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Abstract

The semiconductor industry stands at the center of the intensifying Sino-American trade conflict.
Employing a multi-country, multi-sector general equilibrium modeling framework with imperfect
competition and heterogeneous firms, we perform qualitative and quantitative analyses of protec-
tionist semiconductor measures. The paper offers two innovations in assessing the macroeconomic
impact of current trade restrictions in the semiconductor industry model. First, our model of the
semiconductor industry takes into account semiconductor varieties at different technological levels
with different substitutability. Second, we model trade restrictions using a novel approach to export
bans on semiconductor varieties that is consistent with US policy. Our simulation results suggest
that the trade restrictions imposed by the US and its allies consistently lead to a decline in Chinese
GDP and welfare. The US also loses, but to a lesser extent. The effect of trade diversion favors the
rest of the world. Our simulations further confirm that the US semiconductor industry is likely to be

harmed by the restrictions, while China’s could be strengthened.
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1 Introduction

Over recent years, technology and complex policy questions at the nexus of technology and secu-
rity have gained increasing importance in US-China trade. The US introduced a raft of policies to
slow the pace at which China acquires new technology. Policies to promote technological disen-
gagement or “decoupling” focus on three areas: investment restrictions that make it harder for
Chinese firms to acquire US assets and repatriate associated technology, export controls that limit
China’s access to sensitive US technology, and fariffs on intermediate goods that impede efficient
production.

The quest for global economic leadership has resulted in geopolitical factors gaining trac-
tion in shaping cross-border trade with many countries adopting initiatives geared to influencing
the relocation of their international firms’ activity and the reorganization of global value chains.
Embodiments of the legal push to technological autonomy include the US Innovation and Com-
petition Act of 2021 and the European Chips Act aimed at enhancing US and European semicon-
ductor production capacity and research.! Russia’s invasion of Ukraine has catapulted the issue of
risk in global supply chains to the top of the current policy agenda.?

Since his inauguration, president Joe Biden has largely maintained the tough line of his
predecessor by refusing to reverse the tariff hikes on Chinese exports imposed during the Trump
administration.? Biden has also put semiconductor fabrication, quantum computing, high-end ar-

tificial intelligence, satellite communication and fifth-generation networks at the heart of US strat-

! The CHIPS and Science Act of 2022 provides USD 54 billion in grants for semiconductor manufacturing and re-
search and a tax credit covering 25% of investments in semiconductor manufacturing through 2026. The European
Chips Act aims to mobilize EUR 43 billion in policy-driven investment for the EU’s semiconductor industry by 2030.
The policies represent a notable shift from a long-held opposition to industrial subsidies seen as detrimental to inter-
national competition. Grossman et al. (2021) have recently presented a theoretical model that analyzes various onshore
and offshore modes of business organization in an environment with supply chain disruptions. In the case of CES
preferences, government subsidies promoting backup sources of input supply is socially optimal.

2 The recent increase in US-China trade protectionism is unprecedented in terms of the scope and the type of trade
frictions. Irwin (2017) presents a comprehensive review of the history of US trade policy. A growing body of research
has studied the effects of the Sino-American trade dispute. For an analysis of the Sino-American “Phase One” deal
enacted in early 2020, see Funke and Wende (2023). Fajgelbaum and Khandelwal (2022) have reviewed the research
examining the economic impacts of the trade conflict.

3 In June 2021, the US Congress passed with bipartisan support the Strategic Competition Act of 2021, which labels
China a strategic competitor in several areas, including trade, technology, and security. The legislation enshrined
decoupling in US law.
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egy towards China. The technology separation and disruption manifests itself above all in the sem-
iconductor industry. Since mighty semiconductors are the brains of high-tech products, Peter
Dicken (2015) has described the microelectronics industry as today’s “industry of industries”.

As the US-China rivalry broadens from trade to technology, the stakes for China rise.
China can no longer count on a growing pool of labor or debt-fueled investment to provide future
growth — it needs efficient deployment of leading-edge technology across its economy. Thus,
China must efficiently allocate capital in projects with high marginal returns. As these projects are
likely technology rich, the special role of semiconductors will become increasingly part of an ever-
broadening swath of end applications.

US policy towards China’s semiconductor industry aims at crippling China’s access to
critical technologies needed for products at the technological frontier.* In response, China has
announced ambitious plans for the development of its semiconductor industry to create a closed-
loop semiconductor manufacturing industry with self-sufficiency at every stage of the manufac-
turing process (Kim and VerWey, 2019; VerWey, 2019a and 2019b).

Off-the-shelf open economy macro models inadequately represent the evolution of the
semiconductor trade dispute. With global production processes fragmented across countries, the
effects of tariffs, export embargos, or both, propagate through supply chains. Firms in downstream
industries suffer from protectionist measures upstream. Surprisingly, little seems to be known
about what the semiconductor trade conflict might entail for the US, China, or the rest of the world.
We aim to fill this gap in the literature by assessing the impact of semiconductor-related trade
policy restrictions. The open economy macro model employed is reminiscent of the approaches
by Melitz (2003) and Ghironi and Melitz (2005). Rather than merely conducting a comparative-
static analysis, this dynamic approach allows us to look at the medium-term adjustment path.
Given the imminent technology rivalry, such a medium-term macro-economic impact assessment
of tariff and non-tariff supply chain disruptions and geopolitical considerations is highly relevant
to the shaping of appropriate policies at national and supranational levels.

The road map to the rest of the article is as follows. Section 2 reviews China’s imports of
semiconductors as well as the corresponding US export control measures in recent years. Section
3 lays out the multi-country and multi-sector modelling framework. Section 4 moves on to the

model calibration, and Section 5 illustrates, through the lens of our model, the impact of various

4 For an analysis of the semiconductor industry in the geopolitical spotlight, see Bown (2020).
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protectionist trade policy measures. Section 6 presents the welfare effects. Finally, Section 7 con-
cludes. To the best of our knowledge, the paper is the first to quantify the global trade and welfare
effects of the Sino-American semiconductor trade dispute. The data and codes for the paper are

available in an online replication package.

2 How semiconductors became a geopolitical flashpoint

As the building blocks of the information economy and emerging fields such as artificial intelli-
gence, autonomous vehicles, 5G networks, and quantum computing, semiconductors play a special
role in decoupling. Semiconductor fabrication is highly fragmented and characterized by four
stages in the global supply chain: semiconductor design, manufacturing, software, and semicon-
ductor manufacturing equipment.’

While US companies lead in the design of semiconductors, the manufacturing of cutting-
edge semiconductors rests to a large degree on two companies: Samsung Electronics (SE) in South
Korea and the Semiconductor Manufacturing Company (TMSC) in Taiwan. Both rely on US tech-
nology. The highest-performance chips currently available are produced using the 5-nanometer
(nm) manufacturing process (one nanometer equals a billionth of a meter). Smaller nanometer
process nodes are important because they boost circuit performance and reduce power consump-
tion. Compared to 7-nm technology, 5-nm technology offers a roughly 15 % speed improvement
or about 30 % reduction in power consumption. TSMC seeks to implement 3-nm manufacturing
in 2022. In October 2021, SE confirmed it will manufacture advanced 3-nm semiconductors in
2022. It also announced plans to mass-produce 2-nm chips starting in 2025. China’s most advanced
chipmaker is the Shanghai-based Semiconductor Manufacturing International Corporation
(SMIC). It is heavily dependent on foreign technology for chip manufacturing. Currently, SMIC’s
most advanced process node is 7 nm, putting SMIC some distance from the technology frontier.

Against the background of the current trade disputes, China is pursuing its own dual strat-

egy to protect itself from the impacts of the ever-widening US technology ban. China’s short-term

3 For the sake of tractability, intermediate semiconductor production in the model is assumed here to be a monolithic
industry. The industry obviously consists of numerous intertwined production stages, but here we do not attempt a
deep dive into the myriad of technical details about advancing semiconductor manufacturing (Waldrop, 2016). For an
illustrative diagram of the multi-stage semiconductor supply chain, see https://www.piie.com/research/piie-charts/us-
trying-use-export-controls-restrict-huaweis-access-semiconductors.
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response has been to import more semiconductors. Over the long term, China aspires to master
choke-point semiconductor technology and become a self-reliant technological and manufacturing
powerhouse (Mallapaty, 2021).% Another tit-for-tat maneuver is China’s blocking legislation, ap-
proved in June 2021, which aims at prohibiting foreign companies in China from complying with
extraterritorial US controls.” For an analysis of the potential fallout from this retaliatory measure,

see Lovely and Schott (2021).

Figure 1. China’s Imports of Semiconductors, 2017:1-2022:7 (Taiwan, South Korea, Japan, US,
Malaysia, Philippines, and Vietnam).
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Notes: The chart shows direct Chinese imports of semiconductors as defined in Harmonized System Codes 8541 and
8542 from the top seven origin countries. HS code 8541: Diodes, transistors and similar semiconductor devices, pho-
tosensitive semiconductor devices, including photovoltaic cells whether assembled in modules or made up into panels,
light emitting diodes, mounted piezoelectric crystal. HS code 8542: Electronic integrated circuits and micro assem-
blies and parts thereof. Source: China’s General Administration of Customs (http://43.248.49.97/indexEn).

¢ The Chinese government considers the semiconductor industry a top priority in its quest to achieve broad-based
technological leadership. See https:/www.bloomberg.com/news/articles/2021-06-17/xi-taps-top-licutenant-to-lead-
china-s-chip-battle-against-u-s. For an up-to-date review of China’s state-led semiconductor policy emphasizing ac-
celerated technological catchup and increased self-reliance, see https://merics.org/en/report/mapping-chinas-semicon-
ductor-ecosystem-global-context-strategic-dimensions-and-conclusions.

" The US export restrictions to China have an extraterritorial reach as the US has significantly broadened the scope of
its export ban with wide-ranging export license requirements for products made using US-origin software, technology
or equipment, irrespective of where the goods have been produced.
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Figure 2. China’s imports of semiconductor manufacturing equipment, 2017:1 — 2022:7, (Japan,
South Korea, Taiwan, Netherlands, US, and Singapore).
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Notes: The chart shows China’s imports of semiconductor manufacturing equipment as defined in Harmonized System
Code 8446 from the top six origin countries. HS code 8486: Machines and apparatus of a kind used solely or princi-
pally for the manufacture of semiconductor boules or wafers, semiconductor devices, electronic integrated circuits or
flat panel displays. Source: China’s General Administration of Customs (http://43.248.49.97/indexEn).

Figures 1 and 2 provide an overview of semiconductor imports of all types and the machinery and
equipment used in their fabrication. Figure 1 shows China’s imports of computer chips of any kind
from the top seven origin countries from January 2017 to July 2022. Taiwan had the largest import
market share, followed by Korea, with orders at TSMC and other firms climbing and Taiwan’s
economic growth outpacing China’s for the first time in 30 years. Soaring demand also contributed
to global shortages of chips for carmakers, forcing some auto plants to halt production. Figure 2
displays China’s imports of equipment of manufacture semiconductors from the top six origin
countries from January 2017 to July 2022. It is apparent that Chinese firms have ramped up their
purchases of the machines to accelerate the localization of high-end semiconductor manufacturing.
This comports with China’s strategic goal of developing a self-sufficient Chinese semiconductor
industry with reduced reliance on foreign know-how.

Developments in recent years have taken place against the backdrop of numerous trade
policy escalations involving semiconductors. In 2018, the US imposed a 25 % tariff on semicon-
ductor imports under Section 301 of the US Trade Act of 1974. The US government pointed out
that, in addition to providing subsidies, China required US firms to engage in joint ventures with

Chinese firms, which resulted in the forcible transfer of technology as a quid pro quo for access to
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the Chinese market. China responded with retaliatory tariffs, with a carve-out for integrated cir-
cuits and manufacturing equipment. To implement semiconductor policy, the US Export Control
Reform Act (ECRA) gives the president authority to control dual-use exports for national security.
The US Department of Commerce Bureau of Industry and Security (BIS) administers export con-
trols on dual-use items through the Export Administration Regulations (EAR), a set of regulations
that include the Commerce Control List (CCL) of dual-use technologies subject to controls. The
EAR establishes licensing policies for specific destinations, end uses, and end-user controls (Sutter
and Casey, 2022). Huawei and its affiliates, which were among the many targets of these export
control measures, ended up on the BIS Entity List (EL) in May 2019. The EL identifies entities
that are or may be engaged in activities contrary to US national security or foreign policy interests.
The BIS generally requires approval for any US export of EAR goods to entities on the list.

It soon became apparent that the initial US export control measures were off target. They
were overbroad in some respects and too narrow in others. The general semiconductor export em-
bargo in many cases applied to semiconductors that had no significance for US national security.
Indeed, the broad export embargo policy design led to significant competitive disadvantages for
the US semiconductor industry. Chinese firms could also circumvent the measures simply by sub-
stituting US semiconductors with similar products made in Europe, Japan, South Korea or Taiwan.
As shown in Figure 1, the 2019 controls failed to stop Huawei from buying the semiconductors
from either the Taiwanese TSMC or the South Korean SE. To correct this upside-down export
control policy, the US expanded the jurisdictional reach of its export controls through the foreign
direct product rule (FDPR) in May and August 2020. The new rule stated that it was an EAR
violation to provide Huawei and its affiliates semiconductors and other items manufactured out-
side the US using specified technology or software subject to the EAR or produced in a plant or
by equipment that itself is the direct product of certain US-origin technology or software. At the
end of 2020, this exterritorial provision was also applied to SMIC.

At the beginning of October 2022, the most far-reaching export restrictions to date were
imposed. The rules seek to establish a more comprehensive policy that blocks the supply of cut-
ting-edge exports to a range of Chinese technology companies and cuts off China’s nascent ability

to produce advanced chips domestically. Businesses will no longer be allowed to supply China
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with advanced computing chips, chipmaking equipment or related products without a special li-
cense. Under the foreign direct product rule, these regulations are binding worldwide. In addition,
28 more businesses were added to the Entity List.®

In 2019, BIS reviewed licenses of software and technology exports to China worth USD
6.8 billion. This number increased to USD 106.1 billion in 2020 and to USD 544.9 billion in 2021.
In the years 2019, 2020 and 2021, 64.7 % (1.5 %), 27.4 % (0.5 %) and 42.1 % (53.4 %) were ap-
proved (denied), respectively. The remaining license applications were returned due to incomplete
application documents. The trend reversal in the first half of 2022, seen clearly in Figures 1 and 2,

reflects the rise of these trade restrictions.

Table 1. US export control actions with regard to semiconductors, 2021-2022

Date Export control action

April 8, 2021 BIS adds 7 Chinese supercomputing entities to Entity List.

July 9, 2021 BIS adds 34 entities to the Entity List: 19 related to China, 14 for enabling human
rights abuses in Xinjiang, and 5 for using US technology to fuel China’s military
modernization efforts.

November 24, BIS adds 8 technology entities based in China to the Entity List to prevent US
2021 emerging technologies from being used for China’s quantum computing efforts
that support military applications.

December 16, BIS adds 34 Chinese entities including China’s Academy of Military Medical

2021 Sciences and 11 of its research institutes, as well as 22 corporate entities includ-
ing several semiconductor companies.

February 7, BIS adds 33 parties based in China to its Unverified List. Most firms listed are

2022 high-tech manufacturers.

August 12, 2022 | The US implements new multilateral controls on advanced semiconductor and
gas turbine engine technologies.

August 31, 2022 | US officials instruct Nvidia to stop selling its A100 and H100 graphics pro-
cessing units to customers in China. AMD receives new license requirements that
prevent its MI250 artificial intelligence chips from being exported to China. The
BIS issues no official announcement.

October 7, 2022 | Firms are no longer allowed to supply advanced computing chips, chipmaking
equipment and other products to China unless they receive a special license. In
particular, exports are banned for cutting-edge graphic processing units used to
power Al applications. 28 more businesses are added to the EL.

Source: US Department of Commerce press releases. See https:/www.commerce.gov/news/press-releases and
https://www.reuters.com/technology/nvidia-says-us-has-imposed-new-license-requirement-future-exports-china-
2022-08-31/.

8 The latest businesses to be added include Beijing Sensetime Technology Development, Dahua Technology, Higon,
iFLYTEK, Megvii Technology, Sugon, Tianjian Phytium Information Technology, Sunway Microelectronics and
Yitu Technologies, as well as a variety of labs and research institutions linked to universities and the Chinese govern-
ment.
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These measures were taken against the background of an accelerated digitization as a
result of the COVID-19 pandemic, the 5G upgrade cycle in the wireless market, and the need for
more advanced chips for applications such as artificial intelligence, machine learning, and cloud

computing — all big levers of semiconductor demand growth.

3 Analytical framework

This section presents the modeling framework guiding our quantitative analysis. Time is infinite
and discrete. The theoretical underpinning for the modeling endeavor dates back to Melitz (2003),
Ghironi and Melitz (2005), and Melitz and Redding (2014). This study also relates to the theoret-
ical and empirical literature on the role of input-output linkages in quantitative trade models in the

tradition of Caliendo and Parro (2015) and Caliendo et al. (2019).

3.1 General setup

We begin by outlining the general structure of the multi-country general equilibrium model graph-
ically displayed in Figure 3. To simplify the graph, the government sector is not shown. Final and
intermediate goods firms are monopolistically competitive and Pareto-distributed in terms of
productivity. This introduces asymmetries between firms and leads to trade-driven reallocations
and selection: it shifts employment towards firms with the best attributes and forces marginal firms
to exit. Only the most productive firms find it profitable to export. Conversely, all monopolistically
competitive semiconductor firms are equally productive, but heterogeneous with respect to the
substitutability of their products. We thus distinguish between lower-grade semiconductors which

are readily easy to substitute and cutting-edge semiconductors that are difficult to substitute.
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Figure 3. Schematic drawing of the model structure.
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There are three countries or regions and five industrial sectors. The US, China, and the Rest of the
World are denoted by i € {US, CN, RW}.9 The five industrial sectors s € {AS, BS,OI, LT, HT } rep-
resent cutting-edge semiconductor manufacturing (AS), lower-grade semiconductor manufactur-
ing (BS), other intermediate manufacturing goods (OI), low-tech final good manufacturing (LT),
and high-tech final good manufacturing (HT), respectively. Given the varying degrees of techno-
logical intensity across industries, digital trade policy is intrinsically a sectoral shock. To under-
stand its effects, it is therefore meaningful to distinguish between industries of different technology
intensity. For later use, we also define an index for each production stage, namely s; € {LT, HT}
for the final good stage, and s, € {AS, BS, OI} for the intermediate good stage. We define a semi-
conductor industry index given by s; € {AS, BS}.

® We consider all RW countries as a single country. The homogeneity assumption provides a good starting point for a
trade conflict analysis such as ours.
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The extension capturing the semiconductor value chain provides a means for analyzing
the semiconductor trade restrictions at the heart of the current Sino-American trade conflict. In
principle, all sectors s are present in all countries and regions i. The only technological constraint
within the model is that the US (China) has only cutting-edge (lower grade) semiconductor man-
ufacturing. '

We divide production into two stages. In the first stage, both types of semiconductors and
other intermediate goods are produced. In the second stage, final goods are produced, with the
intermediate products serving as inputs. In the absence of protectionist measures, all goods are
traded internationally. Semiconductors and other intermediate goods s, are purchased by the final-
goods-producing industry s;, and ultimately by private households. The only production factor is
labor. It is assumed to be mobile across sectors within a country, but immobile across countries. '!
The following sections, starting with trade policy, provide a description of the individual model

components in detail.

3.2  Trade policy

The US consider digital technologies as key for both security and economic objectives. Given the
Chinese dependence on imports of cutting-edge semiconductors embedded in digital devices, this
dependency has made semiconductors a target for American sanctions. Consequently, the US has
imposed protectionist export restrictions on semiconductors to prevent China from catching up in
key high-tech sectors.'? To mirror such protectionist measures, the model includes the possibility
of export restrictions contributing to the fragmentation of the digital sphere. Specifically, we as-

sume that only a fraction (1 — N?g ¢) of varieties produced in the semiconductor industry s; €
{AS, BS} of country i is allowed to be exported to country j:
i

ij .
xs3,t __ RN
e (1)

S3,t/)
s3,t 3

10 China’s technological progress has been quite modest when measured against the targeted technological catch-up
process. Most revenues still come from lower-grade semiconductors. For a survey of China’s semiconductor ecosys-
tem, see https://www.stiftung-nv.de/sites/default/files/chinas semiconductor_ecosystem.pdf.

! For simplicity, capital is not modeled. The formulation is akin to the standard production function with capital as
an input.

12 A vast empirical literature has documented the significant impact of trade on innovation. See, for example, Melitz
and Redding (2021). In a Melitz-type model, Perla et al. (2021) find that lowering trade barriers induces faster tech-
nology adoption and growth because of increased gains in the relative profit of average and marginal adopting firms.

13
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Si,t denotes the overall number of firms (varieties) in the industry s of country i and Ng‘t is the

number of firms in this industry exporting to country j. Equation (1) describes the trade-policy-
induced undoing of cross-border trade in semiconductors. The share of exporting firms for all other
goods is determined endogenously in the model as described below. '?

ij
S3,t’

Through the protectionist policy variable X governments can directly influence the

domestic exports in the semiconductor industry at the extensive margin. In contrast, the second
margin at play — the intensive margin — can be influenced via an export tariff. To compare these
two policy alternatives and to highlight the transmission channels in the model, we introduce such
an export tariff for comparison as well.'* In the subsequent model evaluation, however, it must be
kept in mind that the US Constitution prohibits the adoption of export tariffs. The Export Clause,
found in Article I, Section 9, Clause 5 of the US Constitution, states “No Tax or Duty shall be laid
on Articles exported from any State.”

The imposition of import tariffs remains standard. In recent years, these have been in-
creased to levels not seen for a long time, especially between the US and China.'> Both import and
export tariffs are collected by the government and refunded to households as lump sum transfers
to balance the budget in each period. The respective transfer of the government in country i is

given by

Tt = s X Toie NysaTise + Ly Lt oy Moo eFis, ¢ 2
where r;i °F is the export tariff on semiconductors from industry s3 in country i exported to j, Tsi{t
is the import tariff levied by i on products from industry s in country j, s,fj is the real exchange
rate in direct notation, N){;t is the number of firms in industry s of country j exporting to i and f){si,t

are real average revenues from exporting to country i of firms in industry s from country j.

13 We employ the following notational convention: whenever there are two superscripts, the leftmost (rightmost) su-
perscript corresponds to the source (destination) country.

14 Recent theoretical findings speak in favor of considering export tariffs. In the context of monopolistic competitive
environments with heterogeneous firms, Costinot et al. (2020) have shown that unilaterally optimal policies are as
follows: (i) domestic taxes that are uniform across all domestic producers; (if) export taxes that are uniform across all
exporters; and (iif) import taxes that are uniform across the most profitable foreign exporters and strictly increasing
with profitability across the least profitable ones (import subsidies).

15 This follows the assessment that president Biden and his team are recalibrating de-Sinicization tactics to more
dedicated measures, while keeping president Trump’s strategic goals intact. As a result, there is little indication that
import tariffs will return to pre-2016 situation.
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In summary, governments have three trade policy instruments at their disposal. Export
restrictions and export tariffs with respect to the semiconductor industry and import tariffs with
respect to all industries. Trade policy is the only task of the government in our model. Thus, the

model’s government sector is completely described.

3.3 Firms

So far, we have described the trade policy block of the general equilibrium model. This section outlines the
behavior of firms in the multiple-good environment. To organize the exposition, the demand side is con-
sidered first, followed by the supply side. Throughout the presentation, special attention is paid to the mod-

eling of semiconductors and their operation in the model.

3.3.1 CES indices and trade elasticities

The Armington elasticity of substitution between goods produced in different countries is a crucial
parameter in evaluating the output and welfare impacts of trade protectionism. Feenstra et al.
(2018) have underlined the conceptual distinction between the top-level macro elasticity of sub-
stitution between domestic and a composite foreign good and the lower-level micro elasticity of
substitution between alternate foreign supply sources. Both are clearly important in determining
effects of tariff and non-tariff measures. Following this tradition, we implement a nested CES
demand system in our model and assume micro and macro trade elasticities in all sectors except
the semiconductor industry. Given the special focus on this industry, a case distinction is made
between cutting-edge and lower-grade semiconductor elasticities. '®

The composite output produced by firm ¢ in industry s, of country i and purchased by a
buyer from the industry s; of country j, or produced in industry s; of country i and purchased by

households of country j, is determined according to CES functions as

bsy 0s1

.. .. fs,71 bsy-1 . . fs1-1 0s1-1
o = (fq,eq, (e (@) % d¢> ; Q;{,t=<fq,e¢ (0¥ () d(p) (3)

16 Under this modeling assumption, barriers to semiconductor trade across countries can have profound effects on
production and consumption patterns as they influence fast-growing sectors and high-tech production is particularly
dependent on cross-border semiconductor trade.
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where 6, is the micro substitution elasticity. The agreement and the departure from the literature
lies in the following two assumptions. We assume equal micro elasticities 65, = 6,; = 6 for all
industries except the semiconductor industry, and we allow for different lower-level micro substi-
tution elasticities of semiconductors of different types.

More specifically, we assume that cutting-edge semiconductors are more difficult to sub-
stitute than lower-grade semiconductors. The output from the semiconductor industry bought by

firms of industry s; € {LT, HT} in country i are given by the CES index

) L1 .\ JasT1 1 L MAsTINTY 461
sl ij Sqij i \7. < sqi
sct = <ZJ(UAS)TIAS( A.ls‘,t) 48+ (vhg)nas (QB.ls,t) a8 > , 4)

where 71,5 is the elasticity of substitution between bundles of cutting-edge semiconductors,
2 vjé +vbg = 1 are the respective weights, and ngli is a bundle of cutting-edge semiconductors

as defined in equation (3). The bundle of lower grade semiconductors lesft can be substituted by
cutting-edge semiconductors with elasticity n4s. Furthermore, within the bundle of lower grade

semiconductors Q% ,, substitution is comparatively easier and given by

Sli

Lo \ABST1\7pg-1
— ij 511
BSt = <Zj (”BS)"BS( Bls,t) s > , (5)

where 7pg is the elasticity of substitution of lower grade semiconductors, ¥; v;{q =1 are the
weights of semiconductors produced in i and bought in j and leslé is again a bundle of varieties
as defined in equation (3).

The quantitative semiconductor substitution capabilities are regulated by the micro elas-
ticity 6, and the country elasticity 7., where s3 € {AS, BS}. The former is the elasticity between
the varieties of different firms in a country and thus determines the markup level. The latter is the
elasticity between the bundles of goods of different countries. For lower-grade semiconductors,
we assume that both elasticities are equal, ngs = g, and larger than 145 and 5. It is just as easy

to substitute between two semiconductors from the same country as between two semiconductors

from different countries. Our analysis focuses on cutting-edge semiconductors, which are assumed
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to have smaller trade elasticities. The following three combinations of cutting-edge semiconductor

trade elasticities are considered:

Nas = 0450 Cutting-edge semiconductors rely on firm specific technology and are difficult to
substitute regardless of origin.

Nas < 0450 Cutting-edge semiconductors rely to some extent on country-specific technology,
human capital, or both, and thus substitution across countries is particularly diffi-
cult.

Nas > 04s: The country has superstar firms with strategic competitive advantages over national
competitors. Substitution among international superstar firms is thus easier than
substitution within a single country.

In the non-semiconductor industries, demand is the function of the top-level macro elasticity w

according to

) 1 w=-1 1 w-1\w-1
Sq1 i \7 Sq1 w i \7 Sq1 w
ot = ((1_“51)w ( Dt)l,t) + (“lol)w( Xl()l,t) )
(6)

. o1 . w=1 o1 . w=1\w-1
0L, = ((1 ) (Qhe ) @ 4 (ah)® (Qhsr) @ )

and there is a similarly defined bundle for final goods bought by households. The basic idea behind
the distinction between micro and macro elasticities is simply that it is more difficult to substitute
between a domestic and a foreign product than to substitute between two domestic or two foreign
products (Feenstra et al., 2018). a! is the degree of openness of industry s V s & {AS, BS} in coun-
try i and the bundle of foreign goods is defined as

[ [

i s N A o L o 8-1\bo-1
s _ 1j\6 ljs 6 . i _ 1J\6 13} 0
XOll,t - <Zj¢i (K()[ ( 01,;) ) ) Q)L(sl,t - <Zj=ti (K51 (Qsl,t) ) B (7)

where }; ;céj = 1 are the country weights, 6 is the non-semiconductor micro elasticity and the bun-

dles of products of the individual firms Qgi ¢ and ngg are again defined in equation (3). Note that

the micro elasticity in the semiconductor industry is defined slightly differently from micro elas-

ticity in the other industries. In the former, it is only the industry-specific elasticity of substitution
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of goods. The latter includes the elasticity of substitution of goods from one foreign country with
goods from another foreign country.
Final goods are bought by the representative household using a CES aggregator to sub-

stitute between high-tech and low-tech final goods:

i

¢l = (%)(1‘1’}”) (Q%T’t)UHT’ ®)

7
1-vyr VHT

where v}y is the weight of high-tech goods in the household’s utility function and Q7 and Qfr,

are the bundles of high-tech and low-tech goods, respectively. The latter are defined in equation

(6).

3.3.2 Price indices and trade tariffs

The preceding CES production and preference structures imply a structure of price indices and

T . . . i in (1=vhr) Jin Vhr i i
sub-indices starting with the consumer price index P} = P7, Pir. ", where P, and Pyr,

are the nominal price indices of low-tech and high-tech goods in country i, respectively. The su-
perscript n denotes a nominal variable. Trade models typically solve only for relative prices. In
other words, the solution values for all real variables are independent of any measure of the aggre-
gate price level. These models assume some price or price index to be fixed in order to provide an
anchor for a price system that defines the benchmark (numeraire) against which relative prices are
measured. Following standard practice, we choose the price index P{ of the final consumer goods
bundle ¢} as the anchor price. The model then solves for changes in prices vis-a-vis this anchor.!”
Dividing the consumer price index equation by P} yields

1= PLiT,t(l_UIi{T)PIf'IT,tULT- )
P, and P},; are the real price indices of low-tech and high-tech goods in country i, respectively.

They are given by

17 The choice of numeraire does not matter as the model satisfies the nominal homogeneity test. An increase in the
numeraire increases all the prices proportionally and relative prices remain unchanged, i.e. no actual effect.
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1

i P i 1-w i i 1-w 11—
Plo=|(1—ab) Phse “+al Pl |7 (10)
where

_9)1/(1—9)

P)i(sl,t = (Zjati Kt (P)Hslt > (11)

is the price index of imported products of industry s; by households of country i, Pb'sl_t =

1/(1-9)
) is the price index of domestically produced varieties of industry

(fyeo (Phsse () o

y 1-6 1/(1-6)
syand P .= ( Jpew ((1 +1J IR t(<P)) d(p) is the price of imported varieties of the

same industry. rgt denotes an import trade tariff imposed by country i on products of industry s

imported from country j. Equivalent price indices exist for other intermediate goods. The overall

price index of differentiated non-semiconductor intermediate goods bought by industry s; is

, . - . S 1w 11
Pt =((-al) P, o+ al B, ] (12)

where P33, = ( Jpew ( Py t((p)) de is the price index of domestic varieties of other in-

termediates, and széi,t is the price index of imported varieties of other intermediate goods defined

analogous to equation (11). Thus, unlike for final goods, two price indices exist for other interme-
diate goods, since they are purchased by two buyers who can weight the intermediate goods dif-

ferently. In the semiconductor industry, the price index is given by

1

—Nas —NAas J1-n
si:llt [21 Uk Ass}ltj + vps Pég;lt ] *, (13)
sqij _ exjiy pSiij 1-04s 1/(1=0as) . . . .
where Pjs/ = (f(peq) ((1 + rASt Tysit ) Pas ¢ ((p)) d(p) is the price index of cutting-

edge semiconductors imported from country j by industry s; of country i, ryslt is the import trade

tariff imposed by country i on advanced semiconductors imported from country j and fo{‘ is an

export trade tariff imposed by country j on semiconductor exports to country i. If i = j, Ths, =

%Y = 0 always holds. The price index of lower-grade semiconductors can be written as
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1
i i ij1~MBs 11-
St o0 S1lj nBS
Pgse = [21 Ups Pgs, ¢ ]

: (14)

where P/ = (f<pec1> ((1 + Thse + Ths)Pasy (fp))l_eBs d(p)l/(l - is the price index of the bundle
of semiconductor varieties imported from country j by industry s; of country i.

Note that the demand system presented here implies the usual CES demand functions. As
an example, and for later use, only the respective demand function of industry s; from country i

for cutting-edge semiconductors from country j is given by

.. .. s1ij\ ~TAS .

sy _ tj ASt Sqi

ast = VUas | —sii SC,t - (15)
PSC,C

3.3.3  Production involving semiconductors

The production of a final goods producing firm ¢ from industry s; and country i depends on
semiconductors with an elasticity of ng%. For labor and other intermediate goods, we assume the

standard Cobb-Douglas form:

S1
s gsc
; oo 5 : i1 it
. . N ST ; 01 ; -01 S1 i ST i T s1
Vhio) = 2zt| (1= VRE (M3r@)™ (1) ) "+ (@32 (M3t (o) T5E
=zZ' AL,
(16)

where Q;li is the weight of semiconductors in the production of industry s; in country i.'® The
other intermediate goods and labor enter the production function with the weight (1 - lei), and
the partial weight of the other intermediate goods is p;. Z' is aggregate total factor productivity of

country i, z is relative productivity of the individual firm and Lili (¢) denotes the labor demand of

firm ¢ from country i and industry s;. AL t(®) denotes the input bundle. As is standard in the

18 Although the input share of semiconductors is not large, this sector is a crucial upstream supplier. Any semiconduc-
tor bottleneck is likely to extend to many other sectors in the economy.
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literature, the firm productivities are drawn from a probability distribution as characterized below.

By minimizing costs, we can derive the following input price ratios:

1-0 715(5;—1 1
sqi s1i\ €1 1 sqi
Poir 103! Porr sc 1- Q;ll Mg (9) st 17
sl S1 sqi 01 s1i 511 s ( )
Psce 01w 0 Mg (@)
nse—1 L
i sqi\ —€Q1 S1
wil' 1-051 Poly ns¢ 1-01) 1- Q;ll SC,;(qD) ok 13
sqi S1 sqi 01 511 S1i : ( )
Psce 01w, 0, Ly (p)

By combining equations (16), (17), and (18) and the first-order condition of the cost minimization
problem with respect to semiconductors, we derive the following expression for the marginal cost

of an additional unit of the input bundle:

1

; 104\ 15t 1-mgl
i Syl P;}lt & Wsli e 5 Sqi s i 1—77;59}; s¢
i a5 , t 1 1
mcsl't h (1 92 ) Q1 ((1—91)> + Q ( sC t) ’ (19)

where mcébt is defined as the Lagrangian multiplier multiplied by zZ%. As can be seen, the mar-
ginal cost of an additional unit of the input bundle is the same for all firms in industry s;, which
implies that all firms of this industry buy the same input bundle.

The production function of all intermediate goods producing firms in industry s, takes
the form Y{ ,(2) = zZ'L,, .(z) implying that marginal costs equal the wage: mcg, , = w¢ .. Firms
in country i set their domestic price as a mark-up over their marginal costs of producing an addi-

tional unit of output:

Ps (Z) of mcl
Phse(2) = Bae = o1 ZZ;, (20)

where pD " (2) is the nominal domestic price of a firm with productivity z, and P}, the price index

of final goods, serves as numeraire. Firms in the semiconductor industry are equally productive
with z = 1, so that equation (20) also applies. If a firm with productivity z from country j exports

to country i, its price in terms of the price index of the destination market is given by
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p;{Snt (2) 1

stt() = u IBststt(Z) (21)

where T,ié't > 1 denotes the iceberg trade costs of exporting from country i to country j. In the

industries producing final and other intermediate goods, a firm in country i with productivity z

makes profits from domestic sales and from exporting to country j:

dbs (@) = 2 [phse @] (Phsr) “(PL)”(1-al)Qi,  Vse(HT,LT,01, (22)

gl j ij
1-6 . 0—w . 1 i . fX : . . ;
(1 + 1] ) [st @] (Pl T(Pi) alkl Qsj‘t —mce, Z—Sl.t, if firm z exports to j
t
0 otherwise,

Vs € {HT,LT,0I}

Xs t(z) =

(23)
” s¢ are the usual fixed costs of exporting from country i to country j. In the case of firms produc-
ing other intermediate goods, we assume that the fixed export costs are country-specific, not buyer-
specific. The profits of firms selling semiconductors to industry s; depend on whether they pro-

duce cutting-edge (AS) or lower-grade (BS) products:

ds i 1o 1-04s /i Oas—Nas( ps1i \14S i sqi
dpgs(2) = s [PbAs,t] (Pbast) (I:.)S‘Clt) Uds Qus,eo (24)
qsi 1 i 1-0ps /i Ops—NBs( psi \TBSTNAS ¢ _si\TAS ;4 _sii
dpps(2) = 5 s [Pbss.c] (Pbss.t) (P Bé,t) (Pscl,t) UpsUgs Qps ¢s (25)
el
-6 Nas
.. t exji S3 53 Jji LTji HTji iCe .
dy = —(1+ ‘L' ¢ T Tot ) XS3 t] (P/s Sar t) (st3 ¢t T Qxs,¢ ) iffirm ¢ exportsto
3 s3
0 otherwise
(26)

We assume that there are no fixed costs of exporting in the semiconductor industry. Average total
profits of the industries producing final and other intermediate goods in country i can be calculated

as
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7]

. ; N iy
x ij . _ sqi Xsg,t 4ij
s t — stt(ZDs t) + Z]il lst dXs t(ZXs t) Vs€ {HT' LT, 01}' déa,t - Z51 dDIS3,t + Zjii NSiS:t dXS3.t'

27

Since in the semiconductor industry z = 1 holds for all firms, their prices and profits do not depend
on z. The average productivities in the other industries Zh,, and 2;(]” depend on distributional
assumptions that will be described in Section 3.3.4.

New firms can enter the domestic market in any industry but, apart from the semiconductor
industry, do not yet know how productive they will be. Prospective entrants calculate the present
value of the expected stream of average profits starting in period ¢ + 1 that we denote by #¢,. In

doing so, firms face up-front sunk entry costs f¢. Solving for the free entry condition, we obtain

v, =T, (28)

t
Firms that plan semiconductor market entry in period t, start to produce new semiconductor vari-
eties in period t + 7, where 7 is the time until production starts. The probability of firms’ survival
is (1 — &) each period. Thus, there are also firms that exit without starting to produce. The number

of firms (products) in industry s of country i is hence given by
Nsi,t =1- 6)(Nsi,t—1 + Nbl;s,t—‘t)- (29)

In the following, we take a closer look at the shape of the productivity distribution in the hetero-

geneous firm model.

3.3.4 Firm averages

For all s € s3, the equilibrium prices at the micro level are, similar as in Melitz (2003), given by

. -~ , -0 . 1/(1-6)
Pés,t = (fzmin[ple,t(Z)]l Nsl,t g(Z) dZ)

)1/(1—9)

and Pl . = (fz?-:ist[(l +

~y 1-6 N
T kst (2] Nig, 9(2) dz , where zy , is the productivity cutoff. Using this and equa-

tions (20) and (21), we can derive the following aggregate prices in terms of the price index of the

destination market:
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P S,
PDst % = Nl - est t(ZDst) (30)
ij _ Pt i\ ji 18

— — 1-

Pest = (1 + 75 )NXst st t( Zxs,t (31)
1/(6-1)
where Zh,, = (f z971g(2) dz) and E)J(lst = <;f i z%71g(2) dz) are the av-
£ Yz 1-6(2}, ) " PRse

erage productivities of the firms that serve the domestic market and those that also export, respec-
tively. Zy, 1s the minimum productivity that can be assigned to new firms. Generally, the same
equations also apply in the semiconductor industry of our model, but with 25, = z”)’(lst =z=1and
considering a possible export tariff. Since the relative productivity of firms in the semiconductor
industry in our model is always equal to 1, the average values are equal to the equilibrium values
for the representative firm. Moreover, the share of exporting firms is policy determined or is also
1. Thus, the equilibrium conditions for the semiconductor industry are complete. For the remaining
industries, however, average productivities and the endogenous productivity cutoff still need to be
determined. We now assume that firm productivity is drawn from a Pareto distribution so that
G(2) =1 — (Zmin/2)* where Zp,;,, is the lower bound of the support and the shape parameter k >
6 — 1 indexes dispersion (lower values of k are associated with greater productivity dispersion).

Given this distribution, the average productivities V s & s; are as follows:

1 1

~i k -1 ~1f k o-1 _ij
ik . -
Zpst = [k_9+1] Zmin 5 Zxst = [k_9+1] Zxst - 32)

We now combine the above, the profits from exporting and the condition dXs t(zXS ¢)=0Vsé&s;

to solve for the productivity cutoffs. Only firms that draw a productivity above the cutoff will
export. For final goods producing firms, the cutoff is given by

1
[ 1-6

1 . - : w . 0-w
y e (e (e () e T
Zxsit = |k—o+1 9—1) UiBsyt 7 ’ )

i
&zt 0fx:

and for firms producing other intermediate goods the cutoff can be written as
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6 1
1

ij k To-1( 6 ij (1+Tg1,t)mcci)1,t - LTji | HTji -8
Zxort = [k_9+1] (9 1) TIBOIt( T I (XOI t) (Qon OI,t) - (34

Ui
& Z¢

Given the results above average profits can be determined by inserting the average productivities
to get average domestic profits, i.e., dbs , = dbs ;(Zhs ), and average profits from exporting can be

expressed as

i _ 6-1 mCS ths
A, = (o) sl S5V s € (HT,LT, 01} (35)
Note that this equation also holds for the intermediate goods industry which sells its goods to the

two final goods industries. In every industry s € {HT, LT, OI} of country i there are N¢, firms, but

only Ny , firms decide to export to country j. The share of firms serving the export market is given

by

ij k _

L 5
Ng, Z;(Jst k-6+1

which links back to equation (1) which determines the same share for the semiconductor industry.

34  Consumers

There is a continuum of identical and infinitely-lived households, so we can focus on a representa-
tive agent. The representative household in country i maximizes the present value of its lifetime

CRRA utility given by

ci(a-1h)” ]

Vo =Eo| 220 ,Bt[ (37)

where the expectation conditional on the information set available at the end of period ¢ = 0 is
denoted by E,(+), B is the discount factor, C} is the index of consumed varieties, v’ is a preference

parameter used to calibrate the amount of time the household in country i devotes to leisure and
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the parameter y (y = 0; y # 1) measures the degree of relative risk aversion that is implicit in the
utility function. The aggregate labor index takes the form

<
1+J11+¢
] (38)

L = [zs(us,t)?

where { is the sectoral labor supply elasticity and L%, is labor supplied in sector s. The household

faces the budget constraint

Z By, + Z g’ Bj‘_’t + Z DLy (N&p + Nig o) xby + Cf =
S

JER! JER!

qutiRé—1BiL,]t_1 + quti R;]-15£]le,]t_1 + Zs(&g,t + ﬁs.,t ) (Nsi,t + Nés,t) x;',t—l + X W.é,t é,t + Ftia (39)

where B} are bonds denominated in domestic currency, Bj} are bonds denominated in foreign

currency, Ri_; and R;J_ , are the interest rates of bonds denominated in domestic currency and bonds
denominated in the currency of country j, respectively. wi, is the real wage paid in industry s of
country i, LL is fixed labor supply in the respecting industry and I} is a lump-sum rebate of gov-
ernment’s tariff revenues. In period t, the household buys x., shares in a mutual fund of domestic
firms of industry s. The price of the shares is equal to the above-mentioned present value of the
expected stream of average profits of the domestic firms #! .. The dividends paid to the sharehold-
ers in period ¢ are in turn equal to the average profits d_ .

Let AL be the Lagrangian multiplier of the budget constraint, then at the optimum it must
be equal to the first derivative of the utility function. Moreover, let £! be the size of the model
economy i, where we weight it relative to the US, i.e., relative to £éUS. Then the corresponding

first-order condition in the aggregate is given by

iN Y
. us . Uus .\
L= <ii ci(1-51h) ) . (40)

The remaining first-order conditions of the utility maximization problem are given by

1
; ;b [(LE\¢
whe = vl (%) (41)
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g2 o
g ()
RY = Lk, (1 S 43)
i A, N-
Uge = (1 —06) E; < — (ds t+1 T Vé,t+1)>- (44)

Equation (41) is the first-order condition for sectoral labor supply, the Equations (42) and (43) are
the usual Euler equations for trading in domestic and foreign bonds and equation (44) is the Euler

equation for trading in fund shares.

3.5  Market Clearing

The model is completed by conditions for clearing in bond and goods markets. To ensure that our

model has only one well-defined steady state, we assume a convex risk premium for owning bonds:
R, = RL, +Y ePlePle (45)

Market clearing for bonds in the currency of country i implies
Bt +Bi¢ + By =0 (46)

Market clearing in the market of final goods, intermediate goods, and semiconductors requires

Ny = ot (N @by + Byt N, 85, 0) + 57 (8 Bt Nk, o, + N, o). (47)
L;)I,t - S D (251 NOI td[s)loilt +Z]¢l XOI thOIt) (9 Zjil XOIt XOI +NE01th) (48)

and
ot = et (B Mo o+ Z Nty i, o) 57 Ny off 49)
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respectively. Moreover, the net assets of two out of the three countries are needed to close the

model. For example, the equation for the net asset position of the US is given by

BUS t + gt SCNBCN t + USRWBRW t — [RUSt lBUS t—1 Zj-‘#US Rl]]S,t—lB[]]S,t—l +
el (RER c<1BER ¢-1 — L jeus Rl 11 Bl o~ 1) + /R (R c-1BBi -1 — X j2us Raw e—1Baw e—1) +
s WsUEq Lls]“g +I75 + (Zs Ns[,]t — Ng; tVsUEq) cl® — Xjzus 5 (Zs WJ L] + Ft] +

(s NIEAE - NENEY) = ¢)] - (50)

4 Mapping the model to the data

We describe here our two-stage strategy for parameterizing the model. First, we set several param-
eters according to conventions and estimates from the literature or take them directly from actual
data. Second, the remaining 87 parameters are set such that the model equilibrium matches the
steady-state ratios. Our approach is similar to that of Kehoe et al. (2018) and Steinberg (2019). For
all steady-state ratios for which actual data are available, a perfect match is achieved by means of
this procedure. For parameters without direct empirical evidence, their plausibility is ensured.

As described above, we first choose some parameters according to conventions in the
literature (e.g. Ghironi and Melitz 2005, Barattieri et al., 2021). The discount factor is set to f =
0.99, the coefficient of relative risk aversion is set to y = 2, and the exit rate is set at § = 0.025.
The Pareto shape parameter for firm productivity is assumed to be k = 3.4. We normalize the
minimum relative productivity, the aggregate productivity and the market entry costs to 1. The
risk premium parameter is set to Y = 0.001 which ensures a unique steady state but has no influ-
ence on the model simulations. In line with the recent estimates of Bajzik et al. (2020), we take a
value of 3.8 for the micro elasticity, 8. For the macro elasticity, w, we assume that it is 1.9, half
as large as the micro elasticity, i.e. “the rule of two” (Feenstra et al., 2018). Of particular im-
portance to our results are the trade elasticities of the semiconductor industry. The semiconductor
micro elasticity is estimated by Ahmad and Riker (2020) to be 2.25 for 2017, and 2.09 for 2012
US data. It should be noted that we assume that there are easy-to-substitute lower-grade semicon-
ductors and hard-to-substitute cutting-edge semiconductors. For lower-grade semiconductors, we

assume ngs = Ops = 3.8, while for cutting-edge semiconductors we assume n,5 = 0,5 = 2.2. We
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also examine the cases of easier within- or between-country substitutability (see Section 3.3.1). In
the case that cutting-edge semiconductors are more easily substitutable within a country than be-
tween different countries, we assume a micro elasticity of 8,5 = 2.5 and a cutting-edge semicon-
ductor elasticity of 45 = 1.9. In the case that semiconductors are more easily substitutable across
countries than within a country, we assume exactly the opposite, 8,5 = 1.9 and 145 = 2.5. More-
over, we set the material share of the production function to g; = 0.6. The elasticity of substitution
between semiconductors and other factors of production is set to ng2 = 0.5. This reflects the quin-
tessential character of semiconductors.!® The latest tariff rates of China and the US are t/5¢N =
0.193, tSRW = 0.030, t£VYS = 0.207, tFNVRW = 0.061 and originate from Bown (2021). For the tar-
iffs of the rest of the world, we take the EU-China tariff rates t?WUS = tfWCN = 0.0435 as provided

by the WTO (http://tao.wto.org, HS subheading average method). The tabular summary of the

baseline parameters is given in Table 2.

19 As an alternative to the modeling approach chosen here, Atalay (2017) assumes a CES bundle of intermediate goods,
which has an elasticity of substitution with the other production factors. He estimates this to be 1, which is also our
assumption for the Cobb-Douglas production function with respect to the intermediate goods without semiconductors.
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Table 2. Calibration: First-stage parameters

Parameter | Definition Value
Production, costs and capital
01 Material share 0.6
Zt Aggregate Productivity 1.0
) Exit probability of firms 0.025
fi Entry cost 1
Trade elasticities
Cutting-edge semiconductor trade elasticity cases
Nas = B4 | Baseline: Firm-specific substitutability 2.2
Nas > 045 | Within-country substitutability 25>19
Nas < 045 | Between-country substitutability 19 <25
Trade elasticities of lower-grade semiconductors and other goods
ngs = Ogs | Lower-grade semiconductor trade elasticity | 3.8
0,Vs & {AS} | Micro elasticity 3.8
W Macro elasticity 1.9
Households
B Discount factor 0.99
y Coefficient of relative risk aversion 2
¢ Sectoral labor elasticity 1
Firm distribution and other structural parameters
Zmin Minimum relative productivity 1
k Pareto shape parameter 34
Y Risk premium parameter 0.001

The remaining parameters are set such that the model steady state matches the actual data listed in

Table 3. For all steady state ratios for which actual data are available, a perfect match is achieved.

For parameters without direct empirical evidence, their plausibility is ensured.
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Table 3. Calibration: Second-stage parameters

US | China | Rest of the World

A. GDP and US-China Trade Ratios

GDP as ratio of world GDP (in %) 247" | 17.4! 57.9!
Trade as ratio of GDP (in %) 23.4' | 34.5! 17.8
US-China trade as ratio of overall US trade (in %) 12.52 - -
Ratio of US imports from China to exports to China 2.77 - -
B. Trade of Final Consumer vs. Intermediate Goods

Share of final consumer goods in total exports to the US (in %) - 45.8° 37.2°3
Share of final consumer goods in total exports to China (in %) 18.3 - 16.0°

Share of final consumer goods in total exports to the RW (in %) | 26.2° | 36.1° -

C. Semiconductor and High-Tech Industry

Contribution of the semiconductor industry (SI) to GDP (in %) 0.74° | 0.27 0.51
Ratio of US SI imports from China to SI exports to China 0.20? - -
Share of global semiconductor purchases (in %) 21.76 | 34.4° 43.96
High (and medium) tech manufacturing value added (% of GDP) | 5.2* | 10.74 7.0
High (and medium) tech exports (% of GDP) 4.4 6.5 4.1
D. Other

Ratio of time allocated to work (in %) 207 20 20
Ratio of exporting firms (in %) 238 23 12.7

Notes: For all data marked with a superscript, a perfect match with the actual numerical data is given in the model.
Data not marked with a superscript have been determined by approximation. Sources: ! World Bank, 2020; > US
Census Bureau, 2020; China’s General Administration of Customs; * World Bank, 2019 (for RW, we take the
world values); * World Bank, 2019; 3 value added of the semiconductor industry is taken from Oxford Economics
(2021), direct plus indirect impact, and divided by GDP taken from the World Bank; ¢ Semiconductor Industry
Association (for the US, we take the number for America); ” Prescott (1986); ® Bernard et al. (2003).

Looking in more detail at our choice of parameters to obtain the steady state ratios given in Table
3, we note that each parameter affects many steady state values. Thus, only an approximate de-
scription is possible. To match the country-specific GDP to world GDP ratios, we employ the
country weights £!. The trade to GDP ratios have been matched by means of a?®, ¥ and af". For
matching the ratio of US imports from China to exports to China, final versus intermediate goods
trade and the high-tech GDP shares the Armington shares k. are used. We set iceberg trade costs
T,iés to 1, which means that the Armington shares capture the impact of non-tariff barriers and
transport costs. The contribution of the semiconductor industry to GDP of country i is matched by

the Armington share of country j of semiconductors from country i. To get a unique solution we
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assume that all countries have the same Armington shares with respect to cutting-edge semicon-
ductors, i.e. v = v}t = vk, Moreover, we use vZ3¢N to match the ratio of US semiconductor im-
ports from China to exports to China and the respective shares of China and the rest of the world
to ensure that the rest of the world cutting-edge is half as large as the lower-grade semiconductor

industry. To match the share of global semiconductor purchases of each country, we use the sem-
iconductor shares in the production function ¢32'. Moreover, we assume that the semiconductor
weight of the low-tech industry is only 10 % of that of the high-tech industry, that is @57 = 0.104™".
We adjust the size of the high-tech sector of our model by v}, to reflect the value added of high-
and medium-tech manufacturing according to World Bank data. Finally, we use v* to ensure that
steady-state households spend 20 % of their time on working and fixed costs of exporting fi., so

that 23 % of firms export both in line with the US data.

5  Quantifying the effects of semiconductor trade restrictions

The modeling framework provides a rich laboratory for the analysis of trade policies. To delve
deeper into the modelling framework, we next explore numerically the properties of the model.?
We also conduct various policy experiments. The simulations should be considered as an illustra-
tion of the mechanisms embedded in our framework.

Several variables depicted in the subsequent graphs need to be defined before we present
the impact channels and numerical results. Semiconductors are a universally required intermediate
product. Therefore, in the case of protectionist measures, the unavailability of certain semiconduc-
tor varieties is likely to hurt importers more than higher prices. For our modeling and analysis, the
separation between intensive and extensive margin is therefore of particular importance. To illus-
trate the intensive margin adjustments, we present semiconductor industry average revenue of ex-

porting from country i to country j in terms of the price index of the former, which can be easily

calculated from export profits (see Section 3.3.2):

20 Since the policies studied in this paper take some model variables far from their steady state and because parts of
the model are highly nonlinear, we employ a non-linear solution method for the simulations, i.e. DYNARE’s trust-
region algorithm (Adjemian et al., 2011).
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FU = Dsat g gi (51)

xS3,t Pl S3 SX3, t

This is the revenue received by the producers and, thus, calculated net of trade tariffs. As long as

we examine export restrictions, this is not important, but it makes a difference when we look at

export tariffs. Export revenues outside of the semiconductor industry are 7 é =60 (dsxt

melfyl/ZE) v s € {01, AS, BS}, total export revenues can be calculated by 7,2, = N2 7 in all in-

xs,t'xs,t

dustries. Total sector-specific revenue is also of particular interest to us:

rsig t = 53 tes3 ds3 ¢t Z];tz ;]53 tﬁg3 t (52)
i LT,i HTl l] ~1j
i = NEO(dgyt +di ") + Xjei Nt Fose Vs €{01,AS,BS} (53)

Revenue is a common metric in the semiconductor industry both for evaluating the development
of the industry as a whole and for comparing industry trends in different countries. However, since
revenue can change due to both volume and price effects, we also look at average firm prices as
set forth in equations (20) and (21). Here, we use average prices instead of aggregate price indices
presented in equations (30) and (31), since they do not include the variety effect. We show the
adjustments at the extensive margin, i.e. the change in the number of exported semiconductor va-
rieties, separately. With these preliminaries in mind, we now consider the important impact chan-

nels.

5.1  Impact channels

From the Chinese perspective, export restrictions and export tariffs first trigger a price effect. Us-

ing equation (1), we rewrite equation (31) as
CN CN jCN i i 11/(1=645)
P XAS]t (1+15/ L+ Tase )[(1— RS Nas,c] *pillse - (54)

Whereas an export tariff causes a direct price increase, export restrictions act via the variety effect.

Both together trigger a trade destruction effect among exporters and importers. This leads to a
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trade diversion. To describe this trade detour effect in more detail, we combine the just used equa-

tion, the CES demand function, equation (15), and the pricing equations (20) and (21), take logs,

and get
s1CNj CNj, _exjCN JCN j
In Q4st = (=nu)ln IH4Ta5t+T4se | _ _Mas In 1-Xast _ L Inin efNk wag, +
cNE | = AS CNK USk kCN AS CNj -k
154.15',1' 1+TAS,t+T§1§',t 1_9AS 1_NAS,t 1_0AS L= J Wys,t
CNj JCN i
v T Z
AS 1Bs,t Zt
ln( CNk) — Nas In| % i (55)
Vas TiBst Z;

From equation (55), we can infer how industry s; from China substitutes between cutting-edge
semiconductors from the other two economies when one of them either imposes export tariffs or
imposes export restrictions. The right-hand side of the equation consists of four terms. Inside the
last square bracket are constants which we will not consider further here. The first and second
terms describe the downsizing of the affected semiconductor companies triggered by trade tariffs
and the trade restrictions, respectively. As counteracting effect, falling output, declining employ-
ment and dwindling wages let semiconductor prices to fall, as can be seen by the third term.

How do Chinese importers respond to semiconductor trade restrictions, that is, the relative
export tariff costs to both trading partners, the relative variety restriction intensity, or both? Not

surprisingly, if relative tariff costs change, the Chinese industry s; substitutes between both sem-

iconductor country bundles with elasticity 1 45. 21 Since the tariff is applied on all semiconductors
in a specific country, there is only substitution between country bundles and no substitution within
a country of origin and since the number of exporters is also constant, this effect only takes place
at the intensive margin. Thus, changes in tariff costs lead to an intensive margin substitution (or
trade diversion) effect.

If one trading partner imposes export restrictions increasing the ratio of banned varieties
both cutting-edge country bundles are substituted with elasticity n,45/(1 — 8,45), which depends
also on the micro elasticity of cutting-edge semiconductors.?? The greater the micro elasticity, the
easier it is to substitute between varieties, the less important it is to have a large number of varieties

available, the less a reduction in varieties increases the aggregate price, the less substitution occurs.

2 Formally, —atn( Q5™ /QAN)/0n( 1+ T + TSN /14 TN + 1Y) = nas olding NJy /N,
efNk/ stc M and Wi{S’t / W}fs_t constant. Note that this does not hold for the other model industries. Since the firms in the

latter are Pareto-distributed and only the most productive export, there would be an immediate reaction at the extensive
margin also in the case of trade tariff changes.
22 This elasticity is always negative since the condition 8,5 > 1 is needed to have a positive and finite markup.
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This is the variety effect on the aggregate price of semiconductors and can also be seen directly in
equation (54).

Next, we take the perspective of the exporting country by looking at total industry reve-
nue. For this purpose, we combine equation (51) with the export restriction and pricing equations

which yields

PSC,t

~n4 cni \ 1774s
i\~Tas | Pxas, CN 5,CN
G, = [(1— NN, [05(1 4 6 4 rgngh) ™S K—ffcs;') o el P Oste | (56)
We can divide the right side of the equation into three parts. First, the last part (in square brackets)
contains a Chinese import demand function for cutting-edge semiconductors of country i that

shows the indirect effects of trade policy. The price received by the producers, gy !, depends only

on the wage w}g , and exogenous parameters. Measured is the demand function in the currency of
country i, which introduces exchange rate effects into the equation. And besides substitution ef-
fects to other semiconductors, trade policy targeting the Chinese import demand can of course also

affect the total demand for semiconductors measured by PSSC{SN ;ECtN . Second, the term

(1 + SN+ 285Ny 745 again shows the intensive margin substitution effect with elasticity 74
induced by tariff changes. Note that 7Y, denotes the revenue received, i.e. net of tariffs. Not
visible in the equation, but existing is of course also an income effect due to tariffs shown already

in equation (2). For example, an export tariff leads to a transfer of income to households in country

of origin i. This income effect is also a major mechanism. Finally, [(1 — XEY)NE ](1_77“)/(1_9)

captures the direct effect of export restrictions on total industry revenue at the extensive margin.
Assuming 1,5 = 045 holds, banning exports of a given percentage of varieties leads to a direct
reduction in industry revenue by the same percentage. But export restrictions do not only act at the
extensive margin. If 45 > 045 applies, an additional intensive margin trade diversion effect is
triggered from semiconductors not affected by the export restriction to cutting-edge semiconduc-
tors from other countries. On the other hand, if 45 < 8,5 an additional intensive margin substitu-
tion effect to the domestic semiconductors not affected by the export restriction is initiated. How-
ever, even if 145 = O, export restrictions will lower domestic marginal costs and thus prices,
causing an intensive margin substitution effect to domestic semiconductors not affected as well as
an intensive margin trade diversion effect: The demand for domestic cutting-edge semiconductors

from other countries will rise.
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To summarize the six model mechanisms, both export restrictions and export tariffs have
(1) a trade destruction effect and (ii) a counteracting labor demand effect lowering producer prices.
Export tariffs lead to (iii) positive (negative) income effects for the country imposing the tariff
(destination country) and (iv) negative intensive margin substitution effects (trade diversion). Ex-
port restrictions also lead to intensive margin substitution effects, but their direction depends on
the assumed elasticities. Either the intensive margin trade diversion effect to other countries or the
substitution effect to the varieties not affected by the export restriction can prevail. However, the
unambiguous effects of export restrictions are (v) an extensive margin reduction of producer rev-
enues and (vi) a negative variety effect on the import price for buyers.

Finally, while it is important to emphasize that our model includes further general equi-
librium impacts due to optimizing households, the specific effects mentioned are quantitatively
most dominant.

In the next stage of the analysis, we analyze how semiconductor trade barriers aimed at
technological decoupling reverberate throughout the countries involved. In our baseline calibra-
tion, we assume that top-end semiconductors are difficult to substitute regardless of the origin
(Mas = 045 = 2.2), after which we explore the alternatives that semiconductors either exhibit
country-specific technology differences (45 = 1.9 < 8,45 = 2.5) or have to a greater extent busi-

ness-specific features (45 = 2.5 > 0,5 = 1.9).

5.2  The baseline calibration n,5 = 6,5 = 2.2

Figure 4 shows the impulse responses of the targeted export restrictions on GDP and total revenue
on the different model industries. Thereby, quarters are drawn on the horizontal axis. The four
cases considered here include (1) an unilateral export restriction that lead to a ban of 50 % of US
semiconductor products exported to China (black dashed line), (i) an unilateral export ban of 80 %
of US semiconductor products exported to China (black solid line), (iii) an internationally coordi-
nated export ban of 80 % of US and RW cutting-edge semiconductor varieties exported to China
(gray dotted line), and (iv) an internationally coordinated US export ban of 80 % of US semicon-

ductor varieties combined with an 400 % export trade tariff on RW semiconductors (gray solid
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line).?* This combined approach arises because of the export tariff prohibitions in the US Consti-
tution detailed above. For a given import budget, an export tariff of 400 % implies an import de-
cline of 80 %. Accordingly, the first two cases are situations in which the US presses ahead inde-
pendently with trade restrictions. In the remaining two cases, the US acts in an internationally
coordinated manner with allied countries complying with US controls targeting China.

Unsurprisingly, Chinese GDP falls in all cases, with the effect being greatest in the case
of internationally coordinated semiconductor trade restrictions. If the US and RW countries im-
pose trade restrictions on 80 % of semiconductor varieties, Chinese GDP falls by almost 1.1 %.
The loss is slightly larger if RW countries impose an export tariff instead.

To our knowledge, no directly comparable estimates exist in the literature. However, we
can compare the impact with those in Cerdeiro et al. (2021) for decoupling of the entire high-tech
sectors of the US and China. The authors find that China’s real GDP decline by about 1 % within
5 years in the case of a decoupling limited to the US and China. In the case of an internationally
coordinated “coalition of caution,” China’s GDP loss increases to about 3 %. The orders of mag-
nitude are thus comparable. The US also loses, with the GDP loss being largest if a unilateral
approach is taken. On the contrary, the RW countries gain from trade diversion. For all three

(China, the US and RW countries), we find a global GDP decline and thus a global welfare loss.

2 In contrast to the first two variants (i) and (ii), policy variants (iii) and (iv) assume that the US works with Japan,
South Korea, and the Netherlands in an alliance-centered strategy to bar exports to China of advanced semiconductors
and semiconductor factories to prevent China from manufacturing advanced semiconductors domestically. The two
alternatives (i) and (ii) versus (iii) and (iv) highlight the diversification principle. By diversifying the sources of de-
mand and supply across countries, countries can reduce volatility when country-specific shocks are important (Caselli
et al., 2020). This is less likely to be relevant in the case of the current semiconductor trade dispute, however, because
of the extraterritorial effect of US trade restrictions, i.e. the trade shock is more global in nature.
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Figure 4. The impact of cutting-edge semiconductor export bans and tariffs on GDP and
total sectoral industry revenue (5 = 045 = 2.2).

USA China Rest of the world

0 n\ _________ 0.2
GDP ’ \ _________ alt i

Industry Revenue 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

Low-tech
industry

High-tech
industry
Inter-
mediate
goods
industry 0.2 1 i 1 1 2 | ! 1 1 0.2
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
0 50
Cutting-edge S S
semi- A0+ - - 0 — = = = = =
conductor
industry 20 50
0 4 8 12 16 20 0 4 8 12 16 20
50 40
Lower-grade
semi- 20 |
conductor { _____ { ________
industry 04 -~ i l 1 04 . = . . .
0 4 8 12 16 20 0 4 8 12 16 20

== =50 % US export ban 80 % US export ban 80 % US and RW export ban 80% US ex. ban / 400% RW ex. tariff

Notes: Shown are the percentage deviations of the variables from their initial steady state, with the variables
denominated in domestic currency.

In addition to these aggregate GDP effects, the tech sanctions also entail sector specific impacts. Given the
varying degrees of technological intensity across sectors, one can even say that semiconductor trade re-
strictions are intrinsically a sectoral shock. The cheaper availability of US semiconductors leads to an in-
crease in the American final goods producing high-tech industry, while the Chinese high-tech industry
shrinks due to the limited access to semiconductors. Among the losers is also the American semiconductor
industry. Production volumes fall over time due to the lower number of semiconductor varieties produced
in the US. This is shown by the fact that total revenue of the semiconductor industry falls by about the same
amount as its average prices immediately after the introduction of the export bans.

Fewer cutting-edge semiconductor varieties are produced in the US, while production cutting-
edge semiconduction production in the rest of the world increases. The revenues of Chinese lower-grade
semiconductor producers also rise. Figure 5 highlights that this effect is not due mainly to a genuine increase
in production, but to price increases caused by semiconductor supply constraints and disruptions. The price
changes in Figure 5 also convey two further insights. First, the trade restrictions degrade the price compet-
itiveness of China’s high-tech industry as this is where prices rise most. Second, on the global scale, the

price of high-tech products tend to increase relative to prices of low-tech products.
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Figure 5. The impact of cutting-edge semiconductor export bans and tariffs on domestic
average prices (45 = 045 = 2.2).
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Figure 6 looks at the adjustment processes from a third viewpoint by looking at the intensive mar-
gin (average revenue) and the extensive margin (number of exporters and thus the number of va-
rieties exported).

The first two rows illustrate the loss of competition in the US cutting-edge semiconductor
industry, where the number of exporting businesses is declining, as is the number of varieties. This
also applies to their revenues, although rising prices have a stabilizing impact.?* The third and
fourth rows describe the evolution of the Chinese lower-grade semiconductor industry. This in-
dustry benefits from a partial substitution towards lower-grade semiconductors. The number of
corresponding exporters and varieties increases, while average revenues and thus total export rev-
enues decrease. The last two rows describe the adjustment dynamics in the RW countries. If the
US only imposes a unilateral export ban (black lines), cutting-edge trade diversion occurs. In the

case of a coordinated export ban (gray dashed lines), semiconductor profits decrease and thus the

24 This coincides with fears that the semiconductor trade restrictions could lead to a loss of technological leadership
in the sector in the industrial policy arms race (Varas and Varadarajan, 2020).
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number of semiconductor firms or varieties in the rest of the world also shrink. Finally, the last

two rows allow a direct comparison of an export tariff and an export ban. The export tariff has an

indirectly operating effect on the number of exporters as it becomes less lucrative to produce do-

mestically. This reduces the number of domestic semiconductor varieties (or firms) over time. At

the same time, the export tariff directly causes a sharp decline on the average revenues of exporters,

i.e. the intensive margin of exports. In the case of export bans, the opposite is true. They have a

direct effect on the extensive margin and an indirect opposite effect on the intensive margin. The

affected varieties may no longer be exported, but the average sales revenue of the remaining, un-

affected exporters increases strongly.

Figure 6. The impact of cutting-edge semiconductor export bans and tariffs on the num-
ber of semiconductor exporters and their average revenue (15 = 045 = 2.2).
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Notes: Shown are the percentage deviations of the variables from their initial steady state, with the revenues
denominated in domestic currency.
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5.3  Augmented model evaluations for n,s < 8,5 and n,s > 04

To complement the above analysis, we perform a robustness and sensitivity analysis to shed light
on the transmission channels of technology-focused trade policies. In the previous model evalua-
tions, we assumed that cutting-edge semiconductor substitution opportunities are independent of
the geographic area of origin (145 = 645). What if this equivalence assumption is not satisfied,
however? In the case of N5 < 045 (Mas > By5), it is more difficult (easier) to substitute cutting-
edge semiconductors from different countries than from the same country. How do these alterna-
tive parameter configurations affect the magnitude and distribution of trade restriction costs? In
the interest of a compact analysis, we restrict ourselves to the cases of a unilateral or internationally
coordinated export ban on 80 % of cutting-edge semiconductors.

Figure 7 compares the GDP, industry revenue and average price impulse response func-
tions for 145 < 8,5 (dashed lines) with 45 > 645 (solid lines). The black lines present the unilat-
eral US export ban, the gray lines show the internationally coordinated ban. Generally speaking,
the qualitative results of trade policy remain unchanged, implying that the results presented earlier
are robust. There is, however, a shift in burden-sharing across countries. In the two scenarios with
Nas < O45, the US faces a higher decoupling GDP loss compared to the baseline case as Chinese
companies can more easily switch to other international suppliers. In a somewhat weaker form,

this applies in a mirror image to China in the case of 1,5 > O,45.
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Figure 7. The impact of cutting-edge semiconductor export bans on GDP and to-
tal sectoral industry revenue for alternative trade elasticity calibrations.
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6 Welfare

The welfare effects arising from the semiconductor trade restrictions can be expressed as the
percentage of consumption that households are willing to give up in order to be as well off under
the corresponding trade policy as under the reference policy. Like in Schmitt-Grohé and Uribe

(2007), the consumption-equivalent total welfare cost in percentage terms is given by
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WA (1-B)1\Ty
Welfare cost = |1 — (%)1 "1 x 100 (57)

where V' is the welfare of the respective policy measure implemented in t = 0 and V| is the
welfare without the policy measure. The welfare of both Vg and V], i.e. their net present value of

utility, is calculated according to equation (37) for a time horizon of 100 periods.

Table 4. Welfare cost in percent (negative values indicate welfare gains)

USA | China | Rest of the World
50% US export ban Nas = Op5 = 2.2 0.0550 | 0.3101 -0.0329
Nas = 1.9 < 6,5 = 2.5]0.0305 | 0.2676 -0.0216
Nas = 2.5> 6,5 =19 | 0.1035 | 0.3529 -0.0469
80% US export ban Nas = Oy = 2.2 0.1076 | 0.5525 -0.0621
Nas = 1.9 < 0,5 = 2.5 0.0677 | 0.5394 -0.0462
Nas = 2.5 > 645 =19 0.1624 | 0.5152 -0.0704
80% US and RW export ban | n4s = 0,5 = 2.2 0.0777 | 1.0152 -0.0419
Nas = 1.9 < 6,5 =2.5]0.0413 | 0.9183 -0.0359
Nas = 2.5> 0,5 =19 | 0.1196 | 1.0144 -0.0168
80% US export ban and Nas = Op5 = 2.2 0.1031 | 1.0900 -0.1986
400% RW export tariff
Nas =19 < 8,5 =2.51]0.0701 | 1.0704 -0.2432
Nas = 2.5> 0,5 =19 | 0.1374 | 1.0224 -0.1508

Notes: Further extensions of the time horizon have only marginal effects on the welfare effects shown.

Table 4 reports the welfare costs for all policy scenarios considered above. In the baseline
calibration (5 = 045 = 2.2), an export ban of 50 % of US semiconductor varieties hurts both
China and the US, albeit Chinese households are suffering nearly six times as much. The rest of
the world gains slightly because of trade diversion effects. A US export ban of 80 % of
semiconductor varieties almost doubles the effects. Provided that the 80 % semiconductor variety
export ban is coordinated internationally, the Chinese welfare loss increases to over 1 %. The US
welfare loss falls slightly, as does the RW welfare gain. There is a significantly higher welfare

gain for the RW countries in the case of export tariffs.
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What mechanisms drive these outcomes? The literature suggest that a country can in-
crease its welfare to a certain degree by unilaterally raising export tariffs (Gros, 1987). How does
the export tariff differ from the export ban? In the case of an export tariff, the importing country
makes a welfare-enhancing income transfer to the country imposing the export tariff. Furthermore,
different variety effects arise. In the case of the export tariff changes primarily take place at the
intensive margin, i.e. the semiconductor trade volume decreases but the number of available vari-
eties remains as before. The export ban, however, leads to a decrease of imports at the extensive
margin, so there is an additional negative variety effect. In technical parlance, the welfare loss
from the export tariff is higher than from the export ban when the income effect is larger than the
variety effect.

Table 4 also presents the welfare effects for the two alternative parameter configurations
Nas = 2.5> 045 = 1.9 and ny5 = 1.9 < 8,5 = 2.5, respectively. Comparison of the numerical
values shows that the qualitative welfare effects reported for the baseline case are robust.
Quantitatively, the interaction of the assumed microelasticies (17,45) and macroelasticities (645)
results in differences in magnitude. These are due to the different substitution opportunities in each
case. In other words, the alternative parameter configurations provide a quantification of the

possible range of welfare effects.

/ Conclusion

In recent years, the Chinese government has made several announcements signaling heightened
efforts to invest in and quickly advance a range of advanced technologies. Against this back-
ground, the strategic significance of semiconductors and their ever-increasing importance for eco-
nomic competitiveness has become a focus for governments worldwide.? Given that the US seems
committed to an extended period of high-technology trade restrictions, our tripolar (US, China,
and the rest of the world) multi-sector general equilibrium model provides a framework for think-

ing about the economic effects of semiconductor trade restrictions. The extension capturing the

%5 The Economic Complexity Index (ECI) shaping multiple dimensions of economic development and growth, pro-
vides information of China’s technological advancement. The ECI ranked China 17, 24" and 39" globally in the
years 2020, 2010, and 2000, respectively. The gap between China and the US, which was ranked globally 6%, 12t
and 12% in 2000, 2010, and 2020, has thus decreased noticeably. See https:/atlas.cid.harvard.edu/rankings.
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semiconductor value chain adds realism and provides a means to analyze the critical trade re-
strictions at the heart of the current trade conflict.

There are three aspects of this framework relevant for our study. First, by explicitly mod-
eling semiconductor supply chain linkages across sectors and countries, the framework allows us
to assess the transmission of sectoral shocks within the domestic economy and across borders.
Second, the general equilibrium framework allows us to investigate semiconductor trade shocks
via both supply and demand channels. Description of the upstream supply channel is rather
straightforward in the case of production networks. The transmission via the demand side is less
trivial as it occurs via price effects that eventually determine demand in both final and intermediate
usage in the model, making our general equilibrium framework particularly relevant. Finally, the
paper sheds light on the normative implications of the semiconductor trade dispute.

Given the multiple scenarios in the numerical analysis above, we draw two conclusions.
The first takeaway, as mentioned earlier, is that cutting-edge semiconductors represent a strangle-
hold on China’s further technological advancement. The flip side is that locking China out of cut-
ting-edge semiconductors eventually leads to lower growth and welfare in the US. Rest-of-the-
world (RW) countries benefit from the partial trade diversion.

While the model incorporates empirically relevant transmission mechanisms, further en-
hancements are warranted. One issue not addressed is the impact of the trade-related creation and
absorption of digital technologies on the long-run growth of economies. See, for example, Aghion
etal. (2021) and Cai et al. (2021).2° More recently, the role of uncertainty has attracted new interest
in the context of trade policy and trade agreements. The evidence suggests that the relationship
between trade policy uncertainty and trade is robustly negative, implying that trade policy uncer-
tainty has an adverse effect on trade and growth performance of countries (Handley and Limao,
2015 and 2017). Furthermore, Handley and Limao (2015) show that policy uncertainty limits entry
of firms into foreign trade due to the sunk costs involved in entry and trade commitments.

It is also worth noting that the model does not include physical capital and business strat-
egies aimed at diversifying production sites to reduce dependency on China and foster supply-
chain resilience. Modeling foreign direct investment and the transition from globalizing to region-
alizing to reshoring in the presence of country-specific geopolitical risks is beyond the scope of

the paper (Caldara and Iacoviello, 2022).

26 We view the longer-run perspective to be complementary to our medium-run modeling approach, which follows
the time horizon set forth in China’s current five-year plan (2021-2025). A theme of the plan is building China into a
self-reliant technological and manufacturing powerhouse (Mallapaty, 2021).

45



Michael Funke and Adrian Wende Modeling Semiconductor Export
Restrictions and the US-China Trade Conflict

The proposed model can be augmented with further China-specific features. This includes
a model-theoretical analysis of China’s “dual-circulation” strategy. Underlying this technical-
sounding phrase is China’s long-standing push to make economic growth more self-reliant, i.e.
policymakers seek ways to move beyond China’s current export-led growth paradigm through
diversification of the country’s supply chains.?’” While tantalizing, we must leave these issues for

future research.

27 Ultimately, this may lead to a bifurcated economy. One realm (“external circulation”) would remain in contact with
the rest of the world, while a second realm (“internal circulation”) gradually supplants it by cultivating domestic
demand, capital, and ideas.
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