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The Impact of US Export Controls on 
Korean Semiconductor Exports† 

By HANHIN KIM And JAEHAN CHO* 

This study empirically investigates the impact of recent US export 
controls on China on South Korea’s semiconductor exports. We analyze 
South Korean export data to shed light on the repercussions of US 
export restrictions on a third country. Our findings reveal a significant 
decline in Korean semiconductor exports following the October 2022 
imposition of US controls. This decline was most pronounced in the 
memory, discrete devices, and discrete device components subsectors of 
the semiconductor industry. In addition, we observed a decrease in unit 
prices, especially for memory semiconductors, pointing to downward 
pressure on South Korea’s high-value-added semiconductor exports. 
These results provide some evidence of substantial negative impacts of 
US export controls on South Korea’s semiconductor industry, and 
particularly with regard to its high-tech products. 
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I. Introduction 
 

he global trade paradigm is undergoing a significant transformation. The era of 
free trade, which has underpinned global economic growth for the better part of 

a half-century, is giving way to a new era of protectionism and economic 
nationalism, driven by the intense technological competition between the United 
States and China (Caliendo and Parro, 2023). This shift is particularly evident in the 
industries home to critical advanced technologies and related industries, such as 
artificial intelligence (AI), quantum computing, semiconductors, secondary batteries, 
and biotechnology, where governments are increasingly intervening to protect and 
nurture domestic players in these strategic sectors (Whang, 2021; European 
Parliamentary Research Service, 2021; The White House, 2023). This trend has 
profound impacts not only on the superpower belligerents but also on economies and 
actors connected to those two giants through global industrial ecosystems (Tung, 
Zander and Fang, 2023). 

This paper empirically examines the impacts of recent US export controls on 
China, focusing on their effects on South Korea’s semiconductor exports. By 
analyzing South Korean export data, we aim to shed light on the repercussions of US 
export restrictions on a third country not directly involved in the US-China trade 
dispute. Our analysis produces three key findings that taken together reveal that US 
export controls have had a substantial negative impact on South Korea’s semiconductor 
industry, particularly on exports of its most advanced chip technologies. 

Specifically, we found that South Korean semiconductor exports plunged by 14% 
following the imposition of US export controls in October of 2022. Drops in exports 
of three specific subsectors, memory semiconductors (32%), discrete devices (26%), 
and discrete device components (43%), accounted for this decline. We also observed 
a decrease in unit prices, especially for memory semiconductors, indicating that these 
controls also exerted some downward pressure on South Korea’s high-value-added 
memory semiconductor exports. These results highlight the substantially negative 
impact of US export controls on South Korea’s semiconductor industry, particularly 
on its high-tech products. 

We focus on three instances of strengthened US export controls targeting China, 
occurring in May of 2020, October of 2022, and October of 2023. The measures 
promulgated on these three separate occasions hold significance for several reasons. 
First, in May of 2020, the US enhanced the Foreign Direct Product Rule (FDPR), 
which constrains the ability of major exporters of integrated circuits (ICs) such as 
South Korea and Taiwan to ship their products to China. In October of 2022, the US 
instituted broader export controls targeting the Chinese semiconductor industry by 
adding more Chinese companies to the Entity List, expanding the scope of export 
restrictions. Finally, October of 2023 saw the US reinforce these controls, extending 
them to related products and technologies. 

South Korea serves as a compelling case study on the third-country effects of these 
export controls. According to the UN Comtrade database, in 2022 South Korea 
accounted for approximately 25% of global memory semiconductor (Harmonized 
Standard, HS 854232) exports. Notably, approximately 72% of South Korea’s 
memory semiconductor exports went to China, including Hong Kong. Given this 

T
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high level of dependence, analyzing changes in South Korean exports in response to 
US controls can provide valuable insight into the broader implications of the 
measures. Our analysis utilizes detailed South Korean export data categorized 
according to the Korean Harmonized Standard (KHS) 10-digit system. This 
quantitative approach allows us to present specific findings on the impact of US 
export controls, as given below. 

First, using indicator variables to represent the targets of US export controls, we 
found a statistically significant negative correlation between South Korea’s 
semiconductor exports to China and Hong Kong after October of 2022, which 
coincides with the implementation of stricter US export controls. No significant 
relationship was found for the periods after September of 2020 or October of 2023, 
however. Second, we analyzed specific subsectors within the semiconductor 
industry. The results of this analysis indicate a negative association between exports 
of products such as memory, discrete devices, and discrete device components for 
the period following the October 2022 restrictions. Finally, we also observed a 
negative association between unit prices and the aforementioned indicator variables, 
especially for memory semiconductors in the period following the October 2022 
restrictions. 

Together, these empirical findings provide compelling evidence that US export 
controls impacted South Korea’s semiconductor exports to China, particularly 
exports of memory semiconductors. The data point to a substantial impact on exports 
of high-tech products, which typically carry higher unit prices. This highlights the 
significant influence of US trade policies on the global semiconductor market, with 
the export performance of South Korea in this crucial industry serving as a prime 
example of the consequences of the ongoing paradigm shift in the global trade order. 

Our research builds upon recent empirical studies examining US trade sanctions 
against China. Hayakawa (2024) found a decline in exports of US ICs and equipment 
to China after the October 2022 controls were instituted and a decline in exports of 
IC products from South Korea and Taiwan to China after the August 2020 tightening 
of the FDPR. Hayakawa et al. (2023) also found that the August 2020 enhancement 
of the FDPR hurt Japanese exports of mobile phones and other wireless network 
devices to China. Ando et al. (2024) illustrated how the inclusion of Huawei on the 
US Entity List substantially reduced Japanese exports to China through Huawei’s 
supply chain. Together, these studies collectively show how US export controls 
targeting China have ripple effects on third countries through interconnected global 
production networks. 

Our study offers several contributions to this body of literature on the subject of 
US export controls and their impacts. First, we leverage more granular, product-level 
trade data from South Korea, categorized using the 10-digit KHS system. This 
detailed approach mitigates overestimation and underestimation issues that can arise 
with broader, 6-digit categories, given that the impact of export controls can vary 
across different products within the same category. Second, we delve deeper into the 
semiconductor industry by classifying products into eight distinct categories aligned 
with the corresponding 10-digit KHS codes. This fine-grained analysis illuminates 
how export controls affect specific product segments within the semiconductor 
industry, whereas prior studies relied on broader classifications such as ICs, 
processors, and equipment. Finally, we meticulously identify items subject to export 
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controls through a comprehensive review of government documents that outlined the 
2022 and 2023 measures. Using Export Control Classification Numbers (ECCNs), 
we compiled a list of controlled products and matched them to 10-digit KHS codes, 
utilizing the Korea Strategic Trade Management Institute’s ECCN-KHS linkage 
system. This rigorous approach ensures our analysis focuses precisely on products 
targeted by the export controls and achieves a higher level of precision than the 
works in the extant literature, which have thus far focused on the broader 
semiconductor industry. 

In addition to impacts on trade, export controls have broader economic ramifications. 
Cerdeiro et al. (2021) and Funke and Wende (2022) employed simulation models to 
analyze the economic effects of US export controls. The findings of these works 
point to a potential decline in GDP for both the US and China as well as global 
market disruptions due to trade diversions. Jones and Karreth (2010) investigated the 
influence of strategic trade controls on economic development, highlighting the 
reach of such controls in the trade in high-tech products. Their work observed the 
impacts on dual-use materials and found that producers incurred various new costs 
due to licensing complexities, among other issues. 

While our work focuses on the impact of US export controls on Korea, a handful of 
studies in the literature have also used Korea as a case study. Two works in particular 
sought to investigate the impact of Korea’s own export control system. Jang and 
Song (2021) examined how strategic product controls influenced Korean trade from 
2015 to 2019, finding a positive effect on imports, particularly in capital-intensive 
industries. Similarly, Moon and Jang (2023) explored the influence of strategic 
product controls on Korean industrial productivity over the same period, observing 
a positive effect on productivity attributed to more robust international trade. 

Despite growing interest in US export controls, empirical analyses of their 
economic and trade impacts remain rare apart from the handful of studies discussed 
earlier. Given the ongoing paradigm shift in the global industrial landscape, 
continuous investigation and methodological advancements are crucial for 
understanding government interventions. Our study contributes to this body of 
knowledge by providing a comprehensive analysis of the latest US export controls, 
shedding light on their intricate effects and implications for third countries such as 
South Korea. 

The remainder of this paper is organized as follows. Chapter 2 discusses the 
background and methodology of the US export control regime, surveying the key 
features of the implemented policies and some underlying concepts. We also describe 
in detail the methodology used to construct the data set for our study, presenting three 
cases of US export controls. The chapter also summarizes how we classify the 
various segments of the semiconductor industry and the approach we used to compile 
the list of controlled ECCNs. Chapter 3 employs a gravity equation for an empirical 
assessment of the impact of US export controls on South Korea’s semiconductor 
exports to China. Chapter 4 addresses the study’s limitations and outlines potential 
directions for future research. 
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II. Background 
 

Our analysis hinges on understanding the institutional framework and key features 
of the US export control framework and how it impacts South Korea’s 
semiconductor exports. This chapter explores the key features of this system, and 
our findings here inform the empirical analysis of Chapter 3. 

 
A. US Export Controls 

 
1. Export Administration Regulations (EAR) 

 
The US aims to safeguard its national security through robust export controls 

administered by the Bureau of Industry and Security (BIS). The Export 
Administration Regulations (EAR), given legal force through the Export Control 
Reform Act of 2018 (ECRA), serve as the primary legal framework for these controls 
(BIS, 2024a). 

The EAR, bolstered by various statutes and executive orders, governs the exports 
of not only US goods, parts, and technologies, but also the export of goods by third 
countries containing US products, parts, or technologies. Violations can incur severe 
penalties, up to a trade ban with the United States (BIS, 2024b). Administered by the 
BIS under the Department of Commerce, the EAR also regulates dual-use items with 
both civilian and defense applications (BIS, 2024b). 

The US export control system operates under a combination of executive 
authority, international multilateral agreements, and foreign economic sanctions. 
Different government agencies oversee controls for specific sectors, with the 
Department of Commerce responsible for managing trade in dual-use goods by 
private entities (BIS, 2024b). 

 
2. Export Control Classification Numbers (ECCNs) 

 
The BIS maintains the Commerce Control List (CCL), which identifies items 

requiring export control under the EAR (BIS, 2024c). Items on the CCL are assigned 
Export Control Classification Numbers (ECCNs) and must be licensed for export. 
An ECCN categorizes an item based on what type of product it is (i.e., software, 
commodity, technology), its key features, and its technical specifications. 
Conversely, EAR99 items, typically low-tech products, are exempt from licensing 
requirements unless destined for embargoed or sanctioned countries or prohibited 
end-uses. Determining export license requirements involves verifying if an item has 
a specific ECCN (BIS, 2024c). An ECCN is an alphanumeric code that identifies 
items regulated by the EAR and specifies licensing prerequisites. The first digit 
denotes an item’s respective category on the CCL (electronics, computers, and 
sensors for example). The second letter indicates the specific product group (e.g., 
inspection and manufacturing, software, and technology). 

 
Recent US export controls have increasingly focused on semiconductors and 

related equipment, which typically fall under Category 3 (electronic products) on the 
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CCL (OFR, 2022; 2023a; 2023b). As shown in the table below, ECCN categories are 
broad, but specific subcategories are delineated within (BIS, 2024d). 

 

 
FIGURE 1. STRUCTURE OF THE COMMERCE CONTROL LIST (CCL) 

Source: BIS (2024c). “Export Control Classification Number (ECCN),” Retrieved on May 4, 2024. 
(https://www.bis.doc.gov/index.php/licensing/commerce-control-list-classification/export-control-classification-nu 
mber-eccn). 

 
TABLE 1— CATEGORY 3 ECCN CODES (SEMICONDUCTORS) 

ECCN Description 

3A001 Electronic items as follows (see List of Items Controlled) 

3A090 Integrated circuits as follows (see List of Items Controlled) 

3A991 Electronic devices, and “components” not controlled by 3A001 

3B001 Equipment for the manufacturing of semiconductor devices, materials, or related equipment, as follows 
(see List of Items Controlled) and “specially designed” “components” and “accessories” therefor. 

3B002 
Test or inspection equipment “specially designed” for testing or inspecting finished or unfinished 
semiconductor devices as follows (see List of Items Controlled) and “specially designed” 
“components” and “accessories” therefor 

3D001 “Software” “specially designed” for the “development” or “production” of commodities controlled by 
3A001.b to 3A002.h, or 3B (except 3B991 and 3B992) 

3D002 “Software” “specially designed” for the “use” of equipment controlled by 3B001.a to .f and .k to .p, or 
3B002 

3E001 
“Technology” according to the General Technology Note for the “development” or “production” of 
commodities controlled by 3A (except 3A980, 3A981, 3A991, 3A992, or 3A999), 3B (except 3B991 
or 3B992) or 3C (except 3C992) 

Source: BIS (2024d). “Supplement No. 1 to Part 774—The Commerce Control List,” Retrieved on June 4, 2024. 
(https://www.bis.gov/ear/title-15/subtitle-b/chapter-vii/subchapter-c/part-774/supplement-no-1-part-774-commerce 
-control#3A090). 
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3. Foreign Direct Product Rule (FDPR) 
 
The Foreign Direct Product Rule (FDPR) has been in place since 1959, originally 

designed by the US Department of Commerce to regulate foreign products containing 
US technology. The system was overhauled in 2020 by the US Department of 
Commerce (Cheong and Chae, 2023), which transformed it into a tool for imposing 
sanctions against Huawei (OFR, 2020). The FDPR has since served as a potent 
instrument for sanctioning general commercial entities, in a divergence from its 
traditional role. Indirect impacts of the FDPR on third countries are evident when the 
US applies it to Chinese semiconductor and communication equipment manufacturers, 
as sanctions affect global companies with semiconductor manufacturing plants in China 
and those engaged in chip trade with China (Hayakawa, 2024; Cheong and Chae, 2023). 

The US seeks to regulate dual-use products containing American technologies 
beyond its borders. Through the FDPR, the US government can restrict the exports 
of foreign-made products containing US technology or software (BIS, 2024e). 
However, not all foreign-manufactured items subject to the EAR require a license 
(BIS, 2024e). The specific regulations are contingent upon the item’s classification, 
destination, end use, and end user, with some exceptions possible (BIS, 2024e). 

 
B. Three Instances of Enhanced US Export Controls on China 

 
This study examines three recent instances where the US strengthened export 

controls on China, primarily motivated by national security concerns.1 
 
August 2020 

 
In response to perceived national security risks associated with Huawei and its 

foreign affiliates, the Bureau of Industry and Security (BIS) revised the Export 
Administration Regulations (EAR) on August 17, 2020 (OFR, 2020). These 
revisions introduced three key changes. First, the BIS added 38 foreign affiliates of 
Huawei to the Entity List due to potential activities that could threaten US national 
security and foreign policy interests (OFR, 2020). Second, the existing Temporary 
General License (TGL) for Huawei and its affiliates was revoked and replaced with 
more restrictive provisions. Finally, the BIS revised the EAR’s General Prohibition 
3 (EAR §736.2(b)(3)), commonly referred to as the Foreign Direct Product Rule 
(FDPR). These changes restricted the re-export, export from abroad, or in-country 
transfer of Huawei-related products manufactured overseas without a license issued 
by the BIS (OFR, 2020). In August of 2020, the Trump administration tightened 
restrictions on Huawei’s access to computer chips. This move, implemented through 
an update to the Foreign Direct Product Rule (FDPR), aimed to broadly restrict 
Huawei’s ability to acquire any chip that relied on US technology, regardless of the 
manufacturer. This escalation in sanctions significantly impacted Huawei’s global 
sales, leading to a 28.5% decline between 2020 and 2021, despite the company’s 
efforts to stockpile inventory (Allen, 2023). 

 

1This study references Hayakawa (2024) in consider the instances of US sanctions against China. 
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TABLE 2 —TIMELINE OF RECENT US EXPORT CONTROLS 

Time Content 

August 2020 
Huawei FDPR 

The Huawei FDPR extended US regulatory control over technology 
outside the US and mandated that businesses apply for and receive 
licenses for any transactions with Huawei and its affiliates and other firms 
in Huawei’s supply chain.  

October 2022 
New FDPR rules for HPC, AI, and 
manufacturing equipment 

Advanced computing chips, HPC components, and semiconductor 
manufacturing equipment were added to list of controlled items. 

October 2023 
Export restrictions tightened 

Semiconductor export controls expanded to related manufacturing 
equipment and various loopholes closed  

Source: OFR (2020; 2022; 2023a; 2023b). 

 
October 2022 

 
In October of 2022, the US announced significant export control measures 

designed to limit China’s access to advanced commercial technologies with military 
applications and the potential for human rights abuses, such AI and high-
performance computing (HPC) hardware and software (OFR, 2022). These high-
level measures targeted the whole of China rather than specific companies and 
introduced several new restrictions. On October 7, 2022, the BIS announced specific 
enhanced controls on semiconductors and related production equipment destined for 
China. These strengthened measures included requiring a BIS license for the export 
of certain types of semiconductors, semiconductor manufacturing equipment, and 
related software and technology (OFR, 2022). In addition, exports to any Chinese 
companies on the Entity List became subject to stricter controls (OFR, 2022). 

 
October 2023 

 
One year after the October 2022 measures, the BIS further tightened controls on 

China (OFR, 2023a; 2023b). These revisions to the EAR expanded the scope of 
semiconductor chips and equipment subject to controls and closed off loopholes that 
China could exploit to circumvent the new controls (OFR, 2023a). These amendments 
were designed to thwart Chinese attempts to acquire the types of advanced 
semiconductor manufacturing equipment needed to produce cutting-edge integrated 
circuits crucial for next-generation weapon systems and military AI (OFR, 2023b). 

 
C. Semiconductor Industry Sectoral Classifications 

 
As discussed above, recent US export controls have sought to curtail Chinese access 

to and growth within the semiconductor industry. To better grasp the contours of the 
chip sector, here we parse trade data to paint an accurate portrait of the 
semiconductor industry. 

This study adopts the semiconductor industry classification scheme proposed in 
Kim and Shim (2022). That work addressed the lack of standardization for semiconductor 
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TABLE 3—SEMICONDUCTOR INDUSTRY, CLASSIFICATION BY HS CODE 

CATEGORY SUBCATEGORY 
(MTI 6 DIGIT) HS 10-DIGIT CODES (HSK) 

MEMORY 
SEMICONDUCTORS 

MEMORY SEMICONDUCTORS 
(831110) 

8473304060 
8542321010 
8542321020 
8542321030 

8542321090 
8542322000 
8542323000 

SYSTEM 
SEMICONDUCTOR 
(NON-MEMORY) 

SYSTEM SEMICONDUCTORS 
(PROCESSORS/CONTROLLERS) 

(831120)1) 
8542311000 8542312000 8542313000 

ANALOG SEMICONDUCTORS (831130) 8542331000 8542332000 8542333000 

OTHER INTEGRATED CIRCUIT 
SEMICONDUCTORS (831190) 

8523521000 
8542391000 

8542392000 
8542393000 

INTEGRATED 
CIRCUIT PARTS 

INTEGRATED CIRCUIT PARTS 
(831200)2) 8542900000 8543901000 8548001000 

TRANSISTORS TRANSISTORS (831310) 8541211000 8541219000 

DIODES DIODES (831320)2) 

8541101000 
8541109000 
8541599000 
8541511000 

8541512000 
8541513000 
8541514000 

OTHER DISCRETE 
COMPONENTS 

OTHER DISCRETE SEMICONDUCTORS 
(831390)3) 

8541301000
8541302000
8541303000
8541304000
8541491000

8541411000
8541419000
8541492000
8541409021
8541409022
8541409029

8541420000 
8541430000 
8541493000 
8541499000 
8541601000 
8541609000 

DISCRETE 
COMPONENT PARTS 

DISCRETE SEMICONDUCTOR PARTS 
(831400)4) 8534002000 8541903000 8541909000 

SILICON WAFERS SILICON WAFERS 
(831500)5) 3818001000 3818002010 3818002090 

Note: The semiconductor industry classification is based on the HS Codes as presented in Kim and Shim (2022). 
Some deleted codes have been reclassified according to 2024 HS standards (underlined HS codes). 
1. Some codes were deleted in 2009 and integrated under 8542311000. 
2. Some codes were deleted in 2022 and reclassified in 2024 HS based on their original names. 
3. Some Photosensitive Semiconductor codes were deleted in 2022 and reclassified in 2024 HS based on their 
original names. 
4. Some codes were deleted in 2013 and included under 8534002000 as lead frames. 
5. Some codes were deleted in 2017 and reclassified in 2024 HS based on their original names. 

Source: Korea Electronics and Telecommunications Industry Promotion Institute, re-cited from Kim and Shim 
(2022) in the HS & MTI Code Linkage of the Electronic Export-Import Statistics System. 

 
products, with the goal of enhancing the reliability and accuracy of analyses of the 
semiconductor industry. The study examines classification standards from the Korea 
Semiconductor Industry Association, the Ministry of Trade, Industry and Energy 
(MOTIE), and information from the Korea Electronics Industry Promotion Agency’s 
electronic import and export statistics system. These classifications are then linked 
with MOTIE and HS codes to classify semiconductor products. Building upon the 
aforementioned study, we establish a standard semiconductor product classification 
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system by categorizing semiconductor items into those with MTI 6-digit, HS 6-digit, 
and KHS 10-digit codes (see Table 3). However, some codes required revisions and 
others had been deleted; we updated these codes based on their original names, 
which are underlined in the table. 

 
Next, again following Kim and Shim (2022), we categorize semiconductors into 

eight sub-categories: 
 
1. Memory semiconductors 
2. System semiconductors (non-memory) 
3. Parts for integrated circuits 
4. Transistors 
5. Diodes 
6. Other discrete components 
7. Parts for discrete components 
8. Silicon wafers 
 
This comprehensive, granular categorization of the semiconductor industry 

facilitates a more nuanced characterization of the industry and distinguishes this 
study from previous works in the literature, which often employed broad 
categorizations of integrated circuits (ICs) into four large groups — processors, 
memory, amplifiers, and other ICs — along with IC manufacturing equipment 
(IME), all grouped under HS 848620. In contrast, our approach offers a more 
descriptive delineation of semiconductor components. 

 
D. Matching ECCN to KHS 

 
This section outlines the four-step process we employed to identify products 

targeted by recent enhancements to US export controls targeting China (refer to 
Table 4). Our approach involved cross-referencing US Export Control Classification 
Numbers (ECCNs) with Korean Harmonized System (KHS) codes using 
information from a data portal managed by MOTIE. 

The first step involved reviewing US documents detailing revisions to export control 
regulations. We focused on amendments strengthening the Foreign Direct Product 
Rule (FDPR) to assess their impact on third countries, a central theme of this study. 
Our examination encompassed the 2022 amendments targeting high-performance 
computing (HPC), semiconductor manufacturing items, and semiconductor end-use.  

 
TABLE 4—PROCESS FOR IDENTIFYING PRODUCTS TARGETED BY US EXPORT CONTROLS 

STEP 1  STEP 2  STEP 3  STEP 4 

REVIEW US EXPORT 
ADMINISTRATION 
REGULATIONS & 

AMENDMENTS 

 
→
 

IDENTIFY AND SORT 
STRENGTHENED 

ECCN 
CODES IN THE EXPORT 

ADMINISTRATION 
REGULATIONS (EAR)

→

MATCH ECCN 
CODES WITH 

10-DIGIT KHS 
CODES 

→
 

IDENTIFY 
PRODUCT 

TARGETED BY US 
EXPORT CONTROLS 

Source: The authors. 
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Because these regulations were subsequently revised in 2023, we also reviewed the 
relevant export control documents pertaining to semiconductor manufacturing equipment. 

The second step involved identifying and listing the ECCNs with enhanced export 
controls within US documents. Key revisions for 2020 included adding advanced 
computing chips, computer commodities containing them, and associated software 
and technology to the Commerce Control List (CCL) (OFR, 2022). Major revisions 
for 2022 were made to several ECCN categories, including 3A090 (high-
performance integrated circuits), 4A090 (computers, electronic assemblies, and 
components not elsewhere specified containing ECCN 3A090 ICs) (OFR, 2022). A 
new code (3B090) was established to strengthen control over advanced 
semiconductor manufacturing equipment. In addition, controls over related software 
and technologies were strengthened, with revisions to several codes (3D001, 3E001, 
4D090, and 4E001) (OFR, 2022). 

In 2023, yet more revisions were made to the Export Administration Regulations 
(EAR) across multiple categories. Category 3 saw amendments to ECCNs 3A001, 
3A090, 3A991, 3D001, and 3E001 (OFR, 2023a). For Category 4 (Computers), 
revisions were made to ECCNs 4A003, 4A004, 4A005, 4A090, 4A994, 4D001, and 
4E001 (OFR, 2023a). Additionally, Category 5 (Telecommunications and Information 
Security) was modified, with changes to ECCNs 5E001, 5A002, 5A992, 5A004, 
5B002, 5D002, 5D992, 5E002, 5E992, 9A004, and 9A515, along with revisions to 
associated references and technical notes (OFR, 2023a). With regard to 
semiconductor manufacturing items, the 2023 revisions saw the removal of ECCN 
3B090, with amendments to 3B001, 3B002, 3D001, 3D002, 3D003, and 3E001 
(OFR, 2023b). ECCNs subject to the above revisions and enhancement measures 
were noted in the 2022 and 2023 documents. 

The third step involved matching the identified ECCNs with 10-digit KHS codes. 
We utilized MOTIE’s Yestrade2 portal, through which the ECCNs corresponding to 
KHS codes can be found. The platform facilitated the identification of ECCNs from 
the 2020-2023 export control regulations and their corresponding 10-digit KHS 
codes (Yestrade, 2024). We must acknowledge here that while most ECCN codes are 
accessible through the Yestrade portal, some codes are not. We were not able to find 
the KHS 10-digit codes corresponding to ECCNs 3A090 (specified high-
performance ICs) or 4A090 (advanced computing or supercomputing related items), 
for example. For these two codes and others, we relied on the Related Controls 
information associated with those specific ECCNs (BIS, 2024d). 

Finally, for the fourth and last step of the process, we classified products subject 
to strengthened US export controls into those with KHS 10-digits codes3 for use in 
the empirical analysis described in the next chapter. Prior studies in this line of 
inquiry have noted that the precise identification of export control targets through 
trade data poses many challenges. However, because in this instance controls are 
applied to specific products and technologies using ECCNs, our approach here 
facilitates a more precise analysis. 
 

2Selecting “Strategic Materials (Dual Use)” on the page 
(https://www.yestrade.go.kr/user/userBoard.do?method=board&BD_NO=1) will cause a search window to appear. 

3Note: The final table of matched ECCN-HS codes was not included in this paper due to the extensive nature 
of the data. For further inquiries, please contact the author. 
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III. Methodology and Data 
 

A. Regression Equation and Variable Construction 
 
In this section, we describe the empirical analysis used to estimate changes in 

South Korea’s exports to China resulting from the imposition of US export controls 
on China. The analysis follows Hayakawa (2024). Consider the following gravity 
equation: 

 

0 1 ., 2020 2 ., 2022 3 ., 2023

jpt

China China China
Semi Sep Semi Oct Semi Oct jp jt pt jpt

y

I I Iβ β β β η η η ε= + ⋅ + ⋅ + ⋅ + + + +
 

 
Here, 𝑦 represents the trade variable of product p to country 𝑗 at time 𝑡. For this 

study, we primarily consider export value as the trade variable. Taking into account 
that US export controls are focused on high-tech products, we consider and analyze 
unit prices and quantities separately. 

Next, the variables ., 2020 ., 2022,China China
Semi Sep Semi OctI I , and ., 2023

China
Semi OctI  are dummy variables, 

artificial variables that take on only two values, typically 0 or 1. In this case, these 
dummy variables represent US export controls implemented at different points in 
time. Specifically, ., 2020

China
Semi SepI  is set to 1 for semiconductor products with ECCNs 

exported to either China or Hong Kong after September of 2020, or 0 otherwise. 
Similarly, ., 2022

China
Semi OctI  and ., 2023

China
Semi OctI  follow the same logic, incorporating the same 

product and country parameters, but for later timeframes. By including these dummy 
variables in the regression equation, the coefficients 1β , 2β , and 3β  will capture 
changes in the exports of these products to China subject to US export controls across 
the three specific periods. 

jpη  , jtη  , and ptη   are dummy variables that control for the interaction fixed 
effects of country 𝑗, for product 𝑝, at time 𝑡, respectively. Finally, 0β  is a constant, 
and jptε  represents the error term. 

To estimate the gravity equation, we leverage detailed monthly trade data at the 
10-digit Korean Harmonized System (KHS) code level. The KHS code is an 
internationally standardized product classification system used by South Korea’s 
Trade Statistics Service (TRASS) to categorize goods for recordkeeping and 
analytical purposes. These 10-digit codes provide a very granular level of detail, 
allowing us to track exports according to the specific product type. Our analysis 
utilizes data ranging from January of 2018 to March of 2024, encompassing the most 
recent information available at the time of this writing.4 We conducted the analysis 
using the ordinary least squares (OLS) estimation method. 

 

4The starting point for the empirical analysis follows Hayakawa (2024). The data extend to the most recent 
available period (March 2024) as of this writing. See Appendix Figure A1 for recent trends in Korean semiconductor 
exports to both China and Hong Kong, and Figure A2 for trends for each of them individually. 
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B. Estimation Results: Exports and Unit Prices 
 
Here we examine the results of our empirical analysis and explore the impacts of 

US export controls on South Korean exports to China. Table 5 summarizes the results 
of the analysis. We observe in Column 1 that the coefficient of the dummy variable 
for South Korean semiconductor exports to China after October of 2022 is negative, 
at -0.147. This result, controlling for fixed effects such as the exporting country, 
product, and time period, indicates that US export control measures targeting 
semiconductor exports to China instituted in October of 2022 led to a 13.7% decrease 
in South Korean semiconductor exports to China. 5  The analysis revealed no 
statistically significant impacts on Korean exports in the other two timeframes under 
consideration. 

We found that the impact of US export control measures on the South Korean 
semiconductor industry varied across different product categories. The coefficient of 
the dummy variable representing memory chip exports to China after October of 
2022 is -0.385 and statistically significant. This result indicates a 31.9% decrease in 
exports of South Korean memory semiconductors to China following the imposition 
of these controls. Similarly, exports of discrete components and parts showed 
statistically significant negative associations with the October 2022 controls, with 
estimated decreases of 26% and 43%, respectively. We did not find any statistically 
significant evidence suggesting that US export controls had negative impacts on 
exports of other South Korean semiconductor products to China. 

Next, we investigate the impact of US export controls on the unit prices of South 
Korean semiconductor exports to China. We conducted separate OLS estimations 
using unit price and quantity as the dependent variables. The empirical results 
indicate that US export controls, particularly those implemented in October of 2022, 
helped contribute to a shift in South Korean semiconductor exports to China from 
high-value-added to low-value-added products.

 

5We calculate this as EXP( β )-1. 
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The analysis using unit price as the dependent variable shows a 34.6% decrease 
in the unit price of memory chips for the period following the October 2022 (see 
Table 6) controls. The dummy variable for memory chip exports after October of 
2022 is statistically significant and negatively associated with unit prices (-0.425). 
However, changes in export quantities were less evident. Table 7 presents the 
estimation results for export volumes. The dummy variable for memory chip exports 
after October of 2022 is statistically insignificant. 

These findings suggest that the October 2022 export controls targeted high-tech, 
high-value-added semiconductor products. In response, South Korean memory 
exports shifted toward lower-value-added products to circumvent the controls, 
reflecting a change in the composition of export products but not a significant change 
in export quantities. The September 2020 US export controls, on the other hand, led 
to a notable increase in export quantities accompanied by a modest shift toward 
lower-value-added products, ultimately resulting in an overall increase in export 
value, as previously estimated. These observations constitute evidence that US export 

 
TABLE 6 — IMPACTS OF US EXPORT CONTROLS ON KOREAN SEMICONDUCTOR EXPORT UNIT PRICES 

  Log (Unit Price) 

VARIABLES 
(1) (2) (3) (4) (5) (6) 

Semi. All Memory System Transistor Diodes Other Discrete 
Components 

After Sep. 2020 0.047 
[0.046] 

-0.109* 
[0.060] 

0.062 
[0.078] 

0.232***
[0.088] 

0.169 
[0.334] 

0.032 
[0.134] 

After Oct. 2022 0.009 
[0.056] 

-0.425***
[0.071] 

0.046 
[0.090] 

-0.003 
[0.155] 

1.233**
[0.489] 

0.107 
[0.116] 

After Oct. 2023 0.080 
[0.100] 

0.081 
[0.134] 

-0.105 
[0.164] 

0.336 
[0.287] 

0.632 
[0.581] 

0.100 
[0.186] 

Constant 4.188***
[0.001] 

4.188***
[0.001] 

4.188***
[0.001] 

4.188***
[0.001] 

4.188***
[0.001] 

4.188*** 
[0.001] 

Country-Product Fixed Effect Yes Yes Yes Yes Yes Yes 

Country-Time Fixed Effect Yes Yes Yes Yes Yes Yes 

Product-Time Fixed Effect Yes Yes Yes Yes Yes Yes 

Observations 2,386,336 2,386,336 2,386,336 2,386,336 2,386,336 2,386,336 

R-squared 0.867 0.867 0.867 0.867 0.867 0.867 

Robust standard errors in 
brackets       

*** p<0.01, ** p<0.05, * p<0.1       

Note: This table presents the estimation results of the relationship between South Korea's export unit prices to China 
and Hong Kong and the dummy variables for export-controlled items following U.S. export control measures. "After 
Sep. 2020," "After Oct. 2022," and "After Oct. 2023" represent dummy variables for the periods following each 
respective export control implementation. The columns show the estimated results for the specific products targeted 
by these export controls. 
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TABLE 7—IMPACTS OF US EXPORT CONTROLS ON KOREAN SEMICONDUCTOR EXPORT QUANTITIES 

  Log (Quantity) 

VARIABLES 

(1) (2) (3) (4) (5) (6) 

Semi. All Memory System Transistors Diodes 
Other 

Discrete 
Components 

After Sep. 2020 -0.017 
[0.059] 

0.366*** 
[0.089] 

-0.059 
[0.104] 

-0.400***
[0.104] 

-0.052 
[0.363] 

-0.053 
[0.168] 

After Oct. 2022 -0.165**
[0.072] 

0.009 
[0.104] 

0.066 
[0.122] 

-0.214 
[0.187] 

-1.551*** 
[0.482] 

-0.403*** 
[0.149] 

After Oct. 2023 -0.014 
[0.138] 

-0.061 
[0.225] 

-0.051 
[0.273] 

-0.280 
[0.305] 

-0.172 
[0.654] 

0.234 
[0.231] 

Constant 5.014***
[0.001] 

5.014*** 
[0.001] 

5.014***
[0.001] 

5.014***
[0.001] 

5.014*** 
[0.001] 

5.014*** 
[0.001] 

Country-Product Fixed Effect Yes Yes Yes Yes Yes Yes 

Country-Time Fixed Effect Yes Yes Yes Yes Yes Yes 

Product-Time Fixed Effect Yes Yes Yes Yes Yes Yes 

Observations 2,390,491 2,390,491 2,390,491 2,390,491 2,390,491 2,390,491 

R-squared 0.846 0.846 0.846 0.846 0.846 0.846 

Robust standard errors in brackets       

*** p<0.01, ** p<0.05, * p<0.1       

Note: This table presents the estimation results of the relationship between South Korea’s export quantities to China 
and Hong Kong and the dummy variables for export-controlled items following U.S. export control measures. “After 
Sep. 2020,” “After Oct. 2022,” and "After Oct. 2023" represent dummy variables for the periods following each 
respective export control implementation. The columns show the estimated results for the specific products targeted 
by these export controls. 

 
controls targeting high-value-added semiconductors can influence third-country 
trade dynamics by driving changes in the composition of export baskets.7 

The impact of US export controls on unit prices varied depending on the 
semiconductor product category. As shown in Tables 6 and 7, the relationship 
between unit prices and each export control measure was not statistically significant 
for the semiconductor industry as a whole. However, the October 2022 controls 
exhibited a statistically significant negative relationship with export quantities, 
pointing to lower overall chip export volumes. This finding provides empirical 
evidence that these controls decreased overall semiconductor exports from South 
Korea to China. 

 

 

7Our findings concerning memory align with those of Hayakawa (2024). However, we also observed some 
discrepancies in the estimated changes in unit prices and quantities across specific sub-product categories in 
semiconductor exports. These differences underscore the need to gain a deeper understanding of specific product 
categories (e.g., wafers, diodes) within the semiconductor industry and call for future research on this topic. 
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C. Comparison With and Without ECCNs 
 
This subsection explores how the results of our analysis are affected by our 

consideration of Export Control Classification Numbers (ECCNs). Our study refines 
the controlled items using the list of ECCNs designated by the US export controls. 
Relying solely on HS codes runs the risk of underestimating the impact of export 
controls, as HS categories can include semiconductor products not targeted by export 
controls. We utilize ECCNs to focus exclusively on the targeted items and thus 
mitigate this bias. 

Table 8 presents the key findings based on the statistical significance of the 
dummy variable representing US export controls on semiconductor products, 
without considering ECCNs. These results show that the decline in memory 
semiconductor exports following the October 2022 export controls is less 
pronounced when ECCNs are not considered. This tells us that an analysis using HS 
codes alone may indeed underestimate the effect, and that using ECCNs can help 
mitigate this. 

However, the results are not entirely consistent. For instance, the overall results 
for semiconductor products following the October 2022 export controls show a 
larger coefficient in analyses that do not use ECCNs. In some cases, changes in 
export values are more significant when the analysis is not limited to products with 
an ECCN designation. This suggests that, in some instances, considering ECCNs 
may not be sufficient to capture the full impact of export controls. 

There are several possible explanations for this. First, most semiconductor 
products are already pre-designated under ECCNs, limiting the methodological 
improvement from including them in the analysis.8 Second, the level of technology 
indicated by 10-digit KHS codes may be more relevant than ECCNs in capturing the 
impact of export controls. This aligns with our earlier finding of changes in the 
product composition within the same KHS code, as evidenced by unit price 
variations. 

The interconnectedness of the semiconductor industry could also be a factor. 
Export controls on specific products may have cascading effects on related 
industries. For instance, if product A is subject to export controls, exports of related 
product B may also decrease. The extent to which such cascading effects occur can 
influence the overall results, potentially making ECCNs a less effective indicator in 
some cases. 

Taken together, our findings suggest that while ECCNs could help refine the 
analysis and mitigate underestimation bias, using them may not always be the most 
effective approach. Further research is needed to explore alternative methods for 
capturing the nuanced effects of export controls in interconnected industries. 

 

 

8Approximately 92% of South Korean semiconductor exports to China and Hong Kong in the periods under 
analysis are linked to ECCNs. 
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IV. Conclusion 
 

This study empirically examined how recent US export control measures targeting 
China impacted South Korea’s semiconductor exports to China. Utilizing detailed 
10-digit HS data from Korea, the analysis reveals a decline in semiconductor exports, 
particularly for memory chips, discrete components, and discrete component parts, 
in the period following the imposition of enhanced US export controls in October of 
2022. Notably, the unit price of memory chip exports from Korea to China decreased, 
suggesting a significant impact on high-tech memory products targeted by the export 
control measures. 

Using granular, product-level data, this research contributes to the literature on the 
effects of such export controls by providing some empirical evidence of changes to 
a third country’s exports following the imposition of US export controls targeting 
China. The findings demonstrate the effects of these controls in influencing the 
composition and value of South Korean semiconductor exports. 

The analysis employed a list of Export Control Classification Numbers (ECCNs) 
to refine the targeted items and enhance the precision of the results. However, we 
discovered limitations to this approach. First, the export controls primarily focus on 
high-tech products, and many individual semiconductor products remain 
undifferentiated in the ECCNs-KHS linkage system. This occurs because numerous 
products in the semiconductor industry are already pre-designated under ECCNs. 
Future research should explore alternative methods that more precisely link targeted 
items with trade data to improve the analysis of export control effects on specific 
products considering the level of technology embedded within those products. 

Furthermore, to gain a more complete understanding of the trade dynamics at play, 
further research is needed that combines empirical analysis with theoretical 
exploration. This study focused on recent export control measures, investigating 
relatively recent phenomena over a short timeframe. The observed variations in 
export and price changes across different semiconductor products highlight the 
complexity of the industry, the interconnectedness of various components, and the 
potential impact of company relocations due to these controls. Investigating the 
mechanism(s) behind these results, particularly when exports increased or decreased 
under heightened uncertainty, would be valuable. Future in-depth research that 
considers these factors would provide a more comprehensive understanding of the 
dynamics at play. 
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APPENDIX 
 
 

 
FIGURE A1. SOUTH KOREAN EXPORTS TO CHINA (INCL. HONG KONG), 2018-2024 

Note: We estimated the trend using Korean monthly export statistics for the period from January of 2018 to March 
of 2024, following the methodology outlined in Hodrick and Prescott (1997). 

Source: The authors’ calculations. 

 

 
FIGURE A2. SOUTH KOREAN EXPORTS TO CHINA AND HONG KONG, 2018-2024 

Note: We estimated the trend using Korean monthly export statistics for the period from January of 2018 to March 
of 2024, following the methodology outlined in Hodrick and Prescott (1997). 

Source: The authors’ calculations. 
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FIGURE A3. SOUTH KOREAN EXPORTS TO CHINA AND HONG KONG BY PRODUCT, 2018-2024 

Note: We estimated the trend using Korean monthly export statistics for the period from January of 2018 to March 
of 2024, following the methodology outlined in Hodrick and Prescott (1997). Unit: USD, log of exports. 

Source: The authors’ calculations. 
 

TABLE A1—SHARE OF ECCNS (OF TOTAL EXPORTS) 

 Share of ECCNs 

Total 92.0% 

Memory 91.2% 

System 100.0% 

IC Parts 0.1% 

Transistors 100.0% 

Diodes 22.8% 

Other Discrete Components 14.4% 

Discrete Component Parts 100.0% 

Silicon Wafers 98.1% 

Note: We calculate the share of ECCNs of total Korean semiconductor exports to China and Hong Kong for the 
period from January of 2018 to March of 2024. 

Source: The authors. 
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I. Introduction 
 

It is without doubt that one of the largest unexpected shocks in international trade 
over the past 20–30 years was the launch of a trade war against China by former 
United States (US) President Donald Trump. Many academic papers have shown that 
Trump’s tariffs substantially reduced Chinese exports to the US. On the other hand, 
some reports suggest that artful dodging of the Trump tariffs took place through, as 
one example, a strategy known as roundabout trade, or detour trade.1 When goods 
are exported to final destination countries via third countries to circumvent export 
embargos on the destination countries or to avoid high import tariffs imposed by the 
final destination countries, such exports are referred to as roundabout or detour trade. 
Many news articles2 have suggested that Chinese goods navigated alternate trade 
routes to the US; in other words, exporters used third countries to bypass the Trump 
tariffs. However, these news articles are short of hard evidence supported by robust 
scientific analysis. This study will investigate this issue through scientific methods, 
intending to investigate whether or not roundabout trade is prevalent, i.e., if there are 
general signs of roundabout trade for many countries, rather than examining 
particular cases of roundabout trade. To this end, monthly trade data at the highly 
disaggregated product level is used, as such data are available for many countries for 
the appropriate period to investigate the issue. Admittedly, to identify roundabout 
trade precisely, firm-level export/import data are needed, but these data are available 
only under strict conditions of use and only for certain countries. Moreover, this 
information is typically unavailable for recent years. 

As shown in Table 1, Trump’s tariffs against China covered a wide range of 
products. More than 60% of HS 8-digit product lines were targeted by the Trump 
administration with a substantial import duty rate of 25%. Thus, the effects of 
Trump’s tariffs on US-China trade and the subsequent impact on world trade have 
been a hot subject investigated by many trade economists over the past few years. 
Many academic papers show a substantial decrease in Chinese exports of Trump-
targeted goods to the US. Some studies show that several other US partner countries 
increased their exports to the US at the expense of China. On the other hand, some 
studies suggest that China appears to have increased its exports to other countries 
even more than it reduced its exports to the US. Specifically, it seems that China in 
fact expanded its exports of Trump-targeted goods to the world (Ito, 2022a). One 
potential explanation is that China may have genuinely increased its exports to third 
countries through policy changes by the Chinese government, such as the export VAT 
refund. Another potential explanation is tariff dodging, as mentioned above. This 
study investigates tariff dodging through roundabout trade, as it has captured much 
attention from the media and the public. 

  

 
1This paper uses the terms ‘roundabout trade’ and ‘detour trade’ interchangeably. 
2See, for example, https://asia.nikkei.com/Spotlight/Datawatch/Chinese-goods-navigate-alternate-trade-routes-to-

US-shores or https://edition.cnn.com/2022/12/02/politics/china-solar-tariff-investigation-climate/index.html. 
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TABLE 1—OVERVIEW OF TRUMP TARIFFS 

 List 1 List 2 List 3 
Date of the executive orders being 
effective 6 June 2018 23 July 2018 1st: 24 September 2018 

2nd: 10 May 2019 

The purpose of the trade act 
China's laws, politics, practices or actions may be unreasonable or 
discriminatory and may be harming American intellectual property 
(IP) rights, innovation, or technology development. 

Relevant U.S. domestic law Section 301 of the Trade Act of 1974 

The number of targeted items* 818 279 5745 

Ad valorem duties 25% 25% 1st:10% 
2nd:25% 

The characteristics of targeted items* 

High value-added 
products (industrial 

equipments) 
 

Industrial products 
e.g. (plastics, 

semiconductors, 
railway parts) 

Consumer products 
e.g. (home appliances, 
chemical products, 

textile products) 

Note: Targeted goods are defined at HS 8-digit. The total number of HS 8-digit goods is 11300. Source: Author's 
elaboration from the (USTC)'s official announcement. See the reference for the URL. 

 
A. Literature 

 
Previous studies focusing on this topic, although not necessarily exhaustive, found 

mostly negative impacts of Trump’s tariffs on the US economy. Using difference-in-
difference estimations, Amiti, Redding, and Weinstein (2019) and Amiti, Redding, 
and Weinstein (2020) showed substantially negative effects of Trump’s tariffs on 
Chinese exports to the US. More specifically, the US tariffs are almost entirely borne 
by US firms and consumers (no terms of trade effect). A substantial redirection in 
trade in response to the 2018 tariffs took place. A 10% tariff is associated with 
approximately a 10% drop in imports for the first three months, but this elasticity 
doubles in magnitude in subsequent months. Amiti, Redding, and Weinstein (2019) 
showed that the cumulative deadweight welfare cost (reduction in real income) from 
the US tariffs was around $8.2 billion in 2018. In an event study estimation, 
Fajgelbaum et al. (2020) showed that the US import values of Trump-listed goods 
from targeted countries decreased by 31.7%, whereas the US total import values for 
Trump-listed goods, irrespective of the import partner country (regardless of whether 
the import partners were subject to the Trump tariffs or not) decreased by 2.5%. US 
firms and consumers who bought Trump-listed imported goods suffered US$51 
trillion in real income losses, equivalent to 0.27% of US gross domestic product 
(GDP). The sum of this loss for US firms and consumers plus the increase in 
consumer surplus (due to a slight decrease in the border price) and tariff revenues 
resulted in a loss of US$7.2 trillion, equivalent to 0.04% of US GDP. Studying the 
tariff pass-through at the levels of US retailers and consumers, Cavallo et al. (2021) 
also showed findings similar to those by the studies above, most notably the 
complete pass-through of the Trump tariffs to US domestic prices. For consumer 
goods such as washing machines, handbags, and refrigerators, they found that the 
tariff burden fell completely on retailers, not consumers, as they found that the retail 
prices of these goods did not change. 

Trump’s tariffs against China had discernible impacts on the Chinese economy. 
Chor and Li (2021), using satellite readings of night-time luminosity, showed that 
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locations within China that were more exposed to the US tariffs experienced a greater 
decrease in night light intensity, pointing to contracted local economic activity. Cui 
and Li (2021) showed that the US import tariff hikes were associated with relative 
reductions in Chinese new firm entry rates. He, Mau, and Xu (2021) found that firms 
that were relatively more exposed to US tariffs in 2019 responded by posting fewer 
job advertisements in the six months following the tariff increase. The reduction 
amounted to 2.4%–3.2% fewer advertisements on average per firm. 

Trump’s tariffs against China affected third countries as well. Using information 
at the tariff-line level on sanctions and retaliations and encapsulating this information 
in a general equilibrium framework featuring imperfect competition, recursive 
dynamics, and global value chains (MIRAGE-e V2), Bellora and Fontagné (2020) 
found that, consistent with political economy determinants, these twists of value 
added were transmitted to production factors, leading to sizeable creation and 
destruction of jobs and the reallocation of capital to the benefit of protected sectors, 
mostly at the expense of their clients. Regarding the effects on the activities of 
Japanese firms, Sun et al. (2019) using information on the activities of Japanese 
multinationals in China, showed that Chinese affiliates, especially those with high 
exposure to trade with North America, in general saw a decline in sales after the trade 
war began. Ito (2022a) found that Trump’s tariffs against China substantially 
decreased US imports from China, whereas many US import partner countries 
increased their exports to the US at the expense of China, in a kind of trade diversion 
effect. The study also found that whilst there was no sign of a decrease in border 
prices of US imports from China (no terms of a trade improvement), US imports 
from other partner countries of Trump-listed goods (targeting China) showed a 
decrease in their border price. Ito (2022b) showed that there was no increase in 
Japan’s import values/quantities of Trump-targeted goods from China, finding 
however that the import price decreased slightly. Surprisingly and contrary to a priori 
expectations, it was also found that Japanese industries that are linked as upstream 
industries of China’s (downstream) industries subjected to Trump’s tariffs increased 
their exports to China. To investigate the reason for this unexpected result, the 
analysis focused on China’s exports of Trump tariff-targeted goods to the world and 
found that China increased its exports of those goods to the world. Specifically, the 
increase in China’s exports to countries other than the US more than offset the 
decrease in its exports to the US. On the other hand, somewhat contrary to Ito’s 
(2022b) finding, Hayakawa et al. (2022) argued that the decrease in China’s output 
exports to the US caused by the Trump tariffs reduced China’s input imports from 
supplier economies, especially from Taiwan. 

Tariff dodging by trade through third countries may explain the above-mentioned 
seemingly increasing exports of Trump-tariff goods from China to countries other 
than the US. This study investigates whether there is evidence of such roundabout 
trade using large and detailed trade statistics. Iyoha et al. (2024) presented the same 
research question in their study. Using Vietnamese customs data at the firm level, 
they showed that 16.1% of Vietnamese exports to the US were identified as having 
gone through product-level rerouting, whereas only 1.8% were flagged as having 
been through firm-level rerouting. This study differs from the work of Iyoha et al. 
(2024) in the following ways. First, the present study examines evidence of 
roundabout trade not only for Vietnam but also for nearly all potential rerouting 
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countries. Second, it uses a different definition of roundabout trade. Iyoha et al. 
(2024) defines trade as roundabout trade when the same HS 8-digit products are 
imported to Vietnam and exported to the US. This definition is too loose because it 
is well known that there is substantial two-way trade even among the same HS 8-
digit products, mainly owing to product varieties and vertical intra-industry trade. 
Unlike Iyoha et al. (2024), this study controls for intra-industry trade and thus more 
precisely defines roundabout trade. The definition of roundabout trade employed in 
this study is described in the following section. Given the lack of firm-level export 
and import data for many countries that could be involved in roundabout trade, this 
study attempts to investigate the issue by using export and import data at the most 
detailed product level.  

 
II.  Data and methodologies 

 
A. Definition of roundabout trade 

 
As mentioned in the introduction section, when goods are exported to final 

destination countries via third countries to circumvent export embargos on the 
destination countries or to avoid high import tariffs imposed by the final destination 
countries, such exports are termed roundabout trade or detour trade. There can be 
many ways in which roundabout trade is accomplished. For example, a Chinese firm 
can set up its affiliate (foreign direct investment) in, for instance, Vietnam, import 
goods from the headquarters in China, and re-export them to the US. Or, a firm in a 
bypass country, such as Vietnam, can import goods from China and then re-export 
them to the US. In the latter case, the Vietnamese firm in the middle is the one that 
engages in roundabout trade. The Chinese firm that exported the goods to the 
Vietnamese firm is unaware of the re-exporting from Vietnam. When goods are 
exported through third countries that have free trade agreements (FTAs) with the US, 
such as Canada or Mexico, FTA tariff rates may or may not be applied. When US 
importers apply for certain FTA tariff rates, they need to show what is known as a 
rules of origin certificate. However, legitimately relabeling ‘made in China’ to ‘made 
in Mexico’ and thus making the goods eligible for FTA tariffs incurs a relatively high 
cost because Mexican firms in the middle must engage in some processing of the 
products. On the other hand, the benefits gained by the use of FTA rates are relatively 
small because the gap between the most favored nation (MFN) rates and FTA rates 
is not substantial, usually only a few percent, such as an MFN rate of 3% and an FTA 
rate of 0%. As the Trump tariffs were mostly 25%, the benefit gained by roundabout 
trade changed little between MFN imports and FTA imports. Given this cost-benefit 
perspective, many firms most likely did not have much incentive to apply to use FTA 
rates. As mentioned in the introduction section, with trade data only, it is impossible 
precisely to identify roundabout trade. Instead, this paper aims to deduce whether 
there are general signs of roundabout trade by studying the unusually rapid increase 
of imports from China and the simultaneously rapid increase of exports to the US of 
Trump tariff goods compared to non-Trump tariff goods. 
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B. Data source 
 
To investigate this issue, we use monthly trade data at the Harmonized System 

(HS) 6-digit level taken from the Global Trade Atlas. Given the extremely large 
sample size, which reaches tens of millions of observations, we focus on the major 
trade partner countries of the US and China that may have engaged in roundabout 
trade. More specifically, first we obtain yearly export and import data at the HS 6-
digit level for the 20 countries that are the top US import partner countries as well 
as the top Chinese export partner countries. These countries are, in alphabetical 
order, Belgium, Brazil, Canada, France, Germany, India, Indonesia, Italy, Japan, 
Malaysia, Mexico, Netherlands, Philippines, the Republic of Korea (henceforth, 
Korea), Russia, Singapore, Spain, Thailand, the United Kingdom, and Vietnam. 
Then, by making graphs of these countries’ imports from China and exports to the 
US, we choose seven countries (Canada, India, Malaysia, Mexico, the Philippines, 
Korea, and Vietnam) as potential bypass routes for Trump-targeted goods. We obtain 
monthly trade data pertaining to these seven countries from the Global Trade Atlas. 

The list of Trump-targeted goods is taken from official announcements by the 
Office of the United States Trade Representative (USTR). As shown in Table 1, more 
than half of products are targeted by Trump tariffs. 

 
C. Methodology 

 
As noted in section 2.1, the unusually rapid increase in imports from China and 

the simultaneous rapid increase in exports to the US of Trump tariff goods compared 
with non-Trump tariff goods is a sign of roundabout trade. The following is the 
estimation equation we employ to identify whether roundabout trade took place: 

 
0 1 2ymjp ymip ymip

ymij yijp mijp ymijp

lnExp lnImp lnImp RoundaboutDummyβ β β
α α α ε

= + + ∗
+ + + +  

 
In this equation, , , , ,y m i j   and p   represent the year, month, import partner, 

export partner, and product, respectively. Note that we estimate the equation 
according to each reporter country, such as Mexico, Canada, or Vietnam, to 
determine if the reporter country in question appears to have engaged in roundabout 
trade of the Trump-targeted goods. The covariate, ymiplnImp , captures the association 
between the import value of the reporter country (e.g., Malaysia) of good p  from 
country i  to the corresponding export value of the same good p . The expected sign 
is positive because when the production of good (or industry) p   in the reporter 
country (e.g., Malaysia) is expanded, the expansion brings about both imports of 
intermediate goods and exports of processed goods classified in the same category 
p  . In other words, by including this covariate, we can control for general intra-

industry trade, which is one of the differences between Iyoha et al. (2024) and this 
study. RoundaboutDummy  takes a value of 1 if imports are from China ( i =China) 
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and exports are to the US ( j =US), and p  denotes Trump targeted goods. Thus, the 
cross-term ymiplnImp RoundaboutDummy∗  accounts for roundabout trade; α  is the 
term representing fixed effects. We include full fixed effects to identify roundabout 
trade correctly. We estimate the equation with full fixed effects as above for the 
period of January 2016 to June 2019, which sufficiently covers before and after the 
Trump tariff shock. Out of the selected countries mentioned above, we especially 
focus on Canada, Mexico, and certain Asian countries. Canada and Mexico were 
chosen because they are both included in the United States-Mexico-Canada 
Agreement and have no import duties and thus are potential stopover places for 
roundabout trade. The Asian countries selected here are also potential stopover 
places owing to their proximity to China and to their large and regular export flows 
to the US. To clarify our identification strategy with regard to the estimation equation 
above, a sketch of the identification strategy is shown in Figure A1, and a sketch of 
the data structure is shown in Figure A2 in the appendix. To address potential 
endogeneity further, estimations using lagged explanatory variables were conducted. 

 
III. Descriptive analyses 

 
Figure 1 shows Canada’s imports from China and exports to the US of non-

Trump-targeted goods (the left panel) and Trump-targeted goods (the right panel). If 
roundabout trade had been taking place through Canada, the import values from 
China and the export values to the US of the Trump-targeted goods should have both 
picked up from around August–November 2018, when the Trump tariffs kicked in. 
Meanwhile, the export and import values of non-Trump-targeted goods should not 
have increased as much as the Trump-targeted goods. A casual observation of the 
figures does not suggest the presence of roundabout trade through Canada. 

 

 
FIGURE 1. CANADA’S IMPORTS FROM CHINA AND EXPORTS TO THE US OF NON-TRUMP-TARGETED 

GOODS AND TRUMP-TARGETED GOODS 

Source: Author’s elaboration from the trade data. 



32 KDI Journal of Economic Policy AUGUST 2024 

Figure 2 presents the case for Vietnam. Both imports from China and exports to 
the US increased steadily over the sample period. However, it is not clear if the 
increase is larger for Trump-targeted goods than non-Trump-targeted goods. Figure 
3 is the case for Malaysia. Trump-targeted goods appear to have increased both 
imports from China and exports to the US compared to non-Trump-targeted goods, 
but it is not clear. We have drawn the figures for all countries in question and have 
not found a clear sign of roundabout trade.3 

 

 
FIGURE 2. VIETNAM’S IMPORTS FROM CHINA AND EXPORTS TO THE US OF NON-TRUMP-TARGETED 

GOODS AND TRUMP-TARGETED GOODS 
Source: Author’s elaboration from trade data. 

 

 
FIGURE 3: MALAYSIA’S IMPORTS FROM CHINA AND EXPORTS TO THE US OF NON-TRUMP-TARGETED 

GOODS AND TRUMP-TARGETED GOODS 
Source: Author’s elaboration from trade data. 

 
3Due to space limitations here, the figures for the other countries are not shown but are available on request.  
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To observe for which types of products dubious cases of roundabout trade are 

taking place, we extracted products that meet three criteria. The first criterion is that 
both imports from China and exports to the US increased by more than or equal to 
US$1 million to abstract away trade in minor (low trade value) goods. The second 
criterion is that the gap between increases in the export value to the US and the 
import value from China is within 20%, as the increased import amount from China 
should in general match the increased export amount to the US if such trade is 
roundabout trade. The third criterion is that both imports and exports more than 
doubled because both imports from China and exports to the US should have 
increased substantially if the increased trade is roundabout trade. An explanation 
using numerical examples is in the appendix. Table 2 shows the number of HS 6-
digit code items that meet the three criteria within the corresponding HS 2-digit code 
items.4  Table 3 presents a description of each HS 2-digit code. By country, the 
numbers for Canada, India, and Korea are relatively large. By produce code, ‘84: 
Machinery and mechanical appliances, boilers, nuclear reactors; parts thereof’ and 
‘85: Electrical machinery and equipment and parts thereof’ are relatively large.  

TABLE 2—DUBIOUS CASES OF ROUNDABOUT TRADE 

hs2 
Reporter 

Canada India Malaysia Mexico Philippines Korea Viet Nam Total 
 No. No. No. No. No. No. No. No. 
3 1 0 0 0 0 1 0 2 
20 0 0 0 0 0 1 0 1 
25 1 0 0 0 0 0 0 1 
28 1 2 0 0 0 0 0 3 
29 1 2 0 0 0 1 0 4 
33 0 0 0 0 0 0 1 1 
34 0 0 1 0 0 0 0 1 
37 0 0 0 0 0 0 0 0 
38 0 0 1 0 0 0 0 1 
39 1 1 1 0 0 3 1 7 
40 1 3 1 0 0 0 0 5 
42 0 0 0 0 0 0 0 0 
44 0 1 2 0 1 0 0 4 
48 1 1 1 1 0 0 0 4 
56 0 0 0 1 0 1 0 2 
60 1 0 0 0 0 0 0 1 
68 0 0 0 1 0 1 0 2 
69 1 0 0 0 0 0 0 1 
70 0 2 0 0 0 0 0 2 
73 0 0 0 0 0 0 0 0 
74 0 2 0 0 0 1 0 3 
75 0 0 0 0 0 0 0 0 
82 0 0 0 0 0 1 0 1 
83 0 0 0 0 0 0 0 0 
84 4 5 1 1 1 3 1 16 
85 1 3 3 0 0 2 2 11 
86 0 1 0 0 0 0 0 1 
87 0 0 0 0 1 0 0 1 
90 0 0 0 1 2 0 1 4 
94 0 1 0 0 0 0 0 1 

Total 14 24 11 5 5 15 6 80 
Source: Author's elaboration from the trade data.

 
4The argument for relaxing the third criterion to a 50% increase is presented in the appendix (Table A1). 
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VIII. Conclusion 
 
Although there are many news articles about tariff dodging by re-routing made-

in-China goods through third countries and relabeling them as made in Mexico or 
made in Vietnam, there have been no scientific studies of this issue. This paper 
provides hard evidence pertaining to whether such practices are taking place. The 
analyses of the data up to 2019, the year before the COVID-19 shock, show little 
evidence of roundabout trade. With the extended dataset up to 2023, while overall 
there is little sign of roundabout trade, there are some slight signs of roundabout 
trade for Mexico and Vietnam. The policy relevance of this study is substantial 
because the Trump tariffs are one of the largest shocks of the past 20–30 years in 
international trade and thus had a significant impact on the world economy. Out of 
the many effects of the Trump tariffs, tariff dodging is one of the important issues 
requiring clarification. 

 
 
 



VOL. 46 NO. 3 Trump Tariffs and Roundabout Trade 43 

 
APPENDIX 

 
 

 
 

FIGURE A1. SKETCH OF THE IDENTIFICATION STRATEGY 
Source: Author. 
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From the trade statistics, I constructed all combinations of export partners and 

import partners for each HS code. The first line shows that the reporter country (MYS 
(Malaysia)) imported US$10 million of HS 111111 goods from China and exported 
US$10 million of the same HS 111111 goods to the US. The TrumpTariff dummy takes 
a value of 1 if the good is on the Trump tariff list (irrespective of the partner country). 
In the example, HS 111112 is on the Trump tariff list; thus, the TrumpTariff dummy 
takes a value of 1. TrumpEffective takes a value of 1 if the good is on the Trump tariff 
list and the year and month are after the time when the Trump tariff became effective. 
The ExpUSA_ImpCHN_dummy takes a value of 1 if the export partner is the US and 
the import partner is China. The Roundabout dummy takes a value of 1 if both the 
ExpUSA_ImpCHN_dummy and TrumpEffective are 1. With this data structure and 
the above estimation equation, 2 ymiplnImp RoundaboutDummyβ ∗   picks up the 
roundabout trade. 
 

Appendix for the three conditions in section 3 
Condition 1: Increase in both the export value to the US and the import value from 

China by more than or equal to US$1 million 
Condition 2: The gap between increases in export value to the US and import value 

from China is within 20%.* 
Condition 3: Both imports and exports more than doubled.** 

 
Imports from China Exports to US Gap Constraints 

Imports 
before 

Imports 
after 

Increase or 
decrease Growth(X) Exports

before
Exports

after 
Increase or 
decrease Growth(Y) US increase/ 

China increase
Condition

1 
Condition 

2 
Condition 

3 

10 110 100 10 30 130 100 3.33333333 1=100/100 ○ ○ ○ 

1000 1100 100 0.1 3000 3100 100 0.03333333 1=100/100 ○ ○ - 

 
** : 0.8 < Y/X < 1.2 
** : Growth > 1 (Both China and US)



46 KDI Journal of Economic Policy AUGUST 2024 

TABLE A1—DUBIOUS CASES OF ROUNDABOUT TRADE WITH BROADER CRITERIA 

 hs2 
Reporter 

Canada India IndonesiaMalaysia Mexico PhilippinesSingapore Korea Thailand Viet Nam Total 
3 1 0 0 0 0 0 0 1 0 0 2 
8 0 0 0 0 0 0 0 0 1 0 1 
16 0 0 0 0 0 0 0 0 1 0 1 
17 0 1 0 0 0 0 0 0 0 0 1 
19 0 0 0 0 0 1 1 0 0 0 2 
20 0 0 0 0 0 0 0 1 0 0 1 
21 0 0 0 0 0 1 0 1 0 0 2 
22 0 0 0 0 0 0 0 1 0 0 1 
25 1 0 0 0 0 0 0 0 0 0 1 
28 1 3 0 0 0 0 0 1 0 0 5 
29 2 4 0 0 0 0 0 3 0 0 9 
32 0 1 1 0 0 0 0 0 0 0 2 
33 0 0 0 0 0 0 0 0 0 1 1 
34 0 0 0 1 0 0 1 0 0 0 2 
37 0 0 0 0 0 0 1 0 0 0 1 
38 1 1 2 1 0 0 0 0 0 0 5 
39 1 3 0 2 2 0 3 7 2 2 22 
40 1 4 1 1 0 0 0 0 0 0 7 
42 0 0 2 0 0 1 0 1 0 0 4 
44 0 2 0 3 0 1 0 0 2 0 8 
48 1 1 0 1 1 0 0 0 0 0 4 
54 0 0 0 1 0 0 0 0 0 0 1 
56 0 0 0 1 1 0 0 1 0 0 3 
60 1 0 0 0 0 0 0 0 0 0 1 
68 1 0 0 0 1 0 0 1 0 0 3 
69 2 0 0 0 0 0 0 0 0 0 2 
70 1 2 0 0 0 0 0 0 0 0 3 
73 1 1 0 0 0 1 1 1 5 0 10 
74 0 3 0 0 0 0 0 1 1 0 5 
75 0 1 0 0 0 0 1 0 0 0 2 
76 0 1 0 0 0 0 0 0 0 0 1 
82 0 1 0 0 0 0 0 2 0 0 3 
83 1 0 0 0 0 0 1 0 1 0 3 
84 4 9 1 2 4 1 5 6 4 1 37 
85 1 6 3 6 0 0 4 2 2 2 26 
86 0 1 0 0 0 0 1 0 0 0 2 
87 0 0 1 0 0 1 1 0 2 0 5 
90 0 0 0 1 1 2 1 2 1 1 9 
94 0 1 1 0 0 2 0 1 0 1 6 

Total 21 46 12 20 10 11 21 33 22 8 204 

Source: Author's elaboration from the trade data. 
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Exports to the US and Imports from China 
during the US-China Tariff War:  

Evidence from Regional Trade Data in Vietnam† 

By KAZUNOBU HAYAKAWA** 

This study empirically investigates how the exports of downstream 
products to the US change the imports of their upstream products 
from China during the US-China tariff war. To accomplish this, we 
use province-level trade data in Vietnam, known to be a country that 
increased its exports to the US market in place of China, i.e., known 
to enjoy a trade diversion in the US market. The use of regional trade 
data enables us to capture the input-output linkages more precisely. 
Specifically, focusing on the trade in general and electrical 
machinery industries from January of 2019 to December of 2023, we 
regress imports of upstream products from China on exports of their 
downstream products to the US, finding that the rise of exports of 
downstream products to the US significantly increases imports of 
their upstream products from China. On the other hand, the rise in 
these products does not significantly increase the imports of upstream 
products from Japan, Korea, and Taiwan. Furthermore, the input-
output linkage between exports to the US and imports from China 
was found to be greater in provinces with better business 
environments in terms of entry costs, transparency in public services, 
and public support to businesses. 
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I. Introduction 
 

ietnam is considered to be among the group of countries enjoying a trade 
diversion in the US market during the US-China tariff war. Since 2018, the 
US has imposed additional tariffs on imports from China.1 In retaliation, 

China also imposed additional tariffs on various products (e.g., agricultural goods) 
imported from the US. These additional tariffs have led to decreased international 
trade between China and the US. On the other hand, we have also observed a trade 
diversion effect, i.e., increased imports from countries not directly involved in this 
war.2 Specifically, Southeast Asian countries and Mexico have increased their 
exports to the US. In particular, Vietnam has attracted much attention from the 
public as an alternative export base for products bound for the US market. 
Several studies have shown a significant increase in exports from Vietnam to the 

US. Alfaro and Chor (2023) demonstrated that Vietnam enjoys this trade diversion 
effect, especially in upstream products or less labor-intensive products. Using 
product-level trade data, Choi and Nguyen (2023) and Rotunno et al. (2023) 
examined exports from Vietnam to the US and found a significant increase. The 
latter study showed that the increase in Vietnamese exports was driven by both new 
export product varieties (i.e., extensive margin) and increased exports in existing 
categories (i.e., intensive margin). Furthermore, using micro data from Vietnamese 
firms, Ngoc and Wie (2023) found that tariff hikes on Chinese products augmented 
the likelihood of Vietnamese firms in the targeted industries becoming exporters. 
Overall, the literature shows that Vietnam has enjoyed trade diversion effects in the 
US market during this tariff war. 

The increase in Vietnamese exports to the US has led to two issues. The first is 
trade circumvention to the US by Chinese firms. US sanctions cause Chinese firms 
to export products to third countries, particularly utilizing ASEAN nations as 
transshipment platforms, before re-exporting them to the US without a significant 
transformation. This practice allows them to bypass US tariffs on Chinese goods 
(Ha and Phuc, 2019).3 The second issue is “hidden exposure to China.” Although 
China decreases exports to the US, the countries that increase exports of 
downstream products to the US in place of China may increase imports of 
upstream products from China to produce those downstream products. Using an in
put-output table on international goods, Baldwin et al. (2023) show that by 
2018, value-added output from China had been largest in the US manufactur
ing sectors. Jones et al. (2024) argue that Beijing is running trade surpluses 
with countries such as Vietnam, Singapore, and the Philippines, which in turn 
 

1See Bown (2021) for details on the timing and scale of the products subject to the tariff changes during the 
US-China trade war. 

2As in the literature on the US-China tariff war, we use the trade diversion effect as an indicator of increased 
imports in the US or China from countries not directly involved in the tariff war. See, for example, 
https://unctad.org/publication/trade-and-trade-diversion-effects-united-states-tariffs-china#tab-1. 

3 Some pieces of anecdotal evidence on such trans-shipment are available. See, for example, 
https://www.woodworkingnetwork.com/cabinets/us-customs-border-protection-finds-us-cabinet-depot-evading-
cabinet-duties, https://www.woodworkingnetwork.com/news/woodworking-industry-news/customs-finds-cabinet-
importers-evaded-chinese-duties-transshipping, and https://www.forest-trends.org/blog/us-customs-and-border-
protection-cbp-finds-chinese-timber-products-fraudulently-sold-in-us-as-made-in-vietnam-in-order-to-evade-
tariffs/. 

V 
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are running widening surpluses with the US, suggesting that China’s manufa
cturers are continuing to benefit from US consumers’ demand for their good
s. In short, the increased exports from Vietnam to the US, i.e., the trade diversion 
effect for Vietnam in the US market, include the effects of export circumvention by 
Chinese firms and exports using inputs imported from China. 
Against this backdrop, this study empirically investigates the second issue in 

relation to Vietnam, i.e., the increased level of input imports from China to produce 
outputs exported to the US.4 To do this, we use province-level trade data in 
Vietnam from January of 2019 to December of 2023. Then, we regress imports of 
upstream products from China in a province on exports of the corresponding 
downstream products to the US in that province. Following the method proposed in 
Hayakawa (2024), we focus on trade in general (Harmonized System (HS) 84) and 
electrical machinery (HS 85) industries, which are the top two HS chapters in terms 
of exports to the US and imports from China in Vietnam.5 Then, we identify input-
output (IO) linkages in the trade data by exploiting the HS coding structure. For 
example, for HS 8508, HS 850870 denotes machinery parts to produce HS 850811, 
HS 850819, and HS 850860 items. In this way, we identify 82 pairs of downstream 
and upstream products. Unlike an IO table, trade data enable us to conduct our 
analysis at a short frequency, e.g., monthly or quarterly. To take into account the 
time lag between input imports and output exports, we use trade data aggregated at 
the quarterly or half-yearly frequency. 

Furthermore, our use of regional trade data enables us to capture IO linkages 
more precisely. When using national-level trade data, there is the risk of regarding 
the increases of two independent trade flows in different regions (e.g., increases in 
imports in a northern region and exports in a southern region) as those based on IO 
linkages. We reduce this risk by using regional trade data because with this type of 
data, the geographical area of the trading players is narrowed. Our study provinces 
total 63, consisting of 58 provinces and five municipalities. 

Our findings can be summarized as follows. First, we found that the rise of 
exports of downstream products to the US significantly increases imports of the 
corresponding upstream products from China. Second, the rise of those exports 
does not significantly increase the imports of upstream products from Japan, 
Korea, or Taiwan. Third, imports of upstream products from China decrease when 
exports of their downstream products to other ASEAN countries increase. 
Furthermore, those imports from China do not change when exports to China 
increase. This result indicates that inputs from China are not significantly used in 
outputs exported to China on average. Fourth, the IO linkage between exports to 
the US and imports from China was found to be greater in provinces with better 
business environments in terms of entry costs, transparency in public services, and 
public support for business. Among the different regions assessed here, the greatest 
IO linkages were found in the Mekong River Delta region, i.e., a southern region. 
Last, this IO linkage was stronger in the earlier period than in the latter period. In 
other words, the linkage between outputs to the US and inputs from China was 
 

4Regarding studies focusing on the first issue, i.e., trade circumvention, see, for example, Hayakawa (2022) 
and Hayakawa and Sudsawasd (2024). 

5According to the Global Trade Atlas, in 2023, HS 84 and 85, respectively, account for 36% and 15% of total 
exports to the US and 37% and 11% of total imports from China. 
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observed during or just after the period when US tariffs against China were rising. 
Our study contributes to the literature on the US-China tariff war.6 Many studies 

have examined the direct effects of tariffs on the US economy (Amiti et al., 2019; 
Amiti et al., 2020; Fajgelbaum et al., 2020; Cavallo et al., 2021; Handley et al., 
2024) or on China’s economy (Ma et al., 2021; Chor and Li, 2024; Cui and Li, 
2021). Some studies have investigated the trade effects on third economies (e.g., 
Hayakawa et al., 2024; Fajgelbaum et al., 2024). As mentioned above, those in 
Vietnam were examined in Choi and Nguyen (2023), Rotunno et al. (2023), and 
Ngoc and Wie (2023). Furthermore, Mayr-Dorn et al. (2023) and Rotunno et al. 
(2023) investigated the effect of the US-China tariff war on wages in Vietnam, 
finding that Vietnamese workers and districts more exposed to the trade war 
displayed higher employment, working hours, and wages. 

There are three studies of the IO linkages between outputs to the US and inputs 
from China. Freund et al. (2023) found that countries with faster export growth to 
the US in certain sectors also had more intense intra-industry trade with China in 
those same sectors. It was also revealed that growth in imports of goods at both the 
HS two- and six-digit levels from China is positively correlated with growth in 
exports of goods at the related ten-digit levels to the US. Specifically, Freund et al. 
(2023) sought to capture each country’s IO linkages with China using an intra-
industry trade index with China or import growth in the same industry/product 
from China. However, these measures obviously include trade based not on IO 
linkages, such as trade based on horizontal differentiation or trade circumvention. 
For this reason, they cannot be used to identify IO linkages precisely. 

The other two studies identify the IO linkages better. Covering all industries, 
Yang and Hayakawa (2023) examined these linkages in Taiwan using monthly 
trade data from January of 2018 to December of 2019. They used the IO table to 
identify IO linkages across sectors and found a significant effect on input imports 
from China. Hayakawa (2024) applied the same method of identifying IO linkages 
used here to country-level trade data from January of 2017 to December of 2021. 
He investigated these linkages in East Asian countries, Southeast Asian countries, 
and Mexico in the general and electrical machinery industries, finding that certain 
countries, such as Taiwan, Malaysia, and Thailand, enjoy trade diversion effects in 
the US market. Nevertheless, only Thailand increased imports of upstream 
products from China to produce those downstream products, especially those goods 
associated with an intensive margin. Although one country-level study shows 
insignificant linkages in Vietnam (Hayakawa, 2024), the present study again 
examines such linkages using regional trade data, which enhances our 
identification of the IO linkages. 

The rest of this study is organized as follows. The next section explains our 
empirical framework. Section 3 reports our estimation results. Section 4 concludes 
this study. 
  

 
6See, for example, Fajgelbaum and Khandelwal (2022) for a review of this literature. 
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II. Empirical Framework 
 

This section explains our empirical framework for investigating the linkage 
between the exports of downstream products to the US and the imports of upstream 
products from China. We investigate this issue at the province level in Vietnam. 
The use of regional data enables us to examine IO linkages more precisely. 
Suppose that one firm in the northern region imports upstream products from China 
while another firm in the southern region exports downstream products to the US. 
These two firms do not have any IO relationship. Using country-level data, we can 
detect a positive correlation between these two independent trade values and 
interpret it as indicating an IO linkage. The best data to use to avoid this 
misinterpretation are firm-level trade data, which are unavailable for our study. 
Nevertheless, the use of province-level data will lower this risk by narrowing the 
geographical areas of trading players; here, the regional trade data are obtained 
from the Global Trade Atlas (IHS Markit), which provides monthly trade values by 
provinces, trading partners, and products. Due to data limitations, however, we 
focus on the period from January of 2019 to December of 2023, though US tariffs 
against China started to increase in 2018. 

There are two empirical challenges. One is to identify IO linkages in the trade 
data. To this end, we follow the methodology developed in Hayakawa (2024); 
focusing on the general machinery (HS 84) and electrical machinery (HS 85) 
industries, we exploit the HS structure in these industries. In each four-digit code in 
these industries, the latter six-digit codes include parts of the former six-digit 
codes. For HS 8508, for example, HS 850870 is machinery parts of HS 850811, HS 
850819, and HS 850860. Another coding type is that an HS four-digit code can 
form parts of other HS four-digit codes. For example, HS 8529 is parts of HS 8525, 
HS 8526, HS 8527, and HS 8528. The HS structure enables us to identify a pair 
between downstream products and the corresponding upstream products. In this 
way, we identified 82 linkages, i.e., 82 pairs of downstream and upstream products 
in total. In each pair, we aggregate the trade values of downstream products and 
those of upstream products separately.7 

The other concern in this examination of the IO linkage is the time lag in 
production, which thus far has not attracted much attention in studies using IO 
tables. The data on the imports of upstream products and exports of downstream 
products are obtained from the importer and exporter sides, respectively. Therefore, 
the time point in our data indicates the departure of downstream products at 
customs in Vietnam and the arrival of upstream products there. After the latter 
arrival, firms must conduct production activities at their factories. The use of trade 
data defined at a monthly frequency means that these processes (i.e., the movement 
of upstream products from customs to firms’ factories, the production of 
downstream products in those factories, and the movement of those products from 
 

7According to Hayakawa (2024), these linkages cover 91% of six-digit codes and 92% of the global trade 
values in 2021. It should be noted that this method is not intended to identify all pairs with IO linkages. For 
example, although integrated circuits (HS 8542) are included in many modern products, we identify IO linkages 
within integrated circuits (downstream products are HS 854231, 854232, 854233, and 854239, while their parts 
are HS 854290). In short, this method identifies the nearest IO relationship in terms of HS codes rather than 
identifying all possible IO combinations across products. 
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the factories to customs) are conducted within one month, which seems to be too 
short. Therefore, we choose a quarterly time frame for the analytical frequency 
here in the baseline analysis. We also use the data defined at a half-yearly 
frequency as a robustness check. 

Our estimation equation for IO linkage l  in province r  at time t is specified 
as follows. 

 

(1)               
arcsinh( )

lrt

lrt

lrt lr rt lt lrt

Imports from China
Imports from World

Exports to US u u uβ ε= ⋅ + + + +
 

 
The dependent variable is the imports of upstream products in linkage l  in 

province r  from China at time t  ( lrtImports from China ) normalized by the 
corresponding global imports ( lrtImports from World ). Normalization as used here 
plays a key role in controlling for production expansions regardless of the sales 
destination. lrtExports to US  refers to the exports of downstream products in 
linkage l  from province r to the US at time t. We take its inverse hyperbolic sine 
(or arcsinh) transformation.8 Because arcsinh(0) 0= , zero-valued variables can 
be included in our analysis. As demonstrated in Bellemare and Wichman (2020), 
the elasticity can be computed as β  divided by the dependent variable if the 
variables take large values (e.g., >10). Exports to the US meet this requirement. 

We control for three types of fixed effects (FE), specifically linkage-province FE 
( u lr ), province-time FE ( u rt ), and linkage-time FE ( u lt ). Linkage-province FE 
control for region-specific product characteristics that are less likely to change 
dramatically in the short run, such as during our study period, including the 
existence of downstream and upstream industries and their technology levels in 
each province. Province-time FE control for time-variant factor prices, such as 
wages, in each province. This type of FE will also capture the average effect of the 
COVID-19 pandemic at the province level. Linkage-time FE control for time-
variant product characteristics, such as changes in the supply capacity in China, 
demand sizes in the US, tariffs in the US and Vietnam, or other nationwide policy 
measures in Vietnam. The US additional tariffs on China are also included in this 
type of FE. Last, ltε  is an error term. We estimate this model with the ordinary 
least square (OLS) method.9 

Last, it is important to discuss endogeneity issues. Due to the inclusion of the 
three types of FE, our estimates by the OLS method are less likely to be affected 
detrimentally by omitted variable bias. On the other hand, our analysis of the IO 
linkage naturally leads to some concern over supply-demand simultaneity bias. For 
example, a shock to the demand for chips produced by Intel Corporation in Ho Chi 
Minh City changes exports of chips from Ho Chi Minh City to the US. If Intel 
 

8In general, 2arcsinh( ) ln( 1)x x x= + + . 
9The basic statistics for our variables are available in the Appendix. 
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factories in Vietnam procure machinery parts from China, this shock will change 
their imports from China in Ho Chi Minh City. As a result, because the error term 
is positively correlated with exports to the US, the estimate of β  by the OLS 
method incurs upward bias. Furthermore, due to the aforementioned time lag, our 
independent variable may contain some degree of measurement error, which biases 
the estimates toward zero. However, it is almost impossible to find instruments 
defined at a linkage-province-time level. Thus, we assume that unobservable 
shocks defined at such a detailed level are rare during our study period and that if 
any exist, our three types of FE control for them for the most part. Specifically, due 
to our control of US demand and the normalization of the dependent variable, our 
empirical identification relies on changes in provincial exports to the US in 
Vietnam driven by the supply side, such as those driven by firms’ changes in 
business strategies based on the US-China tariff war. 

Before moving to the estimation results, we provide an overview of exports of 
downstream products to the US and the imports of upstream products from China. 
Table 1 shows the growth rates of annually aggregated exports/imports from 2019 
to 2023 by province. The findings on export growth to the US are as follows. Many 
provinces, especially those in the northwest and northeast, did not export to the US 
in 2019, whereas most of them had positive exports in 2023. Several provinces 
show extremely high export growth rates, e.g., more than ten times, given their 
small values in 2019. In other words, even regions that had not exported much to 
the US increased their exports dramatically during this period. Other regions also 
experienced remarkable increases close to or exceeding 100%. In 2023, the highest 
export amounts can be found in Bắc Giang in the northeast region, followed by Bắc 
Ninh in the Red River Delta region. On the other hand, nearly all provinces had 
positive imports of upstream products from China in both 2019 and 2023. 
Nevertheless, compared with exports to the US, many provinces had negative 
growth in imports from China. Two provinces show import growth of more than 
ten times due to their small values in 2019. The highest amounts of imports can be 
found in Bắc Ninh, followed by Hải Phòng, both of which are in the northeast of 
the country. 
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TABLE 1—EXPORTS OF DOWNSTREAM PRODUCTS TO THE US AND IMPORTS OF UPSTREAM PRODUCTS 
FROM CHINA IN 2019 AND 2023 

 (Unit: Million USD, %) 

    Exports to the US Imports from China 

    2019 2023 Growth 2019 2023 Growth 

Northwest 

Hòa Bình 0.28 141 49,458 6 12 105 

 Lai Châu 0 0.00 1 3 252 

 Lào Cai 0 0.07 5 2 -60 

 Sơn La 0 0.00 7 1 -88 

 Yên Bái 0 0.01 6 2 -74 

  Điện Biên 0 0.01   3 2 -30 

Northeast 

Bắc Giang 1,971 10,766 446 355 1,423 300 

 Bắc Kạn 0 0 0 0  
Cao Bằng 0 0 1 0.06 -88 

 Hà Giang 0 0.01 6 0.16 -97 

 Lạng Sơn 0 19 17 18 5 

 Phú Thọ 23 422 1,711 35 77 124 

 Quảng Ninh 0 411 19 108 463 

 Thái Nguyên 5,115 6,020 18 3,893 807 -79 

  Tuyên Quang 0 4   1 6 882 

Red River Delta 

Bắc Ninh 5,348 6,691 25 3,418 2,440 -29 

 Hà Nam 100 2,333 2,228 67 319 374 

 Hà Nội 209 466 123 554 506 -9 

 Hưng Yên 75 200 166 30 53 79 

 Hải Dương 381 775 103 262 196 -25 

 Hải Phòng 2,138 2,931 37 1,057 2,296 117 

 Nam Định 0.21 10 4,506 3 5 78 

 Ninh Bình 8 2 -74 14 24 74 

 Thái Bình 251 12 -95 29 11 -63 

  Vĩnh Phúc 290 2,263 681 221 301 37 

North Central 

Hà Tĩnh 0.24 0 -100 100 8 -92 

 Nghệ An 0 151 9 46 390 

 Quảng Bình 2 0.00 -100 2 2 -2 

 Quảng Trị 0 0 0.03 0.29 845 

 Thanh Hóa 0.04 2 3,852 1 2 88 

  Thừa Thiên–Huế 4 15 315 3 5 108 
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TABLE 1—EXPORTS OF DOWNSTREAM PRODUCTS TO THE US AND IMPORTS OF UPSTREAM PRODUCTS 
FROM CHINA IN 2019 AND 2023 (CONT’D) 

(Unit: Million USD, %) 

    Exports to the US Imports from China 

    2019 2023 Growth 2019 2023 Growth 

South Central Coast 

Bình Thuận 0 0.00 1 2 69 

Bình Định 0.01 0.05 816 1 1 128 

Khánh Hòa 0.00 1 30,347 1 3 102 

Ninh Thuận 0 0.00 0.04 0.07 80 

Phú Yên 1 10 690 1 3 395 

Quảng Nam 9 105 1,083 7 17 135 

Quảng Ngãi 1 28 4,806 31 21 -33 

  Đà Nẵng 20 82 319 11 13 20 

Central Highlands 

Gia Lai 11 0.00 -100 0.01 0.03 173 

Kon Tum 0 0 0.22 0.06 -72 

Lâm Đồng 0 0.27 0.07 0.07 -2 

Đắk Lắk 0 0.00 0.10 0.13 32 

  Đắk Nông 0 0.00   0.26 12 4,463 

Southeast 

Bà Rịa–Vũng Tàu 18 80 352 7 41 516 

Bình Dương 362 2,833 683 183 820 349 

Bình Phước 8 141 1,603 17 18 2 

Hồ Chí Minh 1,643 2,650 61 904 588 -35 

Tây Ninh 42 145 246 80 36 -55 

  Đồng Nai 292 1,046 258 144 305 112 

Mekong River Delta 

An Giang 0.26 4 1,276 0.16 1 643 

Bạc Liêu 0 6 0.03 0.00 -96 

Bến Tre 0.01 0.23 4,046 1 1 -23 

Cà Mau 0 0 1 0.08 -90 

Cần Thơ 0 4 0.35 0.15 -56 

Hậu Giang 0 0 1 0.19 -84 

Kiên Giang 0 0.00 0.05 0.16 228 

Long An 82 167 103 34 47 39 

Sóc Trăng 0 0.00 1 0.15 -72 

Tiền Giang 1 7 1,245 8 10 36 

Trà Vinh 3 1 -67 3 1 -66 

Vĩnh Long 0.26 9 3,415 0.22 4 1,776 

  Đồng Tháp 0.03 0.00 -86 1 0.23 -55 

Source: Author’s compilation. 
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III. Empirical Results 
 

This section reports our estimation results by the OLS method. In all estimations, 
we cluster standard errors at the province-linkage level. Table 2 reports our 
baseline results. In the upper panel, we use quarterly trade data. In the “China” 
column, we regress the import share from China. The coefficient for exports to the 
US is significantly positive, indicating that the rise of exports of downstream 
products to the US increases imports of the corresponding upstream products from 
China. Explicitly, we found the value-added content of Chinese goods in the US 
imports, i.e., hidden exposure to China in US trade. As mentioned in Section 3, the 
elasticity can be computed using this coefficient divided by the dependent variable. 
The sample average of the dependent variable is 0.468, as shown in Table A1 in the 
Appendix, so that the elasticity becomes 0.005 (=0.002/0.468) on average. The 
findings show that a 1% increase in exports to the US raises the import share from 
China by 0.5 percentage points, which may be economically small. Thus, this IO 
linkage may exist in only some exports to the US. The lower panel shows the 
results using half-yearly trade data. Exports to the US again have a significantly 
positive coefficient. 

In Table 2, we also show the OLS results using the import share from Japan, 
Korea, and Taiwan as the dependent variable. While the estimated coefficients are 
insignificant in Korea and Taiwan, Japan has significantly negative coefficients. 
The latter result indicates that the increase in exports to the US decreases imports 
from Japan. Although it is challenging to interpret a negative coefficient, one 
possible explanation is that the production of downstream products to the US market 
does not require expensive inputs from Japan, instead taking less costly inputs from 

 
TABLE 2—BASELINE RESULTS BY THE OLS 

    China Japan Korea Taiwan 

Quarterly 

Exports to US 0.002** -0.001** 0.000 -0.001 

  [0.001] [0.000] [0.001] [0.000] 

Number of obs. 37,901 37,901 37,901 37,901 

  Adj. R-sq. 0.503 0.446 0.532 0.404 

Half-yearly 

Exports to US 0.002** -0.001*** 0.000 -0.001 

  [0.001] [0.000] [0.001] [0.000] 

Number of obs. 21,957 21,957 21,957 21,957 

  Adj. R-sq. 0.513 0.455 0.544 0.446 

Notes: This table reports the estimation results using the OLS method. The dependent variable is the share of 
imports from the country in the first column out of global imports. We take the inverse hyperbolic sine (or arcsinh) 
transformation for the independent variables. The study time is defined quarterly in “Quarterly” and half-yearly in 
“Half-yearly.” ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The 
standard errors are clustered at the province-linkage level. In all specifications, we control for province-linkage 
fixed effects, province-time fixed effects, and linkage-time fixed effects. 
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China. In addition, the insignificant result for imports from Korea is surprising due 
to the outstanding presence of Korean multinational firms in Vietnam. One possible 
reason for this outcome may be that they started exporting to the US before the US-
China tariff war and have not competed with goods exported from China in the US 
market. Specifically, the increase in exports from Vietnam to the US during the 
tariff war may not be significantly associated with exports by Korean multinational 
firms. Overall, the increase in Vietnamese exports to the US increased the import 
inputs from China but not those from other East Asian economies. In other words, 
hidden exposure to China is significant in the US market compared to that to other 
East Asian economies. 
We conduct three additional analyses. First, we extend export destinations to 
other regions. Specifically, in Table 3, we introduce exports to other ASEAN 
countries, China, and the rest of the world (ROW), in addition to those to the US. 
We take the inverse hyperbolic sine transformation of all of these exports. The 
dependent variable is the import share from China. The results in exports to the US 
are unchanged and show significantly positive coefficients. The coefficient for 
exports to ASEAN member states is insignificant in the quarterly data but 
significantly negative in the half-yearly data. The negative coefficient indicates that 
outputs exported to ASEAN are produced using inputs from countries other than 
China. Interestingly, exports to China have insignificant coefficients, which 
indicate that inputs from China are not significantly used in outputs exported to 
China on average. Similar to exports to the US, those to the ROW have 
significantly positive coefficients.10 

 
TABLE 3—OLS RESULTS: EXPORT DESTINATIONS 

  Quarterly Half-yearly 

Exports to US 0.002** 0.002** 

[0.001] [0.001] 

Exports to ASEAN -0.001 -0.002** 

[0.001] [0.001] 

Exports to China 0.001 -0.001 

[0.001] [0.001] 

Exports to ROW 0.002** 0.002** 

  [0.001] [0.001] 

Number of observations 37,901 21,957 

Adjusted R-squared 0.504 0.513 

Notes: This table reports the estimation results using the OLS method. The dependent variable is the share of 
imports from China out of global imports. We take the inverse hyperbolic sine (or arcsinh) transformation for the 
independent variables. The study time is defined quarterly in “Quarterly” and half-yearly in “Half-yearly.” ***, **, 
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The standard errors are clustered 
at the province-linkage level. In all specifications, we control for province-linkage fixed effects, province-time 
fixed effects, and linkage-time fixed effects. 

 
10We also use the share of exports to the US out of those to the world as an explanatory variable. In the 

quarterly data, we again obtain a significantly positive coefficient for this share. In the half-yearly data, the 
coefficient is positive but insignificant. 
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Next, we investigate instances of province-level heterogeneity in the linkages. In 
developing countries such as Vietnam, the quantity and quality of government 
services differ greatly depending on the administrative unit. Therefore, the business 
environment for the linkage between outputs to the US and inputs from China may 
also differ by province. To see this heterogeneity, we introduce the interaction 
terms of exports to the US with three indices defined at the province-year level. 
These indices are obtained from the Provincial Competitiveness Index (PCI), 
which is provided by the Vietnam Chamber of Commerce and Industry and the 
United States Agency for International Development.11 The indices are calculated 
using business survey data and published data sources and are standardized on a 
ten-point scale. For example, the PCI survey for 2022 is based on the responses 
from 11,872 firms (consisting of 10,590 domestic firms and 1,282 foreign-invested 
enterprises), with a response rate of 20%. Higher values of the indices indicate a 
better business environment. 

Specifically, the three indices are as follows. The first index is Entry, which 
assesses the differences in entry costs for new firms across provinces.12 The 
second is Transparency, measuring whether firms have access to the proper 
planning and legal documents necessary to run their businesses, whether those 
documents are equitably available, whether new policies and laws are 
communicated to firms and predictably implemented, and the business utility of the 
provincial webpage.13 The third is Support, which is a measure of provincial 
services for private sector trade promotion, the provision of regulatory information 
to firms, business partner matchmaking, the provision of industrial zones or 
industrial clusters, and technological services for firms.14 

We introduce the interaction terms of exports to the US with these three indices 
into equation (1). Our equation is thus extended as follows. 
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11For more details, the reader can see https://pcivietnam.vn/en/about-us.html. 
12This index is based on items such as the length of business registration in days, the length of business re-

registration in days, the percentage of firms that need additional licenses/permits, the number of licenses and 
permits necessary to start operations after 2010, and/or the number of days to wait for the Land Use Rights 
Certificate. 

13This index is based on items such as access to planning documents, access to legal documents, the 
predictability of the implementation of central laws at the provincial level, and/or the openness and quality of the 
provincial webpage. 

14This index is based on items such as the number of trade fairs held by province in the previous year and 
registered for the present year, the ratio of the total number of service providers to the total number of firms, 
and/or the ratio of the number of nonstate and foreign direct investment service providers to the total number of 
service providers. 
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The subscript y  indicates the year of time t . The three indices are lagged by 
one year. These indices may be endogenous. For example, the existence of active 
trading firms will encourage local governments to improve the business 
environment. Due to the absence of appropriate instruments, we cannot eliminate 
endogeneity bias in any case. Nevertheless, our province-time FE ( rtu ) will address 
endogeneity issues based at least on the omitted-variable bias at this level. The 
estimation results are reported in Table 4 and show natural results. Except for the 
interaction term with transparency in the quarterly data, all interaction terms have 
significantly positive coefficients. Thus, the IO linkage between exports to the US 
and imports from China is greater in provinces with better business environments 
in terms of entry costs, transparency in public services, and public support to 
businesses.15 

To determine which region is more actively engaged in these IO transactions on 
average, we introduce the interaction terms of exports to the US with region 
dummy variables rather than the indices on the business environment. We set the 
northwest region as a base region. The results are reported in Table 5. The most 
notable result is that the dummy for the Mekong River Delta has the largest, 
positive coefficient, at a significant level, in both the quarterly and half-yearly trade 
data. In Table 1, we find that this region increased exports to the US by 130% and 
imports from China by 33%. These increases are linked to the IO relationship. 
Thus, firms in the Mekong River Delta may be the main exporters in this IO linkage. 

 
TABLE 4—OLS RESULTS: HETEROGENEOUS EFFECTS 

  Quarterly Half-yearly 

Exports to US -0.071*** -0.080*** 

[0.024] [0.026] 

Exports to US * Entry 0.012** 0.012** 

[0.005] [0.005] 

Exports to US * Transparency 0.007 0.011* 

[0.005] [0.006] 

Exports to US * Support 0.009** 0.008* 

  [0.004] [0.004] 

Number of observations 37,901 21,957 

Adjusted R-squared 0.504 0.513 

Notes: This table reports the estimation results using the OLS method. The dependent variable is the share of 
imports from China out of global imports. We take the inverse hyperbolic sine (or arcsinh) transformation for the 
independent variables. The study time is defined quarterly in “Quarterly” and half-yearly in “Half-yearly.” ***, **, 
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The standard errors are clustered 
at the province-linkage level. In all specifications, we control for province-linkage fixed effects, province-time 
fixed effects, and linkage-time fixed effects. 

 
 

15The coefficient for exports to the US becomes negative in 9% of all observations. Such observations arise in 
provinces with worse business environments. In those provinces, an increase in exports to the US does not 
increase imports from China. 
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TABLE 5—OLS RESULTS: BY REGION 

  Quarterly Half-yearly 

Exports to US -0.013* -0.008 

(Base: Northwest) [0.007] [0.007] 

   * Northeast 0.013* 0.008 

[0.008] [0.007] 

   * Red River Delta 0.015** 0.008 

[0.007] [0.007] 

   * North Central 0.018** 0.012 

[0.009] [0.008] 

   * South Central Coast 0.017** 0.011 

[0.008] [0.007] 

   * Central Highlands 0.008 0.013 

[0.017] [0.017] 

   * Southeast 0.016** 0.01 

[0.007] [0.007] 

   * Mekong River Delta 0.018** 0.013* 

  [0.008] [0.008] 

Number of observations 37,901 21,957 

Adjusted R-squared 0.503 0.513 

Notes: This table reports the estimation results using the OLS method. The dependent variable is the share of 
imports from China out of global imports. We take the inverse hyperbolic sine (or arcsinh) transformation for the 
independent variables. The study time is defined quarterly in “Quarterly” and half-yearly in “Half-yearly.” ***, **, 
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The standard errors are clustered 
at the province-linkage level. In all specifications, we control for province-linkage fixed effects, province-time 
fixed effects, and linkage-time fixed effects. 

 
In the quarterly trade data, the north central region also has a significantly large 
coefficient.16 

Last, we examine IO linkage changes over time. To do this, we introduce the 
interaction terms of exports to the US with year dummy variables, setting 2019 as 
the base year. These results are reported in Table 6. The coefficient for exports to 
the US is significantly positive. The coefficients for the interaction terms with 
dummy variables for 2020 and 2021 are insignificant, while those for 2022 and 
2023 have significantly negative coefficients in quarterly and half-yearly data, 
respectively. These results imply that the IO linkage was stronger in the earlier 
period than in the latter period. In other words, the linkage between outputs to the 
US and inputs from China was observed during or just after the period when US 
tariffs against China were rising. 

 
 

 
 

16In the quarterly data, the coefficient for exports to the US is significantly negative, consistent with the fact 
in Table 1 that a majority of northwest provinces experience negative growth in imports from China. 
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TABLE 6—OLS RESULTS: BY YEAR 

  Quarterly Half-yearly 

Exports to US 0.003** 0.004** 

(Base: 2019) [0.001] [0.002] 

   * 2020 -0.001 -0.002 

[0.001] [0.001] 

   * 2021 0.000 -0.001 

[0.002] [0.002] 

   * 2022 -0.002 -0.003* 

[0.002] [0.002] 

   * 2023 -0.003* -0.002 

  [0.002] [0.002] 

Number of observations 37,901 21,957 

Adjusted R-squared 0.503 0.513 

Notes: This table reports the estimation results using the OLS method. The dependent variable is the share of 
imports from China out of global imports. We take the inverse hyperbolic sine (or arcsinh) transformation for the 
independent variables. The study time is defined quarterly in “Quarterly” and half-yearly in “Half-yearly.” ***, **, 
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The standard errors are clustered 
at the province-linkage level. In all specifications, we control for province-linkage fixed effects, province-time 
fixed effects, and linkage-time fixed effects. 

 
IV. Concluding Remarks 

 
Several studies have shown that the US-China tariff war significantly decreased 

China’s exports to the US but dramatically increased exports from Vietnam to the 
US. However, it has been also pointed out that such exports from Vietnam are 
supported by intermediate goods imported from China. Against this backdrop, this 
study empirically investigated how the exports of downstream products to the US 
changed the imports of the corresponding upstream products from China during the 
US-China tariff war. To capture the IO linkages precisely, we used province-level 
trade data in Vietnam. Specifically, focusing on the trade in general and electrical 
machinery industries from January of 2019 to December of 2023, we regressed 
imports of upstream products from China on exports of their downstream products 
to the US. 

As a result, we found that exports of downstream products to the US 
significantly increased imports of their upstream products from China. On the other 
hand, these increases did not significantly increase the imports of upstream 
products from Japan, Korea, or Taiwan. Furthermore, the IO linkage between 
exports to the US and imports from China was found to be greater in provinces 
with better business environments in terms of entry costs, transparency in public 
services, and public support to business. In terms of regions, on average the 
greatest linkages were found in the Mekong River Delta region, i.e., a southern 
region, as opposed to regions sharing borders with China. Overall, our results 
imply that China may compensate for the loss of exports to the US by increasing 
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exports to Vietnam. One caveat is that our results are valid only in intra-sectoral 
linkages, i.e., the IO linkages within general or electrical machinery products. 
There may exist inter-industry linkages between outputs to the US and inputs from 
China, calling for futher research in this area. 

 
APPENDIX. OTHER TABLES 

 
TABLE A1—BASIC STATISTICS: QUARTERLY 

Variable Obs Mean Std. Dev. Min Max 

Import share from China 37,901 0.468 0.414 0 1 

Import share from Japan 37,901 0.086 0.217 0 1 

Import share from Korea 37,901 0.114 0.260 0 1 

Import share from Taiwan 37,901 0.049 0.171 0 1 

Exports to US 37,901 2.714 5.554 0 22.231 

Exports to ASEAN 37,901 3.468 5.511 0 20.863 

Exports to China 37,901 2.714 5.243 0 22.822 

Exports to ROW 37,901 4.967 6.424 0 22.875 

Exports to US * Entry 37,901 7.213 14.763 0 61.693 

Exports to US * Transparency 37,901 6.822 13.971 0 58.833 

Exports to US * Support 37,901 6.998 14.330 0 57.981 

Note: Except for import share variables, we take the inverse hyperbolic sine transformation for all variables. 

Source: Author’s compilation. 

 
TABLE A2—BASIC STATISTICS: HALF-YEARLY 

Variable Obs Mean Std. Dev. Min Max 

Import share from China 21,957 0.472 0.408 0 1 

Import share from Japan 21,957 0.082 0.209 0 1 

Import share from Korea 21,957 0.109 0.250 0 1 

Import share from Taiwan 21,957 0.049 0.170 0 1 

Exports to US 21,957 2.816 5.684 0 22.895 

Exports to ASEAN 21,957 3.910 5.741 0 21.306 

Exports to China 21,957 2.991 5.473 0 23.497 

Exports to ROW 21,957 5.375 6.548 0 23.481 

Exports to US * Entry 21,957 7.487 15.112 0 63.583 

Exports to US * Transparency 21,957 7.078 14.297 0 60.602 

Exports to US * Support 21,957 7.257 14.661 0 59.644 

Note: Except for import share variables, we take the inverse hyperbolic sine transformation for all variables. 

Source: Author’s compilation. 
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Economic Effects of Unemployment Insurance for 
Entrepreneurs in South Korea† 

By JIYEON KIM* 

This paper aims to examine the economic impact of the 
implementation of an unemployment insurance (UI) program for 
entrepreneurs in South Korea. Despite facing labor market risks 
similar to paid employees, entrepreneurs are often not eligible for UI 
in many countries. South Korea, where entrepreneurs represent over 
20% of the workforce, is considering a design of UI for entrepreneurs, 
with the goal of providing coverage to this group by 2025. This study 
examines how the addition of UI for entrepreneurs would impact the 
economy using a model of entrepreneurship based on a search and 
matching framework. The study’s findings suggest that the 
implementation of UI for entrepreneurs would lead to increased 
business closures and reduced hiring, resulting in a slack labor market, 
which in turn would reduce social welfare overall. However, social 
welfare can be improved by subsidizing UI contributions paid by 
entrepreneurs, which provides the greatest improvement in social 
welfare compared to other social protection systems such as 
unemployment assistance. 

Keywords: Entrepreneurship, Unemployment Insurance, Search and 
matching 

JEL Code: J68, L26, H53, E24 

 
I. Introduction 

 
This paper examines the economic effects of implementing an unemployment 

insurance (UI) program for entrepreneurs in South Korea. Despite facing labor 
market risks similar to those of paid employees, entrepreneurs are typically not 
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eligible for UI in many countries. In response, South Korea, where entrepreneurs 
represent over 20 percent of the workforce, is moving to extend UI coverage to 
this group of workers. Following the announcements of its “national 
employment insurance roadmap” in 2020, artists, special types of workers, and 
platform workers have become eligible for UI. Policymakers are now 
considering the design of UI for entrepreneurs, with the goal of providing 
coverage to this group by 2025. 

To quantify the policy impacts, this study adopts a search and matching model 
approach. Using a model-based approach has several benefits. Firstly, given that 
UI for entrepreneurs has not yet been implemented in South Korea, there is no 
data available with which to conduct a rigorous empirical analysis. Although 
there is a voluntary UI system in place for entrepreneurs, less than one percent 
of eligible entrepreneurs choose to register. Moreover, mandatory and optional 
policies can have very different effects. While data from countries with 
mandatory UI schemes for entrepreneurs could be analyzed, differences in the 
economy and labor market characteristics across these countries would limit the 
implications for the Korean economy. Most importantly, policy changes impact 
agents’ optimal decision-making processes, having indirect effects. A model 
analysis enables us to examine not only the direct impacts but also the 
adjustments made by agents in response to these changes. 

The model has several key features. There are three types of agents interacting 
in the frictional labor market: the unemployed, wage workers, and 
entrepreneurs. Entrepreneurs, who play a crucial role in the model, face income 
risks. To replicate entrepreneurs’ income volatility observed in the data, we 
assume that entrepreneurial productivity, a main determinant of entrepreneurs’ 
income in the model, follows the AR(1) process. Based on their realized 
productivity, entrepreneurs decide whether to keep their business going or shut 
it down. Negative productivity shocks increase the likelihood of a shutdown. 
Those who choose to stay in business then decide how many job vacancies to 
post. In the benchmark economy, only wage workers are eligible for UI. 

Starting from this setting, we examine how the addition of UI for 
entrepreneurs impacts the model economy. Our findings suggest that the 
implementation of UI for entrepreneurs results in increased business closures and 
reduced hiring. The provision of receiving UI benefits reduces the expected cost 
of unemployment, making it easier for entrepreneurs, especially those with low 
productivity, to close their businesses. UI for entrepreneurs also influences 
entrepreneurs’ hiring decisions. The requirement to pay UI contributions places 
additional financial strain on entrepreneurs, causing them to hire fewer 
employees. More closures and less hiring result in a slack labor market, which 
in turn lowers workers’ job-finding rates and raises unemployment. The resulting 
rise in unemployment leads to an increase in spending on UI benefits, which puts 
pressure on the UI budget balance. 

As a result, the introduction of UI for entrepreneurs reduces overall social 
welfare. Although providing UI benefits does increase the welfare of former 
entrepreneurs, this benefit is offset by a slack labor market and a longer average 
duration of unemployment. Additionally, as the government covers the deficit in 
the UI fund, the amount of government transfer payments received by households 
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decreases, further reducing social welfare. However, by experimenting with 
various policy options, we also show that social welfare can be improved by 
subsidizing UI contributions paid by entrepreneurs. This effect is more 
pronounced when the level of the subsidy is disproportionate to recipients’ 
income levels. Furthermore, we find that compared to other social protection 
systems such as unemployment assistance, UI benefits for entrepreneurs with 
subsidized UI contributions provide the greatest improvement in social welfare. 

We build on the standard search and matching framework developed by 
Mortensen and Pissarides (1994), incorporating the decision-making processes 
of entrepreneurs, as discussed by Poschke (2019), Yuen (2021), and Kim (2022). 
Our work is distinguished from previous studies in that we take into account 
entrepreneurs’ decisions to close their businesses. Previous studies, including 
those mentioned above, largely focused on entrepreneurial entry and have not 
paid sufficient attention to entrepreneurs’ exit decisions, which are often 
assumed to be driven by exogenous shocks. However, in this paper, we consider 
entrepreneurs’ exit decisions to be essential. Unlike wage workers who may be 
laid off involuntarily by their employers, the decision to close a business is 
entirely in the hands of the entrepreneur. The introduction of UI for 
entrepreneurs could alter their incentives to quit by providing some protection 
during a period of unemployment and therefore could alter their exit decisions. 
If UI for entrepreneurs leads to too many exits, such a situation could put a 
strain on the UI fund. To measure the cost of the policy accurately, it is important 
to understand how it would impact entrepreneurs’ exit decisions, which is why 
we have incorporated the entrepreneurial exit decisions into the model here. 

This study is closely related to work by Han (2021) that examines the economic 
effects of UI for entrepreneurs in a model that includes occupational choices, 
income volatility, and precautionary saving. He finds that the mandatory 
introduction of UI for entrepreneurs has only a modest positive effect on social 
welfare and that unemployment assistance would more effective improve social 
welfare compared to UI for entrepreneurs. This study differs from that by Han 
(2021) in two ways. Firstly, we examine the role of entrepreneurs in creating 
jobs in the economy. Our model takes into account entrepreneurs’ hiring 
decisions and shows how implementing UI for entrepreneurs influences the 
number of jobs created and, in turn, overall welfare. Secondly, in the research 
setting in Han (2021), business closures are either voluntary or forced by an 
exogenous shock, with UI benefits only being provided in the latter case. 
This may not accurately reflect the real economy because even when a business 
closure appears to be voluntary, it can often be due to other factors, including 
some that are involuntary, such as financial difficulties or increased competition. 
This could underestimate the cost of UI for entrepreneurs as well because, even 
if the policy may cause more business closedowns, the expenses for UI benefits 
remain unchanged. To address this issue, our study assumes that business 
closures are voluntary but influenced by exogenous productivity shocks and that 
all former entrepreneurs are eligible for UI benefits. 

The remainder of the paper unfolds as follows. In Section 2, we introduce the 
model framework used to analyze the effects of implementing UI for 
entrepreneurs. Section 3 presents the model results, illustrating the impact of the 
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policy on the economy. Section 4 discusses alternative design considerations for 
UI for entrepreneurs. In Section 5, we compare this policy with other social 
protection measures. Section 6 concludes the paper. 

 
II. Model 

 
To assess the impact of UI on entrepreneurs, we develop a search and matching 

model that includes entrepreneurs. The model has the standard features of the 
Diamond-Mortensen- Pissarides (DMP) model. In the frictional labor market, the 
unemployed engage in job searches. There are two types of employment in the 
economy: wage work and entrepreneurship. The likelihood of an unemployed 
worker obtaining a wage job depends on the tightness of the labor market, which is 
defined as the number of job vacancies relative to the number of unemployed 
individuals. A fraction of unemployed workers become entrepreneurs with a certain 
probability. Entrepreneurs’ income depends on entrepreneurial productivity, which 
captures not only the ability of the entrepreneur but also idiosyncratic shocks that 
could affect the business. Because such shocks fluctuate over time, we assume that 
entrepreneurial productivity follows an AR(1) process, creating uncertainty in 
entrepreneurs’ income. Entrepreneurs do not know their productivity beforehand. 
For each period, entrepreneurs observe their actual productivity and decide whether 
to continue running their business or to shut it down. If they choose to close it, they 
become unemployed and start searching for wage jobs. If they choose to continue, 
they decide how many job vacancies to offer. In the benchmark economy, only 
unemployed workers who used to be wage workers and who were laid off 
involuntarily are eligible for UI benefits. There is no UI scheme for entrepreneurs. 

 
A. Unemployed Value Function 

 
The value of unemployment uV  depends on assets a  and UI benefits b . 
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If an unemployed worker is eligible for UI benefits, b  will take on a positive 

value. In cases where the unemployed worker is not eligible, such as former 
entrepreneurs or if their UI duration has expired, b  is set to zero. Each period, an 
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unemployed worker receives capital income (1 )r a+ , UI benefits b , and government 
transfer T , and makes a decision regarding their level of consumption c . For 
simplicity, we assume that borrowing is not allowed. χ  refers to the probability 
of losing UI eligibility, reflecting the finite duration of UI receipt. 

An unemployed worker enters entrepreneurship with a probability of uλ  . 
Upon entry, they receive the value of entrepreneurship, which is a function of 
entrepreneurial productivity z , assets a , and the number of employees n . The 
initial productivity ~z  is a random variable that follows a normal distribution, 
and entrepreneurs are not able to observe it until they start their businesses. 
New entrepreneurs do not have any employees initially ( n  =0). Unemployed 
workers who do not become entrepreneurs engage in a job search for wage work. 
The probability of unemployed workers obtaining a wage job is denoted by ( )p θ , 
where θ  represents the tightness of the labor market. 

 
B. Wage Workers Value Function 

 
The value function of wage workers is determined by their assets a . 
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Wage workers earn constant labor income w  each period, from which they 

make UI contributions and pay income tax. uτ 		 and lτ 		 denote the UI 
contribution rate and the income tax rate, respectively. All wage workers are 
registered for UI 1 . Unlike entrepreneurs, wage workers do not face income 
uncertainty as their labor income remains constant. However, they do face the 
risk of unemployment, which occurs with a probability of δ  . Former wage 
workers are eligible to receive UI benefits. 

 
C. Entrepreneurs Value Function 

 
The value of entrepreneurs depends on their entrepreneurial productivity z , 

assets a , and the number of employees n . 
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1This may differ from what we see in the data. While most full-time workers are registered for UI 
in South Korea, 62-70% of part-time workers and most daily workers are not. However, the share of 
part-time and daily workers has been declining rapidly, from almost 40% in 2010 to 28% in 2021. Hence, 
we assume that all wage workers are registered for UI in the model for simplicity. 
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The level of productivity and the number of employees determine the level of 

production. Entrepreneurial productivity encompasses not only the entrepreneur’s 
ability to run the business but also captures idiosyncratic shocks that are 
uncertain and highly variable. To reflect this, we assume it follows an AR(1) 
process. At the start of each period, entrepreneurs observe realized productivity 
and decide whether to continue their business by weighing the value of continuing 
against the value of shutting down. If they choose to close down, they must pay a 
shutdown cost exitC , which includes both financial and non-financial costs associated 
with the business closure. In the benchmark economy, former entrepreneurs are 
not eligible to receive UI benefits as they are not registered for UI. 
 

The entrepreneur’s exit decision is represented by the following equation: 
 

( ) ( , 0, ),  self u
exitV Caz a n V∗ −=  

 
The value *z   represents the level of productivity at which the values of 

continuing and shutting down the business are equal. If the realized productivity 
exceeds *z  , the entrepreneur decides to keep the business going. They then 
determine the optimal level of consumption and the number of job vacancies to 
post, thus incurring posting cost κ  per vacancy. The probability of successful 
hiring is denoted by ( )q θ . Each period, the entrepreneur loses nδ  employees 
exogenously by a separation shock while hiring ( )q vθ  new employees. There is 
no firing, and exogenous separation involves no cost for the entrepreneur. The 
employees receive a constant wage of w , and the entrepreneur pays half of the 
UI contributions for their employees, as both the worker and employer are 
responsible for paying UI contributions in the South Korean UI system. Overall, 
the total labor cost for the entrepreneur amounts to (1 )u nwτ+ . The entrepreneur 
also pays a fraction lτ 	 of his profit as income tax. 

 
D. Government 

 
The government provides UI benefits to the unemployed through the contributions 

made by employers and workers. In addition, the government distributes transfer 
payments to all individuals, as funded by the revenue generated from income taxes. 
The total amount when adding UI contributions and income tax revenue should equal 
the amount of UI benefits plus the transfer payments given out. The UI contribution 
rate and income tax rate are determined exogenously from the existing system in 
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South Korea. For this reason, there is no assurance that the UI budget will remain 
balanced. In the event of a deficit, the government covers it using income tax 
revenue, which leads to a reduction in transfer payments to individuals. Conversely, 
if there is a surplus, the government increases the transfer payments. Thus, the 
government’s budget constraint is represented by the following equation: 
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where um , wm , and sm 	represent the distributions of the unemployed, wage 

workers, and entrepreneurs, respectively. 

 
E. Equilibrium 

 
Stationary equilibrium in the model consists of the value functions for the 

unemployed, wage workers, and entrepreneurs; the policy functions for 
consumption; the number of vacancies posted; and exit decisions, labor market 
tightness, and government transfer payments. The following conditions are met, 
given the exogenously determined wage and interest rate. 

 
1. The policy functions solve each individual’s value maximization problem. 
2. The government budget is in balance. 
3. Labor market tightness is determined by the ratio of job vacancies to 

unemployed individuals. 
4. The distribution of individuals in the state space remains constant over time. 

 
F. Calibration 

 
The model contains a total of 19 parameters, of which five are determined 

within the model. These are matching efficiency ( A), the cost of posting a job 
vacancy ( κ  ), the probability of entering entrepreneurship ( uλ  ), the cost of 
business closure ( )exitC , and the probability of exogenous separation (δ ). All five 
are calibrated to match target moments from the data. The remaining parameters 
are either drawn from the literature or estimated externally. As the aim of the 
model is make an accurate prediction of the impact of a policy that has not yet 
been implemented, it is important for the model economy closely to resemble the 
current economy. To achieve this, we use 2019 data, the latest year available 
(data from the years 2020-21 are excluded due to potential biases caused by the 
COVID-19 crisis), to compute the target moments. One period in the model 
corresponds to one month. 

The model uses a constant relative risk aversion (CRRA) utility function, with 
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a degree of relative risk aversion (σ ) of 2, a common value in the literature. 
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The real interest rate ( r ) and time discount factor ( β ) are set to represent 

an annual interest rate of four percent. Production depends on entrepreneurial 
productivity and the number of employees, as outlined by Kim (2021). 
 

( , ) (1 )zf z n e n α= +  

 
The labor elasticity of production (α ) is set to 0.85, following Atkeson and 

Kehoe (2005). 
The matching technology between job seekers and potential employers is 

modeled with a constant returns to scale function. 
 

1( , )m u Auγ γν ν −=  
 

The matching efficiency, A , is calibrated to match the share of newly employed 
individuals in the total population 2 . The target moments of this study are 
primarily derived from the Economically Active Population Survey (EAPS), a 
comprehensive database on the South Korean labor market that collects information 
on labor force status and related characteristics of individuals aged 15 years 
and older on a monthly basis. An individual is considered newly employed if 
they are currently employed but were unemployed or out of the labor force the 
previous month. To determine the employment status of the individual in 
consecutive months, individual-level longitudinal data are required. Although 
the EAPS tracks the same respondents for up to 36 consecutive months, it is not 
possible to utilize this information as individual identifiers are not ability to the 
public. As an alternative, the number of newly employed  individuals is calculated 
using the year and month each respondent left their current job3. The elasticity 
of matching (γ ) is set to 0.859, following Kim (2020). The job-finding rate 
( ( )p θ ) and hiring rate ( ( )q θ ) are functions of the matching efficiency, matching 
elasticity, and labor market tightness. 
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2The parameters are jointly calibrated, but their significance varies for specific moments. 
3The methodology is further explained in Kim (2021). 
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The cost of posting a job vacancy, κ  , is calibrated to match the share of 
employers among entrepreneurs. The probability of entering entrepreneurship, 

uλ , is set to match the share of entrepreneurs in the overall workforce. Ideally, 
the cost of closing a business, exitC , would be set to match the monthly level of 
business closures in the data4, but this information is not readily available. As an 
alternative, we determine the target moment for exitC 	as follows. First, we identify 
former entrepreneurs among the currently not employed using their worker type 
information from their previous jobs. Then, we compare the date they left their 
previous job with the date of the survey. If the time gap between the two dates 
is within a month, we consider them to have closed their business in that given 
month. Finally, we divide the number of those newly closed entrepreneurs by 
the total labor force to use this outcome as the target moment of exitC . 

The parameters ρ  and σ 	determine the shape of entrepreneurial productivity. 
As discussed in the previous chapter, entrepreneurial productivity plays a crucial 
role in entrepreneurs’ exit decisions. Hence, the shape of the productivity 
distribution affects the number of entrepreneurs who choose to exit due to the 
implementation of UI for entrepreneurs. In the model, entrepreneurial 
productivity directly determines entrepreneurs’ profit. Therefore, we set the 
value of σ 		to match the coefficient of variation of business income in the 
Survey of Household Finances and Living Conditions, ensuring that the 
productivity distribution in the model closely resembles the profit distribution in 
the data. ρ , which captures the persistence of entrepreneurs’ income, is set to 
0.92, following Chang et al. (2018). 
 

The probability of exogenous separation, δ  , is calibrated to match the 
unemployment rate. The policy parameters are set in accordance with the current 
tax and UI system in South Korea. The income tax rate is set to the rate 
applied to those whose annual incomes are under 46 million Korean won. The 
UI contribution rate is set to 0.8 percent. The level of UI benefits is set to achieve 
an income replacement ratio of 64.7 percent. The probability of losing UI 
eligibility is set so that the average duration of UI receipt is 4.4 months. The 
wage for wage workers is normalized to 1. Government transfer payments (T ) 
and labor market tightness (θ ) are determined endogenously within the model. 
These parameters are summarized in Table 1. 
The performance of the model is shown in Table 2 by comparing the moments 
generated in the model to the corresponding real-world counterparts. The model 
moments match most of the targets, but the unemployment rate is slightly higher 
compared to the data. This difference appears to arise from the stricter definition of 
unemployment in the data compared to the model. In the model, all individuals who 
are not employed are considered unemployed, while in the data, some individuals, 
such as discouraged workers who are able and willing to work but who have not 
actively searched for jobs in the past four weeks, or those who want full- time work  
 

4Because this is the key parameter of the entrepreneur’s exit decision *( , , ) ( , 0)self u

exitV z a n V a C= − , it 
is reasonable to set its value so that the model replicates the number of businesses that close down in the 
economy. 
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TABLE 1—CALIBRATED PARAMETERS 

Parameter Value Description Source/Target 

σ  2 Risk aversion Standard 

r  0.003 Real interest rate Annual rate of 4% 
β  0.996 Discount factor 1/(1+r) 
α  0.85 Labor elasticity of production Atkeson and Kehoe (2005) 

A  0.8684 Matching efficiency Newly employed / Workforce (EAPS 2019) 
γ  0.859 Matching elasticity Kim (2020) 

κ  1.0992 Vacancy posting cost Employers / Entrepreneurs (EAPS 2019) 
uλ  0.0482 Prob. of entering entrepreneurship Entrepreneurs / Employed (EAPS 2019) 

exitC  3.7994 Cost of business closure Business closures / Workforce (EAPS 2019) 

δ  0.1071 Prob. Of exogenous separation Unemployment rate (EAPS 2019) 
lτ  0.15 Income tax rate Income tax rate in SK 
uτ  0.008 UI contribution rate UI contribution rate in SK 

ρ  0.92 Persistence of z  Chang et al. (2018) 

σ   0.4752 Standard deviation of   CV of business income (HFLC 2019) 

b  0.647 UI benefit Income replacement ratio 
χ  0.2941 Prob. of losing UI eligibility Average duration of UI receipt 
w  1 wage Normalized to 1 

 
TABLE 2—MODEL FIT 

Target Statistics Model Data 

Entrepreneurs / Employed 0.2453 0.2464 

Employers / Entrepreneurs 0.2384 0.2301 

Business closures / Workforce 0.0043 0.0042 

Unemployment rate 0.0892 0.038 

Newly employed / Workforce 0.0779 0.0728 

 
but can only find part-time jobs, are not considered unemployed. Given this 
difference in the definition of unemployment, the discrepancy in the unemployment 
rates may be smaller than it appears. In fact, the model’s unemployment rate is 
reasonably close to the expanded unemployment rate in the data which include 
discouraged workers and those who are working part-time for economic reasons as 
well as those who are officially unemployed. 

 
III. The Impact of UI for Entrepreneurs on the Economy 

 
We use the model in the previous chapter as a laboratory to simulate the impact 

of implementing UI for entrepreneurs. Under this new policy, entrepreneurs 
would be required to register for UI, just like wage workers, and would be eligible 
for UI benefits in the case of business closure. In general, UI benefits are granted 
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to those who are forced to leave their jobs. For wage workers, it is relatively 
easy to distinguish between layoffs and instances in which the worker voluntary 
quits. However, it is not easy to make such a distinction for entrepreneurs, who 
have more control over the decision to leave their businesses. In the current UI 
system in South Korea where entrepreneurs can voluntarily register, UI benefits 
are available to former entrepreneurs who have closed their businesses due to a 
reduction in income as well as due to illness or natural disasters. To be eligible 
for UI benefits, entrepreneurs must have experienced a loss of income for six 
months, a reduction in average monthly revenue over three consecutive quarters, 
or a decrease in average three-month revenue of more than 20 percent compared 
to the previous year. 

In our model, entrepreneurs make the decision to shut down their businesses, but 
the factors that drive these decisions are beyond their control. These uncontrollable 
factors are represented as productivity shocks in the model. Productivity 
encompasses not only an entrepreneur’s ability but also external factors that 
affect a business’s revenue. For example, a negative shock could be due to a 
competitor opening a new business nearby, which leads to a reduction in the 
entrepreneur’s revenue. If the entrepreneur decides to close their business due to 
this event, they are eligible for UI benefits despite the fact that it was their own 
decision to leave, as they had no control over the entry of the new competitor. 

The entrepreneur’s value function in this new policy scenario is given as 
follows: 
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Entrepreneurs pay UI contributions and receive UI benefits in the event of a 

business shutdown. The UI contribution rate for entrepreneurs, sτ  , is set to 
balance the UI budget, meaning that the amount of UI benefits spent is equal to 
the amount of UI contributions paid by entrepreneurs. We assume that the UI 
funds for entrepreneurs and wage workers are separate and distinct from each 
other. The equilibrium contribution rate is determined to be 1.67 percent. The 
level of UI benefits, sb , is calibrated to achieve an income replacement ratio of 
64.7 percent. Unlike wage workers, who pay only half of the UI contributions 
with their employers covering the rest, entrepreneurs are responsible for paying 
the full amount of their UI contributions. The UI system for wage workers remains 
unchanged from the benchmark economy. 

Table 3 compares a set of key variables between the benchmark economy and a 
counterfactual economy in which UI for entrepreneurs is implemented. Firstly, the share 
of entrepreneurs among the employed decreases from 24.5 percent in the benchmark 
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TABLE 3—UI FOR ENTREPRENEURS AND ITS IMPACT ON KEY ECONOMIC VARIABLES 

Moments Base Economy UI for Entrepreneurs Difference (%) 

Entrepreneurs / Employed 0.2453 0.2293 -6.5 

Employers / Entrepreneurs 0.2384 0.248 4.0 

Business closures / Workforce 0.0043 0.0044 2.3 

Unemployment rate 0.0892 0.0918 2.9 

Newly employed / Workforce 0.0779 0.0752 -3.5 

Labor market tightness 0.989 0.9197 -7.0 

Transfer payments 0.2625 0.245 -6.7 

 
economy to 22.9 percent in the counterfactual economy due to an increase in the 
number of entrepreneurs who choose to close their businesses. The monthly exit rate 
increases from 0.43 percent to 0.44 percent. In addition, the implementation of UI 
for entrepreneurs decreases the probability that job seekers will obtain a job. As the 
transition from entrepreneurship to unemployment increases and remaining 
entrepreneurs reduce their numbers of job postings, labor market tightness, the 
number of job vacancies available to each unemployed worker, decreases, leading to 
a decrease in the job-finding rate. Labor market tightness decreases from 0.99 in the 
benchmark economy to 0.92 in the counterfactual economy. As a result, the share of 
newly employed individuals in the workforce decreases from 7.8 percent in the 
benchmark economy to 7.5 percent in the counterfactual economy. The share of 
employers in the self-employed increases slightly5 . The unemployment rate rises 
from 8.9 percent to 9.2 percent as the average duration of unemployment increases 
as a result of a slack labor market. The expenditure on UI benefits increases due to 
higher unemployment; as a result, the deficit in the UI funds for wage workers 
widens6 . The government covers this deficit through income tax revenue, which 
results in a reduction of transfer payments workers receive from the government by 
around 6.7 percent. 

These changes in aggregate variables reflect the adjustments in agents’ 
behaviors in response to the policy change. The implementation of UI for 
entrepreneurs affects the decision-making process of entrepreneurs. Figure 1 
illustrates the entrepreneur’s exit decision. 
 

The exit value remains constant, as it does not depend on entrepreneurial 
productivity. On the other hand, the value of continuing the business increases with 
the entrepreneur’s realized productivity, as higher productivity results in higher 
profits. At the point where the value of continuing the business is equal to the value 
of exiting, the entrepreneur is indifferent between the two options. If the realized 
 

5The implementation of UI for entrepreneurs does not change the number of employers significantly. The 
proportion of employers among the self-employed increases mainly because the total number of self-employed 
individuals decreases due to the policy change. 

6 The deficit in the UI funds for wage workers occurs because the UI contribution rate for wage 
workers is exogenously set to a value consistent with the South Korean UI system, which does not ensure 
a balanced UI budget in the model. In contrast, the UI contribution rate for entrepreneurs is determined 
internally at a level that balances the UI budget, ensuring that the UI budget for entrepreneurs is always 
balanced. 
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productivity exceeds a threshold, the entrepreneur chooses to continue the business. 
Otherwise, they choose to exit. 

The implementation of UI for entrepreneurs changes the two value functions 
and thus changes the threshold. Both functions shift downwards. The value of 
staying in business decreases due to the added cost of UI contributions and reduced 
transfer payments from the government. The value of exiting the business also 
decreases, as former entrepreneurs experience a longer duration of unemployment 
as a result of a slack labor market, despite their receipt of UI benefits. 

As a result, in the counterfactual economy, the threshold moves to the right (see 
Figure 1), meaning that higher productivity is needed for the entrepreneur to stay in 
business. In other words, in the economy with UI for entrepreneurs, the entrepreneur 
continues the business only if higher productivity than that in the benchmark 
economy is realized. This leads to more business closures in the counterfactual 
economy. However, the extent to which the policy change influences the 
entrepreneur’s exit decision depends on the entrepreneur’s assets. High-asset 
entrepreneurs are better equipped to endure a longer duration of unemployment, 
making the benefit of receiving UI benefits relatively small for them. As a result, the 
value of exiting decreases more than the value of continuing the business. The 
threshold remains almost unchanged in this case (see Figure 1-b). Taken together, it 
is reasonable to assume that business closures mostly occur among low-productivity 
and low-asset entrepreneurs. Consequentially, the share of low-productivity 
entrepreneurs decreases in the economy with the new UI system. This change is 
depicted in Figure 2, where we observe that the distribution of entrepreneurs over 
productivity shifted to the right in the counterfactual economy. The average 
productivity level is approximately 5.8 percent higher compared to that in the 
benchmark economy. 

We now turn our attention to the welfare changes experienced by agents as a 
result of the implementation of UI for entrepreneurs. We compute the welfare 
change in terms of consumption equivalence, which is a common practice in the 
literature. Specifically, the welfare change,   , is derived from the following 
equation: 

 


10 10((1 ) ) ( )t t
t tt tE u e c u cEβ β∞ ∞
= =+ =  , 

 
where tc 	and tc 	denote consumption in the benchmark and in the counterfactual 
economy, respectively.    indicates the amount of consumption that an agent 
would need to pay (or be paid) in the counterfactual economy to maintain the 
same level of utility enjoyed in the benchmark economy. A positive value of   
indicates that the agent experiences higher welfare in the counterfactual 
economy, while a negative value implies the opposite. 

Table 4 presents the welfare changes for different types of agents. The 
implementation of UI for entrepreneurs reduces the average welfare by 
approximately 1.36 percent. The benchmark economy consists of four types of agents: 
wage workers, entrepreneurs, unemployed workers who qualify for UI, and unemployed 
workers who are ineligible for UI. The latter group includes former entrepreneurs  
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(a) a  = 0 
 

 
 

(b) a  = 1.5 
FIGURE 1. UI FOR ENTREPRENEURS AND CORRESPONDING IMPACT ON ENTREPRENEURIAL DECISION-MAKING 



VOL. 46 NO. 3 Economic Effects of Unemployment Insurance for Entrepreneurs in South Korea 81 

 
 

FIGURE 2. DISTRIBUTION OF ENTREPRENEURS OVER PRODUCTIVITY 

 
TABLE 4—UI FOR ENTREPRENEURS AND ITS IMPACT ON WELFARE 

 Welfare changes (%) 

Average -1.36 

Unemployed w/ UI -1.39 

Unemployed w/o UI -1.06 

Wage workers -1.39 

Entrepreneurs -1.27 

≤ Q1 -1.18 

> Q1, ≤ Q2 -1.27 

> Q2, ≤ Q3 -1.29 

> Q3 -1.28 

Note: Q1, Q2, and Q3 represent the first, second, and third quartiles of the distribution of entrepreneurial productivity. 

 
and former wage workers whose eligibility period has expired. 

The group that benefits most from the introduction of UI for entrepreneurs are 
those who are not eligible for UI in the benchmark economy. Their welfare 
reduction is relatively low at 1.06 percent. While they receive UI benefits that 
were unavailable in the benchmark economy, their welfare still decreases due to 
a slack labor market, which decreases the probability of obtaining a wage job, 
resulting in the possibility of longer unemployment. However, due to additional 
UI benefits, their welfare reduction is lowest among all agent types. 

The group that is least benefited from the new policy are the wage workers and 
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unemployed workers who already qualify for UI, including former wage workers 
whose eligibility period has not yet expired. As they were already receiving UI 
benefits, they do not receive any additional benefits from the new policy. 
However, they still have to bear the cost of the policy, which includes a slack 
labor market and reduced transfer payments. As a result, their welfare decreases 
by around 1.39 percent. 

Finally, we examine the welfare changes of entrepreneurs. Our results indicate 
that the implementation of the new policy leads to a reduction in welfare of 
approximately 1.27 percent. While entrepreneurs benefit from the provision of 
receiving UI benefits, the cost of paying UI contributions and the decrease in 
transfer payments offset this benefit. The magnitude of the reduction in welfare 
varies according to entrepreneurial productivity, with relatively less productive 
entrepreneurs experiencing a smaller welfare reduction. For entrepreneurs in the 
lowest productivity quartile, the welfare reduction is only around 1.18 percent. As 
they are more likely to face a high risk of business closures than highly productive 
entrepreneurs, the potential benefits of registering for UI are greater for them. 

The welfare analysis reveals that the implementation of UI for entrepreneurs 
comes with the underlying cost of a slack labor market. The requirement to pay 
UI contributions increases business closures and reduces new hiring, ultimately 
leading to a slack labor market. Unemployment rates increase due to lower job-
finding rates and longer durations of unemployment, thereby placing pressure on 
the UI fund budget as expenditures on UI benefits rise. As the government 
compensates for the deficit by reducing transfer payments to households, the 
increased burden is felt throughout the economy. These findings suggest that in 
order to minimize the negative effects of UI for entrepreneurs, a complementary 
policy is needed to limit the increase in business closures and the reduction in hiring. 

 
IV. Exploring alternative designs of UI for entrepreneurs 

 
This section explores alternative designs of UI for entrepreneurs. We present a 

challenging issue regarding the allocation of the share of UI contributions by 
employers. Unlike wage workers, entrepreneurs do not have employers to share the 
costs of UI contributions and are therefore solely responsible for paying the entire 
amount. As demonstrated in the previous section, overburdening entrepreneurs with 
too much financial responsibility could exacerbate the adverse effects of UI for 
entrepreneurs. One potential solution is for the government to subsidize a portion of 
the UI contributions paid by entrepreneurs. However, before implementing such a 
policy, it is crucial to evaluate its potential costs and benefits carefully to ensure that 
the benefits outweigh the costs. To accomplish this, we conduct a comparative 
analysis of social welfare in a scenario in which the government subsidizes part of 
the UI contributions paid by entrepreneurs and in a scenario in which entrepreneurs 
are fully responsible for paying all UI contributions. 

We propose three different scenarios for implementing UI for entrepreneurs. 
The first is that discussed in the previous section, where entrepreneurs bear the 
entire cost of UI contributions. In the second and third scenarios, the entrepreneur 
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and the government share the burden of UI contributions. In scenario 2, the 
government covers 50 percent of the UI contributions paid by each entrepreneur, 
while in scenario 3, the government subsidizes UI contributions selectively, with 
a larger portion of the contributions covered for entrepreneurs with lower 
incomes. In all three scenarios, the UI budget for entrepreneurs is separate from 
that for wage workers, and the UI contribution rate for entrepreneurs is 
determined to ensure that the UI budget is balanced. The government finances 
each policy scenario by reducing the transfer payments to households. 

Table 5 and 6 illustrate the changes in key economic variables and welfare for 
each policy scenario. As previously discussed, when entrepreneurs are solely 
responsible for the cost of UI contributions, financially constrained entrepreneurs 
either close their businesses or reduce hiring, resulting in labor market slackness and 
higher unemployment rates. The increased unemployment puts additional pressure 
on the UI budget for wage workers, ultimately leading to a reduction in transfer 
payments to households, as the government injects additional expenditures to fill the 
deficit. Consequently, the average welfare under this policy scenario is 1.36 percent 
lower than in the benchmark economy where UI for entrepreneurs is not available. 

In policy scenario 2, the burden of paying UI contributions on entrepreneurs 
is alleviated by the government sharing the cost. This leads to fewer business 
closures. Although the share of entrepreneurs in this economy is still lower (23.7 
percent) than in the benchmark economy (24.5 percent), it is higher than in policy  

 
TABLE 5—DIFFERENT UI DESIGNS AND KEY ECONOMIC VARIABLES 

 Base Policy 1 Policy 2 Policy 3 

Entrepreneurs / Employed 0.2453 0.2293 0.2371 0.2389 
Employers / Entrepreneurs 0.2384 0.248 0.2395 0.2208 
Business closures / Workforce 0.0043 0.0044 0.0043 0.0043 
Unemployment rate 0.0892 0.0918 0.0902 0.0899 
Newly employed / Workforce 0.0779 0.0752 0.0745 0.0744 
Labor market tightness 0.989 0.9197 0.9823 0.9892 
Transfer payments 0.2625 0.245 0.2522 0.2586 

 
TABLE 6—DIFFERENT UI DESIGNS AND WELFARE CHANGES (%) 

 Policy 1 Policy 2 Policy 3 

Average -1.36 -0.63 -0.06 

Unemployed w/ UI -1.39 -0.66 -0.09 

Unemployed w/o UI -1.06 -0.33 0.24 

Wage workers -1.39 -0.67 -0.1 

Entrepreneurs -1.27 -0.48 0.08 

≤ Q1 -1.04 -0.41 0.17 

> Q1, ≤ Q2 -1.25 -0.48 0.1 

> Q2, ≤ Q3 -1.28 -0.5 0.06 

> Q3 -1.28 -0.5 0.06 

Note: Q1, Q2, and Q3 represent the first, second and third quartiles of the distribution of entrepreneurial productivity. 
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scenario 1 (22.9 percent). Additionally, the reduction in hiring is less severe. Thus, 
the labor market is seven percent tighter than in policy scenario 1. The 
unemployment rate in this economy is nine percent, which is lower than the rate of 
9.2 percent in scenario 1. Furthermore, each household receives transfer payments 
that are three percent higher due to the narrowing of the UI fund deficit. 

A tighter labor market and higher transfer payments in scenario 2 improve 
social welfare significantly. Although the average welfare in scenario 2 is 0.63  
percent lower than that in the benchmark economy, this decrease is much less 
severe than that of scenario 1. This suggests that sharing the cost for 
entrepreneurs mitigates the adverse effects of implementing UI for them. The 
primary factor contributing to the increase in social welfare is the rise in hiring. 
Additionally, the increased government expenditure on subsidizing entrepreneurs 
is counterbalanced by a reduced need to compensate for the UI budget deficit. 

In policy scenario 3, social welfare is increased further by targeting 
entrepreneurs with lower incomes for the subsidy. The UI contribution paid by 
the government is higher for entrepreneurs with lower incomes. For entrepreneurs 
in the lowest income bracket, the government covers 70 percent of the UI 
contributions. Conversely, for entrepreneurs in the upper highest income bracket, 
the government only covers 30 percent. Generous subsidies targeted at entrepreneurs 
with relatively low incomes significantly reduce the number of business closures, 
as entrepreneurs who are financially stressed are more likely to shut down their 
businesses due to the implementation of UI for entrepreneurs. Consequently, the 
share of entrepreneurs in scenario 3 is higher at 23.9 percent compared to the 
first two scenarios. More businesses in the economy lead to a tighter labor market 
and a lower unemployment rate, which together ease the UI budget deficit. As a 
result, transfer payments for households are 2.5 percent higher than in scenario 2. 

The results show that implementing scenario 3 leads to a slight reduction in social 
welfare by an average of 0.06 percent. However, this policy benefits unemployed 
individuals who were originally ineligible for UI benefits, who enjoy a welfare 
gain of 0.24 percent. The welfare of entrepreneurs also increases by 0.08 percent, 
with the most significant gains observed among those in the lowest income 
bracket, whose welfare increases by 0.17 percent. In contrast, entrepreneurs in 
the highest income bracket experience a more modest increase of 0.06 percent. 
In terms of wage workers and unemployed individuals who were already eligible 
for UI benefits, those who benefit the least from the new policy, their welfare 
loss is only 0.1 percent, which is relatively small compared to the other policy 
options. Overall, the results suggest that scenario 3 is a more efficient design for 
UI for entrepreneurs, as this scenario improves welfare for the target group while 
minimizing negative effects on other agents in the economy. 

 
V. Comparison with other social protection policies 

 
Next, we assess UI for entrepreneurs in comparison with other social 

protection policies. As UI for entrepreneurs is not the sole means of providing 
a social safety net to entrepreneurs, it is essential to determine its superiority 
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over other alternatives. One such alternative is unemployment assistance (UA), 
which offers financial support to all unemployed workers, including those 
ineligible for UI benefits. Unlike UI, UA is funded by taxes, making it less 
financially burdensome for entrepreneurs. However, the amount of financial 
support provided by UA does not typically match that by UI. 

The amount of UA benefits is determined to ensure that the government 
budget is balanced. As with UI for entrepreneurs, as the government increases 
expenses to provide UA benefits to the unemployed, transfer payments for 
households are likely to decrease. To ensure a fair comparison, we fix the 
amount of transfer payments at the level in Scenario 3, which yields the most 
favorable welfare outcome among different designs of UI for entrepreneurs. The 
equilibrium UI benefits amount to approximately 34 percent of UI benefits for 
entrepreneurs. Unlike UI, there is no limit to the duration of receipt for UA. UI 
for wage workers remains unchanged from that in the benchmark economy. Both 
wage workers whose UI eligibility period has expired and former entrepreneurs 
are eligible to receive UA benefits. 

In the economy where UA is implemented, entrepreneurs have a means to prepare 
for the risk of shutdown despite the fact that the UA benefits are small. This decrease 
in the shutdown cost is similar to the effect of UI for entrepreneurs. However, given 
that entrepreneurs do not have to pay UI contributions in this economy, fewer 
entrepreneurs choose to shut down compared to the number with mandatory UI for 
entrepreneurs. As a result, in the economy with UA, the share of entrepreneurs 
among the employed is higher than in Scenario 3 (see Table 7). 

Additionally, the implementation of UA increases the number of job vacancies 
that employers post. In the model economy, entrepreneurs engage in 
precautionary savings to prepare for the risk of shutdown. With the introduction 
of UA, the costs associated with shutdown decrease, prompting entrepreneurs to 
reduce the amount of precautionary savings and hire more employees 8 . 
Consequently, this leads to an increased number of job vacancies, and the labor 
market becomes tighter. In the economy with UA, the labor market tightness is 
approximately 0.2% higher than in UI scenario 3. 

Social welfare experiences a slight decrease of 0.08% from the benchmark economy, 

 
TABLE 7—COMPARISON ACROSS DIFFERENT SOCIAL PROTECTION POLICIES: KEY ECONOMIC VARIABLES 

 Base Policy 3 UA YU 

Entrepreneurs / Employed 0.2453 0.2389 0.2417 0.2473 

Employers / Entrepreneurs 0.2384 0.2208 0.2382 0.2193 

Business closures / Workforce 0.0043 0.0043 0.0043 0.0043 

Unemployment rate 0.0892 0.0899 0.0896 0.089 

Newly employed / Workforce 0.0779 0.0744 0.0783 0.0777 

Labor market tightness 0.989 0.9892 0.9912 0.9892 

Transfer payments 0.2625 0.2586 0.2586 0.2586 

 
8 This effect is also found in the case of UI for entrepreneurs. However, in that scenario, entrepreneurs 

are reluctant to increase hiring due to the burden of paying UI contributions. 
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showing a slightly larger decline compared to UI scenario 3 (see Table 8). Welfare 
losses for wage workers and unemployed workers originally eligible for UI are 
relatively similar between the economy with UA and Scenario 3. However, 
entrepreneurs and unemployed workers ineligible for UI appear to fare better with 
UI for entrepreneurs than with UA, as they receive more benefits in the former case. 
Entrepreneurs with the lowest productivity witness the most substantial welfare gain 
of 0.03% with UA. 
 

Another alternative is to incentivize entrepreneurs to build buffer savings 
voluntarily to prepare for the risk of a shutdown by providing a subsidy to their 
capital income. This approach is inspired by the Yellow Umbrella Mutual Aid 
Fund of South Korea, which offers tax deductions to small business owners who 
save for a potential shutdown or for retirement. Similar to the UA case, we keep 
the transfer payments fixed at the level in UI policy scenario 3, and the subsidy 
rate is set to maintain a balanced government budget. The equilibrium rate 
is estimated to be 5.4 percent, implying that entrepreneurs receive a subsidy 
equivalent to 5.4 percent of their capital income. 

The subsidy provided to entrepreneurs’ capital income leads to a reduced rate 
of business shutdowns, which in turn increases the share of entrepreneurs in the 
economy compared to the benchmark economy. With fewer shutdowns 
occurring, the unemployment rate in this economy decreases to a lower level than 
in both Scenario 3 and the economy with UA. 

With the incentive to save more, entrepreneurs reduce their spending on 
consumption and hiring, which leads to a decrease in labor market tightness and 
social welfare. The decrease in the number of job vacancies posted results in 
lower labor market tightness. Social welfare experiences a relatively large 
decrease of 0.3 percent compared to other policy scenarios, primarily due to the 
reduction in present consumption. 

In summary, among social protection policies for entrepreneurs, UA 
maximizes hiring, while the subsidy to entrepreneurs’ capital income minimizes 
business shutdowns. However, when considering social welfare, UI for 
entrepreneurs with selective government subsidies on UI contributions appears 
to be the most favorable option. 

 
VI. Concluding Remarks 

 
In this study, we utilized a model-based approach to investigate the effects of 

a mandatory unemployment insurance (UI) policy for entrepreneurs in the 
economy. Surprisingly, our findings show that the implementation of UI for 
entrepreneurs results in welfare losses for all types of agents, including 
entrepreneurs and those previously ineligible for UI benefits, the main 
beneficiaries of the policy. This unexpected outcome is attributed to the 
changes in entrepreneurs’ hiring decisions due to the policy. With the burden of 
paying UI contributions, entrepreneurs choose to post fewer job vacancies, 
leading to a slack labor market and reduced job-finding rates. The welfare gains  
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TABLE 8—COMPARISON ACROSS DIFFERENT SOCIAL PROTECTION POLICIES: WELFARE CHANGES (%) 

 Policy 3 UA YU 

Average -0.06 -0.08 -0.31 

Unemployed w/ UI -0.09 -0.10 -0.32 

Unemployed w/o UI 0.24 0.04 -0.32 

Wage workers -0.10 -0.11 -0.32 

Entrepreneurs 0.08 0.00 -0.29 

≤ Q1 0.17 0.03 -0.31 

> Q1, ≤ Q2 0.10 0.01 -0.29 

> Q2, ≤ Q3 0.06 -0.01 -0.28 

> Q3 0.06 -0.01 -0.28 

Note: Q1, Q2, and Q3 represent the first, second, and third quartiles of the distribution of entrepreneurial productivity. 

 
from receiving UI benefits are offset by the prolonged duration of unemployment. 
Moreover, the slack labor market contributes to higher unemployment rates, 
leading to an increase in the UI budget deficit. To cover this deficit, the government 
reduces transfer payments for households, further reducing social welfare. 

Our experiment demonstrates that implementing complementary policies to 
alleviate the financial burden on entrepreneurs can improve social welfare. By 
providing a government subsidy to UI contributions paid by entrepreneurs, we 
observed in the model a reduction in business shutdowns and an increase in job 
vacancies, mitigating the adverse effects of implementing UI for entrepreneurs. 
These subsidies are particularly effective when they target entrepreneurs in the 
lower end of the productivity distribution, resulting in increased welfare for this 
group. Compared to other social protection policies, this modified version of UI 
for entrepreneurs proves to be more welfare-enhancing. 

We conclude by addressing the limitations of our findings. Our model may 
underestimate the potential positive impacts of UI for entrepreneurs due to a 
couple features. Firstly, the implementation of UI for entrepreneurs could 
incentivize the creation of more firms by increasing the value of starting businesses, 
thereby tightening the labor market. However, given that entrepreneurial entry is 
exogenously determined in our model, we do not capture this positive effect 
of the new UI scheme. Secondly, as the exits induced by the new UI system 
primarily affect low- productivity entrepreneurs, the aggregate productivity of 
the economy could increase. Because our model does not include aggregate 
productivity, we do not consider this cleansing effect of UI for entrepreneurs. 
We leave these aspects for future research. 
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APPENDIX 
 

A. Entrepreneurs’ exit decisions 
 
Figure 3 depicts the policy function *( , )z a n  , which illustrates how the 

optimal productivity threshold for entrepreneurs varies with their asset levels and 
the number of employees. *z   decreases as assets increase, suggesting that 
entrepreneurs with higher asset levels are more likely to continue their business 
despite low realized productivity, while those with lower assets require higher 
productivity to survive. The number of employees does not appear to have a 
significant impact on *z . Upon implementing UI for entrepreneurs, the policy 
function shifts upward, indicating that a higher level of productivity is required 
to prevent business closure under the new UI system. This shift is particularly 
pronounced for entrepreneurs with lower asset levels. As asset levels increase, 
the difference between the policy functions diminishes, suggesting that business 
closures are more prevalent among entrepreneurs with lower asset levels. 

 

 

                     FIGURE A1. POLICY FUNCTION FOR z  

 
B. Computational Appendix 

 
We start by discretizing the state space for assets and entrepreneurial 

productivity. Productivity, which is assumed to follow a continuous AR(1) 
process, is discretized using the method proposed by Tauchen (1986). We jointly 
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solve for equilibrium and calibration procedures by following the algorithm below. 
 

1. Guess a vector of parameters ( , , , ,u exitA Cκ λ δ  ), market tightness, and 
government transfer payments. 

2. Compute the policy functions for consumption, the number of vacancies 
posted, and exit decisions by solving the problems for each type of worker 
and entrepreneur. 

3. Update the value functions. 
4. Repeat steps 1-3 until the value functions converge. 
5. Using the policy functions obtained above and the initial distributions of 

assets and productivity, calculate the distributions of workers and 
entrepreneurs. We assume that individuals in the model economy start with 
no assets and that the initial distribution of entrepreneurial productivity 
follows a normal distribution. 

6. Compute the government surplus or deficit from the government budget 
constraint and update the government transfer payments. 

7. Update the market tightness. 
8. Compute the model moments. 
9. Repeat the whole process until the difference between model moments and 

corresponding data targets is small enough, the government budget 
constraint is balanced, and the market tightness converges. 

 
C. Case of a joint UI budget 

 
In this section, we extend the model by combining the UI budget for both 

wage workers and entrepreneurs. The contribution rate is set such that the 
combined UI budget is balanced. The joint equilibrium contribution rate turns 
out to be around 2.8 percent. This means both wage workers and entrepreneurs 
now face higher UI contributions. 

Compared to the scenario with a separate budget, the most significant 
difference is observed in the responses of employers, who reduce the number of 
employees rather than closing down their businesses. Because entrepreneurs 
share the burden of employees’ UI contributions, the cost of maintaining 
employees becomes too high with the increased rate. Table 9 shows that the share 
of entrepreneurs is higher in the case of a joint budget, while the share of 
employers is lower. Despite the reduced number of employers, labor market 
tightness does not decrease due to the decreased inflow to employment from 
entrepreneurs. Also, the size of government transfers received by individuals 
increases because there is no longer a need to offset the UI budget deficit. 

These changes result in significant welfare enhancements. Table A2 shows that 
with the joint budget, the welfare losses from introducing UI for entrepreneurs are 
much smaller. The average welfare is only 0.14 percent lower than in the benchmark 
economy where there is no UI for entrepreneurs; entrepreneurs and originally UI-
ineligible unemployed workers experience welfare gains. The average welfare loss 
of -0.14% is substantially smaller than in the case of a separate budget (-1.36%), and 
almost equivalent to that in Policy 3 (-0.06%) in Section 4, which is the most welfare-
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enhancing scenario. 

 
TABLE A1—JOINT BUDGET AND KEY ECONOMIC VARIABLES 

 Base Joint budget Separate budget 

Entrepreneurs / Employed 0.2453 0.2475 0.2293 

Employers / Entrepreneurs 0.2384 0.2181 0.248 

Business closures / Workforce 0.0043 0.0043 0.0044 

Unemployed rate 0.0892 0.0891 0.0918 

Newly employed / Workforce 0.0779 0.0736 0.0752 

Labor market tightness 0.989 0.979 0.9197 

Transfer payments 0.2625 0.2725 0.245 

 
TABLE A2—JOINT BUDGET AND WELFARE CHANGES (%) 

 Joint budget Separate budget Policy 3 

Average -0.14 -1.36 -0.06 

Unemployed w/ UI -0.18 -1.39 -0.09 

Unemployed w/o UI 0.16 -1.06 0.24 

Wage workers -0.19 -1.39 -0.1 

Entrepreneurs 0.03 -1.27 0.08 
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