical research aims to provide insight regarding the nexus between inflation and economic growth in Indonesia, while simultaneously controlling for the impact of capital formation and population growth.  
Methodology: This research relies on time-series data spanning from 1985 to 2023. All the data estimated were obtained from the World Bank. Inflation is proxied by the Consumer Price Index (CPI). The Autoregressive Distributed Lag (ARDL) Bounds testing technique is utilized to examine the dynamic relationships, as well as the Toda-Yamamoto (TY) test for unraveling the direction of causal linkages.  
Results: CPI is negatively associated with economic growth in Indonesia during the sample period, indicating the damaging impact of inflation. Higher inflation rates hamper business activities and purchasing power parities, and consequently, decline total output growth. Regarding control variables, gross fixed capital formation and the working-age population are positively associated with economic growth as expected. The results obtained from the TY test signify bidirectional causality between inflation rates and economic growth. 
Conclusion: Following the empirical findings, it is crucial to maintain inflation rates at a low level to spur economic growth. 
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1. INTRODUCTION

Unraveling the linkage between inflation and economic growth has been a principal matter of debate among economists and policymakers worldwide for decades, particularly in emerging countries such as Indonesia. Inflation, defined as a sustained increase in the aggregate price level of goods and services in a specific region, can drive multifaceted impacts on an economy, consisting of positive and negative effects (Parkin, 2017). However, the impact of inflation on the economy varies from influencing consumer spending decisions to affecting a nation's trade balance and overall economic stability (Negm, 2023).

It should be aware that the rate of inflation is strongly associated with Purchasing Power Parity (PPP) and currency depreciation (Papell & Prodan, 2020)(Chen & and Hu, 2018). An increase in inflation rates reduces PPP, causing each unit of money to buy fewer goods and services. Inflation also decreases international competitiveness. Higher inflation rates cause a country's exports to be more expensive relative to commodities from countries with lower inflation rates (Rusu & Roman, 2018).

Furthermore, inflation significantly shapes investment behaviors, prompting investors to adjust their strategies to protect and grow their assets (Nwosu et al., 2024). It can diminish the real value of the return from investments. A hike in input prices causes an increase in the cost of production, representing cost-push inflation (Musarat et al., 2021). Hence, understanding how inflation interacts with economic growth is crucial for formulating effective monetary and fiscal policies (Afonso et al., 2019).

This research paper aims to contribute to this ongoing discussion by examining the nexus between inflation rates and economic growth. It will analyze the theoretical underpinnings of this relationship, review existing empirical evidence, and investigate the specific dynamics of short- and long-run relationships in the case of Indonesia using annual data for the period 1985-2023. By doing so, the study seeks to provide valuable insights for policymakers and contribute to a deeper understanding of the complex interplay between total output growth and inflation in the specific case of Indonesia

Regarding research contributions, the current study offers two novelties, focusing on sample and methodological aspects. First, the series utilized includes periods of shock (1997-1998 and 2020-2022) and stability, providing more robust findings regarding the effect of inflation on economic output. Therefore, the study adds the dummy variable of year shocks. Second, the Toda-Yamamoto (TY) causality test is integrated to unravel the causal direction amongst the variables examined. 

2. literature review 

Economic theory suggests that low and stable inflation rates can be conducive to national output by reducing uncertainty and encouraging investment (Barro, 1995). Low inflation rates are positively associated with economic inclusion, which is crucial for improving well-being and reducing inequality (Ahiadorme, 2022). Conversely, high and volatile inflation rates can distort price signals, erode purchasing power, and discourage long-term economic planning (Nicolay & de Oliveira, 2019). Price distortion leads to a misallocation of resources, reduced productivity, and ultimately, slower economic growth (Jung & Marshall, 1986). 

Focusing on periods of relationships, the impact of inflation on the economy theoretically differs in the short run and long run. Inflation can stimulate economic growth in the short term because it incentivizes businesses and households to buy sooner (Khan & Naushad, 2020). However, inflation is argued to have damaging consequences on the real output in the long run. High inflation rates cause inefficiencies, distort price signals, and discourage investment, all of which hinder sustainable economic development (Girdzijauskas et al., 2022).

The interlinkage between inflation and economic growth varies across countries. The negative relationships between inflation and economic growth are generally confirmed in advanced economies (Akinsola & Odhiambo, 2017). An empirical study from South Africa recorded that inflation rates and inflation uncertainty have a detrimental impact on economic growth in the short run (Mandeya & Ho, 2021). Nonetheless, a study in Bangladesh recorded that the consumer price index significantly boosts Gross Domestic Product (GDP), indicating a key driver of economic development. 

Other past studies denote a non-linear relationship between inflation and economic growth. Heterogeneity of research and development (R&D) abilities drives a nonlinear association between inflation and growth (Arawatari et al., 2018). Inflation above 6 percent was confirmed to be negatively linked to national output, and central bank policies that constrain the money supply can also hinder total output growth (Mishchenko et al., 2018). In another study, the inflation-growth thresholds are around 9.64 percent and 5.75 percent  (Kusumatrisna et al., 2022). Whilst the vast majority of past studies suggest that high inflation rates adversely impact the trajectory of economic activities, unraveling the link between the consumer price index and economic growth remains a pivotal subject to be addressed. 


2. Materials and methods

2.1 Model Specification 

The main motivation is to examine the impact of inflation on economic growth. Hence, the baseline model is Eq. (1).

	
	(1)



where  shows the consumer price index, a measurement of inflation rates. By integrating the role of capital formation and labor as suggested by the neoclassical growth model (Hsu & Lo, 2019)(Anh et al., 2020)(Topcu et al., 2020)(Yasmeen et al., 2021). Therefore, Eq. (1) is modified as Eq. (2)

	
	(2)



where CAPg signifies gross fixed capital formation growth, a proxy for capital accumulation. POPg denotes working-age population growth, a proxy for labor growth. 
Eq. (2) can be written as an econometric model as Eq. (3)

	
	(3)



where  signifies the constant term. … are parameters to be estimated.  is the error term. CPI shows the consumer price index (percent). CAPg is gross fixed capital formation (constant 2015) growth. POPg denotes working-age population (population ages 15-64, total) growth. D stands for the dummy variable of year shocks. Both gross fixed capital formation growth and working-age population growth are expected to positively influence GDP growth. Meanwhile, CPI can either have a positive or negative impact on GDP growth. All the data for the model construction were collected from World Development Indicators (WDI), published by the World Bank.

2.1 Estimation Method 

This study applies several econometrics methods. The ARDL-Bounds test is the main estimation method to assess the impact of inflation on economic growth in Indonesia. It was developed by Pesaran et al. (2001). Some of the advantages of this approach are the ability to provide a clear cointegration process and dynamic relationships (Sam et al., 2019). Furthermore, it remains efficient in the context of a small and large samples (Latif et al., 2015). Nonetheless, it should be noted that this estimation method is no longer appropriate if varaibles are second-order stationary. Hence, this study integrates the unit root test. 

Despite working with the conventional method, this study relies on the breakpoint approach, i.e., the Zivot-Andrew (ZA) test, for the unit root investigation (Zivot & Andrews, 1992). The nature of the economic data exhibits structural breaks, driven by policy shifts and external shocks. The ZA test addresses an endogenously determined structural break in the time series. It estimates multiple Augmented Dickey Fuller (ADF) regressions, each assuming a different potential break point within the series. 

By assuming that variables are stationary at the level or first difference, the ARDL (p,q) model is written as follows:
	
	(4)


where  signifies the constant term.  are short-run coefficients. ... show long-run coefficients. ∆ is the first difference notation.
The Bounds test is used to check whether the cointegration between economic growth and inflation is verified. Hence, the null hypothesis (H0: no level relationship) is tested against the alternative hypothesis.
H0:  (no level of relationship)
H1: 
There are two critical values to check the presence of cointegration: lower bounds, I(0), and upper bounds, I[1]. Rejection of the H0 occurs when the computed F-statistic exceeds I[1]. Otherwise, there is no cointegration association between the model variables. Following the cointegration test, the short-run estimates in the ARDL procedure can be estimated using an error correction equation. 
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where the ECM parameter () represents the pace of adjustment given any shocks. There is a long-run equilibrium if the estimated parameters of  varies between 0 and -2. To prove reliable findings, the diagnostic and stability tests are integrated following the application of the ARDL-Bounds test. 

In addition to ARDL modelling, this study integrates cause-and-effect analysis by employing the Toda-Yamamoto (TY) causality test. The advantages of the TY test are that it remains valid regardless of the integration order of the variables involved (stationary or non-stationary variables) (Toda & Yamamoto, 1995). For the estimation process, the TY test relies on the augmented version of the Vector Autoregression (VAR) model. It combines the maximum order of integration (dmax) and the optimal lag length (k). 

3. results and discussion

To commence with results and discussions, Table 1 displays the descriptive statistics of the model variables. Focusing on varaibles of interest, the maximum value of economic growth is 8.22 percent while the minimum value is -13,13 percent, showing a significant gap. This evidence indicates that, from 1985 to 2023, the Indonesian economy encompassed phases of both recession and economic boom. As shown in Figure 1a, the lowest GDP growth was recorded in 1987 and 1998, an account to the Asian Financial Crisis. Indonesia’s economy grows by around 4.96 percent per year.

The value of CPI varies between 1.56 percent and 58.45 percent for the period 1985-2023. This implies that Indonesia experienced both low and hyperinflation. CPI reached its lowest level during the COVID-19 pandemic in 2021. Conversely, the highest CPI rates were found during the Asian Financial Crisis of 1997-1998. CPI tends to exhibit a negative trend (downward sloping) after the Asian Financial Crisis. Indonesia experienced an average CPI of 8.75 percent. In terms of control variables, working-age population growth varies between 0.97 percent and 2.945 percent, whereas gross capital formation exhibits a significant gap, spanning between -33.01 percent and 16.74 percent

Table 1. Descriptive Statistics

	
	GDPg
	CAPg
	POPg
	CPI

	Mean
	4.7897
	5.8754
	1.8533
	8.2861

	Median
	5.1743
	6.4925
	1.6577
	6.4066

	Maximum
	8.2200
	16.7373
	2.9453
	58.4510

	Minimum
	-13.1267
	-33.0082
	0.9757
	1.5601

	Std. Dev.
	3.4728
	8.8219
	0.6027
	8.9819

	Skewness
	-3.8151
	-2.6726
	0.2763
	4.6605

	Kurtosis
	19.6767
	11.9619
	1.7974
	26.4088

	p-value
	0.0000
	0.0000
	0.2410
	0.0000

	T
	39
	39
	39
	39


*p-value is based on the Jarque Bera test. T shows the number of series.

Whilst no perfect collinearity is not a strict assumption in regression analysis, it is crucial to check whether the issue of multicollinearity is evident. Table 2 presents a correlation matrix of the model variables. The Pearson correlations between the explanatory variables, i.e., gross fixed capital formation growth, working-age population growth, and CPI, are lower than 0.9, showing low scores. Thus, it can be inferred that the problem of perfect multicollinearity is not verified.

Table 2. Correlation matrix

	
	GDPg
	CAPg
	POPg
	CPI

	GDPg
	1.0000
	
	
	

	CAPg 
	0.8756
	1.0000
	
	

	POPg
	0.0839
	0.1338
	1.0000
	

	CPI
	-0.7717
	-0.7451
	0.2466
	1.0000







Fig. 1. Trends of Model Variables
Gdpg represents GDP growth. CAPg depicts gross fixed capital formation growth. POPg denotes working-age population growth. CPI signifies the consumer price index

3.1 Unit root test results 

Determining the order of integration for each variable used is crucial before proceeding with the ARDL-Bounds test. Critical values of F-statistics in ARDL are based on the assumption that variables are either I(0) or I(1). Therefore, this study employs the ZA test for unit root investigation. The ZA test is utilized because it accommodates structural breaks. The model includes the deterministic terms of trend and intercept. 

Table 3 presents the results of the unit root check by setting the maximum lag to 4. Gross fixed capital formation growth, working-age population growth, and consumer price index are observed to reject the null hypothesis at their original data level. Therefore, these variables are integrated into order zero, I(0). Economic growth is found to reject the null hypothesis at its first difference, indicating first-order integration, I(1). None of the model variables are second-order stationary, I(2); Hence, the ARDL-Bounds test is a proper estimation approach for the application.

Table 3. The ZA test

	
	Level 
	First difference

	
	Stat.
	p-value
	k
	B
	Stat.
	p-value
	k
	B

	GDPg
	-5.179
	0.113
	0
	1997
	-7.722
	0.000
	1
	1999

	CAPg
	-6.512
	0.001
	1
	2002
	-8.296
	0.016
	1
	2000

	POPg
	-4.427
	0.037
	1
	2000
	-3.365
	0.087
	3
	2006

	CPI
	-6.862
	0.001
	0
	2000
	-8.507
	0.000
	1
	1999


k shows the selected lag length. B denotes the year breakpoint.  

3.2 Model Selection

Having conducted the stationary test, it is crucial to determine the optimal lag given that ARDL-Bounds (p,q) models are sensitive to lag length. Inappropriate lag length can produce inefficient parameter estimates. Therefore, the AIC test is included. Table 4 demonstrates that the maximum lag length for modeling the association between economic growth, capital formation, population growth, and consumer price index is the lag order 2. This suggestion is in line with the FPE and HQIC approaches. Following this evidence, Figure 2 denotes the results of model selections, summarizing the top 20 models. The results imply that the best fit model is ARDL (2,0,2,0,0).

Table 4. Lag Selection

	Lag
	df
	p
	FPE
	AIC
	HQIC
	SBIC

	0
	
	
	94.499
	18.738
	18.815
	18.960

	1
	25
	0.000
	0.270
	12.862
	13.322
	14.195*

	2
	25
	0.000
	0.159*
	12.239*
	13.082*
	14.683

	3
	25
	0.184
	0.351
	12.777
	14.004
	16.332

	4
	25
	0.002
	0.625
	12.789
	14.399
	17.455


* shows the optimal lag length




Fig. 2. Model Selection

3.3 Cointegration test results 

Before interpreting the dynamic relationships between the model variables, it is crucial to assess the presence of cointegration. Table 5 presents the results of the cointegration test under the Bounds testing procedure. The calculated F-statistics (95.3567) outpace the upper bounds (4.37) at a 1 percent critical value. Therefore, it can be stated that the equilibrium association between GDP growth, CPI, gross fixed capital formation growth, and working-age population growth is confirmed in the case of Indonesia. 

Table 5. The Bounds Test
 
	
	Statistic
	p-value
	I[0]
	1[1]

	F
	95.3567
	10%
	2.20
	3.09

	t
	4
	5%
	2.56
	3.49

	k
	
	2.50%
	2.88
	3.87

	
	
	1%
	3.29
	4.37


I[0] and I[0] denote lower and upper critical bounds.

3.4 ARDL-Bounds test estimates 

Having conducted model selection, Table 6 shows the results of long-run estimates between economic growth and its set of determinants obtained from the ARDL-Bounds test. CPI is found to be negatively associated with GDP growth at a 5% critical value. This evidence is in line with earlier studies in Japan (Kyo, 2018) and Sri Lanka (Aboobucker & Jahufer, 2018). This indicates that an increase in prices has a detrimental effect on national output. In other words, an increase in inflation rates exerts a negative impact on the trajectory of economic activities. Therefore, it is crucial to maintain low and stable prices. 

High inflation rates are argued to drive uncertainty in the economy, discourage investment, and distort price signals, which in turn, lead to sluggish economic growth. High inflation erodes purchasing power, i.e., reducing consumer spending on goods and services, which is a key driver of final value added. High inflation rates also distort resource allocation, driving 
speculative activities rather than productive investments. Furthermore, high inflation can lead to higher interest rates, which raise borrowing costs for businesses and consumers, further dampening economic activity.

[bookmark: _Hlk195607631]Table 6. Long-run Estimates

	Variable
	Coeff.
	Std. error.
	t-stat
	p-value

	CAPg
	0.2854***
	0.0408
	7.00
	0.00

	POPg
	0.7319*
	0.3973
	1.84
	0.08

	CPI
	-0.1007**
	0.0388
	-2.60
	0.02

	Dshock
	-2.2650***
	0.5954
	-3.80
	0.00

	Constant 
	3.4211***
	0.6109
	5.60
	0.00



Regarding control variables, gross fixed capital formation growth has a positive impact on GDP growth at a 1 percent critical value. This finding suggests that capital formation is validated as an engine of economic growth in Indonesia. Another novel result depicts that working-age population growth has a positive impact on GDP growth at a 10 percent critical value. This finding emphasizes the critical role of the labor force in driving economic activities. This evidence also corroborates the neoclassical growth model. From a theoretical standpoint, the working-age population contributes to the labor supply.

Another novel result is that the dummy variable of shocks is negatively associated with GDP growth at a 1 percent critical value, as expected. This finding demonstrates that shocks caused by the Financial Asian Crisis (1997-1998) and the coronavirus disease (COVID-19) pandemic (2020-2021) drive damaging effects on the business operation and consumer purchasing power parity in Indonesia, which in turn cause a decrease in total output growth. Therefore, it is advocated for policymakers to mitigate numerous types of shocks, particularly health and economic shocks, to ensure sustainable development.

Table 7. Short-run Estimates

	
	Coeff.
	Std. error.
	t-stat
	p-value

	∆GDPg 
	-0.2058
	0.0570
	-3.61
	0.00

	∆CAPg
	0.2864
	0.0424
	6.76
	0.00

	∆POPg
	20.1791
	7.2683
	2.78
	0.01

	∆CPI
	-0.1011
	0.0368
	-2.75
	0.01

	∆Dshock
	-2.2730
	0.5422
	-4.19
	0.00

	ECM
	-1.0035
	0.0704
	-14.26
	0.00

	R2
	0.9572
	
	
	

	Adj. R2
	0.945
	
	
	


R2 is R-squared, showing the goodness of fit. Adj. R2 denotes adjusted R-squares.

Table 7 presents the results of the short-run estimates obtained from the ARDL-Bounds test. The findings for the nexus between GDP growth, CPI, gross fixed capital formation growth, and working age population growth are consistent with the long-run analysis. CPI is negatively linked with GDP growth, indicating that higher inflation rates negatively influence the economy. Conversely, gross fixed capital formation growth and working-age population growth have a positive effect on GDP growth. Thus, it can be inferred that both capital formation and labor have a pivotal role in driving economic growth. Another finding suggests that the dummy variable of shock has a negative influence on GDP growth.

The short-run estimates also give information in terms of the adjustment process. The ECM parameter has a negative sign and is statistically significant. This evidence demonstrates that shocks in the short run will be adjusted toward long-run equilibrium (cointegration). The estimated parameter of -1.00 represents that the speed of adjustment is less than 1 year. This finding also corroborates the Bounds test.

3.4 Diagnostic and Stability Tests 

Having worked with the ARDL-Bounds test, it is suggested to perform diagnostic and stability tests for the selected model. Table 8 jointly presents the results of diagnostic tests. The BP test fails to reject the H0, implying that the problem of serial correlation is not evident. Next, the Glejser test also signifies that the problem of heteroscedasticity is not confirmed, since its p-value exceeds the 5 percent significance level. The JB test, considering a 5 percent critical value, denotes that errors are normally distributed.

Table 8. Diagnostic Test Results

	Test
	H0
	df
	p-value

	Breusch-Pagan
	No serial correlation 
	0.0580
	0.9438

	Glejser
	No heteroscedasticity
	0.5906
	0.7772

	Jarque-bera
	Errors exhibit normal distribution
	5.8726
	0.0531



In terms of the stability analysis of the ARDL (p,q) model, this study relies on the cumulative sum approaches. Figures 3 and 4 present the results of the cumulative sum (CUSUM) and cumulative sum squares (CUSUMSQ) of recursive residual tests. These estimations are based on 5 percent critical values. The blue plots in the CUSUM and CUSUMSQ tests fluctuate within the critical value. Thus, it can be concluded that the estimated parameters obtained from the ARDL (2,0,2,0,0,) are stable. 




Fig. 3. The CUSUM Test Result




Fig. 4. The CUSUMSQ Test Result

3.5 Causality Analysis 

Table 9 presents the results of the TY test, consisting of the directional relationship between the model variables. Based on the computed Wald statistics, there is a bidirectional causality between GDP growth and CPI. A change in economic growth causes a significant change in price levels, and vice versa. The presence of a feedback loop is reasonable since boosted aggregate demand from higher disposable income and business investment drives upward pressure on prices, generating demand-pull inflation (Song, 2024). 

Another notable finding shows a unidirectionality running from gross fixed capital formation growth to GDP growth. This evidence emphasizes the beneficial role of capital formation as an engine of economic growth. Capital formation is a key engine of economic growth since it fuels investment and expands production scale. Last of all, there is a unidirectional causality running from GDP growth toward working-age population growth, as well as a unidirectional causality running from gross fixed capital formation toward CPI. 

Table 9. TY Test results

	
	Chi2
	df
	p-value

	GDPg←CAPg
	8.109
	2
	0.017

	GDPg←POPg
	1.285
	2
	0.526

	GDPg←CPI
	9.147
	2
	0.010

	CAPg←GPDg
	0.463
	2
	0.793

	CAPg←POPg
	1.529
	2
	0.466

	CAPg←CPI
	0.537
	2
	0.764

	POPg←GDPg
	37.266
	2
	0.000

	POPg←CAPg
	14.716
	2
	0.001

	POPg←CPI
	36.194
	2
	0.000

	CPI←GDPg
	6.876
	2
	0.032

	CPI←CAPg
	5.129
	2
	0.077

	CPI←POPg
	4.576
	2
	0.101



4. Conclusion

The dynamic nexus between inflation and economic growth in the case of Indonesia is estimated in this empirical study, considering the impact of gross fixed capital formation and the working-age population. Inflation is proxied using the consumer price index. The dummy variable of year shock is also included in the model. Annual data between 1985 and 2023 were used, collected from the World Bank. This study employs several econometric methods, namely the ARDL-Bounds test, the ZV unit root test, and the TY causality test.

The ZA test depicts that none of the variables analyzed are stationary at the second-order, and the Bounds test demonstrates that economic growth, CPI, gross fixed capital formation, working-age population, and the dummy variable of year shock are firmly cointegrated. CPI is negatively associated with GDP growth in the long run, indicating the damaging impact of high inflation rates on the national output. The results of the TY test signify a bidirectional causality between CPI and GDP growth. Regarding control variables, both gross fixed capital formation and working-age population are positively associated with GDP growth as expected. Following the findings, it is crucial for Indonesia to maintain the level of inflation at a moderate or low level in order to spur sustainable economic growth.
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