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1 Research Background and Significance

1.1 Research Background

1.1.1 Critical Minerals, Supply Chains, and Economic Statecraft
Critical minerals are inputs for semiconductors, batteries, defense systems, renewable en-

ergy equipment, and other strategic industries. Their supply chains are often concentrated in a
small number of mining, refining, or processing locations. China occupies a central position
in many of these markets, especially in refining, processing, and intermediate material supply.
Economic statecraft means the use of economic policy tools to pursue strategic or political
goals. In this setting, the tool is export licensing, and the channel is access to Chinese supply.
A licensing rule can change importers’ sourcing choices, shipment timing, price exposure, and
risk in supply chains.

The economic statecraft literature shows that states can use central positions in global net-
works to create chokepoints and shift costs onto foreign actors (Farrell and Newman, 2019;
Egger et al., 2024). Critical minerals are a physical supply chain setting for the same broad
problem. Unlike financial or digital networks, critical mineral networks move through mines,
refineries, processors, traders, and downstream users. The relevant issue is when control over
a concentrated production or processing node produces an observable trade or price response.

Critical mineral market power is difficult to measure directly. A country can dominate
mining, processing, refining, or one narrow gradewithout controlling every trade flow recorded
under a broad customs code. An importer can also reduce Chinese sourcing without reducing
total imports if non-China supply is available. Dependence on Chinese supply is therefore a
market condition, not the outcome. The outcome is the observed adjustment after a licensing
rule takes effect.

The policy setting is also different from technology controls on demand. A semiconductor
export control may restrict foreign access to a technology, equipment, or supply chain tied to a
specific firm. A mineral export license restricts access to upstream or midstream material that
enters many downstream uses. The same license can affect defense producers, battery firms,
chemical users, traders, and inventory holders in different ways. This makes the product and
source margins central. The empirical problem is not only whether a mineral was covered by
a control. The trade data require the analysis to ask which Harmonized System (HS) code
records the controlled item, which source is affected, which importers adjust, and when the
change appears.

China’s market share alone does not determine the trade effect. Market share creates poten-
tial pressure, but the realized effect depends on product scope, HS code measurement, importer
exposure, outside suppliers, and demand conditions. International organizations now track ex-
port restrictions on critical rawmaterials as a growing policy issue, but those inventories mainly
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describe policy use and market exposure (OECD, 2026; International Energy Agency, 2025).
They do not show when a specific licensing rule binds in trade data.

1.1.2 China’s Critical Mineral Export Licensing Controls
China’s recent critical mineral measures use export licensing. The Export Control Law

gives China a legal basis for controlled items, temporary controls, licensing review, end use
and end user documentation, and customs checks (National People’s Congress of the People’s
Republic of China, 2020). The State Council white paper presents export controls as part
of China’s national security, nonproliferation, and international obligation framework (State
Council Information Office of the PRC, 2021). The 2024 dual use regulation further spec-
ifies licensing procedures, review conditions, documentation, and customs release rules for
controlled dual use items (State Council of the People’s Republic of China, 2024).

The recent chronology has several mineral waves. China announced controls on gallium
and germanium items in July 2023, effective August 1, 2023; graphite items in October 2023,
effective December 1, 2023; and antimony and related items in August 2024, effective Septem-
ber 15, 2024 (Ministry of Commerce of the People’s Republic of China and General Adminis-
tration of Customs of the People’s Republic of China, 2023a,b, 2024). China then announced
controls on exports of relevant dual use items to the United States in December 2024, added
controls on tungsten, tellurium, bismuth, molybdenum, and indium items in February 2025,
and adjusted part of the U.S. measure in November 2025 (Ministry of Commerce of the Peo-
ple’s Republic of China, 2024c; Ministry of Commerce of the People’s Republic of China
and General Administration of Customs of the People’s Republic of China, 2025; Ministry of
Commerce of the People’s Republic of China, 2025). These official documents provide dates,
product language, and legal scope. They do not show whether trade changed.

The legal form matters. Export licensing is an authorization procedure, and the non tariff
measure literature separates licensing from export prohibitions and quotas (UNCTAD, 2019;
Gamberale and Tarasenko, 2023). The Chinese notices require exporters to apply for licenses
for covered items. Official statements on gallium/germanium, graphite, and antimony also in-
dicate that applications could be approved or reviewed under the licensing regime (Ministry of
Commerce of the People’s Republic of China, 2023, 2024b,a). These statements do not report
approval rates, processing times, or shipment outcomes. They only show that the instrument
was licensing rather than an automatic embargo.

Licensing status and trade effects are different objects. A binding licensing control may
reduce imports from China, delay arrivals, increase reliance on non-China suppliers, widen
domestic and international price gaps, or affect only the subset of products that closely matches
the legal scope. A weakly observed control may show no aggregate HS-level decline even if
some controlled items are affected. The empirical object is the trade and price margin after the
rule, not an assumed collapse.
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A licensing control can affect trade without stopping all shipments. If authorization is
slow, uncertain, or document intensive, importers may change suppliers, shipment timing, or
inventory before a denial occurs. Administrative delay and shipping time are trade costs, and
policy uncertainty can change firm behavior before outcomes are known (Djankov et al., 2010;
Hummels and Schaur, 2013; Handley and Limão, 2017). Customs records may therefore show
switching, delay, or price pressure rather than zero exports. For this reason, binding is defined
through observable market response rather than through the legal label alone.

1.2 Research Problem

Formally similar licensing rules can produce different trade responses across minerals. A
licensing control may look similar across episodes, but the market response depends on product
scope, HS code aggregation, dependence on China before the policy, outside supplier options,
downstream demand, and the credibility of sustained enforcement. Without separating these
margins, trade changes after the policy can be misread as either uniform export control success
or simple policy irrelevance.

This study addresses this problem by treating the policy as a potential China specific li-
censing wedge. The wedge is not directly observed. It must be inferred from trade timing,
source composition, total import adjustment, domestic and international price differences, and
importer heterogeneity.

The research problem has three parts. The first is the legal rule: which items China formally
places under export licensing. The second is the trade data unit: whether the available HS
code closely records those controlled items or bundles them with other goods. The third is
the market response: whether importers reduce China sourcing, switch to non-China suppliers,
reduce total imports, or face higher prices. The analysis must keep these parts separate. A legal
control does not automatically imply a trade effect, and an HS-level null does not prove that
the controlled item was unaffected.

The main research question is: why do formally similar Chinese export licensing controls
generate different trade and price disruptions across critical minerals? This study asks whether
treated products show a China source decline after the expected import effect month, whether
importers switch to non-China suppliers or reduce total imports, and whether price wedges or
importer heterogeneity support the interpretation of a trade binding licensing wedge.

1.3 Research Significance

The study matters for three reasons. First, it clarifies the trade effect of supply side eco-
nomic statecraft. Export controls are now central to technology competition, as shown by the
semiconductor control literature, but the critical mineral case differs because the policy acts
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through physical supply chains and licensing requirements that vary by product (Bown, 2020;
Bown and Wang, 2024). The relevant evidence is therefore observable trade adjustment, not
the announcement alone.

Second, the study improves measurement. Critical mineral security policy often treats Chi-
nese export controls as a direct proxy for foreign scarcity. That can be misleading. If licensing
controls mainly shift sourcing away from China, importing economies face a different problem
than if total imports contract. If price wedges widen without large trade declines, quantity data
alone understate scarcity. If broad HS codes mix controlled and uncontrolled items, aggregate
trade data may hide disruption in the controlled item.

Third, the study is policy relevant for China. Export licensing can create pressure only if
it changes the market margin that the policy is meant to affect. A control that leads foreign
importers to switch suppliers has a different meaning from a control that reduces total imports,
widens price gaps, or shows no detected HS-level response. The analysis does not test coercive
success or welfare. It provides product-level evidence on when licensing controls bind, along
which margins, and for which types of products and importers.

The policy relevance comes from the difference between exposure and disruption. Expo-
sure shows where China may have potential pressure. Disruption shows where a licensing
rule actually changed observed trade. These are not the same. A high China share may not
produce a visible import loss if licenses are routine, inventories are large, or the measured HS
code is too broad. A lower China share may still matter if the product is hard to replace or if
importers have few qualified suppliers. The answer is narrow but useful: which products show
observable China source adjustment, and what kind of adjustment is it?

2 Literature Review

Four literatures define the gap: economic statecraft, export licensing, mineral adjustment,
and empirical trade methods. Together, they show why China’s critical mineral controls are a
plausible case of supply side economic statecraft. The missing step is product source evidence
on when a licensing rule is trade binding.

2.1 Economic Statecraft and Critical Mineral Controls

Economic statecraft scholarship starts from asymmetric interdependence. Network power
theory argues that states or firms in central positions can turn access to a network into bar-
gaining power, surveillance capacity, or chokepoints (Farrell and Newman, 2019). Sanctions
research reaches a related conclusion from a different setting: coercive economic measures
work through exposure, substitutability, adjustment costs, and policy credibility (Egger et al.,
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2024). These arguments are useful because critical mineral supply chains are concentrated.
They are also incomplete for this project because they mainly establish the possibility of lever-
age, not whether a given product shows a trade response.

The technology control literature gives a closer policy setting. Work on semiconductor
controls shows how national security policy can target firms, technologies, and supply chain
nodes, and how legal restrictions can reshape commercial choices even outside broad economy
wide sanctions (Bown, 2020; Bown and Wang, 2024). Critical minerals share the strategic
input logic, but they differ in where the policy acts. Semiconductor controls often restrict
access to advanced technology or equipment. Mineral export controls restrict upstream or
midstream material inputs. This difference matters because mineral trade can adjust through
source switching, inventory use, price changes, or measurement problems inside broad customs
codes.

Critical mineral reports establish the exposure problem but not the realized effect. The
IEA emphasizes concentration and diversification as central issues in critical mineral markets
(International Energy Agency, 2025). The OECD inventory documents the growing use of
export restrictions on critical raw materials and classifies licensing as one policy instrument
(OECD, 2026). These sources show why the issue matters. They identify exposure and policy
use, not realized product source adjustment.

China’s export restrictions also belong to a longer legal and political history. Earlier dis-
putes over raw materials and rare earths show that Chinese export restraints have long raised
questions about WTO law, industrial policy, and unilateral economic measures (Bogdanova
and Wang, 2023). The recent critical mineral controls fit this history, but they should not be
treated as self evident proof of coercive success. The literature explains why concentrated sup-
ply chains can become policy instruments. The unresolved question is narrower: when does a
licensing rule create an observable market response at the product source level?

These arguments leave a measurement gap. Economic statecraft theory usually discusses
networks, sectors, or strategic dependence. Monthly trade data record products, sources, re-
porters, and months. The proposal therefore translates a broad claim about network power into
a narrower empirical claim: whether a product source margin changes after a licensing rule
under clear measurement conditions.

A central position may not produce a visible response if buyers hold inventories, have
outside suppliers, receive routine licenses, or appear in a broad HS code. A less central position
may still matter if the product is hard to replace or time sensitive. The literature therefore
supports a conditional question, not a universal prediction.
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2.2 China’s Export Licensing Regime

The legal literature and official documents clarify the instrument. China’s Export Control
Law, the State Council white paper, and the 2024 dual use regulation define a formal system of
controlled items, temporary controls, licensing review, end use and end user documentation,
and customs release rules (National People’s Congress of the People’s Republic of China, 2020;
State Council Information Office of the PRC, 2021; State Council of the People’s Republic
of China, 2024). The recent mineral notices then give concrete treatment dates and product
language: gallium and germanium in 2023, graphite in 2023, and antimony in 2024 (Ministry
of Commerce of the People’s Republic of China and General Administration of Customs of the
People’s Republic of China, 2023a,b, 2024). The graphite FAQ further clarifies item scope and
thresholds (China Export Control Information Network, 2024). These sources identify legal
treatment, not the resulting trade response.

The distinction between licensing and prohibition is central. UNCTAD’s non tariff measure
classification separates export licensing from export quotas and prohibitions (UNCTAD, 2019).
WTOwork treats export licensing as an administrative procedure requiring prior authorization,
which may be automatic or non automatic and may matter when procedures are burdensome,
opaque, or discretionary (Gamberale and Tarasenko, 2023). The Chinese announcements fit
this licensing category because covered exporters must apply for licenses. Ministry of Com-
merce (MOFCOM) statements on gallium/germanium, graphite, and antimony also show that
applications could be approved or reviewed under the regimes (Ministry of Commerce of the
People’s Republic of China, 2023, 2024b,a). Those statements do not provide approval rates,
denial rates, or processing times.

The trade cost literature explains why licensing can still matter. Administrative delay low-
ers trade, and time in transit has a measurable tariff equivalent cost, especially for time sensitive
goods and intermediate inputs (Djankov et al., 2010; Hummels and Schaur, 2013). Policy un-
certainty can also change firm entry, trade, prices, and sourcing before outcomes are realized
(Handley and Limão, 2017). These mechanisms imply that a license requirement may affect
sourcing even if shipments remain legally possible. An importer may change suppliers, reorder
earlier, use inventories, or accept higher prices because authorization is slow or uncertain.

The literature supports a reduced-form view of licensing. Trade data do not reveal license
applications, denials, processing times, or private communications. They can show whether
imports from China fall relative to non-China sourcing, whether timing matches implementa-
tion, whether total imports contract, and whether prices separate across markets. A licensing
rule can be legally active but weakly observed if approvals are routine, inventories buffer the
shock, or the measured HS code is too broad.

Product scope links legal documents to empirical measurement. Chinese notices may de-
fine items by descriptions, reference codes, purity thresholds, or technical conditions, while
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monthly trade data usually observe HS 6 headings. An HS-level null therefore means no de-
tected aggregate response in the measured code. It does not prove that the controlled item was
unaffected. Product mapping is part of identification.

2.3 Mineral Supply Chains and Importer Adjustment

The supply chain literature gives a second reason to expect heterogeneous effects. Critical
minerals are not one market. They differ by production stage, byproduct status, downstream
use, recycling potential, and the ease with which importers can qualify alternative suppliers. A
common legal instrument can therefore produce different trade responses across products. The
literature on mineral supply chains helps specify where these differences should appear.

Gallium and germanium illustrate the byproduct problem. Byproduct metal supply is linked
to host material production and recovery economics, so short-run output need not respond
strongly to the byproduct’s own price (Frenzel et al., 2017). U.S. Geological Survey (USGS)
summaries describe gallium and germanium as specialized materials with concentrated sup-
ply structures and distinct downstream uses (U.S. Geological Survey, 2025). These features
make the controls economically relevant, but they also complicate measurement. HS 811292
bundles gallium and germanium with other unwrought metals, and HS 282560 bundles germa-
nium dioxide with zirconium dioxide. A weak aggregate response in these codes can reflect
measurement dilution rather than absence of pressure on the controlled item.

Graphite illustrates product scope and demand complications. Natural graphite has indus-
trial and battery uses, while artificial graphite and anode materials raise separate scope ques-
tions (U.S. Geological Survey, 2025; Park et al., 2025). The graphite policy also adjusted an
earlier control setting and was later clarified through official guidance. A measured graphite
response can therefore mix licensing effects, prior compliance routines, battery demand, and
partial product coverage. The literature does not imply that graphite should show no effect. It
implies that timing and scope diagnostics are necessary before treating a graphite estimate as
a clean effect.

Antimony illustrates value chain heterogeneity. It has mining, metal, oxide, and chemical
stages, with uses in flame retardants, alloys, batteries, and defense related applications (U.S.
Geological Survey, 2025). Studies of antimony resilience andmaterial flows emphasize supply
vulnerability, limited substitution, recycling constraints, and stage specific bottlenecks (van den
Brink et al., 2022; Xu et al., 2025). One policy announcement can therefore affect ores, metal,
and oxides differently. A pooled ”antimony effect” would hide precisely the variation that the
supply chain literature treats as important.

Importer adjustment is the missing bridge between mineral exposure and observed trade
outcomes. A licensing wedge can appear as source switching, import compression, supplier
concentration, or price pressure. Evidence from tariff shocks shows that trade adjustment can
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occur through importer exit, discontinued buyer supplier relationships, reduced entry, and sup-
plier concentration (Handley et al., 2024). The setting is not export licensing, but the mech-
anism is relevant: importers with established outside suppliers should adjust differently from
importers that were highly dependent on China and lacked observed non-China sourcing.

This literature rules out a single pooled mineral interpretation. A decline in imports from
China canmean successful substitution if rest of world imports rise. It can mean scarcity if total
imports fall. It can also coexist with stable total imports if importers reroute, draw inventories,
or pay higher prices. Conversely, a stable aggregate series can hide source switching or product
scope dilution. The empirical task is therefore to compare China, rest of world, total import,
importer, and price margins rather than rank controls by one average treatment effect.

The mineral literature also changes how null results should be read. In a clean and regularly
traded product, a null China source effect is stronger evidence that the measured licensing
wedge was weak. In a bundled product, the same null may reflect aggregation. In a sparse
product, a large negative estimate may be descriptive rather than persuasive. This is not an
after the fact excuse for weak results. It follows from the product heterogeneity emphasized
by the supply chain literature. Product scope, trading regularity, and value chain stage must be
coded before interpretation.

Importer heterogeneity follows the same logic. Exposure to China is not enough. An im-
porter that depended heavily on China but had no observed non-China suppliers may respond
through import compression or price pressure. An importer that depended on China and also
had rest of world sourcing history may be able to switch sources. The observed outcome can
therefore differ even within the same HS product. This is why importer exposure and outside
supplier access belong in the mechanism discussion, not only in a robustness table.

2.4 Trade Effects, Price Responses, and Empirical Methods

The methods literature matters because the empirical object is source-specific monthly
trade. Mineral import panels contain zeros, skewed values, and heteroskedasticity. Log linear
OLS would either drop zero flows or require arbitrary transformations, and it can be biased
when the error variance changes with scale. Poisson pseudo maximum likelihood (PPML) is
therefore well suited to import value panels because it keeps zero flows and gives coefficients a
proportional interpretation under a multiplicative conditional mean (Silva and Tenreyro, 2006).
Fixed effects are also necessary in trade settings because importer, exporter or source, product,
and time factors absorb scale and common shocks; PPML with fixed effects has a structural
gravity interpretation under adding-up constraints (Fally, 2015).

The identification problem is not only about the estimator. The relevant comparison is
whether treated products’ imports from China change after licensing relative to rest of world
sourcing, untreated products, and timing before the control. Triple difference formalizes this
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comparison. Its interpretation is not automatic; it rests on an equal bias condition across the
two underlying difference in differences comparisons (Olden and Møen, 2022). This makes
the China source contrast important. A fall in total imports could reflect demand, prices, or
macroeconomic shocks. A fall in China source imports relative to rest of world imports is
closer to the policy channel because the licensing rule applies to exports from China.

Modern difference in differences (DiD) and event study papers add a caution about timing.
When treatment timing and effects differ across cohorts, simple two way fixed effect event
studies can produce difficult to interpret averages (Callaway and Sant’Anna, 2021; Sun and
Abraham, 2021; de Chaisemartin and D’Haultfœuille, 2020). Imputation style event study
logic provides a clearer way to think about dynamic effects under staggered adoption (Borusyak
et al., 2024). For mineral controls, this literature supports wave specific analysis, explicit event
timing, and caution about pretrends, anticipation, and implementation lags. It does not require
turning the proposal into a catalog of estimators.

Inference is a separate limitation. Monthly importer product source data can contain many
observations, but the independent policy variation remains small. Few policy change and few-
treated group literatures show that conventional inference can overstate precision when treat-
ment variation comes from a small number of shocks (Conley and Taber, 2011; Ferman and
Pinto, 2019). Few treated clusters can also undermine cluster robust and bootstrap procedures
(MacKinnon andWebb, 2018). Pretrend tests and sensitivity tools discipline interpretation, but
they do not create more independent policy assignments (Roth, 2022; Rambachan and Roth,
2023). Credible interpretation should therefore rest on a joint pattern: sign, magnitude, timing,
persistence, product scope, adjustment margin, and robustness.

Price studies provide a complementary mechanism. Export restrictions can insulate do-
mestic markets and shift pressure into world prices (Martin and Anderson, 2012). Trade policy
announcements can also raise commodity price volatility whenmarkets are tight (Brander et al.,
2023). These findings support the use of domestic and international price gaps as secondary
evidence. They also warn against treating price series mechanically. A price wedge is in-
formative only when grade, unit, currency, location, tax basis, and quotation convention are
comparable.

For this proposal, the methods literature supports the PPML triple difference design, timing
diagnostics, and cautious inference. PPML addresses zeros and heteroskedastic trade values.
Triple difference defines the China source contrast. Event-time diagnostics test whether the
timing fits the policy. Few-shock inference warns against overreading p values. Price-wedge
evidence helps interpret scarcity or segmentation. A negative PPML coefficient does not iden-
tify license denial, enforcement intensity, or welfare loss. It is credible only when sign, timing,
product scope, adjustment margins, and robustness point in the same direction.
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2.5 Research Gap and Thesis Contribution

The reviewed literature leaves a clear gap at the intersection of statecraft, licensing, mineral
markets, and trade measurement. Economic statecraft research explains why dependence can
become power. Critical mineral reports show concentration and policy salience. Licensing and
trade cost research explain why administrative authorization can affect trade. Supply chain
studies show why minerals differ. Empirical trade methods show how to study source-specific
trade changes and why inference must be cautious.

What remains missing is product-level evidence on when licensing based export controls
are trade binding. The relevant question is not only whether exports fall after a policy an-
nouncement. The key question is which margin moves: imports from China, rest of world
substitution, total import contraction, domestic and international price wedges, or importer ex-
posure. A licensing control can be legally real but weak in trade data. It can also be trade
binding for a clean product code while appearing weak in a bundled HS category.

The gap is both empirical and conceptual. It is empirical because policy discussion of-
ten starts from policy announcements or concentration measures rather than source-specific
trade adjustment. It is conceptual because ”binding” can mean legal coverage, license denial,
quantity loss, price pressure, welfare loss, or political success. Here, trade binding has a nar-
rower meaning: a China source decline after the expected import effect month, interpreted
with source, timing, total import, and price diagnostics. That definition is less dramatic, but it
matches the data.

The contribution is to connect economic statecraft to a product-level empirical design. Chi-
nese critical mineral controls are treated as licensing wedges whose observable force varies by
product scope, market structure, importer exposure, outside options, timing, and price response.
This framing avoids two common mistakes. It does not treat every licensing announcement as
a successful export restriction. It also does not treat every aggregate HS-level null as proof that
the controlled item was unaffected.

3 Research Content and Methods

3.1 Research Questions

The main research question is: why do formally similar Chinese critical mineral export
licensing controls generate heterogeneous observed trade and price responses across products,
and when do these controls appear to bind through China source decline, rest of world switch-
ing, total import compression, or domestic and international price segmentation?

This proposal uses a narrow definition of binding. A control binds in the empirical sense
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only when trade or price data show an observed market response. Legal licensing coverage is
a necessary policy input, but it is not itself evidence of binding. Binding does not mean ob-
served license denial, approval probability, MOFCOM processing delay, welfare loss, political
coercion, or total export shutdown.

The thesis asks three subquestions:

1. Do clean treated HS products show declines in imports from China after the policy rel-
ative to rest of world sourcing and untreated donor products?

2. Are observed responses stronger where importer-product cells had high China exposure
before the policy and limited replacement feasibility, and do exposed importers adjust
through rest of world switching or total import compression?

3. Do comparable domestic and international price benchmarks show widening wedges
after the policy in products where quantity responses suggest scarcity or segmentation?

3.2 Conceptual Framework and Empirical Expectations

3.2.1 Exposure and Replacement Feasibility
The framework explains why the same legal licensing instrument can produce different ob-

served responses across products. A licensing rule first creates legal coverage. Whether that
coverage appears in trade or price data depends on three conditions: how dependent importers
were on China before the policy, whether they had access to non-China suppliers, and whether
non-China production exists at the product level. These conditions determine whether exposed
demand can switch to other suppliers or instead appears as lower total imports or price separa-
tion. The framework therefore separates exposure, replacement feasibility, switching pressure,
and compression pressure.

For compact notation, China denotes imports from China, other sources denotes imports
from all non-China suppliers, and pre denotes cumulative imports before the policy.

Importer exposure to China is:

Eip =
MC

ip,pre

MC
ip,pre +MR

ip,pre

(3-1)

The numerator is the value imported from China before the policy. The denominator adds
imports from China and all other sources. The ratio is therefore the importer-product China
share before treatment. It does not observe inventories, contracts, downstream input needs,
firm sourcing requirements, quality restrictions, or technical substitutability. If total imports
before the policy are zero, the cell does not enter the pressure interaction models.
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Revealed outside access is:

Ocap
ip = min

(
1,

MR
ip,pre

MC
ip,pre

)
(3-2)

This measure asks whether the importer had meaningful sourcing from other suppliers before
the policy. It is not literal production capacity, spare capacity, supplier qualification, contract
availability, or directly exportable replacement supply. Frequency and binary access measures
remain robustness variants, while capacity access is the baseline.

When pre-policy China imports are zero, the implementation sets capacity access from
observed rest of world sourcing, but the importer has no China exposure in that product cell.
Such cells therefore carry zero pressure in the interaction estimates, and the outside-access ratio
is not interpreted as replacement capacity.

Product external production availability is:

Aprod
p = Scaleprodp ×

(
1−HHIROW,prod

p

)
(3-3)

with
Scaleprodp = min

(
1,

RoW productionp

China productionp

)
(3-4)

and
HHIROW,prod

p =
∑

c ̸=China

s2cp (3-5)

This term is higher when production outside China is large relative to Chinese production and
spread across more producer countries. It is external availability, not spare short-run export
capacity. The mapping is strongest for natural graphite, more indirect for antimony and tung-
sten because production is upstream of the HS metal or compound stage, and constrained for
bismuth because bismuth depends on byproduct and refining economics.

Replacement feasibility combines importer access and product availability:

Kip = Ocap
ip × Aprod

p (3-6)

Thismultiplication is a proxy assumption rather than a structural model. It imposes a bottleneck
logic: replacement is difficult when either importer access or product availability is low.

Switching pressure is:
P S
ip = Eip ×Kip (3-7)

This is exposed demand that should be easier to replace. If switching is operating, it should ap-
pear as a China source decline together with higher imports from other suppliers. The measure
is not observed switching behavior, so the switching claim must be supported by the mecha-
nism model.
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Compression pressure is:
PC
ip = Eip × (1−Kip) (3-8)

This is exposed demand that is harder to replace through other suppliers. Compression is tested
through total import models, and the same pressure can also appear through price separation
rather than a measured quantity decline.

Raw China pressure is:
PX
ip = Eip (3-9)

This measure is useful for the simpler exposure model.
The decomposition obeys the identity:

P S
ip + PC

ip = Eip (3-10)

This identity decomposes exposure to China into switching pressure and compression pressure.
Because the two pressure terms add mechanically to exposure, their coefficients are diagnostic
pressure gradients rather than independent structural behavioral parameters.

Figure 3-1 summarizes the research route from legal coverage to measurement, estimation,
and interpretation.
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Figure 3-1: Research Design and Interpretation Route

Notes: The figure summarizes the proposal logic from legal licensing coverage to measurement, estimation,
interpretation, and contribution. It is a guide to the research design, not an additional estimator. Source: author’s

design.

3.2.2 Empirical Expectations
The expectations are product specific. The thesis does not require every product to support

every expectation because heterogeneity is the object of study.

1. H1: Heterogeneous China source decline. Clean treated products should show declines
in imports from China after the policy, but effects should vary by product. The expected
sign is β < 0 in the average source-contrast PPML model. This is necessary observed
disruption evidence, not proof that every legally controlled product binds in the same
way.

2. H2: Exposure heterogeneity. China source declines should be stronger for importer-
product cells with higher China exposure before the policy. The expected sign is θ < 0
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on the exposure interaction in the source-contrast model. This supports exposure logic,
but it does not by itself identify the adjustment mechanism.

3. H3: Switching mechanism. Higher switching pressure should be associated with im-
port increases from other suppliers. The expected sign is γS > 0 in the rest-of-world
mechanism model. This is the key test for switching.

4. H4: Compression pressure. Higher compression pressure may be associated with lower
total imports or price segmentation. The expected signs are κC < 0 in the total import
model and δ > 0 in the price-wedge diagnostic.

5. H5: Price segmentation. Domestic and international price wedges should widen where
licensing pressure creates segmentation or scarcity and benchmarks are comparable. The
expected sign is δ > 0 for the international relative to domestic post wedge. The price
result is diagnostic evidence only.

3.3 Variables

The primary outcome is import value in U.S. dollars at the importer, product, source, and
month level, aggregated to quarters for the preferred baseline. The source dimension has two
values: China and rest of world (RoW). Additional outcomes separate China imports, RoW
imports, and total imports at the importer-product level. Net weight is a robustness outcome
only where reporting is reliable.

The main pressure variables are China exposure before the policy, revealed outside access,
product-level production availability, replacement feasibility, switching pressure, compression
pressure, and raw China pressure. Treatment timing uses product-policy status, China source
status, post indicators, and event-time indicators around announcement, implementation, im-
port effect, and first full quarter after implementation anchors.

The price wedge is the log difference between comparable international and Chinese do-
mestic benchmarks after harmonizing unit, currency, grade, location, and quotation basis. It is
a price segmentation diagnostic, not proof of license denial or compression.

Table 3-1 summarizes the main outcomes and pressure variables used in the empirical de-
sign.

3.4 Data Sources and Processing

3.4.1 UN Comtrade Bilateral Imports
The trade panel uses monthly UN Comtrade bilateral import records from January 2019

throughMarch 2026. The final analysis sample has 53 reporters, 87months, two source groups,
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Table 3-1: Main Outcomes and Pressure Variables

Block Measure Construction

Primary trade
outcome

Import value U.S. dollar import value by importer, product,
source, and time. Monthly records are
aggregated to quarters for the preferred baseline.

Source margins China imports; rest of
world imports; total
imports

China and non-China import values are
separated, then summed to measure total
importer-product imports.

Quantity robustness Net weight Reported net weight where complete case
coverage is credible.

Exposure China exposure Importer’s China share before treatment,
measured within each product.

Outside access Outside supplier access Capped ratio of imports from other suppliers to
imports from China before treatment.

External availability Production availability Product-level USGS production scale term
multiplied by rest of world production diversity.

Pressure measures Replacement feasibility,
switching pressure,
compression pressure,
raw China pressure

Replacement feasibility combines outside access
and production availability. Switching pressure
is exposed demand with replacement feasibility.
Compression pressure is exposed demand with
limited replacement feasibility.

Timing variables Treatment, China source,
post indicators,
event-time indicators

Treatment follows official control scope. Timing
anchors include announcement, implementation,
import effect, and first full quarter after
implementation.

Price outcome Price wedge Log international price relative to the Chinese
domestic benchmark after harmonizing grade,
unit, currency, location, and quotation basis.

Notes: Pressure variables use trade primitives measured before the policy and product-level production
availability. Switching pressure and compression pressure add to China exposure, so their coefficients are

diagnostic gradients rather than independent structural parameters.
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four clean treated products, and 12 donor candidates. Monthly bilateral sources are collapsed
into China and rest of world sources. The preferred baseline aggregates monthly observations
to quarters because customs reporting, shipping lags, and policy implementation do not map
cleanly to exact announcement days. Monthly models remain robustness and timing diagnos-
tics.

The data construction keeps canonical aggregate records for each reporter, product, and
month. It excludes transport mode, customs procedure, secondary partner, and duplicate ag-
gregate rows to avoid double counting. HS 3801 is excluded from the main analysis because
it is partially treated, and HS 2501 is excluded because it is too sparse.

Themain clean treated products are shown in Table 3-2. They are HS 2504 natural graphite,
HS 8110 antimony metal and articles, HS 8106 bismuth metal, and HS 284180 tungstates/APT.
Donor products are retained only after policy status, trade regularity, reporting coverage, and
donor suitability screens. The donor products are not treated as close mineral substitutes. They
are untreated comparison products used to absorb common reporting, importer, and time shocks
in the source contrast design. The final thesis appendix will report the donor list, exclusion
rules, trade regularity screens, and PPML separation diagnostics.

Table 3-2: Clean Treated Products and Policy Timing

HS code Product Policy wave Announcement Implementation Import effect month Sample status

2504 Natural graphite Graphite 2023-10-20 2023-12-01 2024-01 Clean baseline product
8110 Antimony metal and

articles
Antimony 2024-08-15 2024-09-15 2024-10 Clean baseline product

8106 Bismuth metal W/Bi group 2025-02-04 2025-02-04 2025-03 Clean baseline product
284180 Tungstates/APT W/Bi group 2025-02-04 2025-02-04 2025-03 Clean baseline product

Notes: The table lists the four clean treated products used in the main baseline. Legal coverage and clean HS
mapping do not by themselves imply observed binding. Source: official policy chronology and author sample

construction.

3.4.2 Product Mapping and HS Observability
Product mapping connects legal control lists to trade data. The main baseline uses only four

clean treated products, but clean legal mapping does not guarantee a strong empirical effect.
HS 2504 records natural graphite, with remaining caveats about graphite grades and earlier
control history. HS 8110 records antimony metal and articles, while the production proxy is
upstream antimony mine output. HS 8106 records bismuth metal, with byproduct and refining
constraints. HS 284180 records tungstates and APT, but the production proxy is upstream
tungsten mine output.

Bundled, partial, and sparse products can still be useful as excluded context or thesis ap-
pendix diagnostics. They do not carry the main baseline interpretation. An HS-level null does
not prove that every legally controlled item is unaffected. Conversely, a legally clean map-
ping does not imply observed binding. Tungstates/APT are legally clean in the baseline but
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empirically weak, null, or unresolved.

3.4.3 Production-Based External Availability
The production-based availability measure uses USGS Mineral Commodity Summaries

2025world production data, with 2023 as the baseline and 2024 as robustness (U.S. Geological
Survey, 2025). Table 3-3 reports the compact construction used in the proposal. Production
is external availability, not spare short-run capacity. The production mapping is strongest for
graphite, useful but upstream for antimony and tungsten, and constrained for bismuth because
bismuth is tied to refining and byproduct economics.

Table 3-3: USGS Production Availability Measures

HS code Product 2023 Aprod 2024 Aprod Mapping caveat

2504 Natural graphite 0.216 0.219 Direct production proxy
8110 Antimony metal 0.519 0.494 Upstream production proxy
8106 Bismuth metal 0.152 0.166 Refinery and byproduct caveat
284180 Tungstates/APT 0.176 0.182 Upstream tungsten proxy

Notes: Aprod = Scaleprod × (1−HHIROW,prod). Detailed production, scale, HHI, diversity, and country
rows are reserved for the thesis appendix; the main proposal uses this compact version to avoid overcrowding.
Source: author calculations from USGSMineral Commodity Summaries 2025 world production data (U.S.

Geological Survey, 2025).

3.4.4 Domestic and International Price Benchmarks
Domestic and international price benchmarks enter as diagnostic evidence. The price vari-

ables compare international and Chinese domestic benchmarks after harmonizing grade, unit,
currency, location, and quotation basis as far as the data allow. The identifying object is a
domestic and international wedge, not a license approval outcome, export denial, or welfare
measure.

Antimony and bismuth have the strongest usable price-wedge evidence in the preliminary
empirical evidence. Graphite is exploratory and weak because the international benchmark de-
scription is not fully documented. Tungsten/APT is not supportive: the benchmark is descrip-
tion sensitive and the observed wedge moves in the wrong direction for a segmentation claim.
Price wedges are therefore used only as evidence consistent with segmentation or scarcity.
They do not prove license denial, total import compression, or the internal licensing channel.

3.4.5 Demand, Market Structure, and Geographic Context Variables
Demand, market structure, and geographic variables help discipline interpretation and aux-

iliary robustness. Relevant context includes importer demand conditions, downstream use
intensity, supplier concentration before the policy, product-level production concentration,
distance and regional sourcing patterns, and the presence of established non-China suppliers.
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These variables help distinguish a licensing response from broader demand changes, commod-
ity cycle movements, or measurement differences across HS codes.

These context variables are not mechanically included in the baseline PPML specifica-
tion. Importer time fixed effects absorb many importer wide demand shocks, product time
fixed effects absorb common product shocks, and importer product fixed effects absorb persis-
tent bilateral sourcing structure. Some contextual variables are also measured after treatment,
collinear with the fixed effects, or too coarse to enter the main model without changing the es-
timand. They are therefore used to interpret product patterns, motivate robustness checks, and
organize thesis appendix evidence rather than to replace the baseline source-contrast design.

3.5 Empirical Strategy and Model

The empirical hierarchy is set before interpretation. Quarterly PPML is the preferred base-
line. Monthly models are robustness and timing diagnostics. Interpretation is by product.
Pooled clean estimates are summary evidence only because pooled pretrends fail. Event stud-
ies and placebo tests are diagnostics, not proof of clean causal timing.

3.5.1 Baseline China Source Response
The first empirical object is the average change in China source imports for treated products.

The model compares China sourcing with rest of world sourcing, before and after the relevant
licensing date, while controlling for importer, product, source, and time structure:

E [Mipst | Xipst] = exp
[
βDpst + αips + δit + λpt + µst

]
(3-11)

where
Dpst = Treatedp × Chinas × Postpt (3-12)

Mipst is import value. Chinas equals one for Chinese origin imports and zero for rest of world
imports. Postpt follows product-policy timing. The fixed effects absorb importer product
source relationships, importer time shocks, product time shocks, and source time shocks. The
expected sign is β < 0. The coefficient estimates a China source shift relative to other sources
and donor products; it does not prove license denial.

3.5.2 Pressure Measures in the China Source Model
A simpler exposure specification interacts treatment with China exposure before the policy:

E [Mipst | Xipst] = exp
[
βDpst + θ (Dpst × Eip) + αips + δit + λpt + µst

]
(3-13)

The expected sign is θ < 0: China source declines should be larger where the importer de-
pended more on China before the policy. This model tests exposure logic, but it does not
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identify the adjustment mechanism.
The main pressure specification separates switching pressure and compression pressure:

E [Mipst | Xipst] = exp
[
βDpst + θS

(
Dpst × P S

ip

)
+ θC

(
Dpst × PC

ip

)
+ αips + δit + λpt + µst

] (3-14)

The expected signs are θS < 0 and θC < 0. This model asks whether the pressure measures
predict stronger China source decline. It does not by itself show whether the adjustment came
from switching or compression, because both margins can reduce China sourcing.

3.5.3 Switching Mechanism
The switching model uses imports from all non-China suppliers as the outcome:

E
[
MR

ipt | Xipt

]
= exp

[
γS
(
Treatedp × Postpt × P S

ip

)
+ γC

(
Treatedp × Postpt × PC

ip

)
+ αip + δit + λpt

]
(3-15)

The key expected sign is γS > 0. A positive coefficient on switching pressure is evidence
consistent with replacement of Chinese supply by other suppliers. It is not evidence of com-
pression.

3.5.4 Total Import Compression
The compression model uses total imports from all sources:

E
[
MTotal

ipt | Xipt

]
= exp

[
κC

(
Treatedp × Postpt × PC

ip

)
+ κS

(
Treatedp × Postpt × P S

ip

)
+ αip + δit + λpt

]
(3-16)

The key expected sign is κC < 0. Compression is supported only when total imports decline
with compression pressure. It is not inferred mechanically from a China source decline.

3.5.5 Price Wedge Diagnostic
For comparable price pairs, the diagnostic price model is:

logPrpt = αrp + λt + δ (Internationalr × Postpt) + εrpt (3-17)

Prpt is the benchmark price for region or quotation basis r, product p, and time t.
Internationalr equals one for the international benchmark and zero for the Chinese
domestic benchmark. The expected sign is δ > 0 for a widening international relative to
domestic wedge. This is diagnostic evidence consistent with scarcity or segmentation. It is
not causal proof of licensing denial or compression.
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3.5.6 Timing, Placebo, and Robustness Checks
Event studies replace the post indicator with event-time indicators:

E [Mipst | Xipst] = exp

[∑
k ̸=−1

βk (Treatedp × Chinas × 1{EventT imept = k})

+ αips + δit + λpt + µst

] (3-18)

EventT imept indexes time relative to the product-policy anchor, with k = −1 omitted. Event
studies are timing and pretrend diagnostics only. Coefficients before the policy should not
systematically differ from zero, and persistent movement after the policy is more persuasive
than a one-period break. Failed pretrends weaken timing claims. Missing event study outputs
are unavailable diagnostics, not passes.

Placebo tests construct fake treatment timing before actual controls:

Dplacebo
pst = Treatedp × Chinas × PlaceboPostpt (3-19)

PlaceboPostpt equals one after the placebo policy date and before the true policy date. Signif-
icant placebo effects weaken timing interpretation. Robustness checks include U.S.-excluded
samples, net weight outcomes where quantity reporting is reliable, alternative timing anchors,
production-A 2024 variants, and monthly specifications. These checks support interpretation
only when they are consistent with the quarterly baseline and mechanism evidence.

3.6 Preliminary Empirical Evidence

3.6.1 China Source Response
The preferred preliminary evidence starts with quarterly PPML estimates using the first

full quarter after implementation timing anchor. Table 3-4 reports the average China source
response and the China source pressure specifications by product. Antimonymetal and bismuth
metal have the strongest average declines in imports from China. Natural graphite is negative
but weaker. Tungstates/APT are weak or null in the average China source row.

The pressure rows are useful because they askwhether observed declines are stronger where
the framework predicts more exposure or harder replacement. Natural graphite has a negative
China exposure coefficient and a negative compression pressure coefficient. Bismuth has a
negative compression pressure coefficient, but the broader quantity mechanism evidence is less
precise. Tungstates/APT show a negative exposure coefficient but do not show a persuasive
average decline, so the pressure row is not treated as a positive product case. The pooled clean
estimate is negative, but because pooled pretrends fail, it is used only as summary evidence.
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Interpretation rests on the product results.
Full model outputs in the thesis appendix will report observations, separated observations,

dropped fixed-effect cells, and convergence warnings.

Table 3-4: China Source Response

Model Natural graphite Antimony metal Bismuth metal Tungstates/APT

Average China source
effect

-30.1*

(-1.77)

-86.7***

(-5.75)

-74.4***

(-3.61)

-15.2

(-0.41)

China exposure
-0.364***

(-4.06)

-0.179

(-0.47)

-0.584

(-1.55)

-0.363***

(-2.71)

Switching pressure
0.191

(1.04)

-0.078

(-0.23)

-0.195

(-0.44)

0.156

(1.17)

Compression pressure
-0.218**

(-2.02)

-0.128

(-0.80)

-0.593**

(-1.97)

-0.183

(-0.83)

Notes: The average China source effect is reported as a percent effect from the PPML coefficient. Other rows
report pressure interaction coefficients from the preferred quarterly production-A China source specifications.
Parentheses report t-statistics computed from reported standard errors. Stars use reported p-values: * p < 0.10,

** p < 0.05, *** p < 0.01. Standard errors are clustered by reporter code.

The pressure rows in Table 3-4 are diagnostic China source gradients. They do not identify
switching or compression by themselves; the mechanism interpretation comes from the rest of
world and total import models in Table 3-5 and the price evidence in Table 3-6.

3.6.2 Adjustment Mechanisms
Table 3-5 separates the two quantity mechanisms.

Table 3-5: Adjustment Mechanisms

Mechanism Natural graphite Antimony metal Bismuth metal Tungstates/APT

Rest of world switching
0.342***

(2.59)

0.405***

(3.42)

0.196

(1.38)

0.161

(1.06)

Total import
compression

-0.165**

(-2.03)

0.287

(1.38)

-0.134

(-0.66)

0.441***

(3.63)

Notes: Entries are pressure interaction coefficients from the preferred quarterly production-A mechanism
specifications. Parentheses report t-statistics computed from reported standard errors. Stars use reported

p-values: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are clustered by reporter code.

Rest of world switching is the broadest mechanism. The switching coefficient is positive
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for all four products and is strongest for natural graphite and antimony metal. This pattern is
consistent with replacement of Chinese supply by other suppliers, but it does not show that
total imports were fully protected from disruption.

Compression is narrower. Natural graphite is the only product with a negative and statis-
tically supported total import compression coefficient in the preferred compression row. Bis-
muth has the expected sign but is imprecise. Antimony metal and tungstates/APT move in the
opposite direction for a compression claim. Compression therefore remains product specific
rather than a general conclusion.

3.6.3 Price Diagnostics
Table 3-6 reports the price-wedge diagnostic.

Table 3-6: Price Diagnostics

Diagnostic Natural graphite Antimony metal Bismuth metal Tungstates/APT

Price wedge
-0.067*

(-1.84)

0.460***

(3.88)

0.837***

(6.72)

-0.115**

(-2.11)

Notes: Entries are log point changes in international prices relative to Chinese domestic benchmarks from the
price-wedge diagnostics. Parentheses report t-statistics computed from reported standard errors. Stars use
reported p-values: * p < 0.10, ** p < 0.05, *** p < 0.01. The source price models use reported HAC(3)

standard errors rather than reporter clustering. Price-wedge estimates are diagnostic and do not identify license
denials, compression, or welfare effects.

Antimony metal and bismuth metal have positive and precisely estimated coefficients,
which supports a price segmentation interpretation. Graphite’s price wedge is negative and
only marginally estimated, so it does not support positive price segmentation. Tungstates/APT
also move in the wrong direction for a positive segmentation claim. These price results are
diagnostic; they do not prove license denial, total import compression, welfare loss, or the
internal licensing channel.

3.6.4 Timing and Product Interpretation
Timing evidence is treated as a diagnostic layer rather than as clean causal identification.

No event study figure is shown because no final product-level event study is clean enough
for main-text display without risking an overclaim about timing. A bismuth or graphite tim-
ing figure is not used as main evidence because the product-level interpretation is clearer in
the quarterly baseline tables, and the pressure event diagnostics remain weak or incomplete.
Missing monthly diagnostics are unavailable evidence, not passing checks.

The timing and robustness hierarchy is therefore as follows. Pooled pretrends fail, so
pooled estimates are summary only. Graphite average timing is acceptable, but pressure event
diagnostics are weak. Antimony metal is substantively strong but has timing and placebo
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caveats. Bismuth has stronger average and price evidence, but weaker quantity mechanisms.
Tungstates/APT have bad timing and placebo diagnostics.

The final product classification is unchanged. Natural graphite has a moderate average
decline, clear switching and compression evidence in the quarterly mechanism models, and
no positive price segmentation. Antimony metal has the strongest observed disruption, strong
switching and price segmentation, no compression support, and a timing and placebo caveat.
Bismuth metal has a strong average decline and strong price segmentation, with weaker quan-
tity mechanism evidence. Tungstates/APT are weak, null, or unresolved, with bad timing and
placebo diagnostics; this case is useful evidence that clean legal coverage does not imply ob-
served binding.

3.7 Research Structure

The thesis will proceed in six parts. The introduction will state the heterogeneous binding
puzzle, research question, and contribution. The background chapter will reconstruct China’s
licensing chronology, legal basis, product scope, and timing. The theory chapter will develop
the exposure and replacement framework. The data chapter will document Comtrade construc-
tion, clean product mapping, donor screening, production availability, price benchmarks, and
contextual variables. The empirical chapter will present quarterly source-contrast PPML re-
sults, pressure interactions, rest of world switching, total import compression, price wedges,
timing diagnostics, placebo tests, and robustness checks. The final chapter will interpret the
product evidence and limitations.

The structure keeps legal coverage, observed binding, source switching, compression, and
price segmentation separate. This separation is the main guard against overstating the thesis as
a clean causal treatment effect paper.

4 Contributions, Innovations, and Limitations

4.1 Academic Contributions

The thesis makes three academic contributions. First, it separates legal licensing coverage
from observed binding response. This distinction matters because a license requirement can
be legally active while producing weak or undetected HS-level market movement. The thesis
therefore treats binding as an observed response in trade or price data, not as a synonym for
legal coverage.

Second, the thesis separates exposure from replacement feasibility. Concentration and
China source dependence describe potential pressure, but they do not show whether importers
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can replace Chinese supply. The pressure framework combines China exposure before the
policy, importer outside access, and production-based external availability. This design uses
product-level production data rather than trade outcomes after the policy, while keeping clear
that production is not spare short-run capacity.

Third, the thesis classifies mechanisms by product instead of ranking products by one av-
erage effect. The empirical design distinguishes China source decline, rest of world switching,
total import compression, price segmentation, and weak or null response. This allows the the-
sis to interpret graphite as mixed switching and compression, antimony as strong disruption
with switching and price segmentation but timing caveats, bismuth as strong disruption with
price segmentation and weaker quantity mechanisms, and tungstates/APT as weak, null, or
unresolved.

4.2 Policy Contributions

The policy contribution is to evaluate China’s licensing controls through observed market
response rather than through announcement counts. A control can be legally active and still
show no detected aggregate HS-level China source decline. Another control can produce a
large source shift in a cleaner product code. Policy evaluation should therefore track legal
timing and measured trade or price response separately.

HS code mapping matters for policy interpretation. Broad HS codes can mix controlled
and uncontrolled items. Sparse codes can produce unstable estimates. A clean code can still
produce weak results. This proposal uses product mapping to decide what each estimate can
and cannot say.

Different response margins imply different policy lessons. Rest of world switching means
foreign importers can redirect some demand away from China. Total import compression
means exposed importers do not replace enough supply in observed trade values. Price seg-
mentation means pressure may appear in domestic and international price gaps even when
quantities do not clearly contract. The thesis does not estimate welfare, coercive success, or
license denial, but it can show which observable margin moves after a licensing control.

4.3 Research Limitations

The proposed study has clear measurement limits. Monthly customs data observe HS-level
trade values, not license applications, approvals, denials, processing times, customs commu-
nications, firm contracts, inventories, or downstream production effects. A negative China
source estimate can show an observed market response, but it cannot identify the internal li-
censing channel that generated that response.

The pressure measures are proxies. China exposure and outside access are trade primitives
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measured before the policy. Production availability measures product-level external produc-
tion, not spare short-run export capacity. Switching pressure and compression pressure are
proxy decompositions, not structural parameters, and their identity with China exposure lim-
its independent coefficient interpretation. Antimony and tungsten use upstream production
proxies. Bismuth has byproduct and refining constraints.

HS code mapping limits interpretation. Clean and regularly traded codes can support
stronger claims than bundled, partial, or sparse codes, but even clean legal mapping does not
guarantee a strong observed effect. Tungstates/APT are legally clean but empirically weak,
null, or unresolved. An HS-level null should not be read as proof that every legally controlled
item was unaffected.

Themain outcome is import value rather than physical quantity. Import values are available
more consistently across reporters and products, but they combine price, quantity, quality, and
composition. Net weight data are robustness evidence only where complete case coverage is
credible. Price wedges have a narrow role and are used only when benchmark pairs match on
grade, unit, currency, location, and quotation basis.

The timing and inference problems are structural to the design. Quarterly aggregation is
the preferred baseline because monthly customs data are noisy and policy implementation does
not map cleanly to exact days. Treatment varies at the product and time level, while the panel
contains many reporter and time observations. Reporter clustered p values are useful condi-
tional diagnostics, but they do not create many independent policy shocks. PPML separation
drops observations in many models. There are few treated products and few product-policy
shocks, and pooled pretrends fail.

Timing diagnostics remain important caveats. Antimony has strong observed disruption,
switching, and price-wedge evidence, but its placebo and timing diagnostics are problematic.
Tungstates/APT haveweak or opposite signedmechanism evidence and bad timing and placebo
diagnostics. Monthly event study and placebo diagnostics are incomplete in some blocks.
Missing or failed diagnostics are treated as unavailable diagnostics, not as evidence that timing
checks pass.

For these reasons, the thesis uses mechanism consistent and heterogeneous binding lan-
guage rather than clean causal treatment effect language. The estimates identify observed trade
and price responses consistent with heterogeneous binding pressure. They do not identify li-
cense applications, approvals, denials, processing delays, welfare losses, coercive success, or
clean causal timing.
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5 Research Plan and Timeline

The remaining work is to integrate the evidence into the full thesis manuscript, document
robustness checks, organize appendices, and keep interpretation within the limits of the design.
The thesis will not be expanded into a broader welfare or coercive success study. The empirical
chapter will present the quarterly baseline first, followed by mechanisms by product, price
diagnostics, monthly robustness and timing checks, and model warnings.

Appendix material will document full regression rows, PPML separation drops, missing
or failed event study and placebo blocks, U.S.-excluded checks, net weight robustness, and
production-A 2024 variants. Product classifications will be checked against the interpretation
used in the proposal: graphite as mixed switching and compression, antimony as strong dis-
ruption with switching and price segmentation but timing caveats, bismuth as strong disruption
with price segmentation and weaker quantity mechanisms, and tungstates/APT as weak, null,
or unresolved.

The research plan in Table 5-1 focuses on thesis completion, robustness documentation,
supervisor revision, and defense preparation.
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Table 5-1: Thesis Completion Timeline

Period Task Output Constraint

July 2026 Integrate proposal tables and
figures into the thesis
manuscript.

Main result tables,
mechanism summary, and
pressure framework figure.

Product
classifications must
match the proposal
interpretation.

Aug. 2026 Organize appendix evidence. Full regression rows,
robustness tables, model
notes, and missing
diagnostic notes.

Missing rows are
unavailable
diagnostics, not
passing checks.

Sep. 2026 Complete robustness and
model warning documentation.

U.S.-excluded, net weight,
monthly timing, placebo,
event study, and
production-based A 2024
appendix notes.

Robustness does
not override weak
timing or
mechanism
evidence.

Oct. 2026 Review claims and citations
before supervisor circulation.

Claim checklist, citation
issue list, and revised
interpretation language.

No license denial,
welfare, coercive
success, or clean
causal timing
claims.

Nov.–Dec. 2026 Supervisor revision and
manuscript tightening.

Revised full thesis and
response checklist.

Keep the quarterly
baseline and
product
interpretation
central.

Jan.–Feb. 2027 Prepare defense materials. Defense slides, result
handout, and anticipated
question notes.

Slides must
distinguish legal
coverage, observed
response,
switching,
compression, and
price segmentation.

Mar. 2027 Final formatting and
submission check.

ZJU formatted final
manuscript and submitted
files.

Check tables,
figures, references,
equations, and front
matter before
submission.

Notes: The timeline focuses on thesis completion, documentation, revision, and defense preparation.
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