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ABSTRACT 

	
Aims: This study examines the long-run and short-run effects of natural disasters on economic growth in Indonesia and assesses whether natural disasters impose persistent constraints on long-term economic performance through macroeconomic transmission channels.
Study design: This study adopts a quantitative time-series econometric design using a Vector Error Correction Model (VECM).
Place and Duration of Study: The study focuses on Indonesia and utilizes annual macroeconomic data covering the period from 1960 to 2024.
Methodology: Annual time-series data were obtained from the World Bank’s World Development Indicators. Economic growth is measured using real GDP, while natural disasters are proxied by the number of people affected by disaster events. Control variables include capital formation, labor force, foreign direct investment, trade openness, government expenditure, and population. Unit root tests were conducted to examine the stationarity properties of the variables, followed by Johansen cointegration tests to determine the existence of long-run equilibrium relationships. A Vector Error Correction Model was then estimated to analyze both long-run relationships and short-run dynamics among the variables.
Results: All variables are integrated of order one and cointegrated, indicating a stable long-run relationship. Natural disasters have a statistically significant negative effect on long-term economic growth, while short-run effects are insignificant. Capital formation, government expenditure, trade openness, and population growth positively influence long-run economic performance, and the significant negative error correction term confirms gradual adjustment toward long-run equilibrium.
Conclusion: Natural disasters impose a significant long-run constraint on economic growth in Indonesia, despite having no statistically significant short-run effects. Strengthening disaster risk reduction and macroeconomic resilience is therefore essential to reduce long-term economic losses.



Keywords: Cointegration; Dynamics; Indonesia; Growth; Natural disasters 

1. INTRODUCTION 
Indonesia is one of the most disaster-prone countries in the world due to its geographical location along the Pacific Ring of Fire and its vast archipelagic structure (Prasojo et al., 2021). Indonesia experiences frequent earthquakes, volcanic eruptions, floods, and extreme weather events. While these natural hazards are often discussed in terms of humanitarian loss and environmental damage, their broader and more persistent implications for economic development remain a critical concern. (Ashgaf et al., 2024). For a rapidly developing economy such as Indonesia, repeated exposure to natural disasters poses significant challenges to sustaining long-term economic growth, reducing poverty, and maintaining macroeconomic stability.
Natural disasters directly disrupt economic activity by destroying physical infrastructure, production facilities, housing, and public services (Escaleras & Register, 2011). Damage to transport networks, utilities, and communication systems interrupts market access and supply chains, leading to immediate output losses (Lima & Barbosa, 2019). In Indonesia, these effects are particularly pronounced in agriculture-dependent and disaster-exposed regions, where floods, landslides, and extreme weather events reduce cultivated land, lower crop yields, and increase income volatility among rural households. Beyond these direct losses, disasters also generate indirect and long-term economic consequences by weakening human capital, increasing poverty and inequality, discouraging investment, and straining public finances through rising reconstruction and social protection costs (Maira et al., 2024).
Despite the growing body of literature examining the economic effects of natural disasters in Indonesia, several critical gaps remain. Existing studies primarily focus on localized case studies, sector-specific impacts, or short-term effects following major disaster events. Many analyses rely on cross-sectional data or event-based approaches, which fail to capture the cumulative and persistent nature of disaster shocks over extended periods. Moreover, relatively few studies employ long-run macroeconomic time-series data spanning multiple decades, particularly those covering periods of institutional reform, decentralization, and evolving disaster management capacity in Indonesia. As a result, the long-term relationship between natural disasters and national economic growth remains insufficiently explored.
Natural disasters represent a critical yet underexplored determinant of economic growth in Indonesia, despite the country’s high exposure to earthquakes, floods, volcanic eruptions, and climate-related hazards. Much of the existing literature treats natural disasters as short-term shocks or relies on cross-country analyses that obscure country-specific growth dynamics, institutional responses, and structural vulnerabilities. In the Indonesian context, economic growth studies have primarily focused on conventional drivers such as investment, trade, and population growth, with limited integration of disaster-related risks into growth frameworks. This omission is essential given that recurrent disasters often disrupt production, damage infrastructure, weaken labour productivity, and strain public finances, thereby affecting growth beyond the immediate aftermath. By explicitly examining the impact of natural disasters on economic growth in Indonesia, this study addresses a clear empirical gap. It provides country-specific evidence that is essential for understanding long-term development challenges in a disaster-prone economy.
The main objective of this study is to analyze the long-run impact of natural disasters on economic development in Indonesia. Specifically, the study aims to examine the long-run equilibrium relationship between economic growth and natural disasters in Indonesia as well as analyze the short-run dynamic interactions between natural disasters and key macroeconomic variables. It will also assess the role of foreign direct investment, government expenditure, trade openness, capital, labor, and population in mediating the economic effects of natural disasters. Finally, the study provides policy-relevant insights for strengthening economic resilience and sustainable growth in a disaster-prone economy. 
These research questions are raised in response to persistent gaps and mixed evidence in the existing literature on the relationship between natural disasters and economic growth, particularly in the Indonesian context. While prior studies document the immediate and localized economic impacts of disaster events, they provide limited and inconclusive evidence on whether natural disasters exert a persistent long-run influence on national economic growth. Distinguishing between short-run and long-run effects is therefore essential, as disasters often generate immediate economic disruptions. At the same time, their long-term consequences depend on recovery processes, adjustment mechanisms, and structural conditions. Moreover, the growth impact of natural disasters does not occur in isolation but is shaped by broader macroeconomic factors. Variables such as foreign direct investment, government expenditure, trade openness, capital formation, labor, and population influence both economic vulnerability and post-disaster recovery through investment behavior, fiscal capacity, trade integration, and demographic dynamics. Examining these channels allows for a more comprehensive understanding of whether natural disasters in Indonesia generate temporary shocks or impose structural constraints on long-term economic growth.
This study contributes to the literature in three important ways. First, it provides one of the longest national time series analyses of natural disasters and economic growth in Indonesia. Secondly, by employing a vector error correction model, the study captures both the long-run and the short-run dynamics that are often overlooked in event-based or cross-sectional analyses. Third, the findings will offer policy-relevant insights into how recurrent disaster exposure shapes long-term growth in a disaster-prone economy.
2. LITERATURE REVIEW
2.1. Theoretical Framework
This study is grounded in the neoclassical growth theory, particularly the Solow growth model, which explains long-run economic growth through capital accumulation, labor expansion, and productivity improvements (Solow, 1956). Within this framework, natural disasters are conceptualized as adverse shocks to the stock of physical capital and productive capacity, as they destroy infrastructure, reduce capital efficiency, and disrupt production processes. Such shocks temporarily displace the economy from its steady-state growth path. Although reconstruction activities may support short-term recovery, repeated disaster exposure often slows capital accumulation and weakens long-run growth by diverting resources. In an open and disaster-prone economy like Indonesia, the growth effects of disasters are further shaped by government expenditure, trade, population dynamics, and investment flows, which influence the speed of adjustment and the ability to restore long-run equilibrium. 			
2.2 Empirical literature
2.2.1 Direct Economic Consequences of Disasters
Earthquakes, floods, volcanic eruptions, and landslides frequently disrupt economic activity and alter the course of development across regions (World Bank, 2024). Among the most immediate and quantifiable consequences is damage to critical infrastructure. Losses affecting transportation networks, public facilities, utilities, and residential structures consistently emerge as the primary source of output decline, as such damage interrupts mobility, logistics, government operations, and market access (Rasyid et al., 2022). Disruptions to distribution channels and production facilities can halt economic activity not only in affected locations but across interconnected supply chains.
The agricultural sector remains one of the most vulnerable sectors of Indonesia’s economy. Flooding, landslides, and extreme weather events reduce cultivated land area and crop yields, thereby lowering rural household incomes and amplifying income volatility in farming regions (Purwandari et al., 2024). Evidence from other developing economies supports this pattern. In Brazil, municipalities hit by flash floods saw GDP per capita decline by 7.6% in the disaster year, with most sectors recovering within three years except for agriculture, which suffered prolonged output losses (Lima & Barbosa, 2019) 
Regions with higher disaster frequency face higher insurance premiums, reflecting differentiated risk levels across regions (Smolka, 2006). Higher premiums increase financial burdens on households and firms, crowding out productive investment and constraining the capacity to cope with future shocks. Large-scale disasters illustrate how localized events can generate national repercussions. The 2018 Central Sulawesi earthquake, tsunami, and liquefaction caused extensive damage to infrastructure, housing, and productive sectors. This resulted in severe regional output losses and spillover effects on the national economy through disrupted chains, increased fiscal burdens, and reconstruction demands (Asian Development Bank 2019; World Bank, 2019). 
 2.2.2 Indirect and Long-Term Effects on Economic Growth
Beyond immediate destruction, natural disasters shape long-term growth dynamics through structural, social, and institutional channels. Human development plays a decisive role in determining vulnerability. Regions with higher HDI experience fewer casualties, more efficient response mechanisms, and faster post-disaster recovery, driven by better education, health, and institutional capacity (Pontoh et al., 2024; Prasojo et al., 2021). Conversely, low-HDI regions suffer deeper economic losses and face prolonged recovery periods. These patterns highlight the significance of government preparedness, welfare systems, and local institutional strength in shaping long-run resilience.
Spatial spillover effects further amplify the economic burden of disasters. A shock in one province may slow growth in neighboring regions by disrupting supply chains, labour mobility, and interregional trade (Asyahid & Pekerti, 2022).  Indonesia’s highly interconnected regional economies, particularly those dependent on inter-island transport, magnify such spillovers, spreading economic losses beyond the initial disaster site.
Poverty and inequality triggered by natural disasters intensify vulnerability. Poor households experience disproportionate income and asset losses, which reduce their ability to recover and increase their long-term exposure to future hazards (Mardalena et al., 2024; Tasri et al., 2022). These feedback loops reinforce vulnerability and prolong recovery, thus increasing the exposure to future hazards. Long-run studies reinforce this interpretation. Idroes et al. (2023) report a unidirectional causal relationship from disaster shocks to weaker long-term economic performance, suggesting that disasters leave durable structural scars in the absence of effective intervention.
2.2.3 Foreign Direct Investment
Natural disasters also influence Indonesia’s growth through their effects on investment flows, particularly foreign direct investment. Foreign Direct Investment is a critical channel for capital formation, technological upgrading, and integration into global production networks. However, disaster shocks tend to weaken investor confidence. Cross-country studies consistently identify a negative relationship between disaster frequency and the Foreign Direct Investment inflows (Escaleras & Register, 2011). Regional analyses show that structural constraints, such as those observed in parts of Sub-Saharan Africa, can amplify this negative response (Katoka, 2021). 
Sectoral studies indicate that medium-term rebounds often occur as reconstruction creates new investment opportunities. Manufacturing FDI, in particular, tends to increase three to five years after major shocks, driven by infrastructure rebuilding and industrial upgrading (Doytch, 2019; Neise et al., 2022). This pattern aligns with the concept of creative destruction, where technological improvements and renewed capital flows follow initial losses. Nevertheless, the recovery is uneven. The service sector often exhibits persistent declines, especially after climate-related disasters. Shin & Park (2024) emphasize the role of gender-responsive institutions in sustaining investor confidence after disasters.

2.2.4 Governance, Policy Preparedness, and Resilience
Effective disaster risk reduction through resilient infrastructure, early-warning systems, efficient evacuation procedures, and coordinated emergency responses substantially mitigates economic disruption (Mardalena et al., 2024; Pontoh et al., 2024). Maira et al. (2024) find that mitigation spending lowers unemployment and poverty, thus accelerating economic stabilization in affected regions.
Government support for small and medium enterprises (SMEs), transparent reconstruction programs, and long-term development planning are essential components of building economic resilience (Idroes et al., 2023). At the same time, rapid urbanization and industrial expansion can heighten exposure to disaster risks. Evidence from the upper Citarum River basin shows a clear link between environmental degradation and land-use change, which increases disaster vulnerability and undermines sustainable economic growth (Ashgaf et al., 2024; Noda et al., 2017).
Although prior studies have advanced the understanding of how natural disasters affect sectoral performance, regional vulnerability, and short-term economic outcomes in Indonesia, the literature still shows notable limitations. Existing work is heavily concentrated on localized case studies, short-run effects, and sector-specific assessments, leaving the long-term macroeconomic relationship between disasters and national economic growth comparatively underexplored. Moreover, many empirical studies rely on cross-sectional or disaster-event data that do not capture the cumulative and persistent nature of disaster shocks over multiple decades.
Few studies employ a comprehensive annual time-series dataset, which extends beyond the early 2000s, and even fewer analyze the period after Indonesia experienced significant institutional reforms, decentralization, and increased disaster management capacity. As a result, current evidence does not fully capture how repeated, increasingly intense disasters shape disaster-prone emerging economies. This study addresses these gaps by examining the long-term relationship between natural disasters and economic growth using annual national data from 1960 to 2024.
3. METHODOLOGY
To examine the long-run equilibrium relationships and short-run dynamic interactions among economic growth, natural disasters, and macroeconomic variables in Indonesia, this study adopts the Vector Error Correction Model (VECM). The data used in this study are sourced primarily from the World Development Indicators (WDI) database of the World Bank for the years 1960 to 2024. This ensures consistency, reliability, and international comparability of the macroeconomic variables. 
The use of VECM is justified by the non-stationary nature of the time-series variables, as estimating relationships among such variables using conventional regression techniques can yield spurious regression results. To address this issue, the concept of cointegration is introduced, which implies the existence of a stable long-run equilibrium relationship among economic variables despite short-run deviations.  
Within the VECM framework, short-run causality is evaluated through the statistical significance of lagged changes in the explanatory variables. In contrast, long-run causality is inferred from the importance of the error correction term. A statistically significant error correction term indicates that deviations from the long-run equilibrium are corrected over time, confirming the presence of long-run causal relationships.









3.1 Econometric Model
3.1.1 Operation Variables
Table 1. Variables and Data Sources (N = 65)
	Variable
	Description
	Unit
	Source

	GDP
	Economic Growth
	Constant 2015 USD
	World Bank

	K
	Gross Fixed Capital Formation
	Constant 2015 USD
	World Bank

	L
	Total labor force
	Number of persons
	World Bank

	ND
	Number of people affected by disasters
	Number of persons
	World Bank

	FDI
	Foreign Direct Investment (% of GDP)
	Percentage
	World Bank

	POP
	Total population
	Number of persons
	World Bank

	G
	Government Expenditure (% GDP)
	Percentage
	World Bank

	T
	Trade (% GDP)
	Percentage
	World Bank


Although trade, government expenditure, and foreign direct investment are expressed as percentages of GDP, they are transformed into natural logarithms because the series are strictly positive over the sample period. This transformation allows the coefficients to be interpreted as elasticities and improves the statistical properties of the model.	
3.1.2 Model specification								
To measure the relationship between GDP and the main explanatory variables, this study describes GDP as a function of capital, labor, natural disaster, population, FDI, trade, and Government Expenditure. Therefore, the GDP function can be expressed as: 
GDPt = 𝑓 (Kt, Lt, NDt, Tt, Gt, FDIt, POPt) 					
where GDP is the gross domestic product, 
K is the capital, L is the labor, 
 ND is the number of people affected by natural disaster
T is trade
G is government expenditure
FDI is Foreign Direct Investment 
POP is the total population					
The econometric model representing the relationship is given as follows;			

Where
where lnGDPt​ denotes real economic output, lnKt​ represents gross fixed capital formation, and lnLt​ denotes the total labor force. Natural disasters (lnNDt​) are measured by the number of people affected, while lnTt​, lnGt​, lnFDIt​, and lnPOPt​ represent trade openness, government expenditure, foreign direct investment, and population, respectively
  is an intercept, 
, , ,,, , and are the coefficients, 
 represents the error term, which captures the unobserved factors that affect economic growth.
All variables are transformed into natural logarithms to ensure linearity and interpret coefficients as elasticities
4. RESULTS AND DISCUSSION
This section presents and discusses the empirical findings on the relationship between natural disasters and economic growth in Indonesia. Before estimating the Vector Error Correction Model, a series of diagnostic and preliminary tests are conducted to ensure the reliability and suitability of the econometric model. These tests include unit root tests to assess the stationarity properties of the variables, and cointegration tests to determine the existence of long-run equilibrium relationships among them.
Table 2. Results of the ADF unit root test 
	Variable
	
	p-value
	Order of integration

	Ln GDP
	
	0.0066
	I (1)

	Ln ND
	
	0.0000
	I (1)

	Ln K
	
	0.0000
	I (1)

	Ln L
	
	0.0188
	I (1)

	Ln FDI
	
	0.0000
	I (1)

	Ln POP
	
	0.0009
	I (1)

	Ln G
	
	0.0000
	I (1)

	Ln T
	
	0.0000
	I (1)


	










Table 2 above presents the results of the unit root test, indicating that all variables in the model are non-stationary at levels but become stationary after first differencing. All variables are integrated of order one, I(1), and therefore suitable for cointegration analysis. The presence of non-stationary variables necessitates the use of a VECM to avoid inaccurate regression and effectively capture both short-run dynamics and long-term equilibrium relationships. The cointegration between economic growth and its determinants, including natural disasters, move together in the long run.  

Table 3. Long-run VECM Estimation Results: The Impact of Natural Disasters on Economic Growth in Indonesia
	Variable
	Coefficient
	Standard error
	T-statistic
	Probability

	Ln ND
	-0.0837***
	0.0311
	-2.69
	0.008

	Ln K
	0.4598***
	0.0735
	6.26
	0.000

	Ln L
	0.1214
	0.1896
	0.64
	0.524

	LN FDI
	0.0063
	0.0044
	1.43
	0.155

	Ln POP
	1.8672***
	0.4951
	3.77
	0.000

	Ln G
	0.0209**
	0.0090
	2.32
	0.021

	Ln T
	0.0118**
	0.0049
	2.41
	0.017

	Constant
	-5.2018***
	1.771
	-2.94
	0.004


Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
The long-run results show that natural disasters significantly reduce economic growth,
 highlighting their lasting impact on productive capacity, infrastructure, human capital, and fiscal stability. These results suggest that without enhanced resilience mechanisms, natural disasters will continue to pose a structural constraint on Indonesia’s long-term economic development.
DISCUSSION
The long-run results confirm the existence of a stable equilibrium relationship between economic growth, natural disasters, and the selected control variables. This finding is consistent with prior studies, which document that macroeconomic variables and disaster exposure evolve together over time due to persistent structural linkages rather than short-term fluctuations (Idroes et al., 2023; Tasri et al., 2022). The long-run estimates reveal a negative and statistically significant relationship between natural disasters and economic growth, supporting the view that repeated disaster exposure generates durable economic losses. Similar long-run adverse effects have been reported in studies focusing on Indonesia and other disaster-prone economies, where recurrent disasters reduce output by damaging infrastructure, disrupting production, and weakening fiscal capacity (Asyahid & Pekerti, 2022; Lima & Barbosa, 2019). Although the estimated magnitude is moderate, it is economically meaningful in the Indonesian context, where disaster shocks recur frequently and accumulate over long periods.
Capital formation emerges as a key driver of long-run economic growth, underscoring the central role of investment in expanding productive capacity and supporting recovery following disaster-related disruptions. This result is consistent with growth theory, where sustained capital accumulation underpins long-term output expansion (Solow, 1956). Empirical evidence from Indonesia supports this mechanism, as regions with stronger investment and reconstruction capacity tend to recover faster and experience lower long-term economic losses after disasters (Maira et al., 2024). Population growth also exhibits a strong positive association with GDP in the long run, suggesting that demographic dynamics contribute to labor supply expansion, market size, and aggregate demand, reinforcing economic growth over time in disaster-prone settings. 
Trade and government expenditure play stabilizing roles in the long run. Greater trade integration likely facilitates access to external markets, technology transfer, and production diversification, which can help offset disaster-related disruptions. This finding is consistent with evidence showing that interconnected regional economies are better able to absorb shocks through interregional trade and supply-chain linkages (Lima & Barbosa, 2019). Government expenditure also contributes positively, reflecting the importance of fiscal intervention in financing reconstruction, public infrastructure, and social protection. Prior studies show that mitigation spending and post-disaster public investment reduce unemployment and poverty while accelerating stabilization in affected regions (Pontoh et al., 2024).
In contrast, labor and foreign direct investment do not exhibit statistically significant long-run effects. The weak contribution of labor suggests that increases in labor quantity alone do not translate into sustained growth without corresponding improvements in productivity and skills, particularly in disaster-affected regions (Prasojo et al., 2021). Similarly, the insignificance of foreign direct investment indicates that inflows may be volatile, sectorally concentrated, or weakly integrated into domestic production networks, limiting their long-term growth impact. This interpretation aligns with studies showing that disaster risk can discourage FDI or reduce its effectiveness in supporting long-run growth (Escaleras & Register, 2011).
The error correction term is negative and statistically significant, indicating a moderate speed of adjustment toward the long-run equilibrium, with approximately 31 percent of disequilibrium corrected annually. This finding suggests that Indonesia possesses institutional and policy mechanisms capable of restoring long-run balance after shocks. However, the gradual adjustment process reflects the persistence of disaster-related disruptions and the time required for rebuilding infrastructure, restoring investor confidence, and reallocating resources, particularly in regions with limited institutional capacity (Idroes et al., 2023).
Short-run dynamics provide further insights into the nature of disaster impacts. The absence of statistically significant short-run effects of natural disasters on GDP suggests that their economic consequences materialize through lagged and cumulative channels rather than immediate output contractions. Emergency assistance, reconstruction spending, and interregional redistribution may initially buffer national output, masking localized losses (Mardalena et al., 2024; Tasri et al., 2022). Granger causality results further support this interpretation by indicating that economic growth does not respond instantaneously to disaster shocks, reinforcing the view that disasters affect growth indirectly through investment behavior, fiscal pressures, and structural transformation rather than short-term volatility.
Overall, the findings highlight a fundamental policy trade-off. While Indonesia demonstrates an ability to manage disaster shocks and gradually restore long-run equilibrium, resilience does not eliminate long-term growth losses. Consistent with existing evidence, reactive reconstruction alone is insufficient to prevent cumulative growth erosion without proactive disaster risk reduction, climate-resilient infrastructure, and productivity-enhancing investment (Khan et al., 2023).
4. POLICY RECOMMENDATION AND CONCLUSION
4.1 POLICY RECOMMENDATIONS 
The findings of this study, which show that natural disasters exert persistent negative effects on Indonesia’s long-term economic growth, are consistent with previous evidence highlighting the cumulative macroeconomic costs of recurrent disaster exposure (Botzen et al., 2019; Idroes et al., 2023; Lima & Barbosa, 2019). Prior studies and expert assessments emphasize that disaster risk reduction should be treated as a core component of long-term development policy rather than as a post-disaster response. Investments in resilient infrastructure, climate-adaptive land-use planning, and early warning systems have been shown to significantly reduce long-run economic losses and accelerate recovery in disaster-prone economies (Maira et al., 2024; Pontoh et al., 2024). From the perspective of policymakers and disaster management authorities, integrating disaster risk considerations into national and regional development plans is essential for limiting the cumulative growth constraints identified in this study.
Additionally, the literature highlights the importance of strengthening institutional capacity, human capital, and investment resilience to mitigate the long-term economic impacts of natural disasters. Studies focusing on Indonesia indicate that regions with stronger governance, higher human development, and effective inter-agency coordination experience faster recovery and lower output losses following disasters (Asyahid & Pekerti, 2022; Prasojo et al., 2021). Experts in development and investment policy further argue that improving labor productivity through education and skills development, alongside promoting risk-sensitive foreign direct investment, can support sustained growth in disaster-prone contexts (Doytch, 2019; Neise et al., 2022). Spatial analyses also suggest that coordinated regional planning is necessary to prevent localized disaster shocks from generating wider economic spillovers (Lima & Barbosa, 2019). Together, these perspectives underscore the need for a resilience-oriented development strategy that addresses both immediate vulnerabilities and long-term sustainable growth.
4.1.2  CONCLUSION
This study examined the long-run and short-run relationship between natural disasters and economic growth in Indonesia. The findings confirm the existence of a stable long-run relationship between natural disasters and economic growth. The results show that natural disasters have a statistically significant negative effect on economic growth in the long-run, indicating that repeated disaster exposure constrains Indonesia’s long-term economic performance. In contrast, the short-run effects of natural disasters on economic growth are not statistically significant. These findings suggest that while short-term adjustment mechanisms may buffer immediate economic impacts, natural disasters impose persistent long-term growth costs on the Indonesian economy.
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