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Abstract

This paper examines the nutritional and health implications of trade liberalization in
the food sector, using South Korea’s free trade agreements (FTAs) with the European
Union and the United States in the early 2010s as a natural experiment. We document
that imports of unhealthy food products from FTA partners increased relative to non-
FTA origins, with tariff reductions in the food sector fully passed through to domestic
prices. Leveraging a novel product-brand scanner dataset for the Korean chocolate
market, we find that FTA-induced tariff cuts reduced imported chocolate prices by ap-
proximately 16% and raised purchase quantities by over 100%. Incorporating tariff re-
ductions as cost shifters into a structural demand-supply framework, we structurally
estimate demand and cost parameters and conduct counterfactual simulations to as-
sess substitution patterns between domestic and foreign products in the absence of
tariff cuts. Combining these results with detailed nutritional information, we estimate
the consequent increase of 2.8% in sugar intake attributable to trade liberalization. The
findings highlight underexplored nutritional side effects of trade policy, underscoring
the importance of integrating health considerations into trade policy design.
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1 Introduction

International trade improves consumer welfare by providing greater variety of products
and lowering prices through efficiency gains (Melitz, 2003; Melitz and Trefler, 2012). In
theory, cross-border food trade can alleviate global hunger by reducing prices and im-
proving access to staple foods in poorer countries, while also increasing the diversity of
food varieties available to consumers in more developed economies. Hence, trade lib-
eralization is expected to generate welfare gains worldwide. However, in practice, the
cross-border flow of unhealthy food products can undermine public health.

The obesity epidemic in the Pacific Islands illustrates this concern (WHO, 2002). Ac-
cording to WHO, in 2016, approximately 43% of adults in Pacific Island Countries (PIC)
are obese or overweight, more than triple the global average (Tong et al., 2022). Interna-
tional trade in PICs is widely regarded as a key contributor to these high obesity rates, as
it has increased the availability of processed and imported foods and accelerated the shift
away from traditional nutrient-rich diets toward less healthy alternatives." Consequently,
the extent to which international trade has causally contributed to the increase in obesity
in this region, as well as the magnitude of its impact, constitutes an important research
question.

Although the link between international trade, nutritional transition, and health out-
comes appears plausible, research in this field remains relatively scarce, partly due to data
limitations and the challenge of identifying exogenous variation in international trade. A
notable exception is Giuntella et al. (2020), who investigated the relationship between
food trade and obesity in Mexico, demonstrating that increased imports of unhealthy
foods from the United States exacerbated obesity rates at the state level. Building on this
literature, we draw on micro-level datasets and employ a novel identification strategy,
combined with a structural framework, to examine whether trade liberalization facili-
tates the inflow of unhealthy food products into domestic markets, substitutes domestic
food, and contributes to broader nutritional transitions.

Specifically, we exploit South Korea’s Free Trade Agreements (FTAs) with the Euro-
pean Union (EU) and the United States (US), enacted in the early 2010s, as a quasi-natural
experiment that substantially reduced tariffs on food products.? Leveraging this policy

shock, we draw on multiple micro-level datasets—(i) the UN Comtrade database, (ii)

A notable example is Samoa, where obesity rates gradually increased after World War 1I as the U.S.
began exporting high-fat turkey tails—a slaughterhouse by-product. The Samoan government eventually
banned their import, but later lifted the ban after joining the WTO.

2Specifically, as shown in Appendix Figure B.1, the United States and the European Union are the two
largest exporters of unhealthy foods to South Korea as in 2011.



the Korea International Trade Association (KITA) database, (iii) Free Trade Agreements
Concession Tables, (iv) NielsenlQ Korea, and (v) the Ministry of Food and Drug Safety
Database—, combined with difference-in-differences (DID), instrumental variable (IV) re-
gression, and structural estimation techniques to examine whether these FTAs induced
nutritional transitions by facilitating the importation and consumption of unhealthy food
products in South Korea.

First, we find that imports of unhealthy food products increased after the FTAs en-
tered into force. Following Giuntella et al. (2020), we first define unhealthy products (e.g.,
margarine, sausage, processed meats, sugar, sweets, chocolate, etc.) at the 4-digit HS code
level. We then assign the EU and the US to the treatment group; and define the control
group as all other countries that never signed the FTA with South Korea. Using the UN
Comtrade dataset, we perform a difference-in-differences analysis and uncover that the
import value of unhealthy food products increased by 49% on average and the import
quantity increased by 55% on average.

Second, we estimate the extent to which the FTA tariff cuts are passed through to
domestic prices by applying the method of Fajgelbaum et al. (2020). To assess the inci-
dence of these tariff reductions, we compile the FTA concession tables with the EU and
the U.S., construct tariff schedules at the 10-digit HS code level, and merge them with de-
tailed South Korean import data from the Korea International Trade Association (KITA)
database. Exploiting variation in product-level tariff cuts over time, we find that import
values and quantities increase sharply with tariff reductions, after controlling for product-
country, country-time, and product-year fixed effects. Moreover, we find no effect of tariff
cuts on before-duty unit values, whereas duty-inclusive import prices decrease as a result
of tariff reductions. We also document a horizontal export supply curve and an inverse
demand curve, consistent with evidence of complete pass-through.

Third, we focus on the Korean chocolate market to assess substitution between do-
mestic and foreign products. To this end, we use a novel product-level sales dataset from
NielsenIQ Korea. With this rich dataset, we classify each product as either domestic or
imported and estimate whether prices and quantities changed following the implemen-
tation of the FTAs. The difference-in-differences estimates indicate that the unit prices
of imported chocolate products declined by about 16 percent, while purchased quanti-
ties increased by more than 100 percent relative to domestic products, consistent with a
substitution effect induced by trade liberalization.

We incorporate tariff changes as a cost shifter on the supply side and structurally
estimate the chocolate market’s demand-supply framework using a random-coefficient

mixed logit model (e.g., Berry et al., 1995; Nevo, 2001). Counterfactual simulations under



unchanged tariffs yield product-level sales, which we combine with the Processed Foods
Nutritional Information Database to quantify nutritional side effects. The results indi-
cate increased chocolate imports, increased overall consumption, and a 2.8 percent rise
in national sugar intake, highlighting the nutritional consequences of trade liberalization.
Following Grieco et al. (2024), we calculate the consumer surplus in a way that is robust
to fluctuations in the value of the outside good, comparing baseline and counterfactual
scenarios. We then quantify the resulting increase in external health consequences from
increased sugar intake using estimates from the health literature.

The remainder of the paper is organized as follows. Section 1.1 reviews the relevant
literature. Section 2 describes the data sources. Section 3 examines the impact of FTAs on
unhealthy food imports. Section 4 estimates the degree of pass-through of the FTA tariff
cuts to domestic price. Section 5 investigates to what extent imports substitute domestic
products in the chocolate market using a reduced-form approach. Section 6 estimates a
structural model, performs counterfactual analysis in the chocolate market, and investi-
gates changes in consumer surpluses and health costs induced by increased sugar intake.
Section 7 concludes.

1.1 Related Literature

We contribute to the literature on the nexus between trade liberalization and health out-
comes in importing countries. Giuntella et al. (2020) showed that increased imports of
unhealthy foods following trade liberalization exacerbated obesity in Mexico at the state
level. Gra¢ner (2021) highlighted the price channel, documenting that trade liberalization
after NAFTA in 1994 reduced the prices of sugary foods, which in turn contributed to
higher rates of obesity and diabetes. Lin et al. (2018) provided cross-country evidence us-
ing the United Nations Comtrade dataset, showing that imports of sugar and processed
foods significantly increased average BMI in 172 countries between 1995 and 2010, even
after controlling for globalization and overall trade flows. Building on this literature, we
examine how tariff cuts under FTAs affect imports of unhealthy foods and their domestic
consumption through price channels. Our main contribution is the introduction of a novel
product-brand-level scanner dataset on the Korean chocolate market, combined with tai-
lored identification strategies, to estimate the impact of import-driven price changes on
domestic nutritional intake.

Our paper is also related to the literature on tariff pass-through. Fajgelbaum et al.
(2020) embed a CES-based utility framework into a multi-level demand and supply sys-

tem—varieties within products, products within sectors, and domestic versus imported



goods. Assuming tariff shocks are exogenous to contemporaneous demand and supply
innovations, they recover substitution elasticities at each level and show that U.S. im-
port tariffs were fully passed through to duty-inclusive domestic prices, implying that
consumers bore the full incidence of the 2018 tariffs. Flaaen et al. (2020) take a comple-
mentary approach in the context of U.S. washing machines. Using weekly retail scanner
data and untreated control appliances (e.g., dryers), they difference out non-tariff shocks
and product life cycle effects while tracing multinational firms’ relocation strategies in re-
sponse to anti-dumping and safeguard duties. They find that the 2018 Section 201 tariffs
raised washer prices by about 12 percent and dryer prices by a similar amount, implying
tariff elasticities of 108-225 percent—far exceeding tariff revenues and highlighting the
burden on U.S. households. In line with this literature, we apply the approach of Fajgel-
baum et al. (2020) to FTA tariff cuts in South Korea and show that tariff pass-through in
the food sector was complete.

Our work also relates to studies estimating demand systems through structural mod-
els with indirect utility and discrete choice. Nevo (2001) analyzes U.S. cereal demand
with a brand-level panel and supply-side equations, showing that non-collusive pricing
in differentiated markets yields high margins via willingness to pay and within-firm sub-
stitution. Kim and Kim (2025) examines the 2013 Namyang Dairy boycott in Korea using
a discrete-choice model with a “boycott penalty,” finding that strategic price cuts offset
revenue losses by 76%, highlighting consumer power and firm adaptability. Kim (2023)
studies the 2019-21 U.S. tariffs on Scotch whisky with a random-coefficients nested-logit
model, documenting heterogeneous pass-through—15% price hikes for low-quality bot-
tles versus 2% for high-quality—and a 21% variety loss concentrated among premium
products. Building on this literature, we estimate the nutritional transition induced by
FTAs using a random-coefficient mixed logit model. Incorporating tariffs into the supply
side, we estimate the system with GMM-IV and simulate counterfactuals. Finally, com-
bining product-level nutrition data, we quantify changes in sugar intake at the product
level.

Finally, we situate our methodology within the broader literature that quantifies con-
sumer surplus using mixed-logit demand systems. Grieco et al. (2024) study the U.S. au-
tomobile industry from 1980 to 2018 and show that the consumer surplus rose despite
increases in real prices, driven by improvements in product quality and technological
progress. Their key contribution is a welfare measure that is invariant to fluctuations in
the outside option: they average compensating variation across alternative normaliza-
tions of the outside value, thereby purging movements in the outside option from the

surplus metric. To estimate the health costs associated with sugar, we draw upon evi-



dence from studies on sugar-sweetened beverages (5SBs). Imamura et al. (2015) and Xi
et al. (2015) estimate how an incremental unit of SSB consumption increases the prob-
ability of obesity-related diseases, and Kang et al. (2011) quantifies the aggregate costs
of these diseases in South Korea. Building on this work, we first calculate the consumer
surplus in the domestic chocolate market under both baseline and counterfactual scenar-
ios. We then translate the resulting change in sugar intake into disease risk and monetary
externalities, using estimates from Imamura et al. (2015), Xi et al. (2015), and Kang et al.
(2011), to quantify the health costs of trade liberalization.

2 Data and Summary Statistics

Our empirical analysis necessitates granular data on product-level international trade
flows as well as item-level sales information in South Korea’s chocolate market. To this
end, we employ five datasets: (i) the UN Comtrade database, (ii) Free Trade Agreements
Concession Tables, (iii) the Korea International Trade Association (KITA) database, (iv)
NielsenlQ Korea databse, and (v) the Ministry of Food and Drug Safety Database. The
following subsection provides a brief description of each dataset.

2.1 UN Comtrade Database

To examine whether the signing of the two FTAs led to higher imports of unhealthy food
products in South Korea, we use the UN Comtrade dataset. The data consist of HS 6-digit
product—country-year level trade values in current U.S. dollars and net trade weights
in kilograms, compiled on a customs basis. Because the dataset covers all United Na-
tions member states, it allows for an effective identification strategy: countries that never
signed FTAs with South Korea serve as the control group, while the European Union and
the United States constitute the treatment group.

Hereafter, we use the term ‘unhealthy foods,” following the definition of Giuntella
et al. (2020). Appendix Table A.1 lists the HS 4-digit codes corresponding to unhealthy
foods. Appendix Table A.2 presents summary statistics of unhealthy food import values
and quantities by FTA status for 2010 and 2020. The two panels reveal a notable difference:
between 2010 and 2020, both import values and quantities of unhealthy foods from the
EU and the U.S.—countries that signed FTAs with South Korea—increased substantially,
whereas no such trend is observed for trade with non-FTA countries.’

3 Appendix Figure B.2 indicates that import values from these two FTA partners have risen over time
relative to non-FTA countries.



2.2 Free Trade Agreements Concession Tables

To assess how tariff cuts were implemented following the FTAs with the EU and the U.S.,
we first examine the FTA appendices. Specifically, the South Korea—-United States tariff
concession table defines concession categories from A to Z and indicates the correspond-
ing category for each 10-digit HSK product, while the South Korea—European Union tariff
schedule defines 20 concession categories at the 10-digit HSK level. We manually docu-
ment these appendices and merge them into a trade dataset, leveraging rich variation in
product-by-time tariff cut schedules. Categories that impose import quotas and allocate
them on a first-come, first-served basis are excluded. We also exclude certain exceptional
categories—U, V, and W—which pertain to seasonal imports and cover very few prod-
ucts, so their effect on the estimates is likely negligible. Additionally, products subject to
safeguard regulations are omitted as exceptional cases. Finally, because the HS code sys-
tem was substantially revised in 2012, we trace these changes and incorporate them into
the dataset.*

2.3 Korea International Trade Association Database

Additionally, we collect South Korea’s import data from the Korea International Trade As-
sociation (KITA). The dataset, constructed from Customs Declaration Records reported by
importers, is aggregated at the 10-digit HS product level and includes trade variables such
as import value (in thousands of dollars) and import quantity (in kilograms) by product
and year. We then merge this dataset with the tariff concession data using the 10-digit
HS code as a key. Yearly trade data from the EU and the U.S. were collected, with EU27
countries having fewer than 80 products at the 10-digit level per year—namely Cyprus,
Estonia, Croatia, Luxembourg, Latvia, Malta, Romania, and Slovenia—being excluded.
To reduce within-year fluctuations in trade data, we aggregated the data at the 6-digit
HS code level. Assuming that tariff cuts are exogenously determined, the merged dataset
provides an identification strategy consistent with Fajgelbaum et al. (2020), using the log
difference of tariffs as the main independent variable.

Appendix Table A.3 presents descriptive statistics of the outcome and independent
variables for food products from 2012 to 2019. The mean value of the log (first) differ-
ence of the tariff rate, A(1 + 7,,,), is negative, reflecting tariff reductions under the FTAs.
The mean values of the log differences in import value, A(1 + 7,4 ), and import quantity,

Aln(1 + m;4), indicate that food imports have increased. In contrast, the mean values of

* Appendix Figure B.3 compares the tariff distribution on unhealthy products in 2011 and 2019 using the
FTA tariff-concession schedules and shows a pronounced leftward shift, indicating broad tariff reductions.



the log differences in unit price, Aln(1 + pj,,), and duty-inclusive unit price, Aln(1 + pig),
show that only the duty-inclusive unit price decreased.

2.4 NielsenlQ Korea Database

We introduce a novel dataset on the South Korean chocolate market. The dataset cov-
ers regional and monthly sales at the item, brand, manufacturer, and product-type lev-
els from 2010 to 2016. Constructed from scanner data, it also includes product-level pro-
motions. Volume is measured in kilograms, while unit price is defined as sales divided
by quantity. Our identification strategy distinguishes between imported and domestic
chocolate products, with imported products classified at the brand and manufacturer lev-
els.

Appendix Table A.4 reports summary statistics on sales, weight, quantity, and unit
price for domestic and imported chocolate products in the first quarter of 2010 and the
fourth quarter of 2016. The table shows that, relative to 2010Q1, the number of domestic
chocolate products declined while their unit prices rose by 2016Q4. In contrast, the num-
ber of imported chocolate products increased, accompanied by a decline in unit prices.
This pattern aligns with the expectation that tariff reductions under FTAs lower import
prices, thereby inducing substitution toward imported products through the price chan-
nel.

Appendix Figure B.4 presents the trends in weight and unit price of chocolate products
by import status. Consistent with the summary statistics, the figure illustrates a substitu-
tion effect toward imported goods: over time, the weight of imported products purchased
has risen and their unit price has declined, whereas domestic products exhibit the oppo-
site pattern.

Appendix Table A.5 reports the sales revenue (in millions of KRW) and sales volume
(in thousands of kilograms) of the top 20 domestic and imported chocolate brands. For
both groups, the top 10 brands account for a large share of total sales revenue and volume.
Overall, these 40 brands together represent more than 93% of the South Korean chocolate
market between 2010Q1 and 2016Q4.

2.5 Ministry of Food and Drug Safety Database

To estimate the random coefficient logit model with discrete choice and examine nutri-
tional transitions in terms of sugar content, we incorporate an additional dataset contain-
ing nutritional information. Specifically, we use the Processed Foods Nutritional Infor-

mation from the Ministry of Food and Drug Safety Database, which reports product-level
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nutritional contents per 100g (e.g., sugar, cholesterol, sodium) along with country of ori-
gin.

Appendix Table A.6 presents summary statistics for nutritional contents per 100g
among domestic chocolate products and those imported from the EU and the US. The ta-
ble shows that imported products contain, on average, higher levels of sugar and sodium.
Merging the NielsenlQ) Korea database with this nutrition dataset creates an ideal setting
to measure increases in sugar and sodium intake as imported chocolate products gain
market share following FTA-driven tariff reductions.

3 Impact of FTAs on Unhealthy Food Imports

We begin by examining whether trade liberalization led to an increase in imports of un-
healthy food products.” Our analysis focuses on two FTAs: (i) the South Korea—EU FTA
(SK-EU FTA) and (ii) the South Korea—U.S. FTA (SK-US FTA), as the EU and the U.S.
were the two largest exporters of unhealthy foods to South Korea in 2011. To assess the
impact of these FTAs on South Korea’s imports of unhealthy foods, we restrict the sample
to unhealthy food products and estimate the following difference-in-differences regres-

sion equation:

InYigr = oy + g + Z B FTAL(t =k) +€ige
k#2012

where y;,; denotes the import value or import quantity of 6-digit HS product ¢ from coun-
try ¢ in year t. oy captures product-year fixed effects, and o, represents country fixed
effects. We define the treatment group as the two major countries that signed FTAs with
South Korea—the EU and the U.S.—while the control group consists of countries that
never entered into an FTA with South Korea. FT'A, is an indicator variable equal to one
if country g belongs to the treatment group. The South Korea—EU FTA took effect in July
2011, and the South Korea-US FTA in March 2012. The sample covers the period from
2009 to 2020, with 2012 set as the reference year. Finally, 1(-) denotes a year indicator
variable.

Table 1 reports the estimation results. The main outcome variables are the import
value of unhealthy food products in current U.S. dollars, Inpj,,m;,, and the import quan-
tity of unhealthy food products in kilograms, inm;,. Columns (1) and (3) present the
difference-in-differences results with product, country, and year fixed effects. Columns
(2) and (4) present the difference-in-differences results with product-country and prod-

>Please refer to Appendix Table A.1 for the definition of unhealthy food.

8



uct-year fixed effects, which absorb time-invariant product—country unobserved hetero-
geneity as well as product-year unobserved shocks. The results show a significant in-
crease in unhealthy food imports. Specifically, in the preferred specifications (columns (2)
and (4)), the import value and quantity of unhealthy foods from FTA partner countries
increased by 49% and 55%, respectively, relative to imports from non-FTA countries.

Table 1: Imports of Unhealthy Food Products—DiD Results

Dependent Variable: Inp;gimigt Inp;imigt Inmig, Inmig
@ 2) ®3) 4)

FTA, x Post, 0.3355%** 0.3543*** 0.4159*** 0.4287%**

Product FE v v

Country FE v v

Year FE v v

Product x Year FE v v

Country FE v v

Observations 22,052 22,010 22,052 22,010

Notes: “Inp;,,migt, Import Value” is measured in USD dollars. “Inm; 4, Import Quantity” is measured
in metric kilograms. Post; is an indicator variable that equals one if the year is after 2012. The sample
comprises HS 6-digit level trade values of unhealthy foods aggregated to yearly level from 2009 to
2020. The list of unhealthy foods is provided in Appendix Table A.1. Standard errors are clustered at
the 4-digit HS code and country levels. *** p<0.01, ** p<0.05, * p<0.1.

Figure 1: Event Study Plot of Unhealthy Food Products

Trend of log import value of unhealthy foods by HS 6digit Trend of log import quantity of unhealthy foods by HS 6digit
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Notes: The dependent variable in the left (right) panel is log import value (log import quantity), respec-
tively. The sample comprises HS 6-digit level trade values of unhealthy foods aggregated to yearly level
from 2009 to 2020. The list of unhealthy foods is provided in Appendix Table A.1. Standard errors are
clustered at the 4-digit HS code and country levels. Error bars show 95% confidence intervals.

Figure 1 presents the event-study estimates corresponding to the difference-in-differences

results. From one to nine years after the FTA took effect, both the import value and quan-
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tity of unhealthy foods increased gradually.

4 Estimating the Tariff Pass-through

In this section, we estimate the degree of pass-through from FTA tariff cuts to domestic
prices, following the methodology of Fajgelbaum et al. (2020). Specifically, we construct
annual tariff rates from the FTA concession tables based on concession categories. Ap-
pendix Table A.7 provides illustrative examples of tariff schedules affected by the FTAs.°

To merge the tariff schedules with South Korea’s detailed import data from the Korea
International Trade Association (KITA), we concord the 10-digit HS codes in the import
dataset with those in the tariff schedules.” We then estimate the pass-through effects of
the two FTAs—the SK-EU FTA and the SK-US FTA—following the methodology of Fa-
jgelbaum et al. (2020). The main regression specification is given by:

Alnyige = g + g + oy + BAIN(L + Tig) + €ige (1)

where Alny,, denotes the log difference of import outcomes for HS-6-digit product : from
country j in year ¢t. We consider four outcome variables: (i) i) the log difference of im-
port value in dollars, Alnp; ,m;; (ii) the log difference of import quantity in kilograms,
Alnmig, (iii) the log difference of before duty unit price, Alnpj,,; and (iv) the log difference
of the duty-inclusive unit price, Alnp;,. The duty-inclusive unit price is defined as the
unit import price including tariff duties, i.e., pi; = (1+7,)pj,- The regression specification
includes three sets of fixed effects: (i) product—country, (ii) country—year, and (iii) prod-
uct-year fixed effects. These absorb unobserved heterogeneity at the product—country,
country-year, and product-year levels. The key independent variable, Ain(1 + 7;,), cap-
tures tariff reductions under the tariff change for product i, from EU countries or the U.S.
g in year t. Identification relies on variation in product-level tariffs over time, after con-
trolling for these three-way fixed effects. The sample period spans 2008-2019, covering
both the pre-FTA and post-FTA periods.

Following Fajgelbaum et al. (2020), we exploit variation in FTA tariffs to jointly esti-
mate export supply and import demand elasticities. Specifically, we estimate the export
supply elasticity and the import demand elasticity and using two instrumental variable

®For products in category A, tariffs were eliminated immediately, whereas for those in category C, tariffs
were phased out uniformly over five years.

’Since the 10-digit HS classification has undergone several revisions, we use the HS codes in the tariff
schedules as the benchmark. Products appearing only in the tariff dataset are excluded from the analysis.
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(IV) regressions:

Alnpy, = o + oy + of) +w*Alnmg, + e, )
Alnmig = ajy + agy + ojf — o Alnpig + €7y 3)

Under the exogeneity assumption of the tariff cuts, Aln(1+7;,) can serve as an instrument
for both Alnm;, and Alnp;g. A statistically significant coefficient w* in equation (2) allows
us to reject the null hypothesis that w* = 0, indicating that the supply curve is elastic.
Similarly, a statistically significant coefficient o in equation (3) allows us to reject the null
hypothesis that 0 = 0, indicating that demand is elastic. In particular, if we fail to reject
a horizontal supply curve, this provides additional evidence consistent with complete

pass-through in our context.

Table 2: FTA Tariff Pass-through

Dependent Variable: Alnp;‘gtmigt Alnmig Alnp;‘gt Alnpige Alnp;‘gt Alnmg
1) () 3) 4) ®) (6)

Aln(1+7;4¢) -3.9909***  -3.3004***  0.2951 0.9327***

Alnmggy -0.0894

Alnp; g -3.5385%**
Product x Country FE v v v v v v
Country x Year FE v v v v v v
Product x Year FE v v v v v v
First Stage F 10.69 13.91
Observations 15,741 15,741 15,741 15,741 15,741 15,741

Notes: The sample data comprises a full-balanced panel of 6-digit HS products from 2008 to 2019.
The regression units are aggregated at the 6-digit HS level. EU countries with few observations
are dropped. Standard errors are clustered at the 4-digit HS code and country levels. ** p<0.01,
** p<0.05, * p<0.1.

Table 2 presents the main regression results. Columns (1) and (2) show that import
value and import quantity increased significantly following the tariff cuts. Columns (3)
and (4) indicate complete pass-through: exporter prices remained unchanged, while do-
mestic food prices declined. The estimates suggest full pass-through of tariff reductions
because the regression coefficient is significantly positive only for the duty-inclusive unit
import price, but not for the before duty unit price. In other words, the before duty unit
price, equivalent to the CIF exporter price, did not change significantly, whereas the duty-
inclusive unit price, corresponding to the domestic price, responded strongly to the FTA
tariff cuts. Additionally, columns (5) and (6) report the estimated supply and demand
elasticities from equations (2) and (3), respectively. Column (5) shows that we cannot re-
ject the null hypothesis of a horizontal export supply curve, consistent with the reduced-
form results indicating complete pass-through. Column (6) indicates that the import de-
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mand curve is elastic.
We further conduct a placebo test to examine whether pre-trends exist in the outcome
variables. Equation (4) presents the estimation specification used for this placebo test:

Alnyigoo—11 = Qu(iy,g + @i + BAIN(L + Tig11-19) + €ig. 4)

Here, Alny;409-11 represents the log difference of the four import outcome variables, as
defined in equation (1), calculated between 2009 and 2011, before the FTAs came into
effect. ay;),, denotes sector—country fixed effects, and «; denotes product fixed effects.
The key independent variable, Aln(1 + 7,511-19), is constructed as the difference between
2011 and 2019 to capture post-FTA changes in tariffs.

Table 3 presents the estimation results of the placebo test for each outcome variable.
The results indicate that none of the coefficients are statistically significant, providing lit-
tle evidence of pre-trends. This further supports the exogeneity of the main independent
variable, AIn(1 + 7).

Table 3: Placebo Test of the Tariff Cuts

Dep. Var.: A ln(l + p;g,09-11mig,09—11) A ln(l + Tnig"()g_ll) A ln(l + p;g,og—n) A ln(l + pigﬁog_ll)
1 () 3) 4)

A ln(l + Tig_yll_lg) 2.6321 3.1855 —0.5849 —0.6274

Sector xCty. FE v v v v

Product FE v v v v

Observations 890 890 890 890

Notes: The sample comprises product—country level long-differenced variables over 2009-2011.
Standard errors are clustered at the 4-digit HS code and country levels. ** p<0.01, ** p<0.05, *
p<0.1.

5 Reduced-form Analysis in Chocolate Market

Our analysis so far shows that trade liberalization through the FTAs increased imports
of unhealthy food products, with tariff cuts fully passed through to domestic prices. The
remaining question is the extent to which these imports substitute for domestic products
and affect nutritional transitions. To investigate this, we focus on the Korean chocolate
market, using a micro-level product-level sales dataset from NielsenIQ Korea. Leveraging
this rich dataset, we classify each product as domestic or imported and examine whether
prices and quantities in each category changed following the implementation of the FTAs.
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Before implementing a structural approach to the domestic chocolate market, we per-
form a reduced-form analysis using a rich product-level sales dataset. As a preliminary
step, we adjust for seasonal price fluctuations arising from special events in the first
quarter. The right panel of Appendix Figure B.4 shows a recurring seasonal decline in
chocolate unit prices, which coincides with promotional discounts during Valentine’s Day
(February 14) and White Day (March 14) in South Korea. To account for this pattern, we
construct a seasonality-adjusted unit price through the following procedure. We first es-

timate the regression equation:
Yir = a; + Year; + Monthy + €54 (5)

where y;; denotes the sales revenue (in millions of KRW) or the quantity purchased (in
thousands of units) of chocolate product i in period ¢, where ¢ represents the year-month
combination. «; captures product fixed effects. To account for monthly variation in sales
revenue and quantities, we include both year and month fixed effects in the regression.
The sample spans January 2010 to December 2016.°

After estimating equation (5), we use the month with the lowest sales revenue and
quantity purchased as the reference category. The raw sales revenue is then adjusted by
subtracting the estimated coefficients of the monthly dummy variables, from which we
recompute the seasonally adjusted unit price.

Next, we employ difference-in-differences (DiD) and event-study approaches to esti-
mate the impact of FTA-induced tariff cuts on substitution patterns between domestic and
imported chocolate products. The event-study framework, which nests the DiD design,

can be specified as follows:

Inyy = a; + o + Z By - Import; - 1(t = k) + e
k£2011Q3

where y;; denotes the seasonality-adjusted unit price or the quantity purchased of choco-
late product i in year—quarter ¢. o; and a, represent product and year—quarter fixed effects,
respectively. The sample period spans from the first quarter of 2010 to the fourth quarter
of 2016. We set 2011Q3 as the reference period prior to the FTA implementation. Import; is
an indicator variable equal to one for imported goods, defined at the brand—manufacturer

level.’

8We excluded products from four brands that were not affected by the tariff cuts under the two FTAs,
as they are produced in countries outside the U.S. and EU: Kitkat (Japan), Morinaga (Japan), Bon O Bon
(Mexico), and Hershey’s Nuggets (Malaysia).

Because the NielsenIQ Korea dataset does not report the origin country, we cannot precisely identify
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Table 4: Substitution between Imported and Domestic Chocolate—DiD results

Dependent Variable: In Price;; In Price;; In Quantity; In Quantity;
1 2) 3) 4)

Import; x Post, -0.1652*** -0.1641%** 1.1142%** 1.1183***

Product FE v v v v

Year FE v v

Quarter FE v v

Year-Quarter FE v v

Observations 54,978 54,978 56,138 56,138

Notes: Price;; is measured in KRW, and Quantity;; in metric kilograms. Post, is an indicator variable
equal to one for year—quarters after 2011Q3. The sample consists of a product-month-level sales
dataset for the domestic chocolate market from January 2010 to December 2016. Imported goods
are manually identified at the brand—-manufacturer level. Standard errors are clustered at the brand
level. *** p<0.01, ** p<0.05, * p<0.1.

Figure 2: Event Study Plot of Substitution between Imported and Domestic Chocolate
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Notes: The dependent variable in the left (right) panel is the log unit value (log purchase quantity),
respectively. The sample consists of a product-month-level sales dataset for the domestic choco-
late market from January 2010 to December 2016. Imported goods are manually defined at the
brand-manufacturer level. Standard errors are clustered at the brand level, and error bars represent
95% confidence intervals.

Table 4 and Figure 2 present the difference-in-differences (DiD) estimates and event-

study plots, respectively, using the NielsenlQ) Korea dataset on chocolate products. In Ta-
ble 4, columns (2) and (4) additionally include product-type fixed effects. The DiD results
indicate that the FTAs significantly reduced the unit price of imported chocolate products
while increasing their quantity purchased relative to domestic products. Quantitatively,

the FTAs reduced the price by an average of 16% and increased the quantity purchased by

whether a product is imported from the U.S. or the EU. Since the U.S. and EU are the two largest chocolate
exporters to South Korea, we expect the contribution of imports from other countries to be marginal. Ac-
cordingly, our estimates should be interpreted as a lower bound of the true effect, as the impact of chocolate
products imported from countries other than the U.S. and EU is likely to be either negligible or positive due
to substitution effects.
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more than 100%. Figure 2 shows the corresponding event-study plots, which mirror the
DiD results: unit prices decline while quantities purchased increase after the FTAs took
effect.

6 Structural Estimation in Chocolate Market

6.1 Identification Strategy

The random coefficient discrete choice logit model incorporates consumer heterogeneity
by allowing price sensitivity and disutility to vary across individuals. This framework
also captures substitution patterns toward imported products whose prices decline fol-
lowing the FTA. Following the literature (e.g., Berry et al., 1995; Nevo, 2001) and recent
applications such as Kim (2023), Grieco et al. (2024), and Kim and Kim (2025), we define

consumer ’s utility from consuming chocolate product j in market m as follows:
Uijm = QimPjm + BimXj + Eim + Eijm (6)

where p;,, denotes the price of product j in market m. The vector x; captures the ob-
served characteristics of product j, while §;,,, represents unobserved characteristics that
vary across products and markets. Following Nevo (2001), we define a market m as a

region—-time combination, such as City 1 in 2010Q1.

Qim = 0+ Y Dy, + 010im 7)
h

Bikm = B+ Z Bin DL, + 03Vikm (8)
h

fjm = gj + fm + gj’rm (9)

substituting equations (7) and (8) into equation (6) yields:

Uijm = APjm + BX]' + gjm

O~ anDl, + o1vim)pjm + (O BenDlky + OkVikm )X + Eijm
h h

= Ojm + Mijm + Eijm- (10)

In equation (7), h indexes dimensions of consumer demographics. We assume that the

consumer-specific marginal utility of income depends on mean constant term, individual
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income y;,, and its square term whose distribution can differ at market level and unob-
served characteristics v;,,. Similarly, in equation (8), & denotes the kth observed prod-
uct characteristics (e.g., sugar) and h indexes the dimension of consumer demographics
again. The consumer-specific marginal utility of product characteristics is assumed to de-
pend on individual demographics (e.g., education) and unobserved characteristics v;y,.
Both v;,,, and v;;,,, are assumed to follow a standard normal distribution, with zero covari-
ance for simplicity.

Equation (9) decomposes the unobserved product characteristics ¢, into three com-
ponents: product fixed effects, market fixed effects, and a product-market specific term
A&jm, which is assumed to be independent across markets. Following the previous liter-
ature, ¢;;,,, is assumed to be i.i.d. Type I extreme value distributed. Next, equation (10)
expresses the indirect utility function as the sum of the mean utility term ¢;,,, which is
common across consumers, and a mean-zero heteroskedastic deviation, yi;j,,, which cap-
tures the effects of random coefficients.

Following Kim and Kim (2025), we define market size based on sales volume. Ac-
cording to the Ministry of Agriculture, Food and Rural Affairs (2017), annual per capita
chocolate consumption in South Korea is 607g. We allocate this amount across four quar-
ters, with first-quarter consumption set at twice that of each of the remaining quarters,
reflecting increased demand during Valentine’s Day and White Day. Accordingly, we de-
tine market size as the population aged 10 to 60 multiplied by the allocated quarterly
consumption.

To estimate the random coefficients that vary across individuals, we sample 500 house-
holds from the Korean Labor & Income Panel Study (KLIPS) for each region and year. For
each household, we randomly assign average income, following Kim and Kim (2025), to
allow the price coefficient (i.e., the marginal utility of income with respect to price) to vary
by income. In addition, we draw 500 individuals” education levels in each region and year
from the individual-level KLIPS dataset and let the coefficient of brand-level character-
istics (e.g., average sugar content) vary with education, under the assumption that more
educated individuals are more sensitive to nutritional attributes. Assuming that unob-
served characteristics v;,, and v;x,,, are independent of demographic variables, the market
share of product j in market m can then be derived from the logit model as follows:

. / exp(ﬁimxj + QimPjm + gjm)
i exp(ym) + i, exp(BimXi 4 QimPim + Eim)

dF (i) (11)

Using the contraction mapping theorem, we can recover the mean utility term ¢,

I+1
s Oim

= 61, +in(s%)—In(st<"), where 592 denotes the observed

gm

from the iterative equation
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pred
im

from equation (11). The mean utility is specified as d;,, = apjm +x;8+&; +E&mn+A&jm, from

market share from the dataset and s’ “ is the numerically approximated market share
which the price coefficient a can be identified using GMM. The corresponding moment
condition exploits the orthogonality between the unobserved component A¢;,, and the

set of instrumental variables Z;,,,:
El&jm| Zjm] = 0 (12)

where the set of instrumental variables Z;,, is constructed using the average prices of
the product j in other regions during previous periods. With this specification, the mo-
ment condition allows the GMM estimator to identify coefficients o and f3, as well as the
random coefficient parameters.

Next, to incorporate tariff cuts into the model, we introduce the supply side, since
tariffs directly affect the marginal costs of suppliers. Following Nevo (2001), the supply
model can be specified as follows:

fm =Y (Pim = MmCjm) $jm(Pm) — FCy, (13)
jlem
a rm m . .
_95rm(Pm) if3f: {r,i} C Jpm,
Qo = Ipjm (14)
0 otherwise,
Pm —INCy, = Qr_nl S(pm)a (15)
—_——
markups
MCjm = Tjt Y + N + Gn + Wim- (16)

There are F' manufacturers, each producing a subset J;,, of products in market m. Equa-
tion (13) defines firm f’s profit function in market m, with market size normalized to
one. Here, J;,, denotes the firm’s product set in market m, mc;,, the marginal cost of
product j, S;m(pm) the market share of product j as a function of the market price vector
Pm, and F'C; the fixed cost of firm f. Following Nevo (2001), equation (14) specifies the
ownership (or elasticity) matrix €2jr, m. Using this ownership matrix together with the
first-order condition of the profit function, the markup equation can be derived as shown
in equation (15).

Equation (16) specifies the marginal cost function. We include product fixed effects
n; to capture product-level characteristics that are invariant across markets, such as pro-
duction and packaging costs. Market fixed effects (,, account for market-level factors that
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apply uniformly to all products within a market, such as transportation costs, distribution
cost differences across regions, and region-time varying wages in the food manufactur-
ing sector. The tariff rate on chocolate products, 7;;, varies by year ¢, import status, and
origin country, declining uniformly in five steps from 8% in 2011. The term wj,, repre-
sents product-market-specific unobserved characteristics affecting marginal cost. As in
the demand equation, product characteristics and region—year variables are assumed ex-
ogenous with respect to the unobserved product characteristics. Accordingly, the orthog-

onality condition between the tariff rate and w;,, is given as follows:
E[w]'m’Tjt} =0. (17)

Next, the demand- and supply-side equation can be written as:

Y = 0m(0) + apm = (1.)' 87 + &, (18)
yfm = Pim — njm(a,5jm(9~),9~) = (xfm)/vD + Wim- (19)

Here, y/), and y3,, denote the endogenous variables on the demand and supply sides,
respectively. The vectors 3 and * represent the demand- and supply-side coefficients.
The term 7;,,(cv, §,,) corresponds to an element of the matrix €' s(p,,). Since the param-
eter o also enters the supply side, it is treated as endogenous and is estimated in the
outer loop of the GMM procedure, in contrast to the case where only the demand sys-
tem is estimated. This simultaneous system can thus be expressed as a stacked GMM-IV

framework, with orthogonality conditions defined in equations (12) and (17):

y” Xp O B §
y° 0 Xgs Y w
—_— ——— ——
2N x1 2N><(K1+K3) (K1+K3)><1 2N x1

Let N denote the number of observations, and K; and K3 the numbers of independent
variables on the demand and supply sides, respectively. The estimation proceeds as fol-
lows: First, recover the mean utility 4, using the contraction mapping theorem applied
to the demand system. Second, estimate the demand parameters & and 3 via the equation
Ojm = apjm + X8 + & + &n + A& using price instruments. Third, construct Q' s(pm)
from the estimated parameters and predicted market shares. Fourth, recover marginal
costs mc;j,, from the supply system. Lastly, stack the estimated 4,,,’s and mc;,,’s, and es-
timate the simultaneous system using GMM-IV with the relevant moment conditions.
This procedure ensures consistent estimation of both demand- and supply-side parame-
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ters while accounting for endogeneity in prices and tariffs.

In the final step, we conduct a counterfactual analysis by simulating the scenario in
which tariffs are removed. Since the model was estimated under a gradually decreas-
ing tariff schedule, we can compute the difference in sales volumes relative to the case in
which tariffs remain unchanged. By combining these results with data from the Processed
Foods Nutritional Information Database, we then calculate the corresponding changes in
nutritional intake, multiplying the differences in product sales volumes by their respec-
tive nutritional contents to obtain the average effect.

6.2 Empirical Results

Table 5 reports the mixed logit model estimates for the domestic chocolate market. As
discussed above, we allow price, sodium, and kcal coefficients to vary with income and
education.” The constant term in the price heterogeneity is statistically significant, indi-
cating average consumer preferences for price. The interaction between log income and
price, is positive and significant, showing that higher-income consumers are less price
sensitive. The coefficients for sodium and kcal interacted with education, are both nega-
tive and statistically significant, suggesting that individuals with higher education level
put lower marginal utility of sodium and kcal as expected. On the supply side, the coef-
ficient of tariff is positive and significant, implying that a tariff increase raises marginal
cost.!!

After estimating the model using the GMM-IV approach, we “turn off” the tariff to
predict marginal costs without the FTA-induced cuts. Counterfactual prices are then de-
rived from the predicted marginal costs using equation (15), and counterfactual market
shares are calculated via equation (11). Table 6 reports the results, comparing the baseline
scenario (with FTA tariff cuts) to a counterfactual scenario (without cuts).

Panel A shows that tariff cuts shifted the composition of chocolate products by 5.51
pp toward imports, as domestic products were substituted through the price channel.
The increase in imported chocolate consumption substantially exceeded that of domestic
products, consistent with Figure 2.

Panel B reports nation-level changes: accounting for population by year-quarter, total
chocolate consumption rose under the FTAs. Using the Ministry of Food and Drug Safety
Database, we estimate that sugar intake increased by 2.77%, or roughly 1.13 billion grams,

19As noted earlier, 500 income and education values are randomly drawn from the Korea Labor & In-
come Panel Survey—at the household-year and individual-year levels, respectively—and assigned to each
market in the mixed logit model.

1Please refer to the tariff schedules in Appendix Table A.7.
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Table 5: Coefficient Estimates

Demographic interactions

B o Constant Income  Inc.sq.  Education
Demand Side
Price -1.31%**  0.0277  -0.976***  0.172*** -0.00038** -
(0.114) (0.700)  (0.114)  (0.0331)  (0.00018)
Sodium 0.577***  5.76 - - - -10.21**
(0.010)  (8.30) (4.21)
Kcal 0.456**  7.78 - - - -38.7%**
(0.011)  (4.42) (8.00)
Y
Supply Side
Tariff 3.41%* - - - - -
(0.320) - -

Notes: The sample covers 2010Q4 to 2016Q1. On the supply side, firms are iden-
tified at the Brand level, and the own-ownership matrix is calculated accordingly.
Income is normalized to have zero mean and unit variance. The mean utility coeffi-
cients of time-invariant product characteristics are estimated using the minimum-
distance procedure in Chamberlain (1982). *** p<0.01, ** p<0.05, * p<0.1.

Table 6: Consumption Shares and National Net Changes (Baseline vs. Counterfactual)

Panel A. Domestic vs. Imported

Percent of total (%) : Composition Change

Import status Baseline Counterfactual Change (pp)
Domestic 65.03 70.54 —5.51pp
Imported 34.97 29.46 +5.51pp
Consumption (thousand kg)

Import status Baseline Counterfactual % Change
Domestic 60,554 64,346 —5.89%
Imported 32,577 26,867 +21.25%

Panel B. National totals and net changes

Consumption (thousand kg)

National-level Baseline Counterfactual Net change Net change (% of base)
93,131 91,214 1,917 +2.10%

Sugar intake (thousand kg)

National-level Baseline Counterfactual Net change Net change (% of base)
42,057 40,923 1,133 +2.77%

Notes: In Panel A, percentages are calculated using the sum of domestic and imported products within each

scenario as the denominator, and raw totals are reported in thousand kilograms. In Panel B, “Net change”
equals Base—Counterfactual, with percentages relative to the baseline totals. The baseline reflects current
tariff levels, while the counterfactual simulates consumption without the FTA tariff cuts.
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relative to the counterfactual. Yearly decomposition (Appendix Table B.5) shows that the
gap between baseline and counterfactual scenarios widened over time for imported prod-

ucts, while domestic products showed no significant change.

6.3 Welfare Analysis

In this section, we conduct a welfare analysis using the fitted mixed logit model to trace
the evolution of consumer surplus over the sample period, comparing it to a counterfac-
tual scenario in which tariffs on imported chocolate products remained unchanged. We
then combine these estimates with data from the Nutritional Database to quantify the
welfare loss from health costs associated with increased sugar consumption and assess
whether this loss is substantial or marginal.

In our framework, we allow both market size and demographic distribution to vary
across markets, which enables the value of outside goods and the distribution of esti-
mated random coefficients to differ by market. For example, outside goods may become
less attractive once the FTAs take effect, and the marginal utility of price may decrease
more rapidly as consumers’ incomes rise. Grieco et al. (2024) introduces an approach for
cases in which the value of outside goods fluctuates, recovering this value by impos-
ing the restriction that the quality of continuing goods within each market remains un-
changed. Following Grieco et al. (2024), we adopt a similar restriction in our setting, ex-
tending it to the region-time level at which our markets are defined. As we define markets
at the region (r) and year-quarter (?) level, equation (9) can be written as {7, = &; + &/ + é;t
Then the within-region restriction is as follows:

j7t -

viec, Vr=1..R: E[g, —&, ] =E[(7 )+ —&m)| =0 (0

As in Pakes et al. (1993) and Grieco et al. (2024), let C; denote the set of continuing
chocolate products offered in both ¢ and ¢ — 1 within region r. Because we now index
markets by region r, the market ¢ in equation (20) is defined at the year—quarter level. We
add the restriction that (20) holds within each region: innovations in continuing product
characteristics {;; are mean zero across year—quarters within a region and are independent
across regions. This restriction allows us to identify the region-specific yearly average un-
observed product quality 7;" independently across regions. The identification procedure
follows Grieco et al. (2024): (i) first, in the inner loop of the GMM for mean utility ¢;;, we
estimate market (region-year—quarter) fixed effects, which equal 7 — +;; (ii) second, us-
ing the region—quarter moment condition (20) for continuing products, we independently

identify 7] within each region.
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Figure 3: Outside value decomposition and the evolution of price coefficient
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Notes: The left graph displays the decomposition of time effects into average unobserved qual-
ity and the value of outside goods by year in KRW scale. The region-time level decomposition
result is averaged across regions. The right graph draws the mean value of estimated «;s in
each year from the full mixed logit model.

Figure 3 presents two descriptive statistics: (i) the decomposition of time effects into
average unobserved quality and the value of outside goods using equation (20); and (ii)
the time trend of the mean price coefficient ;. The first panel shows that the value of the
outside good is more volatile than average unobserved quality—consistent with Grieco
et al. (2024)—but turns negative after 2010. We interpret this large negative swing in out-
side value as the effect of FTA tariff cuts, which increase market variety and reduce the rel-
ative prices of imported chocolate products compared to domestic ones. The right panel
clearly displays an upward trend (i.e., becoming less negative) in the price coefficient as
individuals’ incomes rise over time, thereby lowering the marginal utility of price, in line
with Grieco et al. (2024).

Following Grieco et al. (2024), we then quantify consumer surplus using compensating
variation from the estimated model in a way that is invariant to market-specific swings

in the value of the outside good.

dF,(i).  (21)

J
1
CSm(V) = /Oé' llog (eXp (7) + Z exXp (ﬁimxl + azmpl(;) + glm)> -7

=1

M
~ 1
CSn = VZOCS’”(%) (22)

Equation (21) defines compensating variation in market m relative to an outside good
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™) denotes the equilibrium price evaluated at outside value 7. How-

Ilm

valued at v. Here, p
ever, as noted above, the outside value varies across markets, so this relative compen-
sating variation can depend on fluctuations in 7. To address this, following Grieco et al.
(2024), equation (22) computes consumer surplus in each market m by evaluating it at
every v, from other markets and then averaging across these values to obtain a measure
that is invariant to variation in ~.

Appendix Figure B.6 plots consumer surplus for the baseline and counterfactual cases,
as well as their differences by year, computed from equations (21) and (22). The counter-
factual uses predicted marginal costs under the assumption that tariffs were not reduced,
as in the previous section. We find that consumer surplus is higher in the baseline case,
with the magnitude of the difference increasing over time.

Lastly, to quantify welfare losses from increased sugar intake induced by the FTAs in
the chocolate market, we draw on the literature estimating social health costs of Sugar-
Sweetened Beverages (SSB) as few papers focused on the chocolate products directly.
Specifically, we focus on how higher sugar intake raises the probability of four obesity-
related diseases: (i) Diabetes, (ii) Hypertension, (iii) Stroke, and (iv) Coronary Heart Dis-
ease (CHD). Imamura et al. (2015) report an 18% higher incidence of type 2 diabetes per
serving / day of SSB (standardized to 250 ml / day) after adjustment for adiposity. Xi et al.
(2015) report an 8% higher incidence of hypertension, a 17% higher incidence of coronary
heart disease, and a 6% higher incidence of stroke per serving / day of SSB. Building on
these estimates, we compute the per gram risk of the disease using the average sugar
content of a representative SSB (Coke) per 250 ml. Under a log-linear dose-response as-
sumption, the yearly social cost increase can be written as:

AOyezir = (RRAsyear - 1) C'year,clisease (23)

per g, disease

where RRper g, disease 1 the per-gram increase in disease risk associated with higher sugar
intake; As is the average annual increase in per-capita sugar intake estimated in our data;
and we divide the annual increase in sugar intake by the number of consumers in each
market and by 365 to obtain the daily increase. Cycardisease denotes the total social cost of
each disease in South Korea, taken from Kang et al. (2011)."?

Appendix Figure B.7 shows the annual change in per-capita sugar intake and the to-
tal health cost implied by equation (23). Both the per-capita sugar increase and the in-

duced health cost rise steadily over the sample period, highlighting the latent social costs

12Total costs are reported in thousands of U.S. dollars for 2005. We convert to KRW using the contempo-
raneous exchange rate and then update to 2010-2016 KRW using the inflation rate.
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attributable to increased sugar intake that can be linked to FTA-driven changes in the
chocolate market.

7 Conclusion

This paper demonstrates that Korea’s free trade agreements (FTAs) with the EU and the
U.S. led to tariff reductions that were fully passed through to retail prices. As a result,
imported chocolate became cheaper, shifting consumer demand from domestic to foreign
brands. Using scanner data and a structural BLP model, we find increased purchases of
imported chocolate, higher overall consumption, and a 2.8% rise in national sugar in-
take once nutrition facts are matched to quantity data. Counterfactual analyses suggest
that, without the tariff cuts, both consumption and sugar intake would have been lower.
This implies that the primary health impact of the FTAs stems from lower prices and
altered consumption patterns. The key takeaway is that trade policy can produce unin-
tended public health costs, highlighting the importance of considering nutritional effects
alongside conventional welfare gains. Our findings suggest that excluding certain prod-
ucts—such as those with significant health risks—from preferential tariff treatment may

help mitigate these negative externalities."

I3Relevant examples include Nauru’s sugar levy and Fiji’s import duties on soft drinks, both part of
wider strategies to limit the import of unhealthy products and curb obesity.

24



References

BERRY, S., J. LEVINSOHN, AND A. PAKES (1995): “Automobile prices in market equilib-

rium,” Econometrica, 63, 841-890.

CHAMBERLAIN, G. (1982): “Multivariate regression models for panel data,” Journal of
econometrics, 18, 5—-46.

FAJGELBAUM, P. D., P. K. GOLDBERG, P. J. KENNEDY, AND A. K. KHANDELWAL (2020):
“The Return to Protectionism,” Quarterly Journal of Economics, 135, 1-55, advance Ac-

cess publication on November 28, 2019.

FLAAEN, A., A. HORTACSU, AND F. TINTELNOT (2020): “The Production Relocation and

Price Effects of US Trade Policy: The Case of Washing Machines,” American Economic
Review, 110, 2103-2127.

GIUNTELLA, O., M. RIEGER, AND L. ROTUNNO (2020): “Weight Gains from Trade in

Foods: Evidence from Mexico,” Journal of International Economics, 122, 103277.

GRACNER, T. (2021): “Bittersweet: How prices of sugar-rich foods contribute to the diet-
related disease epidemic in Mexico,” Journal of Health Economics, 80, 102506.

GRIECO, P. L., C. MURRY, AND A. YURUKOGLU (2024): “The evolution of market power
in the us automobile industry,” Quarterly Journal of Economics, 139, 1201-1253.

IMAMURA, F., L. O'CONNOR, Z. YE, J]. MURSU, Y. HAYASHINO, S. N. BHUPATHIRAJU,
AND N. G. FOROUHI (2015): “Consumption of sugar sweetened beverages, artificially
sweetened beverages, and fruit juice and incidence of type 2 diabetes: systematic re-

view, meta-analysis, and estimation of population attributable fraction,” BMJ, 351.

KANG, J. H., B. G. JEONG, Y. G. CHO, H. R. SONG, AND K. A. KiM (2011): “Socioeco-
nomic costs of overweight and obesity in Korean adults,” Journal of Korean medical
science, 26, 1533.

Kim, I. K. AND K. I. KIM (2025): “Corporate social responsibility and consumer choice:
lessons from the milk boycott,” Management Science, 71, 5625-5644.

KiM, M. (2023): “The Differential Effect of Tariffs by Quality: Estimates from Scotch,”
Available at SSRN 4719016.

25



LIN, T. K., Y. TEYMOURIAN, AND M. S. TURSINI (2018): “The Effect of Sugar and Pro-

cessed Food Imports on the Prevalence of Overweight and Obesity in 172 Countries,”
Globalization and Health, 14, 35.

MELITZ, M. J. (2003): “The impact of trade on intra-industry reallocations and aggregate
industry productivity,” Econometrica, 71, 1695-1725.

MELITZ, M. J. AND D. TREFLER (2012): “Gains from trade when firms matter,” Journal of

Economic Perspectives, 26, 91-118.

NEvVO, A. (2001): “Measuring Market Power in the Ready-to-Eat Cereal Industry,”
Econometrica, 69, 307-342.

PAKES, A., S. BERRY, ANDJ. A. LEVINSOHN (1993): “Applications and limitations of some
recent advances in empirical industrial organization: price indexes and the analysis of

environmental change,” American Economic Review, 83, 240-246.

TONG, T. J., M. MOHAMMADNEZHAD, AND N. S. ALQAHTANI (2022): “Determinants

of overweight and obesity and preventive strategies in Pacific countries: a systematic
review,” Global Health Journal, 6, 122-128.

WHO (2002): “Obesity in the Pacific: too big to ignore,” .

X1, B., Y. HUANG, K. H. REILLY, S. L1, R. ZHENG, M. T. BARRIO-LOPEZ, M. A.
MARTINEZ-GONZALEZ, AND D. ZHOU (2015): “Sugar-sweetened beverages and risk of
hypertension and CVD: a dose-response meta-analysis,” British Journal of Nutrition,
113, 709-717.

26



Appendix

Appendix A: Additional Tables

Table A.1: Definition of Unhealthy Foods

HS | Product | HS | Product
0401 Milk&Cream 1902 Pasta
0402 | Milk&Cream?2 | 1905 Bakeries
0405 Butter 2101 | Coffee&Tea
0201 Beef 2103 Sauce
0203 Pork 2104 Soup
1101 Flour 2105 Icecream
1517 Magarine 2203 Beer
1601 Sausage 2204 Wine
1602 | Processed meats | 2208 | Other drinks
1701 Sugar 0406 Cheese
1704 Sweets 0403 Yogurt
1806 Chocolate - -
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Table A.2: Descriptive Statistics of Unhealthy Foods Import Value and Weight

Obs Mean Std.Dev. Min Max

Panel A: EU Countries & US

Inp;,mig: (2010) 633 9.2507 43901 0.6931 19.2262
Inp;,mig: (2020) 881 9.7036  4.5080 0 20.1583
Inmig (2010) 633 7.4576  4.6298 0.6931 18.0615
Inmig (2020) 881 7.7113 48597 0.0815 18.8382
Panel B: Other Non-FTA Countries

Inp;,mig: (2010) 962 7.3625 4.3352 0 20.2753
Inp;,mig: (2020) 1,365 7.4182  4.3060 0 19.6078
Inmig (2010) 962 5.7109 4.6303 0.6931 20.9218
Inm;g (2020) 1,365 5.4998 4.6958 0.0099 20.7058

Notes: “lnp;‘gtmigt, Import Value” is measured in USD dollars. “Inm;g, Import Quantity” is mea-
sured in metric kilograms. Panel A covers EU and US; Panel B covers all other non FTA countries.
The definition of unhealthy foods are from Giuntella et al.(2020). Source : UNCOMTRADE
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Table A.3: Descriptive Statistics of Foods Import and Tariff Cuts

Obs Mean Std. Dev. Min Max

Al + 74 13,064 -0.0198 0.0420  -1.7698 0
Aln(1 + pijmigt) 13,064 0.1173  2.7667 -16.1654 15.8451
Aln(1 4 mg) 13,064 0.0913 23182 -17.4824 17.294
Aln(1 + pji,) 13,064 0.0100  0.6524  -8.9832 7.666475
Aln(1 4+ pig) 13,064 -0.0025 0.6621 -8.9832  7.6664

Notes: The sample period spans from 2012 to 2019. “p; ,m4:, Import Value” is measured in USD dollars.
“migt, Import Quantity” is measured in metric kilograms. “p; ,, unit price” is defined as import value
divided by import quantity. “p;;, The duty-inclusive unit price” is defined as the import unit price
including the duty value from the tariff, i.e., pig: = (1 + Tigt)pfgt. Source : KITA trade dataset and the
FTA concession table
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Table A.4: Descriptive Statistics in Chocolate Market

Obs Mean Std.Defv. Min Max

Panel A: Domestic Products

Sales(in millions KRW) (2010Q1) 1,180 64.2501  130.7908 0 140791
Weight(in thousands of KG) (2010Q1) 1,180 3.8643 9.4367 0 131.01
Quantity(in units) (2010Q1) 1,180 67.4646  151.2036 0 1414.48
Unit price(in KRW) (2010Q1) 1,113 2104.625 2453.245 0 26000
Sales(in millions KRW) (2016Q4) 962  78.0336  202.9974 0 1688.3
Weight(in thousands of KG) (2016Q4) 962 3.7980 11.3064 0 107.48
Quantity(in units) (2016Q4) 962  50.3752 151.851 0 1396.36
Unit price(in KRW) (2016Q4) 888 3080.872 3042.285 200 20000
Panel B: Imported Products

Sales(in millions KRW) (2010Q1) 1,036  55.0021  145.9023 0 2103.09
Weight(in thousands of KG) (2010Q1) 1,036 2.1444 4.7573 0 48.21
Quantity(in units) (2010Q1) 1,036 28.2448  99.4262 0 1145.21
Unit price(in KRW) (2010Q1) 968 5423.416 5065.591 0 42000
Sales(in millions KRW) (2016Q4) 1,768 47.7179  159.4274 0 212798
Weight(in thousands of KG) (2016QQ4) 1,768  1.5750 4.3135 0 40.06
Quantity(in units) (2016Q4) 1,768 24.3408  103.6896 0 1457.1
Unit price(in KRW) (2016Q4) 1,648 4840.058 4395.815 0 30500

Notes Sample comprises of product-brand-manufacturer monthly level observations. The sample period spans
from Jan. 2010 to Dec. 2016 and aggregated to year-quarter level. The unit price is defined as the sales divided
by the quantity sold. Source : NielsonIQKorea
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Table A.5: Top 20 Chocolate Brands by Sales Revenue and Volume

Brand Rev Vol Brand Rev Vol
Panel A: Domestic Products
Chana 45391429 2198125 41073.76  3356.50
(23.80%)  (22.49%) (2.15%)  (3.43%)
. 312137.64 18774.34 . 3400534  950.98
Free Time (16.37%)  (19.21%) Vhite Angel (1.78%)  (0.97%)
217887.60 12850.18 28878.17 1155.92
ABC (11.42%) (13.15%) >unflower (1.51%)  (1.18%)
Crunk 20704589 968193 L 26860.45 1363.66
y (10.86%)  (9.90%) (141%)  (1.40%)
Dream Caca 10956508  4609.57 o . 17408.65 1077.55
(5.74%)  (4.72%) 0.91%)  (1.10%)
94778.67  6921.53 16704.17  753.39
Hot Break @97%)  (7.08%) “roneAge (0.88%)  (0.77%)
83654.03 281533 16187.25 576.48
Market O (439%)  (2.88%) TS (0.85%)  (0.59%)
. 69069.86 350855 . 13246.56  439.44
Mini Shell (3.62%)  (3.59%) idsTree (0.69%)  (0.45%)
Kicker 5505274 284198 o . 1299553  876.48
(2.89%)  (2.91%) (0.68%)  (0.90%)
54896.86  1546.20 9762.07 517.71
Almond ChocoBall ) ggo)y" (1589, 1T (051%)  (0.53%)
Panel B: Imported Products
327814.60 6557.77 . 35306.24 490.58
Ferrero Rocher (2095%)  (11.64%) Ferrero Collection (2.26%)  (0.87%)
. 20408542 1152218 . 32159.49 1303.98
Snickers (13.04%)  (20.46%) Nitkat (2.05%)  (2.31%)
, 168587.21  6192.54 30634.72 1004.33
Hershey’s Bar (1077%)  (10.99%) oplerone (1.96%)  (1.78%)
Twix 14630322 783874 L 23405.03  902.20
W (9.35%)  (13.92%) (1.50%)  (1.60%)
Kisses 14602636 598349 L . 21492.79 72033
(9.33%)  (10.62%) (1.37%)  (1.28%)
Kinder] 9843952 144229 L o 1292253 792.84
erjoy (6.29%)  (2.56%) (0.83%)  (1.41%)
. 9642747 3690.00 11551.39  450.05
Kinder Chocolate 6.16%)  (655%) Or° (0.74%)  (0.80%)
, 56111.66  2651.79 o 1130077  411.72
M&M's (359%)  (471%) ershey’s Miniatures =, oho v 7ag)
, 4488895  1649.42 9892.87  803.41
Hershey’s Nuggets ) g7o,y (2930, Chuetcheats (0.63%)  (1.43%)
Cuvlian 4457156 87712 . 8787.90 195.83
y (2.85%)  (1.56%) (0.56%)  (0.35%)

Revenue in million KRW, volume in thous@dd kg; percentages in parentheses. Source: Niel-

sonlQKorea database



Table A.6: Summary Statistics of Nutritional Content among chocolate products

Obs Mean Std. Dev. Min Max

Panel A: Domestic Chocolate Products

Sugar (g) 1,237 36.98 15.16 0 116.67
Calories (kcal) 1,237 537.42 70.15 2 1467
Protein (g) 1,237 7.40 4.88 0 53.33
Fat (g) 1,237 33.95 7.76 0.1 83.33
Carbohydrate (g) 1,237 51.67 11.17 0.26 166.67
Sodium (mg) 1,237 70.15 70.69 0 881
Cholesterol (mg) 1,237 8.33 11.40 0 97
Saturated fat (g) 1,237 21.85 7.03 0 45.83
Trans fat (g) 1,237 0.08 0.37 0 8.20
Panel B: Imported Chocolate Products from the EU and the U.S.

Sugar (g) 1,252 42.18 13.02 0 69
Calories (kcal) 1,252 541.71 46.47 215 711
Protein (g) 1,252 6.72 2.73 0 33.33
Fat (g) 1,252 35.04 8.19 1.7 64.40
Carbohydrate (g) 1,252 49.84 11.25 7.5 100
Sodium (mg) 1,252 85.14 100.70 0 880
Cholesterol (mg) 1,252 8.21 12.76 0 125
Saturated fat (g) 1,252 20.27 6.68 0 46.40
Trans fat (g) 1,252 0.12 0.25 0 2.50

Notes The whole sample comprises 2801 products. Nutrient values are measured per 100 g serv-
ing. Source: Processed Foods Nutritional Information Database from the Ministry of Food and
Drug Safety.
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Table A.7: Tariff Cuts by Concession Category

US Concession Category
HSK code | Product | Year | Category | Tariff | Note
1904101000 | Cereal | 2011 A 5.4%
1904101000 | Cereal | 2012 A 0% Tariff eliminated at once
1904101000 | Cereal | 2013 A 0%
1806201000 | Chocolate | 2011 C 8%
1806201000 | Chocolate | 2012 C 6.4%
1806201000 | Chocolate | 2013 C 4.8% | Tariff eliminated uniformly for 5 years
1806201000 | Chocolate | 2014 C 3.2%
1806201000 | Chocolate | 2015 C 1.6%
1806201000 | Chocolate | 2016 C 0%
EU Concession Category
HSK code | Product | Year | Category | Tariff | Note
1904101000 | Cereal | 2011 0 5.4%
1904101000 | Cereal | 2012 0 0% Tariff eliminated at once
1904101000 | Cereal | 2013 0 0%
1806201000 | Chocolate | 2011 5 8%
1806201000 | Chocolate | 2012 5 6.66%
1806201000 | Chocolate | 2013 5 5.33%
1806201000 | Chocolate | 2014 5 4% | Tariff eliminated uniformly for 6 years
1806201000 | Chocolate | 2015 5 2.66%
1806201000 | Chocolate | 2016 5 1.33%
1806201000 | Chocolate | 2017 5 0%

Notes: In practice, tariffs on products from the U.S. have been reduced each January since March 2012, while
tariffs on products from the EU have been reduced each July since July 2011. Because monthly-level trade
data for South Korea are unavailable in the UN COMTRADE dataset and excessively volatile in the KITA
dataset, I assume that tariffs on EU imports also decline at the beginning of each year.
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Appendix B: Additional Figures

Figure B.1: Unhealthy Food Import Share by Origin Countries

Import Share by Country in 2011

Import Share

Notes:Constructed from UNCOMTRADE dataset. The y-axis represents the share of unhealthy food
imports from each country
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Figure B.2: Trend of Unhealthy food import value across the U.S., EU, and other non-FTA
countries

Trend of Unhealthy Food Import Value By Country
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Notes:Constructed from UNCOMTRADE dataset. The y-axis represents the import value of unhealthy
food imports from each country
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Figure B.3: Change in tariff distribution among unhealthy food product

Current Tariff Distribution — 2011 and 2019
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Notes:Constructed from FTA tariff concession schedules. The x-axis represents the tariff rate of un-
healthy foods identified at 10-digit HSK code level
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Weight(KG)

Figure B.4: Quantity and Unit Price of Chocolate Products

Weight over Time by Import2 Status Unit Price over Time by Import2 Status
16000 4
R 6000
140001 __————""" =SS
5000
12000
2
2 4000
10000 5
3000 b siialts
8000 -
0 - et o
7 [ i Import =1
60001 2000} -~ ——- Import=0
2010 2012 2014 2016 201000 201200 201400 201600
Time Time

Notes: The left panel reports annual sales quantities of chocolate products (in thousands of
kilograms), while the right panel shows unit prices (in KRW) by year—quarter. The sample pe-
riod spans January 2010 to December 2016. Imported products are depicted in solid blue, and
domestic products in dotted red. A recurring seasonal dip in prices aligns with promotional
discounts during Valentine’s Day and White Day in South Korea.
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Figure B.5: Total Consumption in Chocolate and Sugar Intake by Import Status

Total Consumption: Base vs. Counterfactual by Import Status
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Sugar Intake: Base vs. Counterfactual by Import Status
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Notes: The left panel reports baseline and counterfactual chocolate consumption by import sta-
tus, while the right panel presents the corresponding sugar intake. Solid lines indicate baseline
values and dotted lines counterfactuals. Only Q4 is included for 2010 and only Q1 for 2016.
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Figure B.6: Total welfare change

Consumer Surpluses Baseline vs Counterfactual Welfare Change : Baseline - Counterfactual
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Notes: The left panel reports baseline and counterfactual consumer surpluses using the equa-
tion (22) and the right panel illustrates the welfare difference between the baseline and coun-
terfactual case. 2010 and 2016 are omitted as only Q4 and Q1 are included in those years.
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Value

Figure B.7: Welfare gain loss in terms of increased risk of having diabetes

Sugar Change by Year Cost of Having Obesity-Related Diseases by Year
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Notes: The left panel reports annual change in sugar intake in grams per capita. The right panel
reports the increased risk of having four obesity-related diseases calculated from the increased
sugar intake and other sources with equation (23). 2010 and 2016 are omitted as only Q4 and
Q1 are included in those years.
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