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Abstract
This study aims to analyze the factors influencing salt imports in Indonesia over the period 1990–2024. Despite Indonesia’s substantial marine resource potential, dependence on imported salt remains high, particularly to meet the needs of the food, chemical, and pharmaceutical industries. This condition is primarily driven by the low quality and insufficient quantity of domestic salt production, which has yet to meet industrial purity standards. The study employs annually time-series with secondary data and utilizes Ordinary Least Square (OLS) and the Error Correction Model (ECM) as analytical techniques. The ECM estimation results indicate that all variables under investigation converge toward a long-run equilibrium, demonstrating the presence of cointegration. Both short-run and long-run analyses further reveal that Gross Domestic Product (GDP), domestic salt production, import salt prices, and the exchange rate jointly exert a significant influence on Indonesia’s salt imports. Partially, the long-run and short-run estimations show that GDP and the Rupiah exchange rate have a positive and statistically significant effect on the volume of salt imports. In contrast, import salt prices exhibit a negative and significant effect in the short run, while domestic salt production is found to be statistically insignificant. Based on these findings, it is recommended that policymakers and relevant stakeholders coordinate more closely to align salt import policies with national economic growth dynamics, while simultaneously strengthening domestic salt production capacity through technological modernization and infrastructure development..
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1. Introduction
International trade has become a foundational mechanism for economic development in an era of intensifying global integration, particularly for emerging economies such as Indonesia. By engaging global markets, countries expand access to inputs, technology, and intermediate goods that may be scarce or costly domestically, thereby enhancing productivity and competitiveness (Krugman, Obstfeld, & Melitz, 2014; Martikasari, 2022). Indonesia’s maritime geography—its extensive coastline and vast Exclusive Economic Zone—positions the country strategically within global supply chains and underscores the economic significance of marine-derived commodities, including salt (KKP, 2023). Salt is indispensable not only for household consumption but also as a critical input for food processing, chemicals, pharmaceuticals, paper, textiles, and metallurgy, making its availability and quality essential to industrial performance (Kementrian Kelautan dan Perikanan, 2021).
In the international trading system, salt is classified under the Harmonized System Code (HS Code) 2501, which encompasses rock salt, sea salt, and refined sodium chloride in various forms. This study focuses on HS Code 2501.00—“Salt (including table salt and denatured salt) and pure sodium chloride, whether or not in aqueous solution; seawater”—to capture the breadth of traded salt relevant to Indonesia’s consumption and industrial needs (World Customs Organization, 2022). Framing the inquiry around HS Code 2501.00 ensures comparability across sources and time, facilitating the measurement of import volumes, price dynamics, and quality differentials that matter for downstream sectors
Despite Indonesia’s abundant marine potential, a persistent gap separates national salt demand from domestic supply. Recent government assessments suggest annual national requirements on the order of 4.8–4.9 million tons, with roughly two million tons for household consumption and the remainder for industry (Kementrian Kelautan dan Perikanan, 2025). Domestic production frequently struggles on both quantity and quality dimensions: traditional evaporation methods, climatic volatility, and heterogeneous practices yield salt with sodium chloride (NaCl) purity often below industrial thresholds, which typically require ≥97% NaCl for food and pharmaceutical applications (Cahyandini, Suryani, & Riski, 2020; Rusiyanto, Soesilowati, & Jumaeri, 2013). The pharmaceutical sector illustrates the constraint vividly: high-purity “pharmaceutical salt” remains overwhelmingly imported, reflecting stringent quality specifications and the limited absorption of locally produced salt by regulated industries (Lusiana, Cristiawan, Hayati, & Setiawan, 2018; Simamora, Deliana, & Ritonga, 2021). 
Empirically, Indonesia’s salt import trajectory exhibits a long-run increase with episodic surges. From relatively modest volumes in the early 1990s, imports rose sharply around the turn of the millennium and again in 2010–2012 and 2018–2022, mirroring industrial expansion and the recurrent shortfall of domestic production (UN Comtrade, 2025; BPS, 2024). Production itself is highly weather-sensitive, with extreme rainfall or La Niña events periodically depressing output, thereby widening the supply gap and precipitating higher import dependence (Purnomo, 2021; Akbar, Adrian, & Rahmatillah, 2023). These dynamics underscore the vulnerability of traditional solar-evaporation systems to climate variability and the importance of technological upgrading—e.g., geomembranes and mechanization—to stabilize quantity and improve purity
Policy debates have mirrored the structural tension between protecting smallholder salt producers and securing adequate industrial inputs. Restrictions on salt imports have, at times, disrupted downstream industries (food, chemical, pharmaceutical), whereas liberalization can depress local farmgate prices and exacerbate welfare risks in coastal communities (Astuti, Desti, & Kismartini, 2018; Rofik, Anekawati, & Khamainy, 2022). In response, Indonesia has articulated a self-sufficiency agenda, targeting swasembada garam by 2027 through modernization, infrastructure strengthening, and integrated industrial development (Kementrian Kelautan dan Perikanan, 2025; Haendra, Maarif, Affandi, & Sukmawati, 2021). The feasibility of these targets will hinge on resolving quality bottlenecks, upgrading processing technologies, and aligning import policy to bridge transitional gaps without undermining industrial resilience or coastal livelihoods. 
Against this backdrop, the economic determinants of Indonesia’s salt imports are theoretically grounded in standard trade and demand frameworks. Import demand is jointly shaped by national income (often proxied by Gross Domestic Product, GDP), domestic supply (the availability and quality of local production), relative prices (import salt prices vis-à-vis local alternatives), and the exchange rate (which maps foreign prices into domestic currency) (Krugman et al., 2014; Salvatore, 2020). From a demand perspective, rising GDP typically elevates consumption and industrial activity, increasing the derived demand for intermediate inputs such as salt (Mankiw, 2022; Dornbusch, Fischer, & Startz, 2004). On the supply side, shortfalls in domestic production—due to climatic, technological, or scale constraints—induce imports to equilibrate the market, consistent with partial-equilibrium logic (Nicholson & Snyder, 2017). Price elasticity implies that higher import prices should dampen import volumes, ceteris paribus, while exchange-rate movements (Rupiah/USD) alter the domestic-currency cost of imports, thus influencing import intensity through purchasing power parity channels (Salvatore, 2020.
The empirical literature on Indonesia’s salt imports corroborates these mechanisms but with heterogeneous magnitudes. Several studies report a positive and significant association between GDP and salt imports, while exchange-rate effects are frequently negative (import contraction under Rupiah depreciation), and domestic production is typically inversely related to imports (Lucman, Putu, & Dewi, 2024; Jamil, Tinaprilla, & Suharno, 2017; Muclisin & Wasonowati, 2021). Nonetheless, much of the prior work has relied on samples ending before 2019, limiting their ability to capture post-2019 structural changes—including pandemic-era disruptions, global supply chain volatility, and more recent policy adjustments. This study addresses that gap by extending the analysis through 2024 and re-examining the long- and short-run determinants within a time-series econometric framework that tests for cointegration and uses an Error Correction Model (ECM) to reconcile short-run deviations with long-run equilibrium (Engle–Granger in Asteriou & Hall, 2011; Widarjono, 2013; Insukindro, 1999
Methodologically, the paper employs secondary time-series data covering the 1990–2024 period for Indonesia’s salt import volume (HS 2501), GDP, domestic salt production, import-price indicators, and the nominal Rupiah/USD exchange rate. The strategy proceeds in three steps. First, stationarity properties are evaluated to mitigate spurious regression risks common to macro time series (Widarjono, 2013). Second, a long-run relationship is estimated—typically in a log-linear form—to recover equilibrium elasticities and test for cointegration via residual-based unit-root tests (Engle–Granger; Asteriou & Hall, 2011). Third, an ECM is specified to model short-run dynamics, including the error-correction term (ECT) that measures the speed at which deviations from long-run equilibrium are corrected. This design isolates the contemporaneous effects of GDP, domestic production, import prices, and the exchange rate, while ensuring consistency with a cointegrated long-run structure.
Substantively, the Indonesian salt case offers a salient lens on how input-quality constraints and climatic exposure condition import behavior in a middle-income, maritime economy. A positive GDP elasticity in both short- and long-run settings would indicate that growth-led industrial expansion tends to outpace improvements in domestic salt quality and capacity, reinforcing import dependence. If domestic production is statistically insignificant, that may reveal segmentation between household-grade salt and industrial-grade specifications, whereby increases in local output do not displace imports required by regulated sectors (Putri & Sugiarti, 2021). Conversely, a negative import-price elasticity in the short run would align with standard demand theory, while long-run insignificance might reflect strategic procurement and contract structures that smooth price shocks across periods. Exchange-rate effects can be nuanced: classical theory suggests that Rupiah depreciation should reduce imports by raising domestic-currency costs, yet institutional features—such as import licenses, minimum stock requirements, or quality mandates—can attenuate or even invert this relation in specific intervals (Putri & Arifin, 2021; Sulistyowati, Nugroho, & Hidayat, 2020). 
The policy relevance is clear. Understanding how GDP, domestic production, prices, and exchange rates move salt imports in the short run—and how these effects cumulate in the long run—matters for sequencing Indonesia’s swasembada agenda. Where GDP growth exerts a strong expansionary force on import demand, modernizing domestic production (technology, geomembranes, refining, inland brine systems) becomes an urgent complement to macro management, ensuring that quality standards (e.g., ≥97% NaCl for food and pharma) are met while reducing exposure to external shocks (Cahyandini et al., 2020; Rusiyanto et al., 2013). If exchange-rate pass-through is high, stabilizing macroeconomic conditions and diversifying import sources could buffer input costs for strategic sectors. Where import-price effects are material in the short run, adaptive stock management and transparent licensing may smooth volatility without undermining farmer welfare. The ECM evidence—via the ECT—offers a quantitative measure of adjustment speed, informing how quickly policy changes or shocks will be absorbed and equilibrium restored. 
In sum, this paper contributes by (i) extending the period of analysis to include recent structural disruptions and policy initiatives, (ii) employing a cointegration–ECM framework to distinguish short-run fluctuations from long-run equilibrium relationships, and (iii) situating Indonesia’s salt imports within a coherent theoretical structure that links demand, supply, price, and exchange-rate mechanisms. These contributions aim to support evidence-based policy that aligns import management with macroeconomic dynamics and a phased strategy for domestic capacity upgrading—so that Indonesia’s maritime endowments translate more fully into industrial competitiveness, input security, and equitable coastal development. 

2. Methodology
This study adopts a quantitative research design with an associative approach, aiming to examine the causal relationship between macroeconomic variables and Indonesia’s salt import volume over the period 1990–2024. The choice of a time-series framework reflects the dynamic nature of trade flows and the need to capture both short-run fluctuations and long-run equilibrium relationships among the selected variables.
Research Design and Scope
The analysis focuses on four independent variables—Gross Domestic Product (GDP), domestic salt production, import salt prices, and the nominal exchange rate of the Indonesian Rupiah against the U.S. Dollar—while the dependent variable is the annual volume of salt imports classified under HS Code 2501.00. The study period spans 35 years (1990–2024), selected to ensure sufficient observations for robust econometric modeling and to incorporate structural changes in trade policy and industrial demand.
Data Sources and Measurement
All data employed are secondary and expressed in annual frequency. Salt import volumes and import prices were obtained from the United Nations Comtrade database, ensuring consistency with international trade classifications. GDP figures were sourced from the World Bank, reported in constant prices to eliminate inflationary distortions. Domestic salt production data were compiled from the Indonesian Ministry of Marine Affairs and Fisheries and the Central Bureau of Statistics (BPS), while exchange rate data were retrieved from Bank Indonesia. Each variable was transformed into its natural logarithmic form to stabilize variance and facilitate elasticity interpretation in the regression models.
Econometric Approach
Given the time-series nature of the data, preliminary tests for stationarity were conducted using the Augmented Dickey–Fuller (ADF) procedure to detect unit roots and avoid spurious regression. Variables found to be non-stationary at levels were differenced to achieve stationarity, and integration orders were recorded to guide subsequent modeling steps.
To capture both long-run and short-run dynamics, the study employs a two-stage Engle–Granger cointegration framework followed by an Error Correction Model (ECM). The long-run relationship is estimated using Ordinary Least Squares (OLS) in a log-linear specification:

where denotes salt import volume, GDP, domestic salt production, import salt price, and exchange rate. Residuals from this equation were subjected to ADF testing to confirm cointegration, validating the existence of a long-run equilibrium among the variables.
The short-run dynamics were modeled through ECM, incorporating first differences of the explanatory variables and the lagged error correction term (ECT) derived from the long-run equation:

The coefficient on the ECT measures the speed of adjustment toward long-run equilibrium following short-run shocks. A negative and statistically significant indicates that deviations from equilibrium are corrected over time, validating the ECM specification.
Diagnostic and Robustness Tests
To ensure the reliability of estimates, classical assumption tests were performed, including checks for normality (Jarque–Bera), autocorrelation (Breusch–Godfrey LM test), heteroskedasticity (White test), and multicollinearity (Variance Inflation Factor). Model adequacy was further assessed through goodness-of-fit measures (R-squared and adjusted R-squared) and joint significance tests (F-statistics). All computations were executed using EViews 12, a specialized econometric software for time-series analysis.
Rationale for Method Selection
The combined use of cointegration and ECM is justified by the non-stationary nature of macroeconomic time series and the theoretical expectation that salt imports, GDP, prices, and exchange rates exhibit long-run interdependence. This approach not only mitigates the risk of spurious regression but also provides nuanced insights into short-run adjustments and long-run elasticities, which are critical for policy formulation in the context of Indonesia’s salt self-sufficiency agenda.

3. Results and Discussion
Descriptive Statistics
The descriptive analysis provides an overview of the distribution and variability of the variables under study. Over the 1990–2024 period, Indonesia’s salt import volume averaged approximately 1.72 million tons annually, with a minimum of 320,445 tons and a maximum of 2.84 million tons, indicating substantial fluctuations driven by domestic production constraints and industrial demand. GDP exhibited a consistent upward trend, reflecting structural economic growth, while domestic salt production remained volatile, ranging from 138,645 tons to 2.91 million tons. Import prices showed relatively modest variation compared to other variables, whereas the Rupiah exchange rate against the U.S. Dollar displayed pronounced depreciation over time, particularly during the 1998 Asian financial crisis and subsequent global shocks.
Stationarity and Cointegration Tests
Augmented Dickey–Fuller (ADF) tests revealed that most variables were non-stationary at levels but became stationary after first differencing, confirming integration of order one (I(1)). This justified the application of cointegration analysis to detect long-run equilibrium relationships. The Engle–Granger residual-based test confirmed cointegration among the variables, as the error term from the long-run regression was stationary at level, validating the use of an Error Correction Model (ECM) for short-run dynamics.
Long-Run Estimation
The long-run model estimated via Ordinary Least Squares (OLS) in log-linear form yielded an adjusted R² of 0.919, indicating that approximately 92% of the variation in salt import volume is explained by GDP, domestic production, import prices, and exchange rate. The F-statistic was highly significant (p < 0.001), confirming overall model adequacy. Coefficient estimates suggest that GDP and exchange rate exert positive and statistically significant effects on salt imports in the long run, with elasticities of 0.31 and 0.61, respectively. This implies that a 1% increase in GDP is associated with a 0.31% rise in salt imports, while a 1% depreciation of the Rupiah corresponds to a 0.61% increase in import volume. Conversely, domestic production and import prices exhibited negative but statistically insignificant coefficients, indicating limited long-run substitution between local output and imported salt, and muted price responsiveness over extended horizons.
Short-Run Dynamics (ECM)
The ECM specification captured short-run adjustments and the speed of convergence toward long-run equilibrium. The error correction term (ECT) was negative and highly significant (–0.77; p < 0.001), confirming that approximately 77% of disequilibrium is corrected within one period, implying rapid adjustment. Short-run coefficients reveal that GDP and exchange rate maintain positive and significant impacts on import volume, with elasticities of 1.17 and 0.94, respectively, underscoring the sensitivity of import demand to macroeconomic expansion and currency movements. Import prices exert a negative and significant effect (–0.52; p < 0.05), consistent with demand theory, while domestic production remains statistically insignificant, reinforcing the structural disconnect between local supply and industrial-grade requirements.
Diagnostic Tests
Model diagnostics affirm the robustness of the estimates. Residuals passed the Jarque–Bera normality test (p > 0.05), and no evidence of autocorrelation was detected via Breusch–Godfrey LM test. White’s test indicated homoskedasticity, and multicollinearity was within acceptable bounds (VIF < 10). These results validate the reliability of the regression outputs and the appropriateness of the ECM framework.
Interpretation and Policy Implications
The empirical findings highlight GDP and exchange rate as dominant drivers of Indonesia’s salt import dependence, both in the short and long run. The insignificance of domestic production underscores persistent quality and capacity constraints, suggesting that mere volume expansion without technological upgrading will not substantially reduce import reliance. The short-run price elasticity indicates some responsiveness to global price fluctuations, though long-run insensitivity reflects structural inelasticity due to industrial specifications. Policy measures should therefore prioritize technological modernization, quality enhancement, and integrated supply-chain development to align domestic output with industrial standards. Additionally, macroeconomic stability—particularly exchange rate management—remains critical to mitigating import cost volatility and safeguarding industrial competitiveness.
Discussion
The findings of this study provide important insights into the structural and macroeconomic determinants of Indonesia’s salt import dependency. The positive and statistically significant effect of Gross Domestic Product (GDP) on import volume in both the short and long run confirms theoretical expectations derived from demand theory and income elasticity concepts (Mankiw, 2022; Dornbusch et al., 2004). As economic activity expands, industrial sectors—particularly food processing, chemicals, and pharmaceuticals—require higher volumes of high-purity salt, which domestic producers cannot consistently supply. This reinforces the notion that economic growth, while desirable, intensifies reliance on imported inputs when local production remains technologically constrained.
The exchange rate also emerged as a significant determinant, with a positive coefficient contrary to conventional theory predicting a negative relationship under depreciation scenarios. This anomaly can be explained by the inelastic nature of industrial salt demand and institutional factors such as import licensing and stock requirements, which compel procurement even when currency depreciation raises import costs (Putri & Arifin, 2021). These findings underscore the limited responsiveness of strategic imports to price signals and exchange-rate fluctuations, reflecting structural rigidity in supply chains.
Conversely, domestic salt production exhibited no significant effect on import volumes, highlighting a persistent disconnect between local output and industrial-grade requirements. This result aligns with prior studies (Muclisin & Wasonowati, 2021; Putri & Sugiarti, 2021) and suggests that increasing production alone—without addressing quality and refining standards—will not substantially reduce import dependence. The predominance of traditional solar-evaporation methods, vulnerability to climatic variability, and fragmented smallholder structures constrain the ability of domestic salt to substitute for imported high-purity salt (Cahyandini et al., 2020; Rusiyanto et al., 2013).
Import price effects were significant only in the short run, with a negative sign consistent with demand theory. This indicates that temporary price shocks can influence procurement decisions, but long-run insignificance reflects contractual arrangements and strategic stock management that smooth volatility. Such behavior is typical for essential industrial inputs where continuity of supply outweighs cost considerations.
From a policy perspective, these findings carry several implications. First, GDP-driven import growth signals the urgency of accelerating technological modernization in domestic salt production, including geomembrane-based evaporation, mechanization, and integrated refining systems to meet industrial purity standards. Second, the strong exchange-rate elasticity suggests that macroeconomic stability remains critical for managing import costs and safeguarding industrial competitiveness. Third, the limited impact of domestic production on import volumes calls for a shift from quantity-oriented policies toward quality-focused interventions, supported by infrastructure investment and farmer capacity building. Finally, the short-run sensitivity to import prices highlights the need for adaptive stock management and transparent licensing to mitigate volatility without undermining local producers.
Overall, the empirical evidence confirms that Indonesia’s salt import dependency is structurally embedded in the interplay between economic growth, technological constraints, and institutional arrangements. Achieving the government’s self-sufficiency target by 2027 will require a comprehensive strategy that integrates macroeconomic management, industrial policy, and coastal development initiatives to ensure that domestic resources translate into competitive and sustainable supply chains.
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Based on the results of statistical testing, analysis and discussion, the researcher drew the following conclusions:
1. According to the results of the hypothesis test of the multiple regression coefficient thoroughly using the statistics of the F test, it is proven that the independent variables in this study in the form of Gross Domestic Product (GDP), Domestic Salt Production, Salt Price, and the United States Dollar Exchange Rate are proven to jointly (simultaneously) affect the dependent variable, namely the volume of Indonesian salt imports in 1990-2024 
2. According to the results of the hypothesis test, the partial multiple regression coefficient using t-test statistics obtained the following evidence: 
a. Independent variables, Gross Domestic Product (GDP) have proven to have a statistically significant positive effect on the dependent variable, the volume of salt imports in the long and short term. 
b. Independent variables, Domestic salt production does not have a statistically significant effect on the dependent variables, the volume of salt imports in the long and short term. 
c. Independent variables, the price of imported salt does not have a statistically significant effect on the dependent variable, the volume of salt imports in the long term but has a significant and positive effect in the short term.  
d. The independent variable of the Rupiah exchange rate or exchange rate has a statistically significant positive effect on the dependent variable, the volume of salt imports in the long and short term.
[bookmark: _Toc214439786]Suggestion
Based on the description and conclusion above, the suggestions that can be given are as follows:
1. Based on the results of the study, it was found that independent variables have an effect on dependent variables, the volume of salt imports is Gross Domestic Product and the Rupiah Exchange Rate. Therefore, salt import control policies must be carried out comprehensively and integrated with macroeconomic policies, industrial sectors, and national food security. The government needs to maintain macroeconomic stability to prevent a sharp depreciation of the US Dollar, and an increase in GDP is proven to encourage an increase in salt imports, so the salt import policy needs to be adjusted to the dynamics of national economic growth.
2. The need to strengthen Domestic Salt Production through Modernization of Technology and Infrastructure, considering that domestic salt production has not had a significant effect on import volume, the government needs to encourage the modernization of people's salt production technology to improve the quality and quantity of domestic salt production to be able to compete with imported salt.
3. For further research, it can be recommended to examine other independent variables that are estimated to be statistically significant affecting the volume of Indonesia's salt imports, such as population and inflation. 
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