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1. Introduction

Globalization reflects the deepening economic interdependence among countries through increasing cross-border
transactions, facilitated by advances in communication and information technology (IMF, 2000). It has created a highly
integrated and competitive global economy, where technology and information expand opportunities for international trade
(Meyer et al., 2023). Trade arises from structural differences between countries, including resources, labor, technology, and
political systems (Carbaugh, 2017; Krugman & Obstfeld, 2022; Salvatore, 2019). In this increasingly interconnected
environment, international trade no longer operates solely through bilateral exchanges but also through complex inter-country
trade networks that shape global production, supply chains, and market dependencies (T. Li et al., 2024). Consequently,
understanding trade dynamics requires not only conventional economic approaches but also perspectives that capture the
structure and connectivity of international trade relations, including Social Network Analysis (SNA) (Kurt & Kurt, 2020).
However, globalization also poses challenges, such as widening gaps between developed and developing nations, labor
exploitation, and environmental pressures (UNCTAD, 2020; Feng et al., 2023), which are often reinforced by protectionist
policies and active industrial strategies in developed countries (Fajgelbaum & Khandelwal, 2022). To address these issues,
the General Agreement on Tariffs and Trade (GATT) member countries established the World Trade Organization (WTO)
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through the Uruguay Round (1986-1994), creating a rules-based global trading system. Indonesia ratified the agreement
through Law No. 7 of 1994 and became a WTO member in 1995. As global tariffs declined, trade policy shifted toward non-
tariff barriers, including technical regulations, consumer protection, and environmental standards (Stiglitz, 2015). Since
joining the WTO, Indonesia’s exports initially grew significantly but later slowed, while imports increased, reflecting
structural trade challenges and high domestic demand (WITS-WB, 2022).

To enhance industrial competitiveness and protect consumers, Indonesia implements the Indonesian National Standard (SNI),
considered a strategic tool in international trade (BSN, 2011). Standards can improve product quality and consumer trust
(Sung et al., 2023), but may also impose compliance costs and affect market structure, particularly in developing countries
(Esquivias et al., 2025). Within the WTO, standardization is classified as a Technical Barrier to Trade (TBT), which can
restrict imports and create uncertainty, especially for exporters from developing nations (Chakraborty & Dey, 2024; Chen &
Bao, 2023; Ghodsi, 2024). Beyond influencing trade volumes and values, mandatory standards may also alter the
configuration of trade relationships by changing the intensity and direction of interactions among trading partners (X.-Y.
Wang et al., 2023). In this context, SNA provides a complementary analytical perspective for understanding how
standardization policies may reshape trade connectivity and the structure of Indonesia’s international trade network
(Sundram, 2025). Despite extensive research on trade and non-tariff measures, limited studies examine the sectoral impact
of mandatory SNI on Indonesia’s imports and exports, as well as the effects of different standard development methods
(harmonized international vs. country-specific) and product technology categories (intermediate vs. finished goods).
Moreover, previous studies largely rely on conventional econometric approaches and pay limited attention to the relational
structure of trade interactions among countries. As a result, the potential implications of mandatory SNI for Indonesia’s
position and connectivity within the global trade network remain insufficiently explored.

This study aims to analyze the impact of mandatory SNI implementation on Indonesia’s trade performance, focusing on
imports and exports at the industry level. It further examines how different standard development methods and product
technology categories influence trade outcomes. In addition to employing a bilateral gravity model, the study incorporates
insights from SNA to better understand changes in trade connectivity patterns and inter-country trade relationships associated
with mandatory standardization policies. By addressing these issues, the study provides insights into how standardization
policies can enhance Indonesia’s global trade integration, industrial competitiveness, and market access. Accordingly, the
study seeks to answer the following research questions:

RQ1: How does mandatory SNI implementation influence Indonesia’s imports?

RQ2: How does mandatory SNI implementation affect Indonesia’s exports?

RQ3: What is the effect of the method of standard development (harmonized versus country-specific) on Indonesia’s trade
performance?

RQ4: How do different product technology categories (intermediate goods versus finished products) affect the impact of
standardization on trade?

RQ5: How does mandatory SNI implementation influence Indonesia’s trade connectivity and position within the international
trade network?

2. Theoretical Framework
2.1 International Trade Theory

International trade refers to the exchange of goods and services between economic entities of different countries. According
to Fu and Ghauri (2021), trade encompasses products such as consumer goods, industrial equipment, and services like travel
services or patent royalties, as reflected in countries’ balance of trade. The participants in international trade may include
individuals, export or import companies, state-owned enterprises, or government departments, as noted by (Sinha et al.,
2023).

Trade is essentially a voluntary exchange process, where each party has the freedom to decide on the level of benefit or loss
from the transaction, and can opt whether or not to engage in trade (Valdemoros-Erro et al., 2025). Krugman and Obstfeld
(2022) identify two main reasons for international trade: first, structural differences across countries in productivity,
technology, preferences, and production factors make trade more profitable than autarky; second, the drive to achieve
economies of scale encourages countries to specialize and produce in larger volumes, reducing per-unit production costs and
enhancing trade efficiency and profitability.

2.2 International Trade Policy Based on Standards
Trade Barriers
Trade barriers are generally classified into tariff barriers and non-tariff barriers (NTBs). Tariff barriers involve taxes or duties

on imported goods or services (Dhingra et al., 2023). NTBs, on the other hand, include any measures other than tariffs, such
as import quotas, technical requirements, safety standards, sanitary regulations, and other measures that can restrict trade
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volume (Ghodsi & Stehrer, 2022). Historically, tariffs served as a significant source of government revenue. In contemporary
globalized trade, tariffs often aim to protect domestic industries by making imported goods more expensive, thus supporting
domestic producers’ competitiveness (Contractor, 2025). Non-tariff measures, particularly technical barriers to trade (TBT)
and sanitary and phytosanitary measures (SPS), are increasingly used in modern trade policy. NTMs can influence trade by
altering prices or quantities, either promoting or hindering international commerce (Rahman & Strutt, 2023; Takkar et al.,
2025). For example, in Indonesia, while MEN tariffs dropped from 32.72% in 1989 to 7.23% in 2015, the number of NTMs
on imports increased significantly, from 20 in 1998 to 767 in 2015, affecting over 75% of traded products (Elisabeth &
Verico, 2022).

Standards as Technical Barriers to Trade

Technical barriers to trade in Indonesia are primarily implemented through the Indonesian National Standard (SNI),
established by the National Standardization Agency (BSN). SNI serves as a technical requirement aimed at ensuring product
safety, quality, and compliance with current scientific, technological, and environmental standards (Government of
Indonesia, 2018). Following Indonesia’s WTO membership, tariff barriers have approached zero, while NTMs, particularly
TBTs, have become more prominent for protecting domestic industries (Laird & Yeats, 1990; Bao & Qiu, 2010). TBTs
consist of standards, technical regulations, and conformity assessment procedures. Standards define technical specifications,
often voluntary, while technical regulations are mandatory and must be met for market access. Conformity assessment
includes testing, inspection, and certification processes to verify compliance. While TBTs aim to protect consumers and
maintain quality, excessive or poorly harmonized standards can impose high compliance costs, especially for exporters from
developing countries, potentially reducing market access and overall trade welfare (Deardorff & Stern, 1998; Beghin &
Bureau, 2001).

Promoting International Trade Through Standards

Standards also facilitate trade by reducing transaction costs and addressing market failures such as asymmetric information,
where buyers cannot reliably observe product quality (A. Li et al., 2025; Macedoni, 2022). By signaling product quality,
standardization enhances consumer trust, reduces the risk of market exit for high-quality producers, and promotes competition
based on quality rather than price alone (Hu, 2025; S. Wang & Zhu, 2025). Furthermore, standards support the adoption of
new technologies and network externalities, enabling firms to achieve economies of scale, reduce production and information
costs, and improve market access (Aggarwal et al., 2024). In the context of globalization, international trade increasingly
operates through interconnected trade relationships among countries, where changes in trade regulations and standards may
influence not only trade volumes but also the structure and intensity of trade connectivity. From this perspective, trade
interactions can also be viewed as a network of interdependent economic relationships. Accordingly, SNA provides a
complementary analytical perspective for understanding how standardization policies may reshape trade connectivity, market
integration, and the position of countries within international trade networks (Dong, 2022). However, standards must be
harmonized internationally to avoid unnecessary trade barriers (Baylis et al., 2022). National standards that significantly
diverge from international norms may impose excessive costs, particularly on developing countries, and may hinder
innovation or market participation (Blind & Miinch, 2024).

Indonesian National Standard (SNI)

The SNI is developed following a structured process under the guidance of BSN, starting with the National Standard
Formulation Program (PNPS), technical committee deliberation, public consultation, and formal approval (Rosiawan et al.,
2025). While SNI is generally voluntary, certain technical regulations can make SNI compliance mandatory for safety, health,
environmental, or consumer protection reasons. The conformity assessment process includes product testing, inspection, and
certification, often facilitated through digital platforms linked to Product Certification Bodies (LSPro) (BSN, 2018; 2020;
Ministerial Regulation No. 45, 2022). Mandatory SNI implementation ensures that products circulating within Indonesia
meet established quality standards, thereby enhancing industrial competitiveness, facilitating trade, and protecting consumers
(Mulyati & Murwadji, 2024). Nevertheless, the cost of compliance and potential trade restrictions must be carefully managed
to balance industrial protection with international trade obligations (Farhad, 2024).

2.3 Imports and Exports

International trade directly impacts national economic performance through its effect on national income (Ciftci & Durusu-
Ciftci, 2022). In an open economy, if domestic output exceeds domestic expenditure, the surplus constitutes exports,
contributing positively to national income (Byrialsen & Valdecantos, 2024); conversely, if domestic expenditure exceeds
output, imports dominate, creating a trade deficit that reduces national income (Makin & Ratnasiri, 2022). Import volumes
are influenced by domestic income levels; higher income generally increases the capacity to import foreign goods, creating
“leakages” in national income (Al Abri et al., 2023).
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3. Methodology

3.1 Object and Scope of the Study

The object of this study is the mandatory implementation of the Indonesian National Standard (SNI) for products and its
impact on Indonesia’s international trade performance. The study is limited to product-related SNI, as this type of standard
has a direct and measurable effect on import and export flows, in contrast to non-product standards that primarily support
business processes. The analysis focuses on five priority industrial sectors with the largest contributions to national GDP and
alignment with the Making Indonesia 4.0 program, namely the food and beverage, textile and apparel, automotive,
electronics, and chemical industries. The study examines Indonesia’s trade with 15 major trading partner countries over the
period 20022022 using product-level data at the 8-digit HS classification.

3.2 Data Type and Sources

This study employs secondary data in the form of panel data, combining cross-country and time-series dimensions. Data on
the value and volume of exports and imports are obtained from the Data and Information Center of the Ministry of Industry
of Indonesia. Information on mandatory SNI implementation, standard harmonization, and product technology classification
is constructed from technical regulations issued by the Ministry of Industry. Data on real GDP and real manufacturing GDP
for Indonesia and its trading partners are sourced from the World Development Indicators (World Bank). Economic distance,
as a proxy for bilateral trade costs, is obtained from the UNESCAP—World Bank Trade Cost Database. Appendix A1 presents
the operational definitions of variables used in this study to analyze imports and exports. The table provides a clear description
of each variable, including its symbol, measurement, data type, and role in the empirical model. These operational definitions
are intended to ensure clarity, consistency, and replicability in the analysis of trade flows between Indonesia and its trading
partners.

3.3 Model and Research Design
Empirical Model

Technical barriers to trade (TBTs) are widely recognized as one of the most difficult policy instruments to quantify, primarily
due to their theoretical complexity and data limitations (Chen & Bao, 2023; Deardorff & Stern, 1998). Although numerous
studies have examined the impact of TBTs on international trade, many do not directly estimate their effects. Existing
approaches to measuring non-tariff barriers (NTBs) can generally be classified into trade-oriented and welfare-oriented
approaches. Trade-oriented measurements include price-wedge estimation (Calvin & Krissoff, 1998), survey-based methods
(OECD, 1999), inventory-based approaches (Mustafa & Qayyum, 2016), and gravity models. In contrast, welfare-oriented
approaches employ comparative static analysis, cost—benefit analysis, or general equilibrium models. Although welfare-based
approaches are theoretically superior in capturing externalities, administrative costs, and rent-seeking losses (Deardorff &
Stern, 1998), TBTs are closely linked to bilateral trade relationships. Consequently, empirical studies more frequently
quantify their effects by examining impacts on trade values or volumes (Beghin & Bureau, 2001).

According to Bao and Qiu (2010), the measurement of TBTs can be divided into ex ante and ex post approaches. Ex ante
methods simulate tariff equivalents and often rely on unobserved welfare predictions, whereas ex post approaches employ
econometric gravity models to estimate observed trade flows. This study adopts the ex-post gravity model approach, which
is well suited for assessing the impact of standard-related trade policies using observed bilateral trade data. The gravity model
has been widely applied in empirical trade analysis due to its strong explanatory power, with goodness-of-fit levels ranging
from 60% to 90% (Yotov et al., 2016), and its applicability to both aggregate and sectoral trade in goods and services
(Deardorff & Stern, 1998). Beyond trade, the gravity framework has also been successfully applied to analyze migration
flows, foreign direct investment, and international economic integration (Martinez-Zarzoso, 2003). The theoretical
foundation of the gravity model is derived from Newton’s Law of Universal Gravitation, which describes the gravitational
force between two objects i and j as:

M;. M; )

F. _
G

where Fj; denotes gravitational force, M; and M; represent the masses of objects i and j, is the distance between them, and
GGG is the gravitational constant.

In international trade, this formulation is adapted by interpreting Fj; as bilateral trade flows, M; and M; as the economic sizes
of the exporting and importing countries, and Dj; as trade distance. The basic gravity trade model can thus be expressed as:
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where Fij denotes trade flows from country i to country j, M; and M; represent the relevant economic sizes, and D;; reflects
trade distance or trade costs. Instead of geographical distance, this study employs economic distance, which captures bilateral
trade costs more comprehensively. Following, Novy (2013) economic distance is constructed from bilateral ad valorem trade
costs obtained from the UNESCAP-World Bank database:
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where 7; represents bilateral ad valorem trade costs between country i and j; #;; and #; denote international trade costs; #;; and
t; indicate domestic trade costs; Xj; and Xj; represent bilateral trade flows; X;; and Xj; are domestic trade flows; and o is the
elasticity of substitution, set at 8.

3

3.4 Regression Model Specification

The regression models in this study are adapted from Bao & Qiu (2010) and Elisabeth & Verico (2022), with modifications
to accommodate Indonesia’s mandatory SNI policy and the use of economic distance as a proxy for trade costs. All models
are estimated in natural logarithmic (In) form, allowing coefficient interpretation as elasticities. Separate estimations are
conducted by industrial sector to capture sector-specific characteristics.

Import Model

Aggregate Import Model

LnIMP;j; = wo + wiHarmonization; + w, Mandatory ;; + w3 Category; + w, Price ;j; )
+ wsLnGDPreal ;; + weLnGDP manufactureriilj; + w; EcDist ;j; + ul;;

Sectoral Import Models

Food and Beverage Industry:

LnIMP;j; = By + By Mandatory ;s + B, Category; + B3 Priceimp;j; + B, LnGDPreal ;; (5)
+ Bs LnGDPmanufacturerial j; + B EcDist j; + p2;;
Textile and Apparel Industry:

LnIMP;j; = 9y + 9, Mandatory iz + ¥, Priceimp ;jz + 93 LnPGDPreal ;; (6)
+ 9, LnGDPmanufacturereal j; + 95 EcDist ;j + p3;;

Electronic Industry:

LnIMP;j, = py + piHarmonization; + Mandatory;, + p3 Category; + Price (N
+ psLnGDPreall iy + psLnGDPmanufacturereal;. + p; EcDist j; + u4;;

Automotive Industry:

LnIMP;j; = my + m;Mandatory ;; + m,Category; + w3 Priceimp ;j; + m4 LnGDPreal 3
+ msLnGDPmanufacturereal j; + mgEcDist j; + W5;;

Chemical Industry:

LnIMP;j; = toy + 7, Mandatory ;s + 1, Category; + t3Priceimp ;j; + 14LnGDPreal ;; )
+ 75 LnGDPmanufacturereal j. + t¢ EcDist;j; + u6;;



1812
Export Models

Aggregate Export Model

LnEX;j; = 0y + 0, Harmonization; + 0, Mandatory ;s + 05 Category; + 0, Priceex ;j; (10)
+ 0s LnGDPmanufacturereal ;; + 9o LnGDPreal j; + 9; EcDist ;j; + €1;;

Sectoral Export Models
Beverage Industry

LnEX;j; = ag + a; Mandatory;: + a, Category; + az Priceex;j; (1)
+ a4 LnGDPmanufacturereal;s + as LnGDPreal j; + ag EcDist ;j + €2

Textile and Apparel Industry:

LnEX;j. = yo +y1 Mandatory; + y,Price ;j; +v3 LnGDPmanufacturereal; (12)
+ ¥4 LnGDPriil;, + ysEcDist ;j: + €3;;

Electronic Industry:

LnEX;j: = €, + €¢Harmonization; + €, Mandatory ;; + €3 Category; + €4 Price ex;j; (13)
+ €5 LnGDPmanufacturereal ;s + €egLnGDPreal;; + €; EcDist ;j; + €4

Automotive Industry

LnEX;j, = 8, + 6;Mandatory ;. + &, Category; + 63Priceex ;j; (14)
+ 8, LnGDPmanufacturereal; + 8s LnGDPriil j. + 8¢ EcDist ;j; + €55
Chemical Industry:

LnEX;j; = 6y + 61 Mandatory ;; + 0, Category; + 63Priceex j; (15)
+ 0, LnGDPmanufacturereal jz + 05 LnGDPreal j; + 65 EcDist ;j; + €6

3.5 Data Processing and Evaluation Techniques

The estimation technique employed is Generalized Least Squares (GLS) for panel data regression. This method is chosen
because it effectively addresses heteroskedasticity and contemporaneous autocorrelation, which are commonly present in
bilateral trade data. GLS also allows for the estimation of time-invariant variables, such as standard harmonization and
product technology categories, which may be eliminated in fixed-effects models. Model evaluation is conducted through
multicollinearity testing using the Variance Inflation Factor (VIF), as well as statistical inference based on the coefficient of
determination (R?), t-tests, and F-tests to assess both partial and joint parameter significance.

3.5 Social Network Analysis

In addition to the gravity model estimation, this study employs SNA as a complementary analytical approach to examine
Indonesia’s trade connectivity patterns within the international trade network. In this framework, countries are represented
as nodes, while bilateral trade relationships are treated as weighted and directed edges based on trade values and volumes.
The network analysis is used to identify changes in trade connectivity associated with the implementation of mandatory SNI
policies across industrial sectors. Several network indicators are utilized, including degree centrality, weighted connectivity,
and network density adapted from Ersoz & Karaman (2023), to evaluate Indonesia’s position and interaction intensity within
the trade network. The analysis also provides a visual representation of trade relationships among Indonesia and its major
trading partners, enabling a broader interpretation of how standardization policies may influence trade integration and inter-
country trade structure.

4. Results and Findings
4.1 Descriptive Statistics

Table 1 reports the descriptive statistics of Indonesia’s import and export variables and shows substantial variation across
observations. Import volume averages 1.82 x 108 kg, with a very large standard deviation of 1.35 x 10 kg, indicating a
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highly skewed distribution in which a small number of transactions account for extremely large import flows, as reflected by
the maximum value of 1.19 x 102 kg. Similarly, the mean import value is USD 2.36 x 10%, while the standard deviation
reaches USD 2.37 x 10'°, confirming significant heterogeneity in import values. Export performance displays a comparable
pattern, although at a smaller scale. The average export volume is approximately 6.62 million kg, with a standard deviation
of 9.08 x 107 kg, and export values average USD 8.71 million, with a maximum of USD 3.30 x 10°, suggesting that export
activities are also concentrated in a limited number of high-value transactions.

Regarding policy and structural variables, the harmonization dummy has a mean of 0.156, implying that only about 15.6%
of observations involve SNI standards harmonized with international standards. In contrast, the mandatory SNI dummy has
a mean of 0.497, indicating that nearly half of the products in the sample are subject to mandatory standardization. The
technology category dummy shows a mean of 0.333, suggesting that finished goods account for roughly one-third of the
observations, while the remainder consists of raw materials and intermediate goods. Import prices average USD 10.09 per
kg, with substantial dispersion, whereas export prices are lower on average at USD 3.80 per kg, reflecting differences in
product composition and value added. At the macroeconomic level, Indonesia’s average GDP amounts to USD 7.53 x 104,
and its manufacturing GDP reaches USD 3.01 x 102, exceeding the corresponding averages of trading partners. Finally, the
economic distance index averages 149.94, with values ranging from 65.30 to 504.13, highlighting notable variation in trade-
related costs across bilateral trade relationships.

Table 1
Descriptive Statistics of Indonesia’s Imports and Exports
Variable Obs. Mean Std. Dev. Min Max

Import Volume (kg) 14,175 1.82E+08 1.35E+10 1 1.19E+12
Import Value (USD) 14,175 2.36E+08 2.37E+10 1 2.78E+12
Export Volume (kg) 14,175 6,620,742 9.08E+07 0.2 3.97E+09
Export Value (USD) 14,175 8,707,678 7.50E+07 0.004 3.30E+09
Harmonization Dummy 14,175 0.156 0.362 0 1
Mandatory SNI Dummy 14,175 0.497 0.5 0 1
Product Technology Category Dummy 14,175 0.333 0.471 0 1
Import Price (USD/kg) 14,175 10.085 65.003 0.0002 4,104
Export Price (USD/kg) 14,175 3.803 21.106 1.21E-06 1,685.49
Manufacturing GDP — Trading Partner (USD) 14,175 1.08E+11 2.09E+11 3.07E+07 1.35E+12
Manufacturing GDP — Indonesia (USD) 14,175 3.01E+12 4.65E+12 1.06E+11 2.14E+13
GDP - Indonesia (USD) 14,175 7.53E+11 2.21E+11 4.28E+11 1.12E+12
GDP - Trading Partner (USD) 14,175 3.58E+10 8.50E+09 1.87E+10 4.44E+10
Economic Distance Index 14,175 149.935 64.745 65.3 504.128

4.2 Model Evaluation

The multicollinearity test results for Indonesia’s import volume model. The correlation matrix indicates that most explanatory
variables exhibit low to moderate correlations with one another. The highest correlation observed is between Mandatory and
Indonesia GDP at 0.7239, followed by the correlation between Category and Harmonization at 0.607. Although these values
suggest a conceptual linkage among policy-related and macroeconomic variables, they remain below the commonly accepted
threshold of severe multicollinearity. Other variables, such as Import Price and Partner Manufacturing GDP, display very
weak correlations with the dependent variable and with each other, generally below 0.23, indicating a relatively independent
contribution to the model (see Appendix A2).

Appendix A3 reports the multicollinearity test for Indonesia’s import value model and reveals a pattern largely consistent
with the import volume specification. The strongest correlation again occurs between Mandatory and Indonesia GDP at
0.7239, while the association between Category and Harmonization remains at 0.607. Import price shows slightly higher
correlations with import value than with import volume, with the maximum reaching 0.0772, yet this magnitude remains
economically and statistically modest. Overall, the correlation structure suggests that the explanatory variables capture
distinct dimensions of trade dynamics without excessive overlap.

The robustness of the import models is further confirmed by the Variance Inflation Factor (VIF) results in Appendix A4. All
variables record VIF values well below the critical threshold of 10, with the highest VIF observed for Indonesia GDP (2.54)
and Mandatory (2.24). The mean VIF of 1.71 indicates a low overall degree of multicollinearity in the import specifications.
These results support the reliability of coefficient estimates and reduce concerns regarding inflated standard errors in
subsequent regression analyses (see Appendix A4).

The correlation matrix demonstrates generally weaker inter-variable relationships compared to the import models. The
highest correlation appears between Mandatory and Indonesia Manufacturing GDP at 0.5784, while most other correlations
remain below 0.15 in absolute terms. Export price and partner GDP exhibit minimal correlations with both the dependent
variable and other regressors, suggesting that price and demand-side factors contribute independently to export volume
variations (see Appendix A5).
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Similarly, Appendix A6 presents the multicollinearity test for Indonesia’s export value model and confirms a stable
correlation structure. The strongest association again involves Mandatory and Indonesia Manufacturing GDP at 0.5784, while
correlations involving Export Price are slightly higher than in the volume model but still limited, with a maximum of 0.1463.
These findings imply that while policy and production capacity variables are related, they do not pose a serious threat to
model.

Finally, the VIF results in Appendix A7 reinforce the absence of multicollinearity concerns in the export models. All VIF
values range between 1.01 and 1.65, with a mean VIF of 1.40, indicating very low redundancy among explanatory variables.
Taken together, the evidence from Appendix A2 through Appendix A7 consistently demonstrates that both import and export
models are free from serious multicollinearity issues, thereby ensuring that the estimated effects of standards, prices,
economic size, and distance can be interpreted with a high degree of econometric confidence.

4.3 Empirical Result Analyse
Analysis of Indonesia’s Import Results

The regression results in Table 2 indicate that technical standards exert heterogeneous effects on Indonesia’s import volume
across industries. At the aggregate level, harmonization is associated with a statistically significant increase in import volume
(B =1.727, p < 0.01), suggesting that alignment with international standards reduces trade frictions and facilitates imports,
particularly evident in the electronic industry (f = 1.720, p < 0.01). In contrast, mandatory standards consistently reduce
aggregate import volume (B =—1.607, p < 0.01) and have a pronounced negative impact on electronics (f =—1.948, p < 0.01)
and textiles (B =—0.593, p < 0.05), reflecting compliance costs that may deter foreign suppliers. Product technology category
effects vary substantially: it increases imports in food and beverages ( = 7.059, p < 0.01) but significantly suppresses imports
in automotive (f = —4.378, p < 0.01) and electronics (f = —2.106, p < 0.01). Control variables behave as expected: import
prices negatively affect volumes in most sectors, Indonesia’s GDP strongly promotes imports at the aggregate level (f =
2.289, p < 0.01), and economic distance uniformly reduces import volumes, confirming gravity-model predictions.

Results for import value in Table 3 largely reinforce the volume-based findings while highlighting stronger price and income
effects. Harmonization significantly raises aggregate import value (B = 1.948, p < 0.01) and electronic imports ( = 1.659, p
< 0.01), whereas mandatory standards exert a larger negative effect than in the volume model, particularly for electronics (B
=—2.496, p < 0.01) and chemicals (§ = —0.916, p < 0.05). The technology category variable remains positive for food and
beverages ( = 7.756, p < 0.01) and chemicals (f = 1.920, p < 0.01), but negative for automotive (f = —4.607, p < 0.01) and
electronics (f =—3.133, p < 0.01), underscoring sector-specific sensitivity to product classification. Unlike the volume model,
import prices positively and significantly affect import values across all sectors (e.g., aggregate = 0.006, p < 0.01), reflecting
valuation effects. Moreover, Indonesia’s GDP and partner manufacturing GDP exhibit consistently positive and significant
coefficients, while economic distance remains negative and significant, confirming that market size enhances, and trade costs
constrain, Indonesia’s import performance both in physical and monetary terms.

Table 2
Regression Results of Indonesia’s Import Volume
Variable Aggregate Food and Textile and Automotive Electronic Chemical
Import Beverage Apparel Industry Industry Industry Import Industry
Volume Industry Import Volume Import Volume Volume Import
Import Volume Volume
Harmonization 1727/ - - - 1.720%** -
-0.169 - - - -0.211 -
Mandatoryj -1.607*** 0.553 -0.593%* 0.134 -1.948%** 0.605*
-0.142 -0.311 -0.175 -0.354 -0.24 -0.321
Category; 0.508%*** 7.059%** - -4.378 k% -2.106%*** 0.896**
-0.127 -0.368 = -0.314 -0.324 -0.262
Price; -0.002%#* 0.001 0.006%*** -0.011%* -0.003*** -0.002
-0.001 -0.006 -0.001 -0.005 -0.001 -0.002
LnPDB; 2.289%** -0.187 BB 0.896%*** 1.131%* 0.36
-0.248 -0.52 -0.297 -0.052 -0.385 -0.554
LnManufacturej 0.518%*** 0.093* 0.132%%* 3.405°%** 0.602%*** 0.532%%*
-0.024 -0.05 -0.022 -0.602 -0.042 -0.046
EcDist;j -0.008*** -0.016*** -0.003** -0.007** -0.002 -0.010%**
-0.001 -0.002 -0.001 -0.002 -0.002 -0.002
Cons -67.333%%* 9.177 -07.034 %% -106.008*#* -36.121%** -16.115
-5.576 13.781 -7.953 -16.046 -10.176 -14.718
Total obs. 14,175 3,150 4,410 2,520 3,759 4,410

Total Group 675 150 210 120 179 210
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Table 3
Regression Results of Indonesia’s Import Value
Variable Aggregate Food and Textile and Automotive Electronic Chemical
Export Value Beverage Apparel Industry Industry Export Industry Export Industry
Industry Export Export Value Value Value Export Value
Value
Harmonization 1.948%%%* - - - 1.659%** -
-0.177 - - - -0.236 -
Mandatoryi -1.935%%* 0.351 -0.793 %% 0.363 -2.496% -0.916%*
-0.148 -0.31 -0.227 -0.374 -0.268 -0.311
Category; 1.216%** 7.756%%* - -4.607%** -3, 1338k 1.920%**
-0.133 -0.367 - -0.331 -0.361 -0.253
Priceit 0.006%** 0.039%%* 0.023 %% 0.022%%* 0.002°%* 0.005°%*
-0.001 -0.006 -0.001 -0.005 -0.001 -0.002
LnPDB;, 3.4937%#% 0.657 5.761%%% 4.200%** 2.681%*** 1.068**
-0.259 -0.518 -0.385 -0.636 -0.43 -0.535
LnManufacture;, 0.572%%* 0.127%* 0.158%** 0.966%** 0.704 %% 0.551#%*
-0.025 -0.05 -0.028 -0.055 -0.046 -0.045
EcDistjj -0.007%#** -0.016%** -0.003** -0.007** -0.0001 -0.010%***
-0.001 -0.002 -0.001 -0.002 -0.002 -0.002
Cons -101.17%%* -14.426 -157.216%** -128.587 %k -78.312%%* -35.749
-6.862 -12.731 -10.312 -16.961 -11.368 -14.239
Total obs. 14,175 3,150 4,410 2,520 3,759 4,410
Total Group 675 150 210 120 179 210

Analysis of Indonesia’s Export Results

The regression results in Table 4 reveal that technical standards exert heterogeneous effects on Indonesia’s export volume
across industries. At the aggregate level, harmonization is associated with a statistically significant decline in export volume
(B =-2.832, p < 0.01), indicating that alignment with international standards may impose adjustment costs that constrain
export capacity, particularly evident in the electronic industry (f = —3.353, p < 0.01). Mandatory standards also negatively
affect aggregate export volume (f = —0.992, p < 0.01) and electronic exports (f = —0.499, p < 0.05), while exerting a positive
and significant effect on textile and apparel (f = 1.368, p < 0.01) and chemical exports (f = 1.188, p < 0.01), suggesting
sector-specific compliance readiness. The product technology category variable shows a positive and significant impact on
aggregate exports (B = 1.024, p < 0.01) and food and beverage exports (f = 7.637, p < 0.01), but significantly suppresses
exports in the automotive (f = —7.619, p < 0.01) and electronic industries (B = —4.506, p < 0.01). Control variables largely
conform to theoretical expectations: export prices positively influence export volume in most sectors, Indonesia’s GDP
strongly promotes export volume across all models (B = 4.643, p < 0.01 at the aggregate level), while economic distance
consistently reduces export volumes, supporting gravity-model predictions.

Table 4
Regression Results of Indonesia’s Export Volume
Variable Aggregate Food and Textile and Automotive Electronic Chemical
Export Beverage Apparel Industry Industry Export Industry Export Industry
Volume Industry Export Export Volume Volume Volume Export
Volume Volume
Harmonization -2.832%*% - - - -3.353%%* -
-0.185 - - - -0.22 -
Mandatory;, -0.992%:k -0.491 1.368%** 0.015 -0.499%* 1,188
-0.134 -0.31 -0.172 -0.288 -0.23 -0.228
Category; 1.024%%% 7.637%%* - -7.619%*% -4.506%** DISPFFFS
-0.14 -0.401 - -0.338 -0.342 -0.233
Priceit 0.026%** 0.119%** -0.0001 0.002 0.012%%* 0.01
-0.002 -0.019 -0.0001 -0.009 -0.002 -0.008
LnPDB;, 4.643%** 5.538** 2.085%** 4.592%** 3.861%** 2.407***
-0.234 -0.518 -0.294 (0.491 -0.371 -0.394
LnManufacturej -0.425%%* <0411 %% 0.359%** 0.02 0.600%** -0.665%%*
-0.038 -0.08 -0.048 -0.081 -0.064 -0.059
EcDistjj -0.01 1% -0.006** 0.0005 -0.011#** -0.008*#* -0.024***
-0.001 -0.002 -0.001 -0.002 -0.001 -0.001
Cons -92.712 -92.040%** -56.682%%* -100.525%#* -63.358 %k -33.883 %%
-5.611 -12.397 -7.076 -11.807 -8.857 -9.453
Total obs. 14,175 3,150 4,410 2,520 3,759 4,410
Total Group 675 150 210 120 180 210

Results for export value in Table 5 broadly corroborate the volume-based findings while indicating stronger valuation and
income effects. Harmonization remains negative and statistically significant for aggregate export value (f =-2.900, p < 0.01)
and electronic exports (f = —3.944, p < 0.01), reinforcing the notion that compliance with harmonized standards may limit
export performance in technology-intensive sectors. Mandatory standards continue to depress aggregate export value (f =
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—1.037, p < 0.01) and electronic exports (fp = —0.665, p < 0.05), but enhance export values in textiles (3 = 1.816, p < 0.01)
and chemicals (B = 0.995, p < 0.01). The technology category variable remains positive for food and beverages (f = 7.085, p
< 0.01) and chemicals (p = 3.069, p < 0.01), while negatively affecting automotive (f = —8.031, p < 0.01) and electronic
exports (B =-5.341, p < 0.01), underscoring persistent sectoral heterogeneity. Export prices exhibit positive and significant
effects across all specifications (e.g., aggregate f = 0.047, p < 0.01), reflecting price-driven valuation effects. Furthermore,
Indonesia’s GDP consistently exerts a strong positive influence on export value, whereas economic distance maintains a
negative and significant coefficient, confirming that larger domestic economic capacity supports exports while higher trade
costs constrain Indonesia’s export performance in value terms.

Table 5
Regression Results of Indonesia’s Export Value
Variable Aggregate Food and Textile and Automotive Electronic Chemical
Export Value Beverage Apparel Industry Industry Export Industry Export Industry
Industry Export Export Value Value Value Export Value
Value
Harmonization -2.900%** - - - -3.944%%% -
-0.197 - - - -0.248 -
Mandatoryj, -1.037%%* -0.487 1.816%#* 0.071 -0.665%* 0.995%#*
-0.142 -0.315 -0.215 -0.307 -0.26 -0.218
Category; 1.481%%* 7.085%%* - -8.031 %% -5.341 %% 3,069 %
-0.149 -0.407 - -0.36 -0.388 -0.223
Priceit 0.047%%% 0.194%3% 0.0002* 0.039%% 0.025%#:% 0.035%#*
-0.003 -0.02 -0.0001 -0.009 -0.003 -0.007
LnPDB;, 5.053%*%* 4.680%*** 3.098%** 5.390%** 4.755%%% 2.506°%**
-0.249 -0.525 -0.367 -0.523 -0.419 -0.377
LnManufacture;, -0.418%%* 4,420 0.452%% 0.039 -0.627%% -0.626%%*
-0.041 -0.081 -0.06 -0.086 -0.073 -0.056
EcDistjj -0.011%#%* -0.006%* 0.003** -0.011%** -0.008*** -0.023***
-0.001 -0.002 -0.001 -0.002 -0.002 -0.001
cons -102.53 -95.139%% -82.9882%:k -119.459%:* -80.007 -37.630%%*
-5.963 -0.002 -8.828 -12.572 10.018 -9.042
Total obs. 14,175 3,150 4,410 2,520 3,759 4,410
Total Group 675 150 210 120 179 210

4.4 Trade Network Analysis
Import Trade Network Structure

Table 6 presents the structural characteristics of Indonesia’s trade network across industrial sectors using several Social
Network Analysis (SNA) indicators, namely degree centrality, weighted degree, density, and clustering coefficient. The
results indicate that the textile and apparel sector exhibits the highest degree centrality in both import (42.38%) and export
networks (41.90%), suggesting that this sector maintains relatively broader trade connectivity with Indonesia’s trading
partners compared to other industries. Similarly, the electronics sector records the highest weighted degree values for both
imports (50.67%) and exports (47.95%), indicating stronger trade intensity and larger transaction weights within the network.
In contrast, the automotive sector consistently demonstrates the lowest centrality and weighted connectivity measures,
implying a comparatively more concentrated and less interconnected trade structure. At the aggregate level, both import and
export networks display moderate density values, ranging between 0.286 and 0.289, which suggests that Indonesia’s trade
relationships are relatively interconnected but not fully integrated across all partner countries.

Table 6

Network Centrality Measures of Indonesia’s Trade Network by Sector
Sector Degree Centrality (%) Weighted Degree (%) Density Clustering

Coefficient

Import Network
Aggregate 39.26 42.87 0.289 0.462
Food & Beverage 34.00 37.52 0.246 0.417
Textile & Apparel 42.38 4431 0.305 0.481
Automotive 29.55 31.04 0.214 0.365
Electronics 37.89 50.67 0.278 0.438
Chemicals 36.67 40.12 0.259 0.421
Export Network
Aggregate 38.96 43.76 0.286 0.465
Food & Beverage 33.33 3591 0.238 0.401
Textile & Apparel 41.90 44.87 0.300 0.479
Automotive 27.88 29.71 0.206 0.353
Electronics 36.87 47.95 0.271 0.431
Chemicals 35.71 39.28 0.252 0.415

Note: Degree centrality and weighted degree are expressed as percentages of the maximum possible value. Density ranges from 0 to 1, while the
clustering coefficient ranges from O to 1.



Cahyadi et al. / International Journal of Data and Network Science 10 (2026) 1817

The clustering coefficient further highlights the existence of localized trade groupings within Indonesia’s trade network. The
textile and apparel sector records the highest clustering coefficient in both import (0.481) and export networks (0.479),
indicating stronger tendencies for interconnected trade relationships among partner countries within this sector. Conversely,
the automotive industry exhibits the lowest clustering coefficients, reflecting a more fragmented network structure and
weaker inter-partner connectivity. Overall, the relatively similar values between import and export networks suggest that
Indonesia’s trade structure maintains a broadly balanced pattern of connectivity across sectors, although the intensity and
concentration of relationships vary according to industrial characteristics. These findings imply that sectors with higher
technological integration and broader market participation, such as textiles and electronics, tend to occupy more central
positions within Indonesia’s international trade network.

(a) Before Mandatory SNI (Pre-policy) (b) After Mandatory SNI (Post-policy)
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Fig. 1. Indonesia’s Import Trade Network Before and After Mandatory SNI

Fig. 1 illustrates the structure of Indonesia’s import trade network before and after the implementation of mandatory
Indonesian National Standards (SNI). Prior to the implementation of mandatory SNI, the trade network appears relatively
denser, with stronger bilateral connections between Indonesia and several major trading partners, particularly China, Japan,
the United States, and Germany. The thicker network edges in the pre-implementation period indicate higher import intensity
and broader integration within international supply chains. Following the implementation of mandatory SNI, the overall
network structure remains interconnected; however, the reduction in edge thickness across several bilateral relationships
suggests a decline in trade intensity. This pattern indicates that mandatory technical standards may increase compliance
requirements and adjustment costs for exporters, thereby moderating import flows into the Indonesian market. The figure
also demonstrates that the impact of mandatory SNI does not eliminate Indonesia’s trade relationships but rather alters the
relative strength of network connectivity among trading partners. China and Japan continue to occupy central positions within
the network after implementation, reflecting their persistent strategic importance in Indonesia’s industrial and manufacturing
trade structure. Nevertheless, the weaker connectivity observed after mandatory SNI implementation suggests that
standardization policies may influence the concentration and distribution of trade interactions across countries. From a
network perspective, the findings imply that mandatory SNI may contribute to a more selective import structure, where trade
relationships become increasingly dependent on trading partners with greater compliance capacity and stronger integration
into standardized production systems.

Export Trade Network Structure

Table 7 highlights the central role of several major economies within Indonesia’s international trade network based on degree
centrality and weighted connectivity measures. China occupies the most central position, recording the highest degree
centrality (0.92) and weighted connectivity (185.4), particularly within the electronics sector. This finding suggests that
Indonesia’s trade relationships remain strongly integrated with China, especially in technology-intensive industries and
intermediate goods supply chains. Japan and the United States also demonstrate high levels of connectivity, although their
dominant sectors differ according to industrial specialization. Japan’s position is primarily associated with automotive and
manufacturing industries, whereas the United States shows stronger integration in textile and apparel trade. These patterns
indicate that Indonesia’s trade network is characterized by sector-specific bilateral relationships shaped by comparative
advantage and industrial structure. The table further demonstrates the importance of regional and technology-oriented
economies within Indonesia’s trade connectivity structure. Singapore and South Korea exhibit relatively high connectivity in
electronics-related trade, reflecting their strategic roles in regional production and re-export networks. Meanwhile, Germany
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maintains a significant position in chemical and high-value manufacturing trade, while Malaysia and Thailand demonstrate
moderate but stable connectivity within ASEAN-based production systems. Overall, the findings suggest that Indonesia’s
trade network remains concentrated among a limited number of highly connected partners, with trade intensity varying across
sectors according to technological capability, regional integration, and industrial specialization.

Table 7
Top Trading Partners Based on Network Connectivity
Rank Trading Degree Weighted Dominant Interpretation
Partner Centrality Connectivity Sector
1 China 0.92 185.4 Electronics China occupies the most central

position in Indonesia’s trade
network, particularly in technology-
intensive industries, indicating
strong bilateral trade integration and
supply-chain dependence.

2 Japan 0.88 1727 Automotive Japan maintains consistently strong
connectivity, especially in
automotive and industrial
manufacturing trade networks.

3 United States 0.83 160.3 Textile and The United States demonstrates
Apparel diversified trade connectivity,
particularly in labor-intensive export
sectors.
4  Singapore 0.79 148.5 Electronics Singapore functions as a regional

trade hub with strong intermediary
and re-export connectivity within
Southeast Asian supply chains.

5 South Korea 0.75 137.2  Electronics South Korea exhibits relatively high
connectivity in electronics and
chemical industries, reflecting
technology-oriented trade relations.

6 Germany 0.71 129.4  Chemicals Germany plays a significant role in
chemical and high-value
manufacturing trade networks with

Indonesia.
7 Malaysia 0.69 121.8 Food and Malaysia maintains moderate but
Beverage stable connectivity, particularly in

regional food and intermediate
goods trade.

8 Thailand 0.66 116.9 Automotive Thailand’s connectivity is largely
associated with ASEAN-based
automotive production networks.

Figure 2 illustrates Indonesia’s export trade network across five industrial sectors, namely food and beverages, textile and
apparel, automotive, electronics, and chemicals. The visualization reveals notable differences in the structure and intensity
of trade connectivity across sectors. The electronics sector exhibits the strongest and most centralized network configuration,
characterized by relatively thicker trade links with multiple trading partners. This pattern suggests that Indonesia’s electronics
exports are more deeply integrated into international production and supply-chain networks compared to other industries.
Similarly, the textile and apparel sector demonstrates relatively strong connectivity, indicating broad export relationships and
substantial participation in international markets. In contrast, the automotive sector displays weaker and less dense trade
connections, implying a more concentrated export structure with fewer dominant trading relationships.

The figure also highlights variations in the degree of diversification among Indonesia’s export sectors. The food and beverage
and chemical industries show moderately distributed trade connections, suggesting a more balanced pattern of export
destinations and trade interactions. Meanwhile, the dominance of several key partner countries across multiple sectors
indicates that Indonesia’s export network remains dependent on a limited number of strategically important economies. From
a network perspective, these findings imply that export sectors differ not only in trade volume but also in the structure of
international connectivity and market integration. Industries with stronger and denser network structures, such as electronics
and textiles, appear to maintain broader international linkages, whereas sectors with weaker connectivity may face relatively
narrower market access and lower integration within global trade networks.
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Fig. 2. Indonesia’s Export Trade Network by Industrial Sector
Trade Connectivity under Mandatory SNI

Fig. 3 illustrates the change in weighted trade connectivity following the implementation of mandatory Indonesian National
Standards (SNI) across major trading partners and industrial sectors. Overall, the heatmap indicates that mandatory SNI is
associated with a decline in trade connectivity in several sectors, particularly automotive and electronics industries. The
electronics sector records the largest negative connectivity changes across most trading partners, including China (-0.36),
Singapore (—0.32), and the United States (—0.28). Similarly, the automotive sector demonstrates consistently negative values,
especially for China (—0.31) and the United States (—0.27). These findings suggest that technology-intensive industries may
experience greater adjustment pressures under mandatory technical standards, potentially due to higher compliance costs,
certification requirements, and supply-chain adaptation challenges.

By contrast, the food and beverage as well as textile and apparel sectors display relatively stable connectivity patterns, with
several trading partners exhibiting small positive values. For example, Thailand records positive connectivity changes in food
and beverage (0.06), textile and apparel (0.04), and chemicals (0.05), indicating relatively stronger resilience or adaptation
capacity within these sectors. Likewise, Malaysia and the European Union show modest positive or neutral connectivity
changes in selected industries. At the aggregate level, most countries still exhibit negative connectivity values, although the
magnitude varies considerably across partners. Overall, the figure suggests that the impact of mandatory SNI on Indonesia’s
trade network is heterogeneous and sector-dependent, where industries with higher technological intensity tend to experience
larger reductions in connectivity compared to more labor-intensive or regionally integrated sectors.
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5. Discussion
5.1 The Impact of Mandatory SNI Implementation on Imports and Exports

The implementation of mandatory Indonesian National Standards (SNI) exerts a systematic influence on Indonesia’s
international trade by reshaping market access conditions through technical regulation. In line with the literature on technical
barriers to trade (TBTs), mandatory standards function not only as instruments of quality control but also as regulatory
mechanisms that alter trade costs and firm behavior (Deardorff & Stern, 1998; Maskus & Wilson, 2001). At the aggregate
level, the findings confirm that binding standards materially affect both import and export performance, underscoring the
non-neutral role of domestic standardization in trade dynamics.

From the import perspective, mandatory SNI operates primarily as a trade-restricting instrument. This outcome is consistent
with Disdier et al. (2014), who argue that legally binding technical standards tend to reduce import penetration by increasing
fixed compliance costs, particularly for foreign producers from countries with differing regulatory regimes. When conformity
assessment, certification, and technical documentation become mandatory, market entry is conditioned on regulatory
compliance rather than price competitiveness alone, thereby reducing effective import competition.

The theoretical underpinning of this mechanism aligns with the non-tariff barrier framework, which conceptualizes standards
as cost-augmenting trade policies (Roberts, 1999). Mandatory standards increase informational asymmetries and procedural
complexity, which in turn reduce demand elasticity for imported goods and encourage substitution toward domestically
produced alternatives. In this context, SNI serves as a form of technical protection that reinforces domestic market
segmentation without relying on explicit tariff measures. However, the impact of mandatory standards extends beyond
imports and reveals important implications for export performance. Consistent with Luo & Qu (2023) and Khayyam et al.
(2025), the effect of standards on exports is inherently conditional on firms’ absorptive capacity and institutional readiness.
When compliance costs are high and support mechanisms are limited, mandatory standards can constrain export-oriented
firms by raising production costs and diverting resources toward regulatory compliance rather than market expansion.

This dualistic effect reflects the well-documented ambiguity of standardization policies in developing economies. While
standards can enhance credibility and signal quality to international markets, they may simultaneously act as self-imposed
constraints if domestic firms lack sufficient technological capability or certification infrastructure (OECD, 1999). As a result,
mandatory SNI may reduce export competitiveness in sectors where alignment with international standards is incomplete or
where regulatory duplication persists. The literature further suggests that the trade effects of standards are highly sector-
specific and dependent on the position of industries within global value chains (GVCs). As argued by Shepherd (2013) and
Van Assche & Narula (2023), sectors integrated as component suppliers may experience stronger adverse effects from
misaligned domestic standards, whereas industries exporting final goods may benefit from enhanced standard-induced
credibility. This perspective helps explain why the same regulatory instrument can generate heterogeneous trade outcomes
across sectors.

The findings reinforce the view that mandatory standards are neither inherently trade-restrictive nor trade-promoting. Their
net effect depends on regulatory design, international harmonization, and complementary industrial policies. In line with Huh
& Seo (2025), effective standardization requires coordination between trade policy and industrial upgrading. Without such
integration, mandatory SNI risks functioning predominantly as a defensive regulatory barrier rather than as a strategic
instrument for enhancing Indonesia’s participation in international trade.

The network analysis further supports these findings by demonstrating that mandatory SNI not only affects trade volumes
and values but also alters the structure of Indonesia’s trade connectivity. The decline in weighted connectivity observed in
several sectors, particularly electronics and automotive industries, indicates that mandatory technical standards may weaken
bilateral trade intensity with key trading partners. From a Social Network Analysis (SNA) perspective, this suggests that
technical regulations influence not only the magnitude of trade flows but also the relative position and interconnectedness of
countries within Indonesia’s trade network. Consequently, mandatory SNI may contribute to a more selective and
concentrated trade structure, especially in technology-intensive industries characterized by higher compliance requirements.

5.2 The Effects of Harmonization on Imports and Exports

At the aggregate level, harmonization with international standards exerts a clear trade-facilitating effect on Indonesia’s
imports. When domestic standards are aligned with internationally recognized benchmarks, regulatory divergence is reduced,
lowering adjustment and compliance costs for foreign producers. Consistent with the trade cost framework (Doan & Zhang,
2024; Yanase & Kurata, 2022), harmonized standards ease market entry for exporters from countries that already operate
under international technical regimes, thereby expanding access to the Indonesian market. This outcome aligns with the
conventional view that harmonization reduces informational frictions and regulatory uncertainty for foreign firms. By
replacing country-specific technical requirements with globally accepted standards, harmonization effectively removes
duplicative conformity assessments and technical modifications. As a result, imports become more responsive to market
conditions rather than regulatory constraints, reinforcing the role of harmonization as a trade-facilitating non-tariff policy
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instrument.

In contrast, harmonization produces an adverse effect on Indonesia’s aggregate export performance. Rather than enhancing
competitiveness, alignment with international standards appears to impose additional burdens on domestic producers who
lack sufficient technical capacity and institutional support. This finding resonates with the argument that standards can
become exclusionary when domestic firms are unable to internalize complex international requirements, transforming
harmonization into a de facto barrier to export participation (Liao & Parkouda, 2023). The asymmetric impact of
harmonization reflects structural differences between foreign and domestic firms. While exporters from advanced economies
typically operate within mature standardization and certification systems, producers in developing countries often face higher
relative compliance costs, limited testing infrastructure, and weaker access to accredited certification bodies. As shown by
Bouzidi & Nefzi (2024), such asymmetries can lead to export contraction when developing countries adopt international
standards without adequate preparatory support. These aggregate dynamics are particularly pronounced in the electronics
sector, where harmonization strongly amplifies import penetration while simultaneously constraining export capability.
Electronics production is highly sensitive to technical specifications, safety requirements, and interoperability standards,
areas in which international benchmarks are both complex and rapidly evolving. For domestic producers operating with
technological gaps, harmonization increases the effective threshold for export participation, reinforcing their disadvantage in
global markets.

At the same time, harmonization substantially strengthens the position of foreign electronic products in the domestic market.
Multinational producers that already comply with international standards can enter Indonesia with minimal additional
adjustment, intensifying import competition. This pattern is consistent with the global value chain literature, which
emphasizes that standard alignment disproportionately benefits firms positioned upstream in innovation and certification
networks (De Marchi & Alford, 2022). Therefore, the findings suggest that harmonization is not inherently trade-enhancing
for developing economies. While it facilitates imports by lowering regulatory barriers for foreign firms, it can simultaneously
suppress exports when domestic industries lack the capacity to comply. In line with Cherif & Hasanov (2024), effective
standardization policy requires sequencing and selectivity. Without parallel investments in industrial upgrading, testing
infrastructure, and certification capacity, harmonization risks reinforcing import dependence and weakening Indonesia’s
position in global value chains rather than serving as a catalyst for export competitiveness.

The network structure analysis also reveals that harmonization is associated with differing patterns of trade connectivity
across sectors. In sectors such as electronics, harmonized standards tend to strengthen import-oriented connectivity with
highly industrialized economies, including China, Japan, and Singapore, while export connectivity becomes relatively
weaker. This pattern reflects the asymmetric capacity of domestic and foreign firms to comply with internationally
harmonized standards. Accordingly, the SNA results reinforce the argument that harmonization may increase integration into
global trade networks on the import side while simultaneously exposing structural competitiveness constraints in export-
oriented industries.

5.3 Effects of Product Technology Categories on Imports and Exports

The results indicate that product technology categories play a decisive role in shaping Indonesia’s import and export
performance, underscoring that trade outcomes are not neutral to the technological composition of traded goods. Across
sectors, shifts from raw materials and intermediate inputs toward finished products systematically alter trade patterns,
reflecting differences in value added, technological complexity, and compliance requirements embedded in standards
regimes. This finding aligns with the TBT literature, which emphasizes that standards interact more strongly with higher-
technology and processed goods due to their greater regulatory, safety, and conformity dimensions. At the aggregate level,
the prominence of finished products in trade highlights the dual role of standards as both facilitators and constraints. On the
import side, reliance on finished goods reflects domestic technological gaps and limited downstream industrial capacity, a
pattern widely documented in developing economies (Yan et al., 2024). From a TBT perspective, this also implies higher
exposure to foreign standards and conformity assessments, which may reinforce dependency on external suppliers if domestic
capabilities remain weak. Conversely, on the export side, stronger performance associated with finished products confirms
that standard-compliant, higher—value-added goods are better positioned to penetrate international markets. This supports the
argument that harmonized standards reduce information asymmetry and transaction costs, enabling exporters to signal quality
and reliability (Macedoni, 2022; S. Wang & Zhu, 2025). Countries that successfully align domestic standards with
international benchmarks tend to experience export upgrading, particularly in manufacturing-based sectors.

Sectoral differences further illustrate how standards interact with production structures. In food and beverages and chemicals,
finished products are closely linked to stringent safety, quality, and process standards, making standardization a critical
enabler of market access. These sectors benefit most from harmonization with international regimes such as Codex and ISO,
consistent with TBT theory that standards can act as catalysts for export growth when compliance capabilities are sufficiently
developed. In contrast, the automotive and electronics sectors exhibit patterns consistent with global value chain
fragmentation, where Indonesia remains concentrated in component production and assembly stages. In such contexts,
standards primarily govern intermediate inputs rather than final goods, reinforcing the country’s position in lower or mid-
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value segments of the chain. This outcome echoes the TBT literature’s observation that standards may lock countries into
specific value-chain roles unless accompanied by technological upgrading and institutional support. These findings
collectively suggest that standardization policy cannot be sector-neutral. Mandatory standards applied to finished imports
may function as legitimate technical barriers to support domestic industrial deepening, while voluntary and harmonized
standards are more effective in promoting exports of higher-technology goods. This distinction is well established in the TBT
framework, which differentiates between protectionist misuse of standards and their legitimate role in correcting market
failures. Therefore, the analysis reinforces the view that standards are not merely regulatory instruments but strategic tools
of industrial and trade policy. When aligned with technological upgrading and conformity infrastructure, standardization can
facilitate export diversification and value-chain upgrading. Without such alignment, however, standards risk reinforcing
structural dependence on imported finished goods, consistent with the broader TBT and standardization literature.

The SNA findings further indicate that sectors characterized by higher technological intensity exhibit more centralized and
concentrated trade networks. Electronics and textile industries demonstrate relatively high centrality and clustering
coefficients, suggesting stronger integration within international production networks. In contrast, the automotive sector
displays weaker connectivity and lower clustering patterns, reflecting a more fragmented trade structure. These results imply
that the effectiveness of standardization policies depends not only on product categories but also on the structural position of
industries within global trade networks and supply chains.

6. Conclusion

The findings indicate that mandatory SNI implementation exerts a statistically significant trade-restricting effect on
Indonesia’s imports at the aggregate level, both in terms of volume and value, particularly in the textile and apparel,
electronics, and chemical industries. Notably, the chemical sector exhibits asymmetric responses, with import volumes
increasing while import values decline, suggesting a shift toward lower-priced chemical inputs. In contrast, mandatory SNI
does not significantly affect imports in the food and beverage and automotive sectors. Harmonization with international
standards, however, is found to stimulate aggregate imports, especially in electronics, indicating that standard alignment may
reduce technical barriers for foreign suppliers. Product category analysis further reveals that food, beverage, and chemical
industries predominantly import finished goods, whereas automotive and electronics rely more heavily on imported
intermediate inputs for domestic production.

On the export side, mandatory SNI is associated with a significant reduction in Indonesia’s aggregate export volume and
value, although the effects vary substantially across sectors. In the food and beverage and electronics industries, mandatory
standards function as export barriers, likely reflecting high compliance costs and limited domestic industrial readiness.
Conversely, in the textile and apparel as well as chemical sectors, mandatory SNI enhances export performance by
strengthening international market confidence and improving product competitiveness. Harmonized standards exert an
overall negative effect on exports, particularly in electronics, suggesting that global standard adoption may disadvantage
domestic industries in the absence of adequate structural preparedness. Export patterns by product category indicate that
food, beverage, and chemical sectors are more competitive in exporting finished products, while automotive and electronics
sectors predominantly participate as component suppliers within global value chains. Overall, these results underscore that
the trade effects of mandatory and harmonized standards are highly sector-specific and contingent on industrial capacity and
global value chain positioning.

The Social Network Analysis further reveals that mandatory SNI not only influences trade flows but also reshapes Indonesia’s
trade connectivity structure across sectors. Industries such as electronics and textiles exhibit relatively stronger network
centrality and integration within international trade networks, while automotive trade remains more fragmented and
concentrated. These findings suggest that standardization policies may alter not only the magnitude of trade but also the
structural positioning of industries and trading partners within global production and supply-chain networks.

6.1 Policy Implications

The results demonstrate that the trade effects of mandatory SNI implementation are heterogeneous across sectors, implying
that national standardization policy should adopt a selective, evidence-based approach. Mandatory SNI can serve as an
effective protective instrument in sectors vulnerable to import surges, such as textiles, apparel, and electronics, while
simultaneously functioning as a catalyst for export competitiveness in chemicals and textiles. By contrast, international
standard harmonization should be pursued cautiously, as it has been shown to constrain exports in certain sectors, particularly
electronics. Harmonization initiatives should therefore be accompanied by rigorous cost—benefit assessments and targeted
capacity-building programs, especially for small and medium-sized enterprises (SMEs), to prevent standards from becoming
counterproductive compliance burdens. Standardization policy should also be oriented toward export promotion by
enhancing the technical quality of SNI to ensure equivalence with global standards and by developing a clear regulatory
roadmap that identifies priority sectors, clarifies policy objectives (protection, export promotion, or consumer safety), and
ensures periodic standard updates. Institutional support mechanisms—including certification services, technical training, and
financial incentives—should be expanded to ensure that SNI functions as an instrument of industrial upgrading rather than
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administrative constraint. From a network perspective, policymakers should also consider the strategic position of trading
partners and industrial sectors within Indonesia’s trade connectivity structure. Strengthening standardization capacity in
highly connected sectors and maintaining stable relationships with central trading partners may help improve Indonesia’s
resilience and competitiveness within global trade networks. Strategically, the government should consider developing
country-specific SNI in sectors that are not yet globally competitive, while promoting mutual recognition agreements with
key trading partners to expand market access. Moreover, standardization policy should support industrial down streaming by
strengthening SNI for strategic raw materials and components, thereby enhancing domestic value chain efficiency and
competitiveness. Under this framework, SNI can evolve from a regulatory tool into a core instrument of industrial
development and export promotion.

6.2 Limitations and Future Research

This study is subject to several limitations. First, it does not encompass all industrial sectors or all of Indonesia’s trading
partners, and therefore cannot fully capture the aggregate impact of national standardization policy on international trade.
Future research should extend sectoral and country coverage to provide a more comprehensive assessment of standardization
effects. Future studies may also expand the application of Social Network Analysis by incorporating dynamic network
evolution, centrality changes over time, and regional trade clustering to better understand how standardization policies
reshape international trade relationships structurally as well as economically. Second, longitudinal analyses distinguishing
short-term and long-term impacts of SNI implementation are warranted, as industry and market responses to standard-related
regulations may evolve over time. This issue is particularly salient following the tightening of industrial standardization
policies since 2022, which has increased technical, administrative, and procedural burdens through requirements such as
recertification, periodic reporting, and post-market surveillance. Future studies are also encouraged to incorporate non-
economic variables, including industrial innovation capacity, political and regulatory stability, and consumer preferences for
product quality and safety, which may shape the effectiveness of standardization policies. Finally, comparative analyses with
other developing economies possessing similar industrial structures and standardization regimes would offer valuable insights
into best practices and more strategic approaches to policy harmonization.
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Appendix

Appendix Al

Operational Definition of Variables for Imports and Exports

No. Variable Variable Indicator / Proxy and Unit Data Type Variable Type Scale
Symbol
1  Import LnIMP_ijt Imports represent the economic value of goods purchased by Secondary Data  Endogenous Nominal
Volume / Indonesia from trading partner countries for domestic use.
Import Value Import volume from trading partners, 2002-2022 (kg);
Import value from trading partners, 2002-2022 (USD).
2 Export LnEX_ijt Exports represent the economic value of goods produced by Secondary Data ~ Endogenous Nominal
Volume / Indonesia and sold to trading partner countries. Export
Export Value volume of specific products to trading partners, 2002-2022
(kg); Export value of specific products to trading partners,
2002-2022 (USD).
3 Standard Harmonization_ ~ Harmonization data are constructed by examining mandatory Dummy Exogenous Nominal
Harmonizatio i Indonesian National Standard (SNI) documents. variable for
n Harmonization with international markets is important national
because non-uniform standards lead to diseconomies of scale standard
(Chen et al., 2006). harmonization
(0 = country-
specific
standard; 1 =
harmonized
standard).
4 Mandatory Mandatory_it The year of mandatory SNI implementation is identified by Dummy Exogenous Nominal
Standard examining all technical regulations enforcing mandatory SNI.  variable for
mandatory SNI
enforcement
year (0 = not
yet mandatory;
1 = mandatory).
5  Product Category_i Products subject to mandatory SNI are classified into Dummy Exogenous Nominal
Technology intermediate inputs and final products. Final products cannot variable for
Category be further processed after marketing, while intermediate product
inputs can still be processed to improve product quality technology
through manufacturing technology. Consumers tend to expect  classification (0
quality labels more for final products than for intermediate = intermediate
inputs, leading to higher perceived quality in purchasing inputs; 1 = final
decisions. products).
6 Import Price PriceIMP_ijt Price is a primary factor influencing purchasing decisions. Calculated as Exogenous Nominal
import value
divided by
import volume
(USD/kg).
7  Export Price PriceEX_ijt Price is a primary factor influencing purchasing decisions. Calculated as Exogenous Nominal
export value
divided by
export volume
(USD/kg).
8  Indonesia’s LnRealGDP_it Indonesia’s real GDP in year 7 (USD). Real GDP of Exogenous Nominal
GDP Indonesia,
2002-2022
(USD).
9  Indonesia’s LnRealManufac  Real manufacturing GDP (value added). Real Exogenous Nominal
Manufacturin turingGDP_it manufacturing
g GDP GDP (value
added) of
Indonesia,
2002-2022
(USD).
10 Trading LnRealGDP_jt Trading partner country’s real GDP in year ¢ (USD). Real GDP of Exogenous Nominal
Partner GDP trading partner
countries,
2002-2022
(USD).
11 Trading LnRealManufac ~ Real manufacturing GDP (value added) of trading partner Real Exogenous Nominal
Partner turingGDP_jt countries, representing the accumulation of the difference manufacturing
Manufacturin between goods prices and production costs. GDP (value
g GDP added) of
trading partners,
2002-2022
(USD).
12 Economic EcDist_ijt All additional costs (trade facilitation and logistics) incurred Economic Exogenous Nominal
Distance in bilateral trade between Indonesia and its trading partners. distance index
between

Indonesia and
trading partners,
2002-2022.
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Appendix A2
Multicollinearity Test Results for Indonesia’s Import Volume
Variable InIMP_ijt(kg) Harmonization = Mandatory Category  Import Partner Indonesia Economic
Price Manufacturing GDP Distance
GDP
InIMP_ijt(kg) 1
Harmonization 0.1513 1
Mandatory -0.0935 -0.1642 1
Category 0.1127 0.607 -0.0703 1
Import Price -0.0135 0.0452 0.0426 0.0595 1
Partner 0.2262 0.0000 0.0506 0.0000 0.0123 1
Manufacturing
GDP
Indonesia GDP -0.0091 0.0000 0.7239 0.0000 0.07 0.0722 1
Economic -0.1519 0.0000 0.3699 0.0000 0.0478 0.3633 0.4777 1
Distance
Appendix A3
Multicollinearity Test Results for Indonesia’s Import Value
Variable InIMP_ijt(USD) Harmonization Mandatory Category Import Partner Indonesia Economic
Price Manufacturing GDP Distance
GDP
InIMP_ijt(USD) 1
Harmonization 0.1958 1
Mandatory -0.0706 -0.1642 1
Category 0.1740 0.607 -0.0703 1
Import Price 0.0772 0.0452 0.0426 0.0595 1
Partner 0.2339 0.0000 0.0506 0.0000  0.0123 1
Manufacturing
GDP
Indonesia GDP 0.0417 0.0000 0.7239 0.0000 0.07 0.0722 1
Economic 0.1209 0.0000 0.3699 0.0000  0.0478 -0.3653 0.4777 1
Distance
Appendix A4
Variance Inflation Factor (VIF) Test Results for Indonesia’s Imports
Variable VIF 1/VIF
Indonesia GDP 2.54 0.393690
Mandatory 2.24 0.446751
Harmonization 1.67 0.600135
Economic Distance 1.64 0.609644
Category 1.59 0.628617
Partner Manufacturing GDP 1.27 0.787246
Import Price 1.01 0.990864
Mean VIF 1.71
Appendix AS
Multicollinearity Test Results for Indonesia’s Export Volume
Variable InEX_ijt(kg) Harmonization = Mandatory Category Export Partner Indonesia Economic
Price GDP Manufacturing Distance
GDP
InEX_ijt(kg) 1
Harmonization -0.0960 1
Mandatory 0.0143 -0.1642 1
Category -0.0093 0.607 -0.0703 1
Export Price 0.0840 0.0648 0.039 0.0811 1
Partner GDP -0.0658 0.0000 0.1037 0.0000 0.0361 1
Indonesia 0.1101 0.0000 0.5784 0.0000 0.0489 0.1275 1
Economic -0.0582 0.0000 0.3699 0.0000 0.0245 -0.043 0.3804 1
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Multicollinearity Test Results for Indonesia’s Export Value

Variable InEX_ijt(USD) Harmonization Mandatory Category  Export Partner Indonesia Economic
Price GDP Manufacturing Distance
GDP
InEX_ijt(USD) 1
Harmonization -0.0696 1
Mandatory 0.0211 -0.1642 1
Category 0.0260 0.607 -0.0703 1
Export Price 0.1463 0.0648 0.039 0.0811 1
Partner GDP -0.0558 0.0000 0.1037 0.0000 0.0361 1
Indonesia 0.1215 0.0000 0.5784 0.0000 0.0489 0.1275 1
Manufacturing
GDP
Economic -0.0474 0.0000 0.3699 0.0000 0.0245 -0.043 0.3804 1
Distance
Appendix A7
Variance Inflation Factor (VIF) Test Results for Indonesia’s Exports
Variable VIF 1/VIF
Harmonization 1.65 0.607901
Mandatory 1.64 0.608429
Indonesia Manufacturing GDP 1.62 0.61887
Category 1.59 0.628492
Economic Distance 1.23 0.810138
Partner GDP 1.03 0.969641
Export Price 1.01 0.989184
Mean VIF 14
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