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Abstract

Environmental regulations often generate environmental improvements at home, yet their consequences may
extend far beyond the countries that adopt them. The international incidence of environmental regulation
remains poorly understood. We study where the resulting environmental damages emerge and who
ultimately bears their costs using China's 2017 ban on waste imports, which triggered a large reallocation of
global recycling activity. Combining international trade data, administrative records, direct measures of
firms' waste mismanagement, and local pollution data in the main destination for diverted waste, we examine
the international incidence of environmental regulation by tracing the rarely observed process linking trade
reallocation to firm behaviour, pollution exposure, and welfare. The ban increased pollution-intensive plastic
waste imports, lowering input costs for downstream firms using recyclable materials. Meanwhile, imported
waste displaced domestic recyclables, leading firms to adopt harmful disposal methods. The environmental
damages from air pollution exceeded the economic gains from access to lower-cost inputs.
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1. INTRODUCTION

Do environmental policies reduce pollution, or merely shift environmental damages
across borders? Environmental policies are typically assessed by their effects where
they are implemented. Yet in an integrated global economy, pollution-intensive ac-
tivity can move across national borders. A large literature studies how regulation
affects trade, production, and environmental outcomes (Copeland et al., 2022). How-
ever, much less is known about their international incidence: where environmental
damages emerge, through which mechanisms, and who ultimately bears their costs.
A key challenge is that we rarely observe the full chain linking policy-induced trade
reallocation to firm behavior, pollution exposure, and welfare.

China’s 2017 ban on waste imports provides an unusually informative setting to
study these questions. Prior to the ban, China absorbed more than half of globally
traded plastic waste. The policy abruptly closed the world’s largest destination mar-
ket and triggered a major reallocation of global recycling activity. It also intensified
concerns that waste would be redirected toward lower-income economies with weaker
environmental management, an issue that is now central to negotiations over a Global
Plastics Treaty.'

The setting is particularly useful because the policy affected globally traded pollution-
intensive products. Unlike most pollution-intensive industries, where production,
location, and pollution decisions are jointly determined (Taylor, 2005), the policy
generated a large and observable reallocation of waste across countries. Combining
international trade data, firm-level administrative records, direct measures of waste
mismanagement, and local pollution outcomes, we trace how trade diversion affects
firms, pollution, and welfare within a single empirical setting.

Using these unique data, we document three main findings. First, China’s ban
substantially reorganized global plastic waste trade. Total traded volumes declined,
but a sizable share of displaced waste was redirected toward countries with weaker
environmental management. Yet the diverted trade did not flow to the countries
with the weakest environmental regulation. Instead, Turkiye emerged as the primary
destination—a marginal absorber whose environmental management is weaker than
China’s, but whose industrial and logistical capacity is sufficiently large to absorb
the displaced activity.? A large plastics-processing sector created strong demand for
1See Brooks et al. (2018); Martin et al. (2021); Bergmann et al. (2022). Although China banned
all waste, the focus has been on plastic waste because it is both environmentally consequential and
economically important, as we discuss later.

2Turkiye mismanaged 47 percent of its plastic waste compared to China’s 25 percent.
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recyclable inputs, while Turkiye’s position on major trade routes enabled shipments
to exploit low-cost backhaul container capacity that would otherwise return empty.
These findings highlight an important distinction between textbook North-South pol-
lution haven models and environmental regulation in a world with multiple potential
destinations. With more than two countries, the international incidence of environ-
mental regulation depends not only on regulatory differences, but also on absorptive
capacity, which is shaped by factors such as industrial demand, processing capability,
and transport costs across countries (Copeland and Taylor, 2003, 2004).

Second, we identify the mechanisms through which environmental regulation gener-
ated environmental damages in the receiving country. The standard pollution haven
channel operates as expected. Access to cheaper imported plastic waste increased
pollution-intensive processing activity in Turkiye. However, the standard relocation
channel accounts for only a minority of the environmental response. The larger ef-
fects arise through market displacement. Imported waste competes directly with
domestically-generated recyclable materials. As domestic waste suppliers lose buy-
ers, they increasingly resort to harmful disposal practices, including dumping and
open burning of unsold waste. Cities more exposed to displaced domestic waste
experience significantly larger increases in particulate pollution after the ban. The
evidence therefore points to two channels: increased processing of imported waste
and import competition-induced deterioration in domestic waste management.

Third, we quantify the welfare consequences of these economic gains and envi-
ronmental damages. Firms using imported recyclable plastics benefit from lower
input costs and expand production. Firms generating plastic by-products experience
reduced waste sales but show little adjustment in their primary production activi-
ties. We embed these empirical findings in a quantitative framework that combines
difference-in-differences responses, based on observed firm-level exposure to imported
recyclable plastics, with market-clearing conditions to recover the absolute scale of
the economic and environmental impacts. Economic gains from cheaper imported
inputs are positive but modest. In contrast, environmental damages are substantial.
Cities exposed to displaced domestic waste experience more than a twenty percent
rise in particulate pollution, while other cities experience a much smaller rise through
increased processing of imported recyclables. Combining the estimated pollution im-
pacts with evidence from the health economics literature implies environmental dam-

ages of between $558 million and $655 million. By comparison, gains from cheaper



inputs and expanded production amount to no more than $116 million. The net
welfare effects for Turkiye are therefore negative.

These findings provide direct evidence on the international incidence of environ-
mental regulation. Environmental improvements achieved in one country can gener-
ate substantial environmental costs elsewhere, and those costs need not arise solely
through the relocation of pollution-intensive activity. More broadly, our results show
that the distribution of environmental damages depends not only on where activity
relocates, but also on how receiving economies absorb it. In a globally integrated econ-
omy, environmental regulation can reshape the geography of environmental damages,
with burdens falling disproportionately on countries whose environmental manage-
ment is less equipped to absorb the resulting shock.

Our paper contributes to three strands of literature. First, we contribute to the
literature on pollution havens and the international incidence of environmental reg-
ulation. By linking trade diversion, firm behavior, pollution exposure, and welfare,
we identify where environmental damages emerge, through which mechanisms, and
with what welfare consequences. In doing so, we speak to two longstanding questions
in the pollution haven literature: whether pollution haven effects are quantitatively
important and whether they warrant international policy coordination (Krugman
et al., 2012, p. 289). In our setting, the environmental burden created by China’s
ban is economically meaningful and arises through international trade diversion that
is currently the subject of global negotiations and national policy initiatives.?

Second, we uncover a new mechanism through which pollution haven forces oper-
ate. Environmental regulation in one country can increase pollution abroad not only
through the relocation of pollution-intensive activity, but also through the displace-
ment of domestic suppliers whose environmental management deteriorates following
import competition. To our knowledge, this provides the first direct evidence for
the “distressed and dirty industry” hypothesis emphasized in recent theoretical work
(Cherniwchan et al., 2017; Forslid et al., 2018). More broadly, our findings contribute
to the literature on trade and firm adjustment by showing that firms negatively af-
fected by import competition reduce environmental compliance, complementing work
that has focused on pollution reductions from access to cleaner imported inputs and

better export performance (Barrows and Ollivier, 2018; Gutiérrez and Teshima, 2018).

3Various types of plastic waste have already been included in the Basel Convention that governs
international flows of harmful materials. Negotiations are also being undertaken at international
forums, including the UN, WTO and OECD.
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Third, we contribute to the literature on waste trade and environmental manage-
ment.? A longstanding concern is that the economic gains from importing waste may
be offset by environmental costs in receiving countries. We provide direct causal
evidence for this, exploiting exogenous variation in environmental policy in a large
economy that is plausibly exogenous to environmental outcomes of the third coun-
try that receives the dirty activity from advanced ecocomy exporters. Our focus on
international incidence is closest in spirit to Tanaka et al. (2022), that also studies
outcomes in the receiving country, when tightening of US lead standards relocated
pollution-intensive battery recycling activity relocated from the US to Mexico. We
contribute by identifying and directly measuring the key mechanism through which
environmental costs emerge: waste mismanagement. Measuring waste mismanage-
ment is inherently difficult because improperly disposed waste is often unobserved.
We overcome this challenge by exploiting firm-to-firm production linkages that allow
us to trace waste transactions through the formal recycling chain and verify waste
sales from both the buyer and seller sides. This enables us to identify when waste
exits formal recycling channels and to construct measures that are less susceptible to
misreporting by firms that improperly dispose of waste. Methodologically, we develop
a framework that distinguishes between virgin and recyclable plastic inputs, allow-
ing us to quantify welfare in an environment where conventional import penetration
measures are insufficient.’

The remainder of the paper proceeds as follows. Section 2 documents the global
reallocation of plastic waste trade following China’s import ban and quantifies its
trade diversion impacts. Section 3 presents product-level and firm-level evidence
from Turkiye on imports, production and waste management to determine the mech-
anisms for the international incidence of environmental policy. Section 4 develops
the quantitative framework to map the empirical findings to welfare gains through

economic effects and environmental damages. Section 5 concludes.

4See, for example, Copeland (1991); Levinson (1999); Lee et al. (2020); Bunn and Blaney (1997);

Baggs (2009); Kellenberg (2012); Kellenberg and Levinson (2014); Thakur (2022) for waste trade.

For a review and broader discussion, see Kellenberg (2015), Ray (2008).

Global trade statistics do not distinguish between virgin and recyclable plastic imports, even though

they differ markedly in their environmental burdens. Consequently, we depart from standard import

penetration ratios of the quantitative trade literature that are no longer sufficient to quantify welfare.
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2. PLASTIC WASTE TRADE AND CHINA’S IMPORT BAN

This section examines how China’s import ban reshaped global plastic waste trade.
We start with a description of the industry and the policy. Then we estimate the

international incidence of the policy through trade diversion and destruction.

2.1. Context. Global plastic production increased dramatically, from 2 million met-
ric tons in 1950 to 322 million in 2015 (Worm et al., 2017).° This expansion generated
large volumes of plastic waste that degrades slowly and persists in the environment
(Brooks et al., 2018; Geyer et al., 2017; MacLeod et al., 2021; Worm et al., 2017).
Managing waste in a way that is environmentally friendly—through recycling or en-
ergy recovery—is costly (Kellenberg, 2012), while improper disposal—through open
dumping, uncontrolled burning, or inadequate recycling—is typically cheaper but
generates substantial environmental and health damages.

Plastics are penetrating deep into the environment, and a growing body of work
is evidencing its detrimental consequences for human health, biodiversity and the
environment.” More broadly, waste-related activities account for a substantial share of
air pollution in many urban areas, the majority of marine plastic leakage, and material
shares of global greenhouse gas emissions—comparable in magnitude to emissions
from aviation or shipping.®

International trade has long provided a way to shift part of the financial and envi-
ronmental burden across borders. High-income countries generate a disproportionate
share of global waste but can reduce domestic disposal costs by exporting waste to
lower-income economies, where processing costs are often lower and environmental
standards weaker. This practice has been a source of controversy since at least the
1980s (Copeland, 1991; Baggs, 2009; Kellenberg, 2012). Nevertheless, waste trade
has expanded rapidly. Between 1993 and 2016, global plastic waste exports increased
by 817 percent, with 87 percent flowing from high-income to developing countries
(Brooks et al., 2018; Li and Mu, 2024).

China was the dominant destination for this trade. While imported waste provided

a cheap source of raw materials for manufacturing, it often arrived contaminated

6By 2015, annual plastic production had reached a scale comparable to the total weight of the human
population (Worm et al., 2017).
7(Marfella et al., 2024; Trasande et al., 2022; Landrigan et al., 2025; Law, 2017; Worm et al., 2017;
OECD, 2022b; United Nations Environment Programme, 2025) .
8(The World Bank, 2018a; Jambeck et al., 2015; Brooks et al., 2018; IPCC, 2021; OECD, 2022a).
See overviews in (The World Bank, 2018a; OECD, 2022a).
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with food, garbage, and other pollutants, leaving substantial quantities of unrecy-
clable material that needed landfilling. Processing these imports generated pollution,
groundwater contamination, and health risks, particularly where waste-management
infrastructure was inadequate. Growing environmental concerns led Chinese author-
ities to tighten enforcement through “Operation Green Fence” in 2013, an inspection
campaign aimed at reducing contaminated waste imports and restricting polluting ac-
tivities (Li and Takeuchi, 2023). Despite these efforts, China remained the dominant
destination for plastic waste, accounting for 56% of global imports in 2016 (Brooks
et al., 2018).

A more far-reaching response followed in 2017. After public concern over plastic
waste intensified, reportedly in part due to the documentary "Plastic China', the
government introduced Operation National Sword (ONS).?” ONS banned imports of
24 categories of solid waste, including several plastics and paper products, while
imposing much stricter quality standards on others. The policy triggered a dramatic
decline in waste imports, particularly plastics, as shown in Figure 2.1.

The scale of China’s role in the global waste market and the abruptness of ONS
generated a large and highly visible reallocation of waste trade across countries. This
provides an unusually informative setting for studying how environmental policy in

one country affects economic activity and environmental outcomes elsewhere.

2.2. Global Plastic Waste Trade after ONS. Before turning to the formal anal-
ysis, Figure 2.1 summarizes the global response to ONS along two dimensions. The
bars show the share of China and Turkiye in worldwide imports of ONS-banned plas-
tic waste; the line shows total global imports. Three patterns stand out. First, prior
to ONS, China was the dominant importer, accounting for over half of global imports
of these products in 2015 and 2016. After 2017, China’s share collapses, falling to
near zero by 2019. Second, Turkiye’s share, negligible before the ban, rises sharply
after 2017 and reaches its post-ban peak by 2020, making Turkiye the largest destina-
tion for ONS-banned plastic waste in the world. Third, the global line shows that the
reduction in Chinese imports was not fully offset by increases elsewhere: total global
trade in these products falls following the ban and stays below its pre-ONS level
through the end of the sample. Supplemental Appendix Figure S6.1 shows the rise

9After July 2017, China progressively introduced additional restrictions on waste trade. Notably,
by December 31, 2017, a new contamination standard was set, rejecting waste imports with con-
tamination rates exceeding 0.5%. China also successively banned 16 categories of waste products by
the end of 2018, with plans to ban another 16 by the close of 2019. See 99% Invisible (2021) and
Mattioli (2020) for commentary.
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F1GURE 2.1. Global Plastic Waste Trade and Importer Shares
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Note: The bars show the share of global plastic waste imports accounted for by
China (dark grey) and Turkiye (light grey), measured on the left axis. The solid
line shows total global plastic waste imports in million units, measured on the right
axis. The number above each bar reports the country’s world rank in plastic waste
imports for that year. The vertical dashed line marks the start of China’s Operation
National Sword policy in September 2017. Source of data is BACI.

of Turkiye alongside the contemporaneous reallocations to other destinations. The
combined patterns are consistent with both trade destruction (a net global trade con-
traction) and trade diversion (a reallocation toward new destinations), with Turkiye
absorbing a disproportionate share and being referred to as a "dumping ground" for
foreign waste.'”

To more formally quantify how global trade in plastic waste evolved after ONS, we
estimate a difference-in-differences specification that exploits variation across exporter-
importer pairs and product categories. We categorize countries into four groups: (i)
China, which implemented the ONS policy; (ii) the largest exporters of plastic waste;"

(iii) Turkiye, which emerged as a major destination for plastic waste post-ONS, based

19See The Guardian (2025).
' We refer to these countries as Top Ezporters. They are the top 20 exporters to China of banned
waste products before the ban that have a higher than average market share in exports to China
in 2015-2016. These countries are: Australia, Belgium, Canada, Germany, Spain, France, United
Kingdom, Hong Kong, Indonesia, Japan, South Korea, Macao, Mexico, Malaysia, Netherlands,
Philippines, Slovenia, Thailand, United States and Vietnam.
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on descriptive trends in the data; and (iv) the rest of the world (RoW). This clas-
sification allows us to capture bilateral trade dynamics between key country groups
before and after the implementation of the ONS policy.

We distinguish between exporter-importer pairs according to whether the origin
country has a bilateral trade surplus or deficit vis-a-vis the destination country. This
is motivated by lower shipping costs for waste trade in trade-surplus destinations.
Industry sources note that when trade flows are imbalanced—particularly when ships
travel full from Asia to Europe or the United States but return with many empty
containers—shipping companies often offer discounted freight rates on the return leg
in order to avoid repositioning empty containers. This backhaul-shipping mechanism
makes it cheaper to ship waste along bilateral links characterized by systematic trade
imbalances.'?

To capture this backhaul-shipping mechanism, we estimate the following gravity
trade specification:

InZogne = Y. >, . Bios Post, x Bany™ x 1o € g] x 1[d € ¢'] x Trl,
9€G ¢g'€G Te{S,D}

(2.1) +3° 3 > BE2 Posty x Bany > x 1[o € g] x 1[d € ¢'] x Tr],

99'T
9€G g'eG Te{S,D}

+ Post; x Tariff Rateygn, 1=2016 + Qodat + Qodh + €odnt

where the dependent variable is the value of trade from origin country o to destination
country d of product h in year t. The variable Post; equals 1 for years 2017 and later,
and 0 otherwise. BangSG identifies the set of plastic waste products banned under the
ONS policy. 1[o € g] and 1[d € g| indicate origin and destination country groups,
with groups G = {China, Top Exporters, Turkiye, Rest of the World}. Tr%, equals 1 if
destination country d runs a bilateral trade surplus vis-a-vis origin country o based on
pre-policy trade flows, and 0 otherwise. Tr?d equals 1 if d runs a bilateral trade deficit
vis-a-vis o, and 0 otherwise. The two indicators are therefore mutually exclusive and
partition origin-destination pairs by the direction of the bilateral imbalance. We
also control for potential spillovers to closely related products (in the same HS 2-
digit category) and for tariff changes, as well as origin—destination—year and origin—

destination—product fixed effects.

12Gee Tran et al. (2021) for China and Kellenberg (2010) for a broader discussion of backhaul rates
in waste trade.
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The estimated changes in plastic waste trade from Equation 2.1 are relative effects—
relative to the change in net trade of non-plastic products within each country group.
These relative estimates may differ from absolute effects due to general equilibrium
adjustments. To recover absolute changes, we impose the standard assumption of bal-
anced trade and solve for the implied log change in non-plastic trade flows for each
country based on country-specific balance-of-trade (BoT) conditions. Specifically,
balanced trade adjustment in country k is >, 2°p AToknt — 2azk 2on ATkane = 0
where AZopht = Tokh =0 (eXp (ak + 6!’;9,T> — 1) at the inferred absolute effect ;.. The
resulting estimates allow us to recover the absolute changes in plastic waste trade
flows.

The recovered absolute trade flows show that the ONS policy triggered a large re-
allocation of global plastic waste trade.'® Top Exporters (both those running a trade
deficit with China and those running a trade surplus) reduced exports to China by
around 91-93%.!* In contrast, we observe a large increase in plastic waste exports
from Top Exporters to Turkiye, rising by 2,091% from origin countries with which
Turkiye runs a trade surplus and by 381% for the other deficit countries. A similar
pattern, though of a smaller magnitude, is observed for the Rest of the World. The
empirical findings are consistent with the hypothesis that empty shipping contain-
ers facilitate the trade of plastic waste. The full gravity estimates are reported in
Supplemental Appendix Table S6.1, and here we focus on the destination-specific re-
allocations that are relevant for determining aggregate trade diversion and destruction
to countries.

To assess whether plastic waste was redirected toward countries with weaker envi-
ronmental management, we aggregate the bilateral trade reallocations to the destination-
group level. Table 1 reports the estimated change in imports for each destination
group, along with the plastic waste mismanagement rate in each group as reported
by The World Bank (2018b)."> China experienced a near collapse in imports after
its ban, with imports falling by 86.47% relative to the pre-ONS baseline. At the

1?’Supplemen‘cal Appendix Figure S6.2 presents similar results using aggregate trade data. It presents
an event-study where global trade in 6-digit HS products is regressed on the interaction of a dummy
for China-banned products with a post-ONS dummy, controlling for product- and year-level fixed
effects. Results show a sharp post-policy drop in banned plastic products and a lack of systematic
pre-trends.
1gypplemental Appendix Table $6.2 provides complementary evidence by examining the share of
exports directed to China. It shows that this share declined by 17.3% following the ONS policy,
consistent with a reallocation of trade away from China.
15The World Bank (2018b) reports waste by management practice. We follow Law et al. (2020) in
classifying inadequately managed and littered waste as mismanaged.
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same time, imports increased across all other destinations. Taken together, non-
China destinations experienced a 13.39% increase in imports relative to their baseline
levels. This increase, however, was highly uneven across destinations. Turkiye ex-
perienced the largest relative increase, with imports of ONS-banned plastic waste
rising by 517.79% over the baseline, making it the world’s largest destination for
these products.'® Notably, Turkiye’s plastic waste mismanagement rate was 47 per-
cent, substantially higher than China’s 25.25 percent. Other destinations saw more
modest increases: imports into the Rest of the World rose by 11.66%, while imports
among Top Exporters increased by 8.83%.7

TABLE 1. Change in Plastic Waste Imports by Destination

Destination Change in imports, model Mismanagement Rate (%)
implied (%)
China —86.47 25.25
Other Destinations +13.39 9.87
Top Exporters +8.83 5.96
RoW +11.66 21.55
Turkiye +517.79 47.00
World —38.11 14.63

Note: “Change in imports, model implied” is defined as 100 x (Xq1 — Xq4,0)/Xa,0, where X441 is
the model-implied level of imports after the policy and Xg o is baseline imports. The model-implied
trade flows are recovered by combining the bilateral gravity estimates reported in Supplemental Ap-
pendix Table S6.1 with the balance-of-trade condition described in the text. “Mismanagement rate”
is the share of plastic waste that is inadequately managed in each country.

2.3. Trade Destruction and Diversion. Overall, global plastic waste trade de-
clined by 38.11%, as the sharp reduction in China’s imports was not fully offset by
increases in imports elsewhere. However, the vast majority of trade was reallocated
and flowed disproportionately towards destinations with weaker waste management
systems. This pattern of trade diversion does not fully align with the textbook North-
South Pollution Haven Hypothesis in which trade would have been redirected to the
countries with the weakest environmental capacity if only regulations were a source
16Turkiye’s market share rose even further after our sample period. However, our empirical analysis
is restricted to 2013-2019 to avoid confounding effects from the COVID-19 pandemic and policies
implemented in Turkiye in the 2020s.

17Computimg; the change in imports by destination group without imposing the balance-of-trade
condition—i.e., using the relative estimates directly—yields highly similar results, indicating that

the ONS policy had negligible spillovers on non-plastic trade.
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of comparative advantage. According to The World Bank (2018b), several poorer
countries, including Ethiopia, Mozambique, and Myanmar, exhibit much worse mis-
management rates. Yet they did not emerge as major destinations for the displaced
waste.

F1Gure 2.2. Stylized World Trade Under the Multi-Country Pollution
Haven Hypothesis

Price

. S China bans
B (Chlna) B imports

Py

1
: 1
Turkiye becomes H :D
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Do

Plastic waste quantity

Q1 Qo

Note: Stylized world market for plastic waste. The horizontal axis shows
the world quantity of plastic waste; the vertical axis shows its world price.
The diagram is adapted from the pollution haven supply-demand framework in
Copeland and Taylor (2003) and based on Brian Copeland’s lecture notes (avail-
able at https://www.nottingham.ac.uk/gep/documents/lectures/nottm-lectures-in-
int-economics/2013/lecture-1.pdf).

The reallocation of trade was more subtle—in line with a multi-country variant
where differences in locations are not purely determined by environmental regulations.
Figure 2.2 illustrates this logic for an import ban. The horizontal axis represents the
world quantity of plastic waste imports; the vertical axis is the world price. World
supply S is upward-sloping. World demand is a step function across importer types,
ordered from highest to lowest willingness to pay and the width of each step denotes
the absorptive capacity of the country. B denotes China prior to its ban of plastic
imports, C' denotes Turkiye, and D denotes countries with the weakest regulation
and limited processing capacity. When China bans imports, segment B is removed
from world demand. Post-policy demand D; intersects the supply curve at segment

C. World price falls (P, < Py) and world quantity also falls (@ < Q). The figure
11



illustrates that trade gets diverted to Turkiye (the marginal absorber with relatively
weaker regulation), rather than to D (the weakest regulator, with limited absorptive
capacity).

The evidence on trade diversion is consistent with this logic of multi-country pollu-
tion haven theories and suggests a refinement to the standard North-South pollution
haven intuition. When there are more than two destinations, environmental burdens
need not relocate to the weakest regulator. Instead, they relocate to the marginal
absorber. Here the marginal absorber has weaker environmental management. This
has consequences for how the destination country absorbs the displaced activity. We

turn to this next by examining product-level and firm-level evidence from Turkiye.

3. MICROECONOMIC IMPACTS

Having established where displaced waste relocated, we now examine how the re-
ceiving economy absorbed this shock. We start with the diversion of banned products
into Turkiye using detailed customs data. Then we study the consequences for domes-
tic firms using firm registry, value-added transactions and waste management survey
data.

Let 7 index importing firms and m index domestic waste-generating firms. Plastic
waste in our sample is predominantly imported by manufacturing firms that recycle
these materials to use as intermediate inputs in the production of their outputs.®
We exploit this feature to analyze how access to imported waste affected input costs,
sales and profitability of importing firms, and the consequences for domestic suppliers
of plastic waste.

Our empirical analysis combines three linked administrative datasets from Turkiye
with a separate firm-level waste survey. Turkish customs records report annual firm-
level imports and exports by partner country and 8-digit HS product code, allowing
us to identify the China-banned waste products. Firm registry and corporate financial
statements report firm-level annual gross sales, material and wage costs, employment,
as well as location (city) and 4-digit NACE industry code (the Statistical Classifica-

tion of Economic Activities in the European Community). VAT declarations allow for

BMore than 70% of firms importing China-banned products are in manufacturing and only about
6% are firms classified as waste management companies; fewer than 10% of importers are suppliers
to waste management firms, with the rest being trading firms. Hence, most imported waste is used
directly as an input by manufacturers rather than being processed by specialized waste firms, and
these shares remain highly stable throughout.
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the construction of firm-to-firm input-output flows and the identification of domes-
tic suppliers. We complement these administrative sources with the Manufacturing
Industry Waste Statistics survey (biennial), which covers all formal firms with more
than 50 employees and a representative sample of smaller firms. The survey records
firm-level waste volumes and disposal methods (e.g. selling, reuse, dumping, burning)
by EWC-Stat product category. We map EWC-Stat (European Waste Classification
for Statistics) codes to HS6 to identify China-banned plastic waste products.'?

3.1. Imports of Banned Plastic Waste. Building on the aggregate diversion pat-
tern documented in Section 2, we now turn to Turkish customs data. To control for
time-invariant product-origin-level trends and for origin-year-level shocks, we estimate
an event-study specification at the product-origin-year level:

2019

(3.1) In(Imports,,,) = Z B (Di X BannethSG) + aon + Qot + €Eont,
1=2013

where Imports,,; is the quantity (kg) of HS8-digit product A imported from origin

df56 is an indicator for products banned by

country o in year t. As before, Banne
the Chinese ONS policy. D! are year dummies, a,;, are product-origin fixed effects,
and «,; are origin-year fixed effects. The sample runs from 2013 to 2019 and 2016 is
omitted as the base year. Coefficients 5; measure year-by-year deviations in imports
of banned products from a given origin relative to non-banned products imported
from the same origin in the same year.

Figure 3.1 plots the estimated [3; coefficients with their 90% confidence intervals.
Turkish imports of China-banned plastic products increase significantly after 2016
and remain high through 2019. Figure S6.3a in the Supplementary Appendix repli-
cates this exercise at the firm-product-origin-year level and confirms that individual
firms raised imports of banned products, ruling out the possibility that aggregate
patterns are driven by changes in the composition of active importers. In comple-
mentary analysis, Figure 3.2 shows the decomposition into quantities and unit values:

quantities of treated products increase (Panel (A)) while unit values decline (Panel

19China’s restrictions are formally imposed on specific HS codes, but these codes collectively encom-
pass the relevant universe of traded plastic waste. Because EWC-Stat classifies waste at a broader
material level, any EWC-Stat category corresponding to plastic waste is treated as exposed. The
purpose of the crosswalk is therefore not to establish exact concordance between individual EWC-
Stat and HS6 subcategories, but to determine whether a firm’s waste falls within the set of plastic
waste products covered by China’s ban. Since the banned HS codes span essentially all plastic waste
categories, this approach provides comprehensive identification of treated plastic waste within the
survey data.
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(B)), suggesting that the policy induced a global contraction in demand for these
items. Figure S6.3b in the Supplementary Appendix reinforces this interpretation
using quality-adjusted prices: even after controlling for observable product character-

istics, ONS-affected products experienced a statistically significant decline in prices.

FIGURE 3.1. Event Study: Value of Imports
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Note: The figure plots the estimates of 3;, together with 90% confidence intervals,
obtained from estimating the specification in (3.1) in addition to the 90% confidence
intervals. The dependent variable is the (log) quantity of Turkish imports of product
h from origin o at year ¢. Coefficients on the interaction between year dummies D!
and an indicator Banneth 96 for waste products banned by China are plotted. The
interaction with year 2016 is excluded to serve as a reference year. The sample
covers the period 2013-2019.

As a falsification exercise, and to address concerns that our results might be in-
fluenced by misclassification of products, we randomly reassign “treatment” (banned
status) across 8-digit HS products within each 4-digit HS group and re-estimate Equa-
tion (3.1) 250 times. The resulting distribution of placebo estimates is centered tightly
around zero (Supplemental Appendix Figure S6.4b), compared to our baseline esti-
mate that is slightly higher than unity. This exercise lends credibility to our baseline
findings, demonstrating that the estimated post-ONS increase in imports of banned

products is not an artifact of product misclassification.
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FIGURE 3.2. Event Study: Decomposition of Turkish Imports into
Quantities and Unit Values

(A) Quantity (B) Unit Prices
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Note: These figures plot the estimates of /3;, together with 90% confidence intervals,
obtained from estimating Equation (3.1). The dependent variable in Panel (A) is
import quantities (measured in kilograms) at the 8-digit HS level, while Panel (B)
reports unit values (measured in dollars per kilogram). The interaction with year
2016 is omitted to serve as the reference year. The sample covers the period 2013-
2019.

Overall, the evidence points to a key displacement mechanism, similar to the styl-
ized representation in Figure 2.2. The ONS policy reduced China’s demand for banned
waste products, driving down their world prices. These lower prices, in turn, stimu-
lated import demand in countries not subject to the ban, with Turkiye emerging as
a particularly important destination of the displaced flows.?® The estimates obtained
from detailed Turkish customs data reveal a discrete and persistent jump in imports
of ONS-banned products beginning in 2017, with no evidence of differential pre-trends

relative to unaffected products.

3.2. Waste Sales of Domestic Firms. We next study how domestic waste genera-
tors responded to increased import competition. The waste survey records the annual
firm-product-level quantity of each EWC-Stat waste type generated and the fraction
sold, reused, or mismanaged (dumped, uncontrolled burning, discharge). We map
EWC-Stat codes to HS6 to identify waste types that correspond to China-banned

20We also test whether Turkiye redirected these inflows to third countries. Figure S6.4a in the
Supplemental Appendix shows no discernible increase in exports of China-banned plastic waste
products, indicating that the majority of diverted waste was processed domestically rather than
transshipped.
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products, as discussed earlier. To examine how the increase in imports induced by
the Chinese policy affected sales of waste by domestic firms, we estimate the following

specification:

Waste Sold 2020
(3:2) (Total Waste)mht l:%):loﬁl( t anned,) + Qmi + Qun + Emnt

where the dependent variable is the share of firm m’s quantity of waste product h
sold (rather than reused or mismanaged) in year ¢, o, are firm-year fixed effects and
amp are firm-product fixed effects. Identification exploits within-firm changes in sales
shares for banned versus non-banned waste types. Figure 3.3a reports the event-
study estimates: the share sold declines by about 5 percentage points for banned

waste types after 2016.

FicURE 3.3. Event Study: Waste Sales and Waste Management of
Firms in Turkiye

(A) Share of waste sold (B) Share of waste mismanaged
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Note: These figures plot the estimates of /3;, together with 90% confidence intervals,
from estimating Equation (3.2). Each observation is at the firm-product-year level.
In Panel (A) the dependent variable is the share of waste that firm m sells of
waste product h in year ¢; in Panel (B) it is the share of waste that is mismanaged.
Coefficients on the interaction between year dummies D! and an indicator Bannedy,
for waste products banned by China are plotted. The interaction with year 2016 is
excluded to serve as the reference year. The sample covers the years from 2010 to
2020.

Domestic firms sold a smaller share of their ONS-banned waste products following
the policy shock, raising the question of how the unsold waste was subsequently han-
dled. To investigate this, we replace the dependent variable in Equation (3.2) with the

share of waste that is mismanaged. Figure 3.3b shows that mismanagement increases
16



for China-banned waste types after 2016, with the largest effects observed among
smaller firms (Panel (A) of Supplemental Appendix Figure S6.5). Supplemental Ap-
pendix Figure S6.6a shows that there is no detectable change in waste-management
practices among the importers themselves.

Overall, the evidence suggests that imported plastic waste displaced domestically
generated waste in Turkiye. Firms substituted towards imported inputs, leaving do-
mestic waste generators with unsold waste that was increasingly disposed of through
dumping and burning. The evidence is consistent with quality-biased substitution:
imported waste is cleaner, better sorted, and requires less labor-intensive preprocess-
ing than domestically generated waste. Most advanced economies are signatories to
international conventions that proscribe international shipping of various low quality
mixed waste, and imported plastic waste therefore typically arrives already sorted
and cleaned.

Even before the ONS policy, waste exported by the countries that China historically
relied on—Top Fxporters—was systematically higher quality than waste exported by

! This quality difference is important because the early stages of sorting,

Turkiye.?
separating, and cleaning are technologically irreversible and largely determine the
mechanical properties of the final recycled polymer (Awaja and Pavel, 2005). Errors
or contamination introduced at these stages cannot be corrected during downstream
processing such as shredding, melting, or molding.?®> When manufacturers purchase
domestic waste, they often need to undertake additional sorting and cleaning before
the material can be used as an input. By contrast, imported waste is typically sub-
ject to stricter quality controls, allowing manufacturers to use it more directly in
production.

The quality-biased substitution mechanism is consistent with the higher unit values
of imported waste relative to domestically exported Turkish waste that we discussed

earlier. It can also be examined more directly. Waste needs to be washed and cleaned

21Using standard techniques, Table S2.1 in Supplemental Appendix S2, shows that Top Exporters
supply plastic waste of approximately 35% higher average quality relative to Turkiye, a difference
that is statistically significant at the 1 percent level.

22Mixed polymer streams have incompatible melt temperatures and viscosities, producing weak
or brittle recycled materials (Awaja and Pavel, 2005); organic or particulate contaminants induce
polymer degradation during melting, resulting in discoloration, brittleness, and gel formation (Al-
Salem et al., 2009). International regulations governing cross-border plastic waste shipments—
including the Basel Convention and OECD Council Decision C(2001)107—require exporters to pre-
sort and pre-clean waste before shipment, a requirement emphasized in country-level analyses such as
Karasik (2022). Imported waste therefore arrives in substantially better condition than domestically
generated waste, which typically receives little or no preprocessing.
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to remove contaminants before plastic material can be extracted. A direct measure of
quality is therefore the intensity of water used in recycling plastic, that we measure
with firm-level data on water consumption. Specifically, we regress the change in
water consumption divided by sales between 2016 (pre-ONS) and 2018 (post-ONS)
on firm’s pre-ONS intensity of the use of China-banned plastic waste, controlling for
industry and region fixed effects as well as initial firm size. Firms with higher pre-
ONS share of China-banned plastic waste in their total input costs show a decline
in water consumption per unit of sales (Table S6.3 in the Supplemental Appendix
shows the full results, though we cannot examine pre-trends as this data series starts
in 2016).*> The pattern is consistent with firms reducing their reliance on water-
intensive preprocessing stages by substituting toward higher-quality imported waste
inputs. Together with the evidence on domestic waste sales and mismanagement,
these findings provide additional support for our interpretation that domestic waste
mismanagement increased because lower-quality domestic waste was displaced by

cleaner imported inputs.

Scale of Waste Generation. Our results so far indicate that following China’s ban,
domestic firms in Turkiye mismanaged a larger share of the waste they generated and
re-used a smaller share. To examine whether these changes reflect shifts in waste
disposal or changes in the overall scale of waste generation—for example, due to
upstream changes in plastic production or own demand—we examine whether firms
that were more exposed to ONS-banned products experienced differential changes in
total waste generation.

We estimate an event-study specification:

2020
(3.3) Total Waste,,,; = Z B D! x Exposure,, + o, + Qs(myt + Qr(m)t + Emt,
1=2010

where the dependent variable is the total amount of waste generated by firm m in
year t. Exposure,, is defined as the share of China-banned waste products in the
total waste generated by firm m prior to the ONS policy. We include firm-level
fixed effects as,, industry-year fixed effects o), and region (city)-year fixed effects
Qi (m)e to control for time-invariant firm characteristics as well as sectoral and regional
shocks. None of the estimated coefficients [; is statistically different from zero, and

the point estimates do not exhibit a systematic post-2016 trend (Figure S6.6b in

BTotal input costs are constructed as the sum of wage payments, domestic purchases based on VAT
data, and imports.
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the Supplemental Appendix plots the estimated coefficients). The surge in import
competition therfore affected the allocation of waste across disposal methods, not the

total quantity of waste generated.

Firm-to-Firm Sales of Domestic Waste. We next examine whether the decline in
waste sales by domestic generators reflects reduced demand from downstream buyers.
This is the mirror image of sales by domestic waste generators, but recorded from the
buyer side. Using firm-to-firm sales data constructed from Turkish VAT declarations,
we examine directly whether buyers substituted away from domestic waste suppliers
following the ONS policy by estimating:

2019
In(Purchases; s +) = Z 5, Di x Exposure; X Exposure,, + iy + Qs ¢
(3.4) 1=2013

+ Qg + €540 ¢,

where Purchases; ¢ ; denotes the value of purchases by buyer firm 7 in 4-digit NACE
industry s from supplying industry s" in year ¢. Exposure;, measures the pre-ONS
intensity with which firm ¢ relied on China-banned plastic waste in its input mix,
defined as the share of ONS-banned imports in total input costs (wages, domestic
purchases, and imports) in 2016.* Exposure,, captures the propensity of supplying
industry s’ to sell plastic waste, measured as the share of plastic waste sold by industry
s’ in total plastic waste generated in Turkiye in 2016.

The specification includes buyer-year fixed effects «;;, which absorb changes in
buyer firm’s scale and overall input demand, as well as time varying source-destination
industry pair fixed effects o)« and time-invariant buyer firm and supplying indus-
try fixed effects a;y. Identification therefore comes from within-buyer-year variation

across supplying industries with different exposure to plastic waste sales.?> Figure

24This exposure measure captures the intensity of imported plastic waste use among existing im-
porters and does not incorporate new entrants after 2017. While the number of plastic waste
importers increased following the ONS policy, these entrants are small relative to incumbent im-
porters.

2514 is important to note that the magnitudes of the estimated event study coefficients from Equations
(3.2) and (3.4) are not directly comparable for several reasons. First, the waste management survey
reports quantities while the VAT dataset reports sales values. Second, the two datasets differ in
their levels of disaggregation. The waste management survey aggregates the volume of waste at
the supplier-product level, while the VAT dataset aggregates sales at the buyer-supplier level. For
identification purposes, we aggregate the latter at the level of buyer and supplying industry when
estimating Equation (3.4). Since each supplier can have multiple buyers and each buyer multiple
suppliers within an industry, a direct comparison of the magnitude of estimates is not feasible.
However, the qualitative results obtained from estimating the two equations should point in the
same direction.
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3.4 presents the estimated f; coefficients with their 90% confidence intervals. The
results show a large decline in purchases from domestic plastic waste-supplying in-
dustries by firms that were more exposed to ONS-banned imports after 2017. This
pattern complements the results obtained from the waste management survey and
provides additional evidence that downstream buyers reduced their input purchases

from domestic waste suppliers following the ONS policy.

FIGURE 3.4. Purchases from Domestic Waste Producers
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Note: The figure plots the estimates of §;, together with 90% confidence intervals,
obtained from estimating the specification in (3.4). Each observation is at the firm-
supplying sector-year level. Coefficients on the interaction between year dummies
Di and the product of exposures are plotted in the figure. Exposure; is a continuous
variable indicating the share of firm i’s usage of China banned plastic imports in its
inputs (wages + domestic purchases + imports) in 2016. Exposurey represents the
share of plastic waste sold by industry s’ in total plastic waste generated in Turkiye
in 2016. The sample covers the period 2013-2019.

Together with the waste survey evidence of suppliers, the firm-to-firm transaction
data show that buyers substituted away from domestic waste suppliers, leaving them

with unsold waste that was increasingly mismanaged.

3.3. Firm Performance of Importers. We next examine whether firms that relied

more heavily on imported recyclable plastics experienced changes in costs, sales, and
20



competitiveness after ONS. We estimate the following event-study specification:

2019 2019
(35) Xu= Y. v DjxExposure;, + » & D} x Employment; + a; + o + €5,
1=2013 1=2013

where X;; denotes an outcome of interest for firm ¢ in year ¢, including measures
of input costs, sales, and industry market shares. Exposure; is a continuous mea-
sure capturing firm ¢’s pre-ONS reliance on China-banned plastic waste, defined as
the share of such products in total input costs in 2016, and Employment; denotes
firm size in 2016. The specification includes firm fixed effects and year fixed effects,
thereby exploiting within-firm variation over time. The control group consists of
firms importing other products within the same 4-digit NACE industry as importers
of banned 8-digit HS plastic waste products.

Input Costs. We first ask whether the decline in world prices for imported plastic
waste translated into lower production costs for exposed firms. Figure 3.5 reports
event-study estimates for material costs and wages, each expressed relative to sales.
Firms with greater exposure to China-banned imports experienced a modest decline
in material costs relative to sales following the ONS policy, although the estimates are
imprecisely estimated. More noticeably, these firms exhibit a statistically significant
decline in their wage share. This pattern is consistent with the mechanism discussed
earlier: imported plastic waste arrives already sorted and cleaned, reducing the labor-

intensive pre-processing required when using domestically generated waste.?

Sales and Market Shares. We next test whether improved access to imported waste
affected firm-level revenues. We re-estimate Equation (3.5) with sales and market
shares. The left and middle panels of Figure 3.6 show that firms with higher exposure
to ONS-banned imports experienced relatively faster growth in sales and industry
market shares after the policy.?” The right panel examines exporting probabilities.
While these estimates are less precisely estimated, they point to some muted increase
in export participation among more exposed firms on the margin.

These results indicate that firms in Turkiye that relied more heavily on imported
plastic waste benefited from the ONS policy through improved access to cheaper and
higher-quality inputs. These gains manifested primarily through reduced labor inten-
sity and higher sales, rather than through large reductions in material costs alone.
m is consistent with evidence in Castro Vincenzi and Kleinman (2020), who show that
lower input prices reduce the labor share, and Hummels et al. (2014), who document that offshoring
and input sourcing reduce demand for low-skilled labor.
2TMarket share is defined as the ratio of a firm’s gross revenues to total revenues in its 4-digit NACE

industry.
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FicUre 3.5. Effects of ONS on Importer-level Costs

(A) Material costs over sales (B) Wages over sales
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Note: These figures plot the estimates of 7;, together with 90% confidence intervals,
obtained from estimating the specification in (3.5). Each observation is at the
firm-year level. The dependent variable changes across sub-figures as stated in the
title. The coefficient of interest is on an interaction term of year dummies D! and
Exposure;, where Exposure; is the share of firm ¢’s usage of banned plastic products
in its inputs in year 2016. The interaction with year 2016 is excluded to serve as a
reference year. The sample covers the period 2013-2019.

Importantly, the benefits accrued to downstream manufacturing firms contrast with
the adverse effects experienced by domestic waste generators documented in the pre-
vious subsection. This divergence highlights the role of quality-biased substitution:
while manufacturers gained from cheaper, cleaner imported inputs, domestic waste
suppliers—unable to compete on quality and prices—faced reduced demand and in-
creased mismanagement of unsold waste.

To sum up, three key empirical facts emerge from the analysis in this section. First,
the ONS policy generated a large increase in Turkish imports of banned plastic waste,
accompanied by a decline in world prices. Second, these import surges reshaped do-
mestic waste markets: as foreign recyclables displaced local waste, domestic waste
generators lost buyers, sold a smaller share of their waste, and increasingly diverted
the remainder towards dumping and burning. Third, importing manufacturers bene-
fited from cheaper imported inputs through lower input costs, higher sales, and declin-
ing wage shares as cleaner imported materials reduced the need for labor-intensive
preprocessing. The evidence points to market displacement, along with imported
processing, as a channel through which ONS affected pollution-intensive activities in

Turkiye, and we examine these next to quantify the welfare impacts of the policy.
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FiGURE 3.6. Effects of ONS on Importer Performance

(A) Domestic (B) Output (¢) Exporting
Sales Market Share Probability
ol l ,,,,,,,,,,,, {l ] w l . } fffff l | ]
‘ - |
(\l‘2013 2014 2015 EVNE 2017 2018 2019 ““2013 2014 2015 %’016 2017 2018 2019 V‘;UIS 2014 2015 ?{DIG 2017 2018 2019

Note: These figures plot the estimates of 7;, together with 90% confidence intervals,
obtained from estimating the specification in (3.5). Each observation is at the
firm-year level. The dependent variable changes across sub-figures as stated in the
title. The coefficient of interest is on an interaction term of year dummies D!
and Exposure;, where Exposure; is the share of firm ¢’s usage of banned plastic
products in its inputs in year 2016. The interaction with year 2016 is removed from
the equation to serve as a reference year. The sample covers the period 2013-2019.

4. QUANTIFYING WELFARE IMPACTS

This Section quantifies the relative importance of the two channels highlighted in
the empirical findings: increased access to imported waste and displacement of do-
mestic waste sales. Moving from the empirical findings to welfare gains requires three
steps. First, because the difference-in-differences (DiD) estimates identify responses
of more-exposed relative to less-exposed firms, market-clearing conditions are needed
to recover the absolute scale of adjustments. Second, firm-level economic responses
must be aggregated, which requires structure on how production gains translate into
welfare-relevant real consumption gains. Third, the environmental consequences need
to be valued in monetary terms to compare with the economic gains, which requires
linking firm-level environmental outcomes to pollution damages. The model below
provides the minimal structure for each step; full derivations are in the Supplemental
Appendix, and Table 4 maps every welfare object to its estimated relative effect and

theoretical assumptions.

4.1. Welfare. The objective of the framework is to measure the economic gains and
environmental damages generated by the policy in the destination country. Let A

denote the change in equilibrium outcomes induced by the ONS policy. Welfare in
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country k£ changes by
(4.1) AW = AQy — AZ, = AQy — & ABy, — Ean AXG — oAV,

where (), is aggregate final consumption and 7, is damages from plastic pollution.
The latter consist of environmentally consequential changes in waste disposal (By),
recycling and re-use (Xj), and virgin plastic extraction (Vj), with country-specific
marginal social damages denoted by &, &k, and &, Aggregate consumption @)y is a
nested CES aggregate of sectoral consumption of varieties produced in the Supplying,
Using, and Neither sectors defined next (full details are in Supplemental Appendix
S3.1).

4.2. Sectors, Firms, and Sufficient Statistics. Firms are partitioned into three
sectors, j € {u, s,n}, by their relationship to recyclable plastic: Using firms purchase
recyclable plastic to use as an input, Supplying firms generate plastic waste as a
production by-product, and Neither firms do neither and are affected by ONS only
through general equilibrium adjustments. A Using firm combines labor and virgin
material with recycled plastic that could be purchased at home and abroad. x%, > 0
denotes the firm’s efficiency in the use of imported recyclable plastic inputs, and can
be understood as a factor-biased productivity shifter. A Supplying firm generates
waste with firm-specific plastic intensity (7, > 0 and chooses how much to sell for
re-use and how much to dispose of as a by-product, subject to the material balance
constraint (that tthe sum of recyclable waste sold and the remainder unsold waste
must equal the total waste geenrated):

(4.2) (i Wastely, = by, + ZC; T} kg (d)

g,

where Waste};, is total waste generated, rj,q) is waste sold to Using firm ¢ in
country d, and b}, is the amount of unsold by-products that need to be disposed of.
Because recyclable waste re-enters production as an input, it differs from standard
pollutants that generate purely negative externalities. When virgin and recyclable
plastic are substitutable in production, an increase in recycling reduces demand for
virgin resource extraction and thereby lowers pollution associated with extraction
activities as these tend to be much more polluting than the recycling activities. Re-

cycling thus generates an indirect environmental benefit through input substitution.
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Each firm is monopolistically competitive in goods markets and maximizes profits:
W;k(l)k) = Z (pz‘k - szk (le 1{j = U}X?k)) Q}kd/(ﬁifk
d

(4.3)

I

. ps T S S T S
+ 1{j = s} [Z Z (fkd - kak(ka>> T#(k)g(d) — kak?bfk

d gery \ Tkd

where py is the collection of all prices relevant for firm choices in country k, c} (+)
is unit production cost, gbgck is Hicks-neutral productivity, and p}, is the price of
recyclable waste sold to d subject to iceberg cost 744. Ax((f;) is the per-unit cost of
converting by-products to sellable recyclables, and Dy, is the per-unit disposal cost, so
that the net marginal cost of supplying recyclable plastic waste is wj, (Ak(C fck) — Dk>
denominated in units of waste worker wages wy,.

The full firm problem and first-order conditions, along with comparative statics
with respect to the ONS policy, are in Appendix S3.2. For brevity, here we summarize
the key assumptions and results that enable a mapping from the empirical findings
to welfare gains from the ONS policy in the host country. We start with the standard

assumption of constant Hotelling elasticities.?®

Assumption. The profit function W;k* exists, inputs are normal, and Hotelling’s
lemma applies with constant Hotelling elasticities across firms within each product-

country market.

We analyze the welfare consequences of the ONS policy for Turkiye by modeling the
ban as a prohibitive iceberg trade cost on recycled plastic waste exports to China. Let
To.d=cun denote the iceberg trade cost on recycled plastic waste produced in origin
country o # C'HN and sold to firms in China. Under the ONS policy, 7, 4—cun — 00,
implying that bilateral recycled-waste flows to China collapse to zero. This is reflected
in the import price pg, € p, that Turkiye faces in its import market, and it leads
to input, output and by-product responses among firms — directly for Using and
Supplying firms and only indirectly for Neither firms through general equilibrium
adjustments. Within a sector, firms share a common production technology and
common substitution elasticities. Under the constant Hotelling elasticities assump-

tion, their responses to the ONS price shock therefore differ only in their pre-policy

28For any activity ¢ € {l,v,x,q,r,b} and any price component p;, € p, the Hotelling elasticity is
6{1-% = wi*wgi,k*/wgk*wg,k* where the subscripts 4 or i’ on wi* denote partial derivatives with respect
to p; or p) respectively. In quantitative trade models, the key elasticity is the trade elasticity of trade
flows with respect to trade costs that is typically assume dto be constant across countries within
product markets.
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exposures—the imported-waste cost share S} for Using firms and the plastic-waste
share S for Supplying firms, conditional on initial size (see Supplemental Appendix
S3.4 for details). We summarize this below.

Sufficient Statistics. Differences across firms’ input and output responses to the
policy shock can be summarized by the share of imported plastic waste expenditure in
total costs, S}, and the share of plastic waste in total waste, St = (}. Additionally,
differences across supplying firms’ responses in total waste, as well as banned and
non-banned waste sold, can be summarized by S§. Differences in total revenue and

total exports can be approximated by (S}, Ly), where Ly denotes initial firm size.

We construct both shares from the customs and waste-survey data of Section 3 and
estimate the following difference-in-differences specification for firm responses based

on their direct exposures to the policy:
(4.4) InYy = BY Post, S§+ BY Post, St + B Post, Iy + oy + oy + €4,

with firm fixed effects ay and industry-time fixed effects a;s);. The coefficients ﬁjy
compare exposed and non-exposed firms within an industry, as highlighted in Propo-
sition 1 above. Table 2 reports the welfare-relevant firm-level outcomes, estimated
from (4.4). Columns (1) and (2) show employment and revenue gains for Using firms,
consistent with downstream expansion from cheaper imported inputs and unaccom-
panied by any rise in their own waste (Column (3)). Supplying firms also show no
rise in the scale of waste generation. Because waste sales make up a small fraction
of their overall revenues, they also do not show any changes in employment and sales
with respect to their exposure to ONS-banned waste.

These difference-in-differences coefficients recover relative effects. Determining ab-
solute effects requires the equilibrium response of firms that are not directly exposed,
and whose responses are subsumed in the industry-time fixed effects. These are
obtained from model closure conditions. We make standard market clearing assump-
tions: national income equals national expenditure, labor demand equals labor en-
dowment, and the world virgin-resource price is given. It turns out that the implied
spillovers to non-exposed firms are tiny.

In particular, labor market clearing, Zj:%&n(Al}k / lgck) = 0, gives the employment
change of Neither firms. Column (1) of Table 2 shows the estimated difference-
in-difference specifications for (log) employment, and the employment change for
Neither firms, 3., is derived from Zj:u7s7n(exp(5§5;k + ﬁi) — 1) = 0. We find that
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the inferred employment responses of Neither firms is negligible: 8. = —0.00076
(detailed derivations are in Supplemental Appendix S4.1). This arises because of the
relatively small size of the Using sector and the small employment changes among
Supplying firms. Using firms account for 13,136 workers, well under one percent of
employment. Supplying firms are large—$172.5 billion in sales and 852,057 workers.
But with waste prices being relatively low, they earn only a small fraction of their
total revenues from waste sales. Consequently, even large changes in their waste sales
result in no employment response for them in Column (1).

Finally, the small labour market adjustments of directly exposed firms translate
into tiny employment responses for Neither firms through the labor-market clearing
condition. Under a standard regularity condition that inputs and outputs are strictly
monotonic in labor inputs of Neither firms, this further implies that Neither firms see
negligible spillovers to their sales and inputs. Consequently, the relative effects esti-
mated in the difference-in-differences specifications of Table 2 reflect absolute effects
for Using and Supplying firms.?

To sum up, the Using sector is small, while the Supplying sector is large but de-
rives only a small share of its revenues from waste sales because waste has a low
relative price. As a result, the direct effects of the shock on aggregate labor de-
mand are limited, implying negligible employment spillovers to Neither firms. Under
standard market-clearing conditions—including the national income identity, labor-
market clearing, a given world price for virgin resources, and a monotonic relation-
ship between labor inputs, output, and input demand for Neither firms—spillovers
through input and output markets are likewise small. Consequently, relative effects
closely approximate absolute effects.

4.3. Welfare Impacts. We start with quantifying the environmental margins and
then determine the economic gains under different assumptions on the structure of
the economy.

Environmental margins. The environmental margins of firm adjustment are shown
in Columns (3)—(5) of Table 2. More exposed Supplying firms divert a significantly
larger share of their waste away from formal management (Column (4)), but gen-
erate no more waste in total (Column (3)). Since spillovers to Neither firms are
negligible (Section 4.2), these relative responses approximate absolute effects. The
policy therefore did not affect the quantity of waste but altered disposal choices in
ways that increased harmful disposal (ABy > 0). Domestic sales of waste declined

29Formal assumptions are in Supplemental Appendix $3.3 and S4.1.
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but were offset by a rise in imports (Table 1), resulting in increased processing of
waste at home (AXj > 0). Virgin plastic imports were not affected (Column (5)),
so AV}, = 0; Turkiye imports its virgin polymers as it does not have endowments of

virgin resources (such as oil or natural gas from which virgin polymers are derived).

TABLE 2. Welfare Relevant Margins of the ONS Policy

Employment  Sales Waste Share of Managed Waste Virgin Imports

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

Post; x S} 12.14¢ 12.11¢  -13.01 1.990 595.3
(4.641) (3.460)  (19.67) (3.555) (2789.8)

Post, x 5% -0.0429 -0.0556  0.256 -0.0862¢ -0.201
(0.0698) (0.0852) (0.505) (0.0276) (0.183)
Post; x Employment ;,_ 0.158% 0.194%  0.00940 -0.0185“ -0.0581
(0.0105) (0.0132) (0.166) (0.00386) (0.0532)

N 76465 76465 76465 76465 76465

R? 0.777 0.830 0.538
Fixed Effects:
Sector x Year Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes

Note: This table presents the production-relevant and environmentally-relevant margins of
Equation (4.4). The dependent variables are employment, sales, total waste generation, the
share of managed waste, and virgin imports. All outcome variables are estimated as in Equation
4.4, with OLS for logarithmic outcomes (employment, sales, and share of managed waste) and
PPML for levels of waste and virgin imports. The coefficients of interest are on Post; X S¥
and Post; x S}, where Post, equals one after 2017, S% is the 2016 cost share of imported
plastic waste, and S]Sc is the 2016 share of plastic waste in total waste. The sample covers the
period 2013-2019. Standard errors are clustered at the 4-digit NACE industry level. Statistical
significance is denoted by letters: a for p < 0.01, b for p < 0.05, and ¢ for p < 0.10.

Local air pollution. PM10 is the key margin for local pollution, because open dump-
ing and burning release fine particulates with immediate health consequences.?® Local

pollutants concentrate where displaced waste is handled, and we therefore estimate:

In PM104. =/ Post; x Exposure, + v Post; x In Pop. Density, 5915
4.5 7
(4.5) +6 Post; x In Area. + ¢ InRainfall., + agp + a + )y + Eset,

where PM10, is the daily reading at station s in city ¢, Post; equals one after 2017,

and Exposure, is the pre-policy share of national plastic waste generated in city

30The Greenpeace ‘Game of Waste’ report documents open burning of imported plastic waste at
dumpsites in Adana, with ash samples revealing pollutants consistent with plastic combustion (Giin-
dogdu, 2022). Since open burning is a key source of fine particulate matter, PM10 is the most relevant
local pollution outcome for the disposal practices considered here. Broader outcomes—COse and
additional pollutants—are discussed later.
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c. The fixed effects absorb, in turn, station seasonality and time-invariant station
characteristics (s, ), national daily shocks (o), and regional annual trends (o, (c)y)-
The specification compares a station with itself in the same calendar month across
years and determines whether the post-ban rise in pollution is higher in more exposed
cities.

We estimate B = 0.925 (p < 0.01). At the mean exposure of affected cities
(Exposure, = 0.21), the post-ONS rise in daily PM10 is about 21.4% relative to
non-exposed cities (more details are in Supplemental Appendix Table S6.4). The
event study in Figure 4.1 shows no systematic pre-trends. There is a modest rise in
the transition year of 2017, and sharp increases arise in 2018-2019 as imports peaked,
tracking the firm-level dynamics of Sections 3.1-3.2. In short, pollution rises in cities
that were exposed to domestic waste generators that increasingly resorted to dump-
ing or burning their unsold displaced waste. This compares regions by exposure to
Supplying firms, and so isolates the disposal channel (ABy).

Cities that were not directly exposed to domestic waste displacement could have
still been affected by the ONS policy through pollution generated from increased recy-
cling of imported waste and from manufacturing more with recycled plastic waste. To
recover these effects that are subsumed in the time effects—pollution from recycling
and recycled-input use by Using firms—we combine our estimates of the rise in re-
cycling with pollution intensities from the environmental science literature (Franklin
Associates, 2010; Li et al., 2024; Kim et al., 2023), detailed in Appendix S5.1. Panel
(A) of Table 3 reports these results. Disposal alone (Row (a)) results in a 21.4% PM10
increase; adding recycling and conversion-stage pollution emissions (Rows (b)—(d))
raises it by at most 3.7 percentage points. Valuing the implied excess cardiorespi-
ratory mortality through a value-of-statistical-life calculation adapted from Barwick
et al. (2026) gives damages of $557.78-$654.86 million.*!

Economic gains: break-even. The empirical results imply that meaningful consumption-
side responses occur only through varieties produced by the Using sector. Because
domestic revenues of other sectors do not change, consumer expenditures also re-
main unaltered in these sectors. Therefore, aggregate consumption gains consist of

the nominal income gains generated by the ONS policy, Al net of the increase in

31We combine the estimated PM10 increase with evidence that a 10 pg/m? rise raises mortality risk
by about 8% (Barwick et al., 2026). Total deaths are taken from the Turkish Statistical Institute,
the cardiorespiratory share from WHO Global Health Estimates, and VSL is scaled by Turkiye’s
GDP per capita.
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FIGURE 4.1. Air Pollution in Areas of Domestic Plastic Waste Gener-
ation
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Note: This figure plots the event-study estimates of 3; together with 90% confidence
intervals from a variant of Equation (4.5). Exposure. denotes the pre-policy share
of national plastic waste generated in city c¢. Each observation is at the monitoring-
station-day level. The dependent variable is the log daily PM10 reading (ug/m?) at
station s located in city ¢ on date ¢. Controls include year-specific interactions with
2015 log population density and log city area, plus contemporaneous log rainfall
per unit area. Fixed effects include station-by-calendar-month (absorbing station-
specific seasonality and time-invariant station characteristics), day-by-month-by-
year (absorbing national daily shocks), and NUTS2-by-year (absorbing regional
annual trends). Observations are weighted by 2015 city population. Standard
errors are clustered twoway at the city-month and month-day levels. The sample
covers the period 2015-2019.

expenditure required to purchase Using-sector goods at their post-policy prices:

1 JAPY

where E}' is total expenditure on Using-sector varieties and AP/ P} is the aggregate

price change in that sector.

Production gains in the Using sector translate into income gains for the economy,

and the national income identity gives Al, = $103.6 million.?* Having determined

372Domcstic Using-firm revenues rise by $195.8 million (Column (2) of Table 2: at the mean-exposure,
S = 0.009, gains are exp(12.11 x 0.009) — 1 = 11.5% of pre-ONS sales of $1.7 billion), while net
imports of recycled plastic rise by $92.2 million (Table S6.1), so Al = 195.8—92.2 = $103.6 million.
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the income gains, we begin with a minimal-structure break-even framework that asks
the question: given the observed income gains, how large would the decline in Us-
ing-sector prices need to be for the consumption-side gains to fully offset the envi-
ronmental damages estimated above? The ONS policy is weakly welfare improving
when consumption gains exceed environmental damages, AQy > AZ. Substituting
for AQy, the break-even threshold for prices is:
AR S P.AZ, — Al
Py = E} '

A key challenge is that we do not observe E}'. International trade data do not

distinguish between imports made from virgin or recyclable plastic materials. To
construct a conservative upper bound on potential consumption gains, we impose
a home-bias assumption: expenditure on imported Using-sector varieties is at most
equal to expenditure on domestic Using-sector varieties. Observed Using-sector rev-
enues are approximately $1.7 billion, so home bias caps expenditure at Ej < $3.4
billion — twice the observed Using revenues. To offset environmental damages of
P, AZ;, = $557.78 million, the threshold break-even price decline of Using-sector con-
sumption would therefore need to be at least (557.78 — 103.6)/3400 = 13.36%.

We now ask whether such a price decline is empirically plausible. ONS lowered

imported-recyclable prices by roughly 25% (Figure 3.2, Panel B), and under full
pass-through, the implied output-price decline would be at most 25% x S%. A break-
even output price reduction, that sets the economic gains equal to the (absolute)
environmental damages, would therefore need an imported-recyclable cost share of
S¢ > 13.36/25 = 53.4%. The share of ONS-banned recyclables in firm costs was, in
fact, about 1% before ONS and peaked at about 12% afterwards (Figure S6.1 in the
Supplemental Appendix), so even under the most generous bounding exercise, the
share of imported recyclables is nowhere near the threshold of 53.4%. Net welfare
gains are therefore negative in Turkiye.
Economic gains: model-implied. Now we turn to a model-implied estimate of
consumption gains. Using the CES demand system to express AP!/P} in terms of
observed changes in revenues, expenditures, and prices, Eq. (4.6) can be rewritten as
1 (AR?M{ AE}:) N qujﬁkk]

(4.7) P AQ, = Al — EY l ”
Prrk

where the second term is the compensating variation C'V}, of reduced sectoral prices

(full derivations are in Appendix S4.3). As earlier, the implied income gain is $103.6
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million. The compensating variation term is determined by the model and data. Firm-
level revenue changes, AR}, /R, have already been estimated using the difference-
in-differences specification above in Eq. 4.4 and are shown in Column (2) of Table
2.

Firm-level price changes, Ap%,./pf,, and the within-sector elasticity of substi-
tution, o,, are estimated using firm-product sales and prices from Prodcom data,
instrumenting prices with policy exposure through reliance on imported recyclables
(Post x S%;). Suppressing sector-country j, k scripts, the system of equations for rev-
enues, prices and the share of banned plastic waste imports of firms making product

L €n,u at time ¢ is:

(48) In bet = BD In Pth + gy + g, + Efut
(49) In Pth = ﬁPPOSttS}L + oy + ag, + €fut

where oy are industry-time fixed effects and ay, are firm-product fixed effects. The
first stage coefficient 37 estimates the final relative price impact from exposure to
banned plastic waste imported inputs after the ban, relative to non-exposed firms.
It is estimated to be -0.243 (with a standard error of 0.0265), implying that exposed
Using firms also lowered output prices (relative to non-exposed firms and hence also
in absolute terms). The second stage measures the structural relationship between
expenditures and their relative prices. Earlier we had estimated the change in rev-
enues with respect to the initial recyclable plastic exposure of firms in Column (2)
of Table 2. The second stage now is at the level of a firm-product and estimates the
slope of revenues with respect to prices to determine the welfare-relevant elasticity
of substitution for Using firms. We estimate a high degree of substitutability across
varieties of o, = 1 — 3P = 9.6 (full results are in Appendix S4.3).

Setting unobserved sectoral expenditure again to the value most favorable to con-
sumption gains, gives an upper bound of C'V}, < $12.05 million, so the largest plausible
value of consumption gains is P,AQy = Al +CVj < $115.65 million (shown in Panel
(B) of Table 3). This still falls far short of the $557.78-$654.86 million in damages,
leaving net welfare strongly negative at PAW), € [—$539.21, —$442.13] million. Put
differently, this model-implied valuation of consumption gains leads to no change in
welfare only if PM10 is worth about $22.55-$26.48 per kilogram (Panel (A), Column
(3) of Table 3). In contrast, the mortality-based price of PM10 is about $127.68—five

times the break-even price.
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The welfare calculations imply that the environmental incidence of the policy dom-
inates its economic benefits in the receiving country. Although access to cheaper im-
ported waste generated production gains, these gains were outweighed by environmen-
tal damages arising primarily from market displacement and waste mismanagement.
Consequently, the welfare effects of environmental regulation differ substantially from

what would be inferred from trade reallocation or from the domestic incidence of the
policy.

TABLE 3. Economic Gains and Air Pollution Costs in Turkiye

Panel A: Environmental Costs (1) (2) (3)

Pollution Source A PM10 (%) Mortality Cost (VSL) Maximum Break-even PM10 Price
(million USD) (USD/kg PM10)

(a) Disposal only 21.44 557.78 26.48

(b) (a) + recycling + Using firms 21.93 570.63 25.88

(c) (a) + PM2.5 from recycling (low) + Using firms 23.49 611.23 24.16

(d) (a) + PM2.5 from recycling (high) + Using firms 25.17 654.86 22.55

Panel B: Economic Gains

Income change 103.6 million USD

Compensating Variation of price changes <12.1 million USD

Notes: All monetary values are reported in 2016 USD.

Panel A. Reports environmental damages from increased particulate pollution associated with
expanded plastic waste activity. Column (1) reports the estimated percentage increase in particulate
exposure under each pollution scenario. Column (2) reports associated mortality costs based on a
Value of Statistical Life (VSL) approach following Barwick et al. (2026). Column (3) reports the
maximum break-even PM10 price (USD/kg) required for environmental damages to exactly equal
the maximum plausible economic gains reported in Panel B.

Row (a) includes disposal-related pollution only. Rows (b)—(d) additionally incorporate pollution
from recycling processes and from manufacturing with recyclables (the latter from pollution impact
factors from Kim et al. (2023)). Row (b) uses recycling process pollution impact factors from
Franklin Associates (2010), while Rows (c) and (d) instead apply lower- and upper-bound PM2.5
recycling pollution impact factors from Li et al. (2024). Because PM2.5 is typically considered more
harmful to human health, a one-to-one conversion ratio between PM10 and PM2.5 is a conservative
lower bound of the change in pollution reported in Column (1).

Panel B. Reports model-implied economic gains. Income change reflects the estimated increase in
domestic Using-sector revenues net of changes in net trade flows from the national income identity.
Compensating variation reports the upper bound on consumption gains from lower Using-sector
prices under a consumption gain-maximizing calibration.
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TABLE 4. Mapping Estimated Effects to Welfare Quantification (AW, = AQr — AZy)

Welfare Quantification

Relative Effect (DiD)

Absolute Effect (Model)

I. Consumption (AQy)

(a) National income identity
i. Labour demand ALi, / Li
ii. Total revenue AR% / Ri
iii. Net exports AN Xy
(b) Initial values
i. Expenditure on Using varieties F}'
ii. Exposure S}Lk, S'jck, Labour and revenue
L], R], Trade R, R}, k # o,d
(c) Compensating variation (CVy,)
i. Demand elasticity o*
ii. Prices Apfps /P

Eqn. (4.4), Table 2(1)
Eqn. (4.4), Table 2(2)
Eqn. (2.1), Table S6.1

Eqn. (4.8), Table S4.3(3)
Eqn. (4.9), Table S4.3(2)

National Income Identity (NI) (Eqn. S3.2)

Labour market clearing (LMC) (Eqn. S3.3)

LMC (Eqn. S3.3) & Monotonicity (Sup. Ass. 3)
NI (Egn. S3.2) & Virgin price-taker (Sup. Ass. 2¢)

Home-bias bounds: 0 < E}f < 2R}

Observed

CES demand elasticity
LMC (Eqn. S3.3) & Monotonicity (Sup. Ass. 3)

II. Pollution (AZy)

(a) Waste sold/mismanaged at home (AXyy, ABy)
i. Plastic Waste
ii. All Waste
(b) Banned waste trade (AXop, AXka, k # 0,d)
(¢) Virgin net exports (AV};)
(d) Pollution impact factors
i. Virgin extraction £
ii. Recycling/recyclable use £*
iii. Mismanagement &b
iv. Pollution valuation P,AZj
(e) Remaining initial values
Mean domestic-waste share, PM10
Sold/mismanaged waste X}, By

Eqn. (3.2), Figure 3.3
Eqn. (4.4), Table 2(3-4)
Eqn. (2.1), Table S6.1
Eqn. (4.4), Table 2(5)

Table 3A Notes
Eqn. (4.5), Figure 4.1
Table 3A(2)

Exposure., PM10 in (4.5)

Material balance: X + Bl = Waste}

LMC (Eqn. S3.3) & Monotonicity (Sup. Ass. 3)
LMC (Eqn. S3.3) & Monotonicity (Sup. Ass. 3)
NI (Eqn. S3.2) & Virgin price-taker (Sup. Ass. 2c)
Virgin price-taker (Sup. Ass. 2c)

Not required (AV) = 0)

Scientific impact factors

PM10 DiD estimate + recycling benchmark
Value of Statistical Life methods

Observed
Observed

Notes: This table maps each component of the welfare calculation, AW, = AQr — AZ., to the empirical estimates, model structure,

accounting identities, observed values, and external parameters used to quantify it. The “Relative Effect” column reports difference-in-

differences (DiD) equations used in the quantification, along with the Tables where the relevant estimates are reported. The “Absolute

Effect” column shows the theoretical conditions or the observed values that determine the missing intercepts of the relative effects. For

clarity, estimate tables and theoretical conditions that are detailed in the Supplementary Appendix (S) are also provided here.



4.4. Extensions. We complement the baseline pollution quantification in Section
4.3 with four additional exercises that broaden the welfare interpretation of the ONS
policy along both revealed-preference and other environmental dimensions. Together,
these extensions ask whether our baseline mortality-based estimates understate or
overstate the true social costs of plastic waste reallocation by incorporating gov-
ernment behavior, global pollutants, broader toxicological externalities, and cross-

country pollution spillovers.

4.4.1. Waste Fines. We endogenize environmental enforcement by allowing the Turk-
ish government to choose inspections and fines on improperly disposed plastic waste.
Following Carleton et al. (2022), we draw on revealed-preference expenditures to
determine the value of environmental damages. Observed fines provide a revealed-
preference lower bound on the government’s valuation of environmental damages:
under standard Pigouvian logic, the expected fine on illegal disposal must be weakly
below the true marginal social damage when enforcement is costly and political-
economy pressures place a higher weight on profits over consumer welfare (details
are in Supplemental Appendix S5.2). Following the surge in public scrutiny over
imported waste, Turkiye substantially increased inspections and penalties after our
sample period, implying that even the government’s own policy choices started to
value reductions in plastic-related environmental harm. This revealed-preference ex-
ercise therefore provides an independent benchmark for environmental damages that
is directly observed from fine collections. Annual fine values are almost twice the con-
sumption gains. This reinforces our baseline conclusion that environmental damages
were economically substantial relative to the private gains generated by increased

plastic waste imports.

4.4.2. Global Pollutants. We consider global pollutants, measured by greenhouse gas
emissions (Supplemental Appendix S5.3). Unlike PM10, greenhouse gas emissions are
a global pollutant, so emissions generated abroad are relevant for welfare in Turkiye.
We reinterpret the environmental components of welfare as a global externality: wel-
fare depends on the sum across countries of greenhouse gas emissions from waste
disposal (& Yop By) and virgin plastic production (£, > 1 Vi). The ONS policy may
affect global emissions through waste-site emissions (reflecting mismanagement and
open burning) and through virgin plastic production (reflecting substitution between
recycled and virgin inputs). The two channels work in opposite directions. Open-air

burning of displaced waste raises emissions through Y-, ABy (incomplete combustion
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makes it especially emissions-intensive), while greater recycled-plastic availability can
lower emissions by displacing carbon-intensive virgin production, Y-, AVj. Although
we observe no substitution away from virgin plastic within Turkiye (Table 2, Column
3), this channel may still operate globally, so the net effect depends on the balance
between the two.

Using country-level data, we report a range of estimates for the effects of ONS-
induced waste imports on waste emissions and virgin plastic production from OLS
and IV estimation (where waste imports to a destination are instrumented with the
distance and deficit/surplus it has with source countries based on their initial export
shares of banned waste to China). The identification assumption, consistent with
the global reallocation of waste trade documented in Section 2.2, is that destinations
more accessible to former China-supplying origins, either through favorable shipping
imbalances or through geographic proximity, face lower marginal costs of importing
plastic waste after the ban.

Across specifications, increases in plastic waste imports raise emissions from waste
sites but reduce virgin plastic production.®® On net, we find that the ONS policy in-
creases global COse emissions, primarily driven by increased virgin plastic production
in China. Aggregating across countries, this corresponds to an increase of between
1,256.86 and 3,772.53 million kg of COse globally, with the lower bound reflecting
OLS estimates and the upper bound reflecting IV estimates. Allocating this increase
by population share implies an additional burden of between 12.27 and 36.83 million
kg of COge for Turkiye, equivalent to approximately $1.77 to $5.32 million under
standard European carbon pricing. Taken together, these findings suggest that ac-
counting for global pollutants would, if anything, amplify the environmental costs of

the policy.

4.4.3. Other Pollutants. Moving beyond PM10 and COse, we also examine a broader
range of environmental externalities by combining our estimated ONS-induced in-

creases in mismanaged plastic waste and in plastic waste recycling and manufacturing

330ur estimates from the IV and OLS regressions are broadly consistent with existing evidence from
China. For example, Sun and Tabata (2021) document that China’s 99.8% reduction in plastic
waste imports following the ONS policy was accompanied by roughly a 10% increase in virgin resin
production. Complementing this substitution channel, Shi and Zhang (2023) use satellite data on
open burning to study the environmental consequences of the ONS policy within China and estimate
a 14% decline in open-burning episodes in more exposed areas. Evaluated at their mean exposure
of 38%, this implies approximately a 5.3% reduction in waste mismanagement, consistent with our
finding that ONS reduced pollution within China and of a similar size as our estimates in the next
subsection.
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with plastic recyclables in Turkiye with lifecycle pollution impact intensities from Li
et al. (2024); Kim et al. (2023) in Supplemental Appendix S5.4. Across these mea-
sures, conventional air pollution and climate-related impacts rise by 13% and 24%
respectively. The air pollution estimates provide an independent cross-check on the
observed PM10 rise that we have estimated. Air pollution from the lifecycle assess-
ment intensities ranges from 13% for PM2.5 and 21% for smog. Though PM10 is not
available, these different measures of air pollution are in a similar ballpark.?*

By contrast, the largest increases arise in toxicity-related categories: human cancer
toxicity rises by 23%, non-cancer human toxicity by 19%, and land-based ecotox-
icity by 35%. Aquatic impacts are assessed as modest but likely underestimated,
since microplastic dynamics are poorly captured by current life-cycle inventories.
These patterns suggest that the environmental consequences of plastic waste real-
location extend well beyond air pollution, with especially large impacts stemming
from waste-handling pathways that release persistent toxic substances into air and
land —through toxic additives, contaminants, and combustion by-products (includ-
ing dioxins and furans from burning chlorinated plastics) generated during burning,
recycling, and secondary manufacturing. Overall, these results reinforce the finding
that the diversion of plastic waste toward Turkiye generated broader environmental

damages, particularly through toxicity and ecosystem-related channels.

4.4.4. Global Pollution. Our focus in this paper is on host country economic and en-
vironmental effects of pollution-intensive trade diversion. Because comparable micro-
level data are not available outside Turkiye, we cannot conduct the same analysis
for each relevant country group. However, we have estimated plastic waste import
changes across country groups. We can therefore extrapolate what the import changes
imply about PM10 changes in other countries. Using the PM10-import elasticity es-
timated for Turkiye, this exercise implies that PM10 declines by 3.35% in China, but
increases by 0.34% among Top Exporters and 0.45% in the rest of the world.?® These
results suggest that the reduction in pollution in China is partially offset by increases
elsewhere, consistent with the global reallocation of waste trade. Admittedly, this
exercise is merely suggestive but it is directionally consistent with commentary on

trade and pollution during this episode.

34PM10 is more directly related to open burning of plastic waste, than PM 2.5.
35The rise in emissions among Top Exporters is consistent with evidence for the United States.
Sigman and Strow (2024) find that landfilling of waste increased while employment in recycling
facilities temporarily declined in US states that were more exposed to the ONS ban, relative to
those that were less exposed.
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5. CONCLUSION

Environmental regulations are often evaluated by their ability to improve environ-
mental outcomes where they are implemented. Yet in an integrated global economy,
environmental burdens can move across borders together with economic activity. This
paper studies how those burdens are redistributed following China’s 2017 ban on plas-
tic waste imports. By linking trade reallocation, firm behavior, waste management,
pollution, and welfare in the primary receiving country, we show that the interna-
tional incidence of environmental regulation can differ sharply from what would be
inferred from trade flows alone.

Three findings stand out. First, the policy led to a large displacement of waste
exports that previously flowed from advanced economies to China. A substantial share
of these exports was redirected to Turkiye following the ban. Displaced exports did
not relocate to the countries with the weakest environmental regulation. Instead, they
flowed to a marginal absorber: a country with weaker environmental management
than China, sufficient processing capacity to absorb the displaced trade, and favorable
shipping conditions through existing trade imbalances and backhaul container routes.
The international incidence of environmental regulation therefore depends not only
on regulatory differences across countries, but also on the economic and logistical
conditions that determine where displaced activity can be absorbed.

Second, the main environmental consequences of trade diversion arose through a
mechanism that is largely invisible in aggregate trade data. Access to cheaper im-
ported waste benefited downstream manufacturers by lowering effective input costs
and increasing sales. At the same time, imported waste displaced domestically-
generated recyclable materials. Domestic waste suppliers lost buyers and increasingly
resorted to dumping and open burning of unsold waste. The largest increases in pol-
lution therefore emerged not from the direct processing of imported waste, but from
the displacement of domestic waste and the resulting deterioration in waste man-
agement among firms exposed to import competition. In our setting, the dominant
environmental channel is not the textbook relocation of pollution-intensive activity,
but the market-displacement effects that arise once trade reallocation reshapes domes-
tic waste markets. Understanding the environmental consequences of policy therefore
requires looking beyond where activity relocates to how receiving economies absorb
the shock.
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Third, these environmental costs outweighed the economic gains. Although firms
using imported recyclable plastics benefited from lower-cost inputs, the resulting in-
creases in local air pollution generated environmental damages substantially larger
than the associated production gains. China’s environmental improvements and the
reduced waste burden of advanced economies were therefore partly achieved through
the relocation of environmental costs to countries less equipped to manage them.

More broadly, our findings suggest that the international incidence of environmental
regulation depends not only on where economic activity relocates, but also on how
receiving economies absorb it. Environmental improvements achieved in one country
may generate environmental costs elsewhere, and those costs need not arise through
the direct relocation of pollution-intensive activity alone. Instead, they may emerge
through changes in market structure, firm behavior, and environmental management
that are largely invisible in aggregate trade data. As policymakers increasingly rely on
environmental regulation to address global environmental challenges, understanding
these adjustment margins will be essential for evaluating not only the effectiveness of

environmental policy, but also the distribution of its costs across countries.
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APPENDIX S1. RELATIVE TO ABSOLUTE CHANGES IN PLASTIC WASTE IMPORTS

In Section 2.2, we quantify changes in plastic waste trade across country groups
using the difference-in-differences specification in Equation (2.1). The corresponding
regression results are reported in Table S6.1. These estimates are relative to the
log change in trade of non-plastic products within each country group. To recover
absolute changes in plastic waste trade flows, we impose a balance-of-trade (BoT)
condition. This allows us to solve for the implied log change in non-plastic trade
flows, denoted «.. to recover the missing intercept in the DiD specification. Below we

derive this adjustment step by step.

Assumption 1 (Balanced Trade).

For each country k, changes in total imports equal changes in total exports:

SN Azopne — DY Azpane = 0.

o#k h d#k h

Assumption 1 would follow from the standard assumption of balanced trade in
goods, that is particularly suited to waste trade when it is exported to reduce pro-
cessing costs by filling empty ships traveling to cheaper processing countries. More
generally, when there are trade imbalances, Assumption 1 is the usual assumption of
balanced trade in changes in quantitative models of gains from trade.

The balanced trade assumption pins down the missing intercept «y, for each country.
Imposing 3=, 2on AZokht = 2azk 2on DTrane o0 the relative estimates and solving
yields

exp ay = lz (z Tokio — 3 xkdhm)] /

h \o#k d#k

h o \o#k d#k

after which the absolute change in exports is Az ogpe = Togn.t—o0(exp(ay + ng,t:T) —1).
1
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APPENDIX S2. COMPARISON OF PRODUCT QUALITY ACROSS COUNTRIES

In subsection 3.2, we discuss that one potential explanation for the displacement of
domestic plastic waste by imported plastic waste is that Turkish firms shifted toward
higher-quality imported plastic waste as it became cheaper following the ONS policy.

Using bilateral trade data on values and quantities from UN Comtrade, we estimate
a product-level quality measure following the methodology outlined by Khandelwal

et al. (2013). In particular, we estimate the following regression:
(52.1) In @poar + 0 N UVpoar = pt + gt + €poat

where gpoq: is the quantity of exports of HS 6-digit product p by country o to country
d in year t, and uvy.q is its unit value. We set the elasticity of substitution o = 5.
The estimated quality is €,0a:/(0 — 1). The estimation sample includes all 2-digit HS
codes containing at least one waste product and covers the pre-ONS period from 2012
to 2016.

Averaged over the 2012-2016 period, the estimated quality distribution of waste
products exported by countries on which China relied heavily before the ONS policy—
Top FExporters—first-order stochastically dominates that of products exported by
Turkiye, both across all waste products and restricting to plastic waste. Table S2.1
reports the corresponding mean differences by country group. We regress the average
estimated quality for waste products over the 2012-2016 period on dummy variables
indicating the type of exporting countries, namely China, Turkiye, and Top Exporters,
with the rest of the world serving as the base category. In both columns, the esti-
mated average product quality for Top Exporters is higher than the one for Turkiye.
In particular, for plastic waste products, the estimated difference is about 35% and is
statistically significant at the 1% level. If Turkish firms export higher-quality plastic
waste than they sell domestically, the quality gap between imported and domestically

available plastic waste in Turkiye is likely even larger, in favor of imports.



TABLE S2.1. Estimated Product Quality by Country Group

Dependent Variable: (1) (2)
Estimated product quality All waste products Plastic waste products
China 0.119a 0.404a

(0.030) (0.037)
Turkiye 0.186a 0.203a

(0.030) (0.037)
TopExporters 0.397a 0.500a

(0.058) (0.082)
R? 0.012 0.026
# observations 45365 7854

Note: This table reports estimates from regressing the average product quality for waste products, recovered
from Equation (S2.1), on dummy variables indicating country groups (China, Turkiye and Top Exporters),
with the rest of the world as the omitted category. Column (1) uses all waste products; Column (2) restricts
to plastic waste. The sample covers the period 2012-2016. Robust standard errors are clustered at the
origin-country level.

APPENDIX S3. THEORETICAL FRAMEWORK

S3.1. Welfare.
Aggregate consumption Q) is a CES composite of sectoral consumption Qi,
o 1

o—1 o—1 o']-—l J

Qk = Z U Q?{T ) Q?g = Z Z Q;ok 73 5
je{uvsyn} o fefg
where the elasticity of substitution across sectors is ¢ > 1. Within each sector j,
consumption Qi is a CES aggregate of differentiated varieties q}ok, where qjcok denotes
consumption in country k of the variety produced by firm f € FJ in origin country
o. The elasticity of substitution within sector j is o; > ¢ > 1, and n; > 0 denotes
sectoral preference weights (normalised as 1, = 1).
The environmental components are given by
_ — — J
Be= D> bp  Xe= 332 Thwgep VA= D D U
fer; fEFYE o geFs je{u’svn}fe}}i

where, b}, denotes waste disposed by firm f in country k’, z, denotes the plastic
waste recycled and re-used by firm f in country k, and v}k denotes virgin plastic

input use by firm f in sector j in country k.

$3.2. Sectors and Firms. Production. A firm f € F/ produces output y?k with

Hicks-neutral productivity gzﬁjck according to
yg‘k = ¢§% F; (l;k’ Ui‘k? 1{j = u} $§fk) )

where ljck,, vﬁék, and ZL‘gck denote labor, virgin plastic, and recycled plastic inputs, respec-

tively, and 1{j = u} is an indicator equal to one for Using firms and zero otherwise.
3



Let %), (,) denote purchases by Using firm f in country k from Supplying firm g
located in country o. Domestic and foreign recyclable inputs are combined into the

firm’s recycled-input composite:

e = Gu({2F 09900 boers Xied@ (o) borh, 073 )

where x%, > 0 is a firm-specific parameter governing the efficiency with which im-

ported recycled inputs are used.

Waste Generation. Production generates waste as a by-product. A firm f in
sector j produces 9‘/1 yﬁck/ Cb?vk u‘nitsAof total waste, where Qi > (0 is a sector-specific
technological parameter and y}k / gb‘}k, is the effective units of output produced by the
firm. Defining in terms of effective units ensures that ¢, is Hicks-neutral (because

otherwise it would denote firm differences in output versus by-product productivity).

Recycling and Disposal. A firm chooses how much of its waste to sell as recyclables,

L' These choices are

denoted r},, with the remainder disposed of domestically, bj;.
subject to the material balance constraint that total waste produced must equal the

sum of recyclable and disposed waste:

(S3.1) Tk + b5 = Cir Ok y;k/¢j‘k'

Recyclable plastic waste is sold to Using firms across destinations. For example, a
medical syringe producer can sell its plastic waste to a traffic-cone producer that uses
it as an input in production. Let T} k)g(d) denote this shipment of recyclable plastic
from Supplying firm f in country k to Using firm g in country d. Total recyclable
units sold by firm f is given by

T =20 D THk)ea)

d geFy

Under iceberg trade costs 7.4 > 1, the quantity of recyclable input received by firm

g in country d is
i k)gtd)

Tt = T

Only Using firms demand recyclable plastic as an input, while only Supplying firms

generate plastic waste. Firms in the Neither sector neither use nor generate plastic

IFor simplicity all non-plastic waste, IN)jfk =(1- C}k)ﬁiyjpk / d)j%, is disposed of at zero cost rather
than recycled; relaxing this adds notation without changing the main results.
4



waste and are affected by any changes in plastic waste prices only through general

equilibrium channels.

Firm’s profit maximization.
Firms are assumed to be monopolistically competitive in each market, and their
maximized profit function is
jx* - J
T (Pr) = max - mpy(Pr)
! (habas U Vi T v e T
where r}k and b?ck are only relevant for Supplying firms (f € F7), and x;k only for
Using firms (f € F).?
Hotelling elasticities are defined in the standard way. For any activity i € {l, v, z,q,r, b}

and any price component p; € p, the Hotelling elasticity is
g = T /TS
for 7%, = 827%,:/ Op;Opy and 7 = 87rfck* /Opyr, and the share of activity ¢’ in profits is
Sg/fk = |pymy /7.

We assume constant Hotelling elasticities across firms within each product-country
market, efm = 6{2-,7,9 for all firms f in (7, k) and p;, py € p, and examine the case when
the law of conservation of material constraints bind weakly (because firms typically

do not sell all their waste).

S3.3. Market Clearing. The model is closed with standard market-clearing condi-

tions linking firm-level outcomes to national income.

Assumption 2 (Market Clearing).

(a) National Income Identity. Income in country k equals revenues from domestic
firms’ final-goods sales plus net exports of virgin resources N X} and recyclable

waste NXI.2 Since all income is spent on final consumption,

(S3.2) Ex=I=Y Y > Ry, +NX;+NX],

J feF] d

where Ey = 32,35 Y e R‘jcok. is total expenditure on final goods, domestic

and imported.*

2Iceberg costs Tq apply only to recycled plastic waste; adding them to virgin plastic and final goods
would not change the qualitative results.
3N X}, and N X} are net exports (exports minus imports) of recycled and virgin plastic, respectively.
4This implies net exports across final goods, virgin plastic, and recycled waste sum to zero, 0 =
NXxfnal 4 NXP + NX].
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(b) Labor Market Clearing.

i feF] feri
where ljck s production labor and the second term is waste-management labor
(generating recyclables, Ay(C3y )%y, and disposing of by-products, Dyb%,, ). The
wage adjusts to clear each labor market.
(¢) Virgin Resource Pricing. The world price of the virgin resource, p,, is taken

as given and unaffected by the ban over the medium run.

Segmented labor markets for production workers and waste workers allows their
wages to differ, as is typically the case in most countries. Since virgin plastic is
derived from oil and gas, condition (¢) amounts to taking the oil price as given for

Turkiye, a net energy importer, in the welfare analysis.

S3.4. Sufficient Statistics. We show that empirically-relevant firm outcomes are
summarized by sufficient statistics based on firms’ exposure to imported recyclable
plastic inputs and their waste intensity. Let G}k = fk(pk) +1{j = s} Q% be firm f’s
effective unit cost, where 2}, is the net waste-management cost per unit of output
for Supplying firms. Optimal pricing pjckd = %83% implies the usual CES responses

for prices, quantities, and revenues:
dlnp;kd =dln 55%7 dln Q?kd = _Ujdlnpjfkd +n, dn Rj‘kd =(1- aj)dlnp?‘kd + 1,

where 7}, = 0;d1In P} + dIn @/, is a common destination shifter.

Let m?ck € {l,v,xp,xp} index labor, virgin plastic, and domestic and imported
recycled plastic, with domestic and imported recycled inputs relevant only for the
using sector (SL’JD = :cfw & = 0 for j # u).> By Shephard’s lemma, input demands
satisfy dl'n mick =dln Qgck — > €£nm5%1fk dIn p*, where sf;ﬁfk is the cost sharg of input
m and €mm the corresponding input-demand elasticity. Writing s7,0, = 57,1,/ (1 —
sy, x) for the normalized share of input m € {/,v,zp} within spending on inputs
other than imported recycled plastic, unit costs change by

A= j j In o™ - u 1n( 2i
dIncy, = > Shoe(1 = s, 1) dInp +1{j = u} sy, dln )
me{lo,p} !

We implicitly assume the composition of all inputs other than imported recycled

plastic is common across firms within a sector-country, so s/ . does not vary across

Here zp s, and iy o) are the domestic and imported recycled inputs of Using firm f.
6



firms and cross-firm variation in cost shares operates solely through the imported-
recycled share sy .

S3.4.1. Using Sector. For using firms, collecting the common terms A} = >, s¥,.d In p*
and B} = dln p)f — A gives dIn ¢ty = Aj+sy,, 1Bl both common across firms within

(u, k). Hence cross-firm differences collapse to
Aff/dln C?k = B}: Aff/SZMfk‘

Because every cost share is proportional to (1—s}, ), the same logic carries through
the input-demand responses: conditional on common sectoral elasticities and input
prices, cross-firm differences in both unit-cost and input-demand responses are fully
summarized by s} s, the imported-recycled-plastic share in total costs. In the data
we observe recycled inputs by origin, so the empirical counterpart is S¥; = >,k Sor1
which corresponds directly to sy .. When the shock operates through the price of
imported recycled plastic, S} is therefore a sufficient statistic for the heterogeneous

responses of using firms.

S3.4.2. Supplying Firms. An analogous argument applies to the Supplying sector,
with one difference: the relevant source of heterogeneity is not efficiency in processing
imported inputs but the share of plastic waste in total waste generated, (3.

Under CES demand with elasticity o, > 1 in the final-good market and ¢, > 1 in

the recycled-input market, optimal prices are constant markups over marginal cost,

Os 62 + wl:DkC]S”kQISC s Er r s
1 e , Pfka = Tkd e —1 W (Ak(ka) - Dk>7

S I
Pfra o, —

where the final-good price reflects both production and disposal costs and the recy-
clable price reflects the net marginal cost of drawing recyclables from by-products.
Totally differentiating and taking cross-firm differences within a country removes all
common (aggregate) shocks, leaving firm-specific exposure to disposal costs as the
sole source of variation, summarized by

wi Dy G107

T35 (Ch .
M= G u DG

Carrying this through the CES demand system, the cross-firm differences in price,

output, employment, and final-good revenue responses all take the form

AgprdnZ3, = k7 Ay T3(Gy) (dInwy —dInG),  Z € {p", Q1% R},
7



with £z a constant (1, —og, —0, 1—0, respectively). Recyclable-input prices, by con-
trast, depend only on common destination-level shifters and the term A,(¢;,) — D,, so
their cross-firm differences vanish, Ay dIn Rp7 = 0. Total firm revenue is the share-
weighted sum of final-good and recyclable-input revenue, so its cross-firm difference
inherits the same Y} structure. Differences across supplying firms in revenue and
quantity responses are therefore governed by a single source of heterogeneity, the firm-
specific plastic-waste share (7;: through TZ(CJS%), a higher plastic-waste share raises

the sensitivity of final-good revenues and quantities to waste-management costs.

APPENDIX S4. EcoNoMIC IMPACTS

S4.1. From Relative to Absolute Effects. Table 2 shows the relative effects of
the ONS-policy on varying outcomes. In these results, industry—time fixed effects
subsume the average response of Neither firms, which we denote by 5Y. The esti-
mated coefficients ﬁf capture effects relative to this baseline, and the implied absolute

percentage change in outcome ijk for sector j is

Ayfjk Y @i Y
(S4.1) S = e (5 S+ BY) — 1
Ik
when the dependent variable is expressed in logarithmic form. To recover the general
equilibrium effects, we must determine the baseline impact 3Y. The model structure
provides this through market-clearing conditions. In particular, market clearing for
production labor in Assumption 2(b) requires that total employment changes across

all firms sum to zero:

S S AE,=0.
i f
Substituting the model-implied expression for employment changes,

Alj,

l%=m@%+%—L
into Equation (S4.1) allows us to solve for 3.

The relative changes (6;) are reported in Table 2, and the initial employment in
each sector is summarized in Table S4.1. These pin down the absolute employment
response of non-exposed firms and, empirically, we find that the employment change
among non-exposed firms is tiny (3, = —0.00076). Consequently, the general equi-

librium effect on employment turns out to be negligible, and the relative changes in
8



employment estimated in the difference-in-differences specification can be interpreted
as the absolute change due to the policy.

To extend this logic to changes in outcomes other than employment reported in
Tables 2 and S4.4, we impose regularity conditions that are standard in production
theory below. Assumption 3 formalizes that labor has a positive marginal product and
that material inputs are used productively in equilibrium. Because Neither firms are
not directly exposed to recyclable plastics (as their X =0, (. = 0), their outcomes
can change due to the ONS policy only through general equilibrium channels such as
wages or other input prices. Empirically, however, we observe economically negligi-
ble employment changes among Neither firms, implying that these indirect general
equilibrium price effects are likewise minimal in practice. Under Assumption 3, the
economic environment facing Neither firms is effectively unchanged, so their output,
revenues, input use, and waste generation also remain approximately constant. This
is not a mechanical implication of monotonicity alone, but rather reflects the combi-
nation of no direct policy exposure and negligible equilibrium price movements. It
follows that the relative difference-in-differences estimates can be interpreted as close

approximations to absolute percentage changes for exposed firms.

Assumption 3 (Monotonicity in Production).

(i) Output and revenues are strictly increasing in labor inputs.
(ii) Virgin inputs, other material inputs, and by-products are strictly increasing in

output.

TABLE S4.1. Initial Sector-Level Aggregates (Pre-ONS)

Sector Sales Employment Net Imports Virgin Imports

n 127.3 billion 1,130,300 23.5 billion 0.78 billion
S 172.5 billion 852,057 57.6 billion 1.36 billion
U 1.70 billion 13,136 0.40 billion 0.05 billion

Note: This table reports aggregate annual values by sector for 2016, the pre-policy base year. Sector
n denotes the Neither sector, s the Supplying sector, and u the Using sector. Sales and net imports of
intermediates are expressed in 2016 USD. Virgin imports are defined as imports of crude petroleum,
coal, palm oil, natural gas, and plastic in its primary form, also expressed in 2016 USD. Employment
is measured in number of workers. The sample includes all manufacturing firms with more than 20
employees, as well as a representative sample of smaller firms.

S4.2. Demand Elasticity. Profit maximization implies that the log changes in out-

put prices can also be re-written as In P;kk = o] + 87 Sj}k, as shown earlier in the
9



TABLE S4.2. National Income Accounting for Turkiye (Pre-ONS)

Component Billion USD
Total firm revenues 301.5
Neither sector 127.3
Supplying sector 172.5
Using sector 1.7
Net exports of virgin plastic —2.19
Net exports of recycled plastic waste —0.01
Implied aggregate expenditure Ej 299.3

Note: Aggregate expenditure Fj is derived from the national income identity in Equation (S3.2)
under the balanced trade condition in Assumption 1. Annual pre-ONS averages in 2016 USD.

derivations of firm’s unit cost changes. From the 1CES gs_tructure, revenues of do-
mestic firms are In Rgckk = In <Ik (Q{%/Qk)aTl aniT'] J +(1—o0j)In P}kk where
the first term is a sectoral demand shifter from general equilibrium adjustments and
the second term is the change in demand from own price effects. Optimal final
price of domestic firms is P}kk = %c}k for j = n,u varieties. These CES rela-
tionships give the system of demand equations (4.8) and (4.9) that are estimated in
Table S4.3. Exposure to banned plastic waste imports significantly lowers output
prices for Using firms (Column 1), with no effect for Supplying firms; the first stage
is strong and precisely estimated (Column 2); and the IV second stage (Column 3)
gives B = —(0, — 1) ~ —8.6. Defining 37 as the price impact of Neither firms (that
is subsumed in the industry-time fixed effects), APy, /Py, = exp(37S}+3f) — 1, and
the CES structure implies 32 = 0 when Al ~ 0,50 APy, [Py, = exp(ﬂPS;f) -1

S54.3. Consumption Gains. Under CES preferences, changes in aggregate consump-
tion are expenditure-share-weighted changes in sectoral consumption, AQy/Qr =
Zj(Ei JE)(AQL/QL). ONS generates no meaningful response in the Supplying or
Neither sectors: Column (2) of Table 2 shows no relative revenue response for Sup-
plying firms, and Column (1) of Table S4.4 shows no relative export response across
exposed sectors. Combined with the relative-to-absolute mapping in Appendix S4.1,
this implies AQY], = 0 for j € {s,n}, so all consumption-side gains operate through
the Using varieties.
We recover the income change from the national income identity, Al = >~ ¢ Fu AR}y +

ANX}. Domestic Using-firm revenues rise by $195.8 million, while net exports

of recycled plastic waste fall by $92.2 million (Equation 2.1, Table S6.1), giving
10



TABLE S4.3. Demand Elasticity Estimation for Using Firms

FS I\

In(Ps:) In(Pge) In(Ryy)
Post; x S} -0.246a -0.243a

(0.0307)  (0.0265)
Post, x S} -0.0300

(0.0335)
In(Price ) —(8.5965;

2.304

Post, x Employment,_, 0.00554  0.00981  0.119c
(0.00525) (0.00632) (0.0655)

N 407168 407168 407168
Fixed Effects:
Firm x Product Yes Yes Yes
Industry x Year Yes Yes Yes
KP Stat 84.20

Note: Robust standard errors clustered at the firm-product level in parentheses. Significance: a
p < 0.01, b p <0.05, c p <0.10.

TABLE S4.4. Trade-Relevant Margins of the ONS Policy

Exports Imports excl. Virgin and Plastic Waste

(1) 2

Posty x S} 10.16 7.829
(9.273) (11.29)
Post; x S} 0.152 -0.0477
(0.149) (0.133)
Post; x Employment ,_ 0.0310 0.0154
(0.0202) (0.0158)
N 76465 76465
R? 0.820 0.853
Fixed Effects:
Sector x Year Yes Yes
Firm Yes Yes

Note: This table presents trade-related margins as dependent variables in Equation (4.4).
Outcomes are firm exports (Column 1) and firm imports of non-plastic/non-virgin products
(Column 2), in logarithms, estimated by OLS. Significance: a p < 0.01, b p < 0.05, ¢ p < 0.10.

Al = 195.8 — 92.2 = $103.6 million. Since AR;kk = 0 for j € {s,n},® sectoral
expenditure adjusts only in the Using sector, AE, = AE} = AlL.

The remaining unknown is sectoral expenditure £}, which we bound using home
bias: expenditure on domestic varieties weakly exceeds expenditure on imports, so
E] <2% feFs Rﬁ;kk, giving ' < $3.4 billion for the Using sector. This makes the
break-even condition least demanding.

S4.3.1. Model-Implied Compensating Variation. Under CES demand, log-differentiating

the domestic expenditure share R;kk /Bl = (p:;ckk /P/)'=% maps observed firm-level

6Because our firm-level data do not separately report domestic sales, we estimate the same specifi-
cation on total and export revenues (Column (1) of Table 2 and Column (1) of Table S4.4). We find
no significant export changes, and attribute the Using-sector response to domestic sales.

11



revenue and price responses into the sectoral price index,

AP} Aphy, L1 (AR§kk - AE,{)

By Prer 05— 1\ R Ey

and the compensating variation of the Using-sector price change is CVy, = —E}(APY/PY),
which is positive for price declines.” The firm-level revenue and price responses are
recovered from Equation 4.4 (Table 2, Column 2) and Equation 4.9 (Table S4.3, Col-
umn 1): the average exposed Using firm sees an 11.5% revenue increase and a 0.2%
price decline following ONS, with no significant response in the Supplying or Neither

sectors.® Substituting the empirical moments and o, = 9.6,
CVi = 55 x 103.6 million USD — E}(—0.002 + 0.115),

where the coefficient on E} is strictly positive, so C'Vj is decreasing in the Using
expenditure; home-bias therefore gives an upper bound of C'V}, < $12.05 million.

Substituting into aggregate welfare (expressed in nominal units), P,LAW, = Al —
CVj, — DYST with AI, = $103.6 million and CV;, < $12.05 million gives P,AW,, <
115.65 — DYSL. Across the four mortality-cost specifications,

115.65 — 557.78 = —442.13

115.65 — 570.63 = —454.98

(a) Disposal only

(b)

115.65 — 611.23 = —495.58 (c) + PM2.5 from recycling (low) + Using firms
(

b) + recycling + Using firms
P.AW, < y g g

115.65 — 654.86 = —539.21

d) + PM2.5 from recycling (high) + Using firms.

Welfare is strictly negative under all specifications, with losses of $442.13-$539.21
million. Equivalently, the shadow price of PM10 that would make ONS welfare-
neutral—equating damages to the maximum model-implied gain of Al, + CV, =
$115.65 million—is

115.65,/4,368,259 = $26.48  (

P10 breakceven  115.65 million USD | 115.65/4,468,784 = $25.88 (b
(

(

‘ - APMI0; 115.65/4,786,718 = $24.16
115.65/5,128,411 = $22.55

For ONS to have been welfare-improving, the social cost of PM10 in Turkiye would
need to be below $22.55-$26.48 per kilogram.

"There are no changes in the Supplying and Neither sectors, so they do not appear in C'Vj.
®From exp(7SY}) — 1 and exp(57SY) — 1 with S} = 0.009, 5% = 12.11, f© = —0.243.
12



APPENDIX S5. ENVIRONMENTAL IMPACTS

S5.1. Data Sources. This section details the data sources and methodology utilized
to determine the environmental impacts of the ONS policy.

The environmental impact calculations in Table 3 draw on three sets of inputs
described below. PM10 emission intensities, used in Panel B scenarios (b)—(d), come
from Li et al. (2024) for platic recycling and from Kim et al. (2023) for production
of Using firms with plastic recyclables. COye emission factors for waste burning and
virgin plastic production, used in Appendix S5.3, come from Climate Trace and Li
et al. (2024) respectively. The broader toxicity and ecotoxicity indicators reported in
Appendix Table S5.3 draw on the same study.

Environmental Impact Intensities: Impact intensities are midpoint indicators from
the life-cycle assessment (LCA) of global plastic waste by Li et al. (2024), which
applies the ReCiPe 2016 (H) v1.13 method across polymers (HDPE, LDPE, PET,
PP, PS, PVC), treatment pathways (recycling, incineration with and without energy

recovery, landfill, open dumping, open burning), and countries, per functional unit
of 1 kg treated or substituted (e.g. climate change in kg COs-eq, marine ecotoxicity
in kg 1,4-DCB-eq). We use the Turkiye-specific intensities from the study’s public
data repository. Manufacturing impacts of higher plastic output are modeled using
conversion-stage impact factors (for ‘box production from recyclable plastics’) from
Kim et al. (2023), normalized per kilogram and in ReCiPe 2016 Midpoint (H) units,
excluding virgin-material production. The pollutants reported below are standard
ReCiPe midpoint indicators. Fine particulate matter (PM2.5) penetrates deep
into the lungs and is a leading risk factor for premature mortality, with no clear safe
threshold. Human toxicity (carcinogenic and non-carcinogenic) captures cancer
risk and other health effects—meurological, developmental, respiratory, organ—from
emitted metals, organic compounds, and combustion by-products. Terrestrial eco-
toxicity measures harm to soils, plants, and soil organisms from heavy metals, persis-
tent organic pollutants, and combustion residues. All three are screening-level: they
place diverse emissions on a common scale but do not, without site-specific modeling,
predict realized outcomes.

Baseline Plastic Waste Levels: The annual volume of plastic waste within Turkiye is

computed by summing domestically produced waste with imported waste and sub-
tracting exported waste. The pre-ONS levels of domestically produced waste are

from the World Bank, while data for imports and exports are from UN Comtrade.
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Turkiye generated 0.959 million tonnes of plastic waste annually before ONS, across
all industrial, household, and other sources.

Waste Management Practices: Mismanaged-waste shares by country group are from

the World Bank’s What a Waste Global Database. For consistency across countries
we use the World Bank mismanagement share for Turkiye in Table 1, though the
main analysis is based on data from the Turkish Statistical Institute that uses a more

detailed categorization for waste disposal methods.

S5.2. Government Objective Function and Optimal Fine. We extend the model
by allowing the government to set an expected per-unit fine on improperly disposed
plastic waste, Fy, = Proby(0y) Feey, (the detection probability times the statutory fee),
which enters Supplying firms’ private disposal cost as (w; Dy, +F},)b%;,. The government

chooses F}, to maximize
(S5.1) Gr(Fy) = Qr(Fy) = Di(Fi) +  >° (M — DIE(E) — C(Fy),

j€{s,u,n}
where H{; is aggregate sector-j profit, )\i > 1is the political weight on sectoral profits,
and C}(F)) > 0 is the marginal cost of enforcement. Writing 05 (Fy) = —B}.(Fx) > 0
for the reduction in mismanaged by-product per unit of fine, the gross marginal social
damage is

(S5.2) MSDy(Fy) = _?j((gk)) = & + ok <_ Zé((lik)v + Eok (— ngg;) ,

which simplifies to MSDy = & when the fine only affects mismanagement (X} =
Vi =0).
Combining the first-order condition for (S5.1) with (S5.2), the implemented fine dif-

: _ Picouwsi
fers from the Pigouvian benchmark F 97"

= M S Dy, by three weakly non-negative
wedges: a consumption-cost wedge —Q1}.(F})/dk, a political-economy wedge capturing
excess weight on producer profits, and an enforcement-cost wedge C}.(Fy)/dk. Stan-
dard monotonicity (B, < 0, @, < 0, I}/ <0, C4 > 0) and X, > 1 make all three
wedges non-negative, so the observed expected fine is a lower bound on gross marginal

social damage,
(5.3) Ft < MSDy(F}),

and, in the empirically relevant case where the fine primarily affects improper disposal,

Fy < &
14



The monotonicity conditions follow from standard consumer and producer behav-
ior. The sign of By.(F}) follows from the Supplying firm’s disposal choice: a higher
expected fine raises the private marginal cost of improper disposal, (wjDy + F}),
and weakly reduces optimal mismanagement. The sign of Q) (F%) is the equilibrium
consumption-cost restriction: holding environmental damages fixed, stricter enforce-
ment raises production or compliance costs and therefore weakly lowers the feasible
CES consumption bundle. The profit derivatives follow from envelope arguments.
For Supplying firms, the fine enters profits only through —(wj, Dy + F},)b%;, so

/(Fy) = — > b = —Bi(Fy) <0.
feFs
For Using firms, the fine affects profits through the recycled-input price py(F}). Since
dpi/dF), > 0, Hotelling’s lemma gives

d
I (Fi) = = Xu(Fe) g <0,

where Xy (Fy) is aggregate recycled-input demand. Firms in the Neither sector are
affected only through general-equilibrium spillovers, which we assume are weakly
non-positive or negligible. Enforcement costs are non-decreasing by construction.

In 2021-2022, high-profile media reports on waste mismanagement in Turkiye

9 These fines provide

prompted the government to increase inspections and fines.
a revealed-preference lower bound on the planner’s valuation of environmental dam-

ages: in 2024 they amounted to Fj By = $212.92 million (in 2016 prices).

S5.3. Global Pollution. Using country-level trade, waste emissions and virign pro-
duction data, we estimate the effect of plastic waste imports on per capita waste-site

COe emissions and on virgin plastic production:

(S5.4) In COspcy = Belnwg + o Xar + g + ay + €4t
5.
In mgt = /B’U In Tar + Fdet +ag + oy + Vs,

where COse emissions are from Climate Trace and virgin production from EXIOBASE;
X collects destination controls (per capita income, the pre-policy share in China’s
banned-waste imports, and initial virgin production), each interacted with a post-
ONS indicator, alongside destination and year fixed effects. We instrument In x4
with two pre-determined, gravity-motivated excluded instruments: an indicator for

whether destination d runs a positive trade balance against former China-supplying

9See https://www.bbc.com/turkce/haberler-dunya-57142579 and Giindogdu (2022).
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origins (weighted by each origin’s pre-policy share in China’s banned-waste imports),
and d’s average proximity to those origins (the mean ratio of distance-to-China to
distance-to-destination). Both capture the ease of redirecting displaced waste to d
after the ban. The overidentification test (J-statistic 0.22, p = 0.64) does not reject
instrument validity, but the KP-statistic is modest in size and we therefore report
both OLS and IV estimates throughout.

TABLE S5.1. Effects on CO5 Emissions and Virgin Plastic Production

Inzg InCOgpcy®® InCOsopcy®®  Inmy, Inmg,
(1) ) ®) @) (5)
FS OLS 2SLS OLS 2SLS
Inzg 0.00704a 0.0347a -0.0262a  -0.0785c
(0.00157) (0.00519) (0.00920)  (0.0409)
(Zo Ense il v 0) * 1{t > 2017}  1.041a
(0.231)
In(distochina/disteq) * 1{t > 2017} 0.813c
(0.469)
GDP pey, * 1{t > 2017} -0.0107 -0.000326 -0.000647b  -0.000637 -0.0000298
(0.0103) (0.000567) (0.000313) (0.00140)  (0.00154)
% « 1{t > 2017} 14.64b 0.175 0.0526 1.541 1.774c
4 TdChina
(5.639) (0.238) (0.161) (0.965) (0.937)
Inmf ¢« 1{t > 2017} -0.0660 0.00262 0.00327 -0.0615a  -0.0628a
(0.0823) (0.00193) (0.00246) (0.0182) (0.0171)
N 273 273 273 273 273
R? 0.793 1.000 -1.510 0.994 -0.0211
KP-Stat 13.30 13.30
J-Stat 0.220 0.219
(0.6396) (0.6390)
Fixed Effects:
Country Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes

Note: Estimates of Equation (S5.4). Column (1) is the first stage, where two excluded instruments—
the share-weighted trade-balance indicator and the average log-distance ratio to former China-
supplying origins—predict Inzg. Columns (2)—(3) report OLS and 2SLS estimates of the effect
of In z4¢ on per capita waste-site COze emissions; Columns (4)—(5) repeat this with log virgin plastic
production InmY, as teh dependent variable. Controls (interacted with the post-ONS indicator)
include GDP per capita, the destination’s pre-policy share in China’s banned-waste imports, and
initial virgin production. KP is the Kleibergen-Paap weak-identification F-statistic; J is Hansen’s
overidentification test (p-value in parentheses). The sample covers 2015-2021, with country and year
fixed effects. Standard errors clustered at the country level. Significance: a p < 0.01, b p < 0.05, ¢
p < 0.10.

Column (1) of Table S5.1 reports the first stage: the interaction of the pre-ONS
weighted trade imbalance with the post period strongly predicts waste imports (co-
efficient 1.04), consistent with empty return containers lowering the marginal cost
of importing waste. The second-stage IV estimates show that a 10% rise in waste

imports raises per capita COqe emissions from waste sites by about 0.35% (Column
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3) while lowering virgin plastic production by about 0.8% (Column 5), indicating
substitutability between recycled and virgin plastic.

Because virgin-production emissions are not directly observed in COqe, we convert
predicted changes in virgin output using a factor of 2.22 tonnes COse per tonne of
virgin plastic (Li et al., 2024), and combine these with baseline country-level emis-
sions, the import changes from Table 1, and the elasticities in Columns (3) and (5) of

Table S5.1 to compute the implied change in global emissions, reported in Table S5.2.
TABLE S5.2. Global Pollution (COse)

A COqe Value

Pollution Sources v OLS v OLS

(million kg) (million USD)
(a) Waste-site emissions (excl. China) 32.92 6.68 4.76 0.96
(b) Waste-site emissions (China) -12.57 -2.55 -1.82 -0.37
(c) Virgin plastic emissions (excl. China) -6,386.58 -2,131.57 -922.51 -307.89
(d) Virgin plastic emissions (China) 10,141.94 3,384.95 1,464.95 488.94
(e) World emissions 3,772.53 1,256.86  544.92  181.55
(f) Emissions related to Turkiye 36.83 12.27 5.32 1.77

Note: Global COse consequences through two channels. Waste-site emissions combine the estimated
change in plastic waste imports with baseline country-level COse from waste disposal; virgin-plastic
emissions combine it with the implied change in virgin production from EXIOBASE, converted at
2.22 tonnes COge per tonne of virgin plastic (Li et al., 2024). Rows (a)—(d) report China and the
rest of the world separately; row (e) aggregates (a)—(d) across all countries; row (f) allocates world
emissions to Turkiye by population share (other allocation keys yield similar magnitudes). Carbon
price $0.144 per kg COae; all values in 2016 USD.

The quantitatively dominant channel is virgin-plastic substitution, not waste dis-
posal: since one tonne of virgin plastic generates about 2.22 tonnes of COqe (Li et al.,
2024), even modest changes in virgin output dominate the direct emissions from in-
creased waste imports. Diversion to the rest of the world lowers virgin production
and emissions there (row (c)), while China substitutes toward virgin production after
the ban (row (d)). On net (row (e)), the ONS policy raises global COse emissions by
1,256.86-3,772.53 million kg, a cost of $181.55-544.92 million—roughly the annual
emissions of 0.3—1 million passenger vehicles. Allocated to Turkiye by population
share (row (f)), this amounts to greenhouse gas emission costs of $1.77-5.32 million

for Turkiye.

S5.4. Other Pollutants. Using impact factors from Li et al. (2024); Kim et al.
(2023), we quantify the impacts of the China ban on different environmental impact
categories. Table S5.3 summarizes the consequent increases in air pollution and hu-

man toxicity arising from the channels of the rise in domestic waste mismanagement,
17



TABLE S5.3. Environmental Impacts (%)

Human toxicity Air pollution & atmosphere Ecotoxicity / resources
Cancer risk 23 Air pollution (health) 13 Ecotozicity
Non-cancer risks 19 Smog (human health) 21 Land ecosystems 35

Smog (ecosystems) 21 Freshwater ecosystems 23

Ozone layer damage 27 Marine ecosystems 24

Climate change impact 24 Resources & other

Acid rain potential 14 Nutrient pollution (freshwater) 15
Nutrient pollution (oceans) 16
Freshwater use 15
Land use 16
Mineral depletion 10
Fossil fuel scarcity 12
Radiation exposure 16

Notes: Environmental impact factors are from Li et al. (2024); Kim et al. (2023).

increased plastic waste recycling and increased production with recyclable plastic at
home. Each of the 18 impacts shown in Table S5.3 follows the lifecycle assessments
recommended by the European Union.

The results indicate moderate climate and air-quality impacts but large terrestrial
ecotoxicity and human toxicity pressures, consistent with waste-handling pathways
that release persistent toxic substances to land rather than only immediate air pollu-
tant releases. The PM2.5 burden is comparable to a large coal plant or a city of 0.5-1
million residents; cancer-toxicity impacts are on the order of 5-10% of a large primary

lead smelter’s annual output, and land-based ecotoxicity is substantially larger.

S5.5. Local Air Pollution: Other Regions. In the absence of comparable data for
the rest of the world, we draw on the substitution mechanism estimated for Turkiye
to other country groups. Specifically, we aggregate countries into China, Top Ex-
porters, and the Rest of the World (RoW), and compute land-area-weighted average
PM10 concentrations for each group using country-level data. We then map ob-
served changes in plastic waste imports (reported in Table 1) into implied changes
in PM10 using the elasticity estimated for Turkiye. The results indicate substantial
heterogeneity across regions. In China, the sharp decline in plastic waste imports
(-86.47%) leads to a 3.57% reduction in PM10, corresponding to a decrease of ap-

proximately 13,254 tonnes. In contrast, the increase in plastic waste imports among
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Top Exporters (8.83%) and the RoW (11.66%) raises PM10 by 0.36% and 0.48%,
respectively, implying increases of 1,235 and 10,223 tonnes."

APPENDIX S6. ADDITIONAL TABLES AND FIGURES

TABLE S6.1. Effect of China’s ONS Policy on Bilateral Trade in Plas-

tic Waste
Destination d
Origin o CHN Top Exp. RoW TUR
S —0.460 / —0.588 0.098 / —0.027
CHN
D 0.154 /0.050 —0.242 / —0.348° —0.591¢ / —0.788%
Tob Ex S —2.199%/-2.376% 0.440% / 0.403% 0.288“/0.236b 3.196* / 3.087¢
p XD D —-2.397%/-2.620° —0.096 / —0.151 0.202b/0.151 1.678% /1.578%
RoW S —0.849%/—0.986* —0.186* / —0.290° 0.074 /0.008 0.7145/0.5871’
D -0.494%/-0.647* —0.308%/-0.381® —0.107/ —0.175° 0.689* / 0.660°
S — —0.125 / —0.235 0.986° / 0.886° —
TUR b b
D —0.658" / —0.872 —0.163 / —0.286

Post; x Tariffp 2016: 0.139% /0.137¢
OriginxDestx Year FE: Yes / Yes
Observations: 38,976,564

Product xOriginxDest FE: Yes / Yes
R?: 0.853/0.853

Note: Estimates of Equation (2.1), coefficients on Post; X Bannedlf,IS6 x 0 x d x TradeT;,. Rows split each
origin into Surplus (S) and Deficit (D) relationships with the destination; columns index destinations. Each
cell reports column (1) / column (2), where (2) adds the full set of Post, x Banned}®? interactions. Robust
standard errors clustered at the origin-destination-product level (omitted here for space; full SEs in the
replication file). Significance: a p < 0.01, b p < 0.05, ¢ p < 0.10.

OGroup-level PM10 concentrations (from WHO data) are land-area-weighted using World Bank data
and mapped to import changes via the Turkiye elasticity proportionally (a 517% waste increase
raises PM10 by 21.4%); percentage changes are converted to mass using land area and a 500m
mixing height, then monetized at the benchmark value. This matches evidence that China’s ban
improved its domestic air quality (Li and Takeuchi, 2023; Shi and Zhang, 2023; Unfried and Wang,
2022) while shifting trade internationally (Martin et al., 2021; Wen et al., 2021; Chunsuttiwat and
Coxhead, 2024).
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TABLE S6.2. Change in Trade in Plastic Waste

. Tradeoap:
Dependent Variable: S Tradenns: (1) (2)
Post, x Banned,,, x CHNy4 -0.173a  -0.173a
(0.014)  (0.014)
Post, x Banned,, 0.0011c
(0.00007)
R? 0.692 0.692
# observations 9689965 9689965
Fixed Effects:
Destination x Product x Time Yes Yes
Origin x Destination x Time Yes Yes
Destination x Origin x Product Yes Yes
Origin x Product x Time No Yes

Note: This table shows the results from a difference-in-differences specification, where the dependent variable
is the share of exports of product p by origin o to destination d at year t. The coefficient of interest is on
the triple interaction term: Post;x BannedyoxCHNy4. Post; is a dummy variable indicating 1 if year is
greater than 2017, Banned,, indicates the set of China-banned plastic waste products from initial exporter
o, and C'H Ny takes a value of 1 if the destination country is China. The sample covers the period 2013-2019.
Statistical significance is denoted by letters: a for p < 0.01, b for p < 0.05, and ¢ for p < 0.10.

FiGURE S6.1. Imports of Plastic Waste

Plastic Waste Imports in 2013 (Millon kg) Plastic Waste Imports in 2014 (Millon kg) Plastic Waste Imports in 2015 (Millon kg)
China | 157626 China | 165085 China | 147085
Hong Kong
India |803.1
Malaysia |452.0
Indonesia 2148 Turkiye |197.0
Venam| 1538 e s inoresi o
Turkiye 1286 Vietnam | 158.3 Vietnam | 176.7
Thailand |s08 Thailand 1507 Thailand |112.4
Bahamas 146 Bahamas 9.8 Bahamas |11.1
Plastic Waste Imports in 2016 (Millon kg) Plastic Waste Imports in 2017 (Millon ko) Plastic Waste Imports in 2018 (Millon ko)
China |17603.3 China |11657.5 Malaysia | 1745.1
Hong Kong Hong Kong
Malaysia |575.3 Malaysia |1099.6
India '::n Turkiye ;:SJ
Turkye (3057 Thailand |805.5
Indonesia [p42.0 Vietnam |299.9
Vietnam |203.8 India Inz
Thailand |139.0 Indonesia 2578
Bahamas 1.3 Bahamas 3.7
Plastic Waste Imports in 2019 (Willon kg) Plastic Waste Imports in 2020 (Millon kg)
Hong Kong Turkiye | 15140 ]
Turkiye | 7646 ] Malaysia 956.2
Malaysia |667.0 Vietnam 657.8
Vietnam | 59.4 Hong Kong
Indonesia [489.1 Indonesia 3635
India Thailand
Thailand Bahamas
Bahamas India 4.4
China |18 China |06

Note: Each bar represents imports of ONS-banned plastic waste (in million kg) by country in a
given year.
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F1GURE S6.2. Global Trade after the Operation National Sword Policy
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Note: This figure plots event-study estimates of the year-by-year coefficients [;, together with
90% confidence intervals, from a regression of log global trade values for 6-digit HS products on
interactions between year dummies D! and Bannedg%, an indicator for products banned by China
under the ONS policy. The interaction with year 2016 is omitted as the reference year. The
specification includes product and year fixed effects. The sample covers the period 2013-2019.

TABLE S6.3. Water Consumption and Plastic Waste Imports

Dependent Variable: A6-18 (w) (1) (2) (3)

Sales

S% -1.665¢ -1.665¢
(0.906) (0.907)
St -0.017  -0.017
(0.063) (0.064)
Initial employment 0.053a  0.054a  0.053a
(0.013) (0.013) (0.013)
N 8,215 8,215 8,215
R? 0.032  0.032  0.032
Fixed Effects:
Region Yes Yes Yes
Sector Yes Yes Yes

Note: The dependent variable is the change in water consumption divided by sales between 2016 (pre-ONS)
and 2018 (post-ONS). Water consumption data are only available for 2016-2018. S measures the pre-ONS
intensity with which, firm f relied on China-banned imports in total input costs in 2016. S} captures the
share of China-banned waste products in total waste generated by firm f in 2016. Standard errors are
clustered at the 4-digit NACE industry level. Significance: a p < 0.01, b p < 0.05, ¢ p < 0.10.
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TABLE S6.4. Air Pollution and Domestic Plastic Waste Generation

Dependent Variable: (1 (2)
In(PM10) All plastic  Plastic waste by firms
waste with less than 250 emp.

Post; x Exposure} ' 0.925°
(0.185)
Post, x Exposure}este: small 0.907¢
(0.259)
Post; x In(Population Density).=2015 —0.101% —0.111¢
(0.027) (0.029)
Post, x In(Area), 0.019 0.024¢
(0.012) (0.012)
In(Rainfall per km?),, 0.026° 0.025°
(0.012) (0.012)
R? 0.399 0.399
# observations 288,706 288,706
Fixed Effects:
Station x Calendar Month Yes Yes
Date (Day x Month X Year) Yes Yes
NUTS2 x Year Yes Yes

Note: This table reports estimates of the specification in (4.5). The sample is a station-day panel covering
2015-2019. The dependent variable is the log of the daily PM10 reading (ug/m3) at station s in city ¢
on date t. ExposulregvaSte is the pre-policy share of national plastic waste generated by all firms in city
c; Exposure’aste small pegtricts this measure to firms with fewer than 250 employees. Observations are

weighted by 2015 city population. Standard errors in parentheses are clustered twoway at the city-month
and month-day levels. Significance: a p < 0.01, b p < 0.05, ¢ p < 0.10.

FIGURE S6.3. Firm-level Imports and Quality-Adjusted Import Prices

(A) Value of firm-level (B)  Quality-adjusted
imports import prices
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Note: Panel (A) plots estimates of §; with 90% confidence intervals from In Imports;,,,;

2?2129013 lDi X Bannedfs6 + Qiop + ot + €iopt, Where Importsl-opt is the value of imports of 8-
digit HS product p by Turkish firm ¢ from country o in year ¢t. Panel (B) uses quality-adjusted
import unit values as the dependent variable; product quality is the residual from regressing log
quantity + 5xlog unit value on country-year, product-year, and firm-year fixed effects, and the
quality-adjusted price is log unit value — log quality. The interaction with 2016 is the reference

year. The sample covers the period 2013-2019.
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FIGURE S6.4. Exports and Randomly-Assigned-Treatment Placebo

(A) Exports of banned (B) Imports under randomly
products assigned treatment
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Note: Panel (A) plots estimates of 8; with 90% confidence intervals where the dependent variable
is the quantity of Turkish exports of an 8-digit HS product; the interaction with 2016 is the ref-
erence year and the sample covers the period 2013-2019. Panel (B) plots the S coefficients from
re-estimating the specification after randomly allocating treatment status to 8-digit HS products
within their 4-digit HS codes, replicated 250 times.

FIGURE S6.5. Robustness by Firm Size: Waste Mismanagement and
Local Air Pollution

(A) Waste Management (B) Air Pollution

15

- H%I ----------------- | — e

0
3

v T T T T T
2010 2012 2014 2016 2018 2020 . . . , .
Year 2015 2016 2017 2018 2019

Year

® Estimate (>250) ——— 90% CI
* Estimate (<250) ——— 90% CI

[+ Estmate ——— so% 1 |

Note: Both panels plot event-study estimates of §; with 90% confidence intervals; 2016 is the
reference year. Panel (A) plots the estimates from Equation (3.2) separately for firms with more
than 250 employees (blue) and fewer (red); sample 2010-2020. Panel (B) estimates Equation (4.5)
with Ezposure’V 2t constructed as the 2016 share of national plastic waste generated in city ¢ by
firms with fewer than 250 employees.
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FI1GURE S6.6. Importer Waste Mismanagement and Waste Generation

(A) Waste mismanagement (B) Total domestic waste
by plastic waste importers generation
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Note: Both panels plot estimates of 3; with 90% confidence intervals; the interaction with 2016 is the
reference year and the sample covers 2010-2020. Panel (A) estimates the share-mismanaged speci-
fication on importers of plastic waste (firm-product-year level), with coefficients on D! x Bannedy,,
where Banned), indicates China-banned waste products. Panel (B) reports PPML estimates with
total waste produced by firm m in year ¢ as the dependent variable (firm-year level), with coefficients
on D! x Exposure,,, where Exposure,, is the share of China-banned waste types in firm m’s total
waste production.
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