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Abstract

We estimate the ex-post agricultural trade impacts of

retaliatory measures imposed by foreign countries in

response to United States' Section 232 and 301 tariffs

using a theoretically consistent, monthly, product line

gravity equation. Retaliation led to significant US agri-

cultural export losses of $13.5 to $18.7 billion on an

annualized basis. Considerable heterogeneity exists in

the average treatment effect of retaliation. First, retalia-

tory trade actions presented a strong within-year sea-

sonal impact. Nearly 70% of aggregate trade losses

occurred during the US's peak export marketing sea-

son. Second, U.S. trade losses were particularly pro-

nounced on homogeneous bulk commodities, whereas

product differentiation dampened the impact of retalia-

tion. Third, with few exceptions, the counterfactually

estimated direct trade losses line up well with the

U.S. Department of Agriculture's (USDA) trade damage

estimates for trade aid programs distributed to farmers

impacted by the trade dispute. Finally, we find little

evidence that U.S. exports were able to be reoriented to

alternative, nonretaliating markets—an indication of

high bilateral trade frictions and the destructive conse-

quences of retaliatory trade actions.
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BACKGROUND

The World Trade Organization (WTO) and its predecessor, the General Agreement on Tariffs

and Trade (GATT 1947) were designed to promote a rules-based international trading system

that discourages the use of protectionist policies set unilaterally by individual countries. The

GATT/WTO, however, has suffered one of its deepest impasses in modern history

(Baldwin, 2016; Bown & Irwin, 2018; Grant & Boys, 2012; Orden, 2020). The Doha Round,

launched in 2001 with the goal of building on the Uruguay Round, has dragged on for nearly

two decades. The requiem for the Doha Round seems to have been written at this point follow-

ing unsuccessful negotiations in Geneva in 2008, Bali in 2013, and Nairobi in 2015. The failure

to realize the promise of the Doha Round set the stage for a return to protectionist tendencies

that preceded the Uruguay Round.

The Great Recession of 2007–2009 marked one of the most significant economic downturns;

however, the economic expansion period that followed was one of the longest on record. Many

have documented the residual impacts of globalization promoting protectionist tendencies

(Autor et al., 2016; Rodrik & Di Tella, 2020). Others have noted the less-than-complete adher-

ence to WTO commitments by member countries as another source of friction by developed

countries that were frustrated by an uneven playing field (Grant & Boys, 2012; Subramanian &

Wei, 2007). Perhaps it was not unsurprising, then, when in 2018, the global movement toward

freer trade reversed course with the United States implementing a series of unilateral trade

measures aimed to curtail imports, and to improve Chinese compliance with intellectual prop-

erty rights and discriminatory trading practices underlying their WTO commitments (Amiti

et al., 2019; Bown, 2018; Bown, 2019; Crowley, 2019). Retaliation to U.S. tariffs soon followed

by six exporters: China, Canada, Mexico, the European Union (EU), Turkey, and India. Appen-

dix A provides a summary of the trade dispute timeline and retaliatory trade actions imposed.

The abrupt reversal of United States' trade policy provides a unique opportunity to

investigate the trade flow effects of retaliatory trade actions. Of particular significance, and one

that bears little historical precedence, retaliation by China, Canada, Mexico, the EU, Turkey,

and India targeted many U.S. agricultural products.1 This article quantifies the impact of retal-

iatory trade actions on United States exports of agricultural products. Specifically, we develop

a disaggregated month-by-product bilateral trade flow database covering 81 countries from

January 2016 through December 2019 to answer three related empirical questions: (a) To what

extent did retaliatory trade actions reduce US agricultural exports? (b) To what extent is the

retaliatory trade effect conditional on destination markets imposing the duties, homogeneous

versus differentiated product types, within-year seasonality of US commodity exports, and high

and low points of US–China trade relations? (c) From a policy perspective, how do the coun-

terfactually estimated retaliatory trade effects line up with the U.S. Department of Agricul-

ture's (USDA) damage estimates for trade aid programs distributed to producers affected by

the trade war?
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Retaliatory trade actions impacting US agricultural exports were implemented in

different phases, including periods of respite and deterioration, by multiple (six) coun-

tries, and on narrowly defined agri-food product categories. Variation in trade policy

actions in country-pair-product-time space permits a relatively clean identification of

trade effects using theoretically consistent econometric methods. The policy implications

of our findings are important because ex-post empirical analyses not only enhance under-

standing of the often-heterogeneous trade impacts of retaliatory measures, they also

help policymakers and trade negotiators design better policy programs in periods of

disruptions to agricultural export markets.

INSIGHTS FROM RECENT ASSESSMENTS OF THE
TRADE WAR

The trade war became the focal point of a growing body of empirical literature exploring the

relationship between higher tariffs and import prices and volumes. Fajgelbaum et al. (2020)

found that U.S. exports subject to retaliation fell 9.9% within products. Amiti et al. (2019) esti-

mate that the 2018 tariffs imposed by the US resulted in a reduction of real income by $1.4 bil-

lion per month, with the incidence falling squarely on importers and consumers.2 Employing a

longer panel of monthly trade data, Amiti et al. (2020) demonstrate that US tariffs caused for-

eign exporters to lower their prices into the US market for some products such as steel, with

exporters bearing up to one-half the incidence of US steel tariffs. Cavallo et al. (2019) corrobo-

rate the tariff pass-through at the border; however, the story is mixed at the retail level.

Waugh (2019) investigated monthly automobile sales at the county level and found that

counties in the upper quartile of the retaliatory-tariff distribution experienced a 3.8 percentage

point decline in consumption growth.

Fewer studies have investigated the impacts of retaliation against US agricultural exports.

Regmi (2019) provides a summary of the trade dispute on US and global agricultural trade.

Marchant and Wang (2018) edited a collection of special issue articles projecting the ex-ante

impacts of the US–China trade dispute (Taheripour & Tyner, 2018). Janzen and Hen-

dricks (2020) find that the trade aid program more than compensated farmers in the short run

but not necessarily in the long run if US exports struggle to re-establish the Chinese market.

Grant and Sydow (2019) edited a special issue of preliminary ex-post impacts of the trade dis-

pute on agricultural trade (Grant et al., 2019), soybeans (Adjemian, Arita et al. 2019; Hitchner

et al., 2019), cotton (Muhammad et al., 2019), tree nuts (Sumner et al., 2019), farm programs

(Westhoff et al., 2019), and pork (Nti et al., 2019). Using an event study framework similar to

Fajgelbaum et al. (2020), Carter and Steinbach (2020) conducted a 12-month before-and-after

study of retaliation against U.S. agricultural products. Their results suggest retaliation lowered

US agricultural exports by $15 billion in aggregate with the US picking up minimal gains in

nonretaliating markets.

ESTIMATION SETUP

The empirical assessment of the 2018/2019 trade war relies on a monthly gravity model of dis-

aggregated product-specific bilateral trade relationships to estimate partial direct and indirect

effects of trade retaliation.3 The Supplementary Technical Appendix provides more details on
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the model and estimation setup. Specifically, we assess the effect of retaliatory measures on US

exports along three dimensions:

i. Retaliation effect: impacts of retaliatory trade actions on US exports to a retaliatory partner.

All else equal, US export sales are expected to decrease to trade partners imposing retalia-

tory trade actions due to the higher trade costs.

ii. Product, country, and time specific components of retaliation: all else equal, the direct effect

of retaliation likely depends on the country imposing the measures, product types, and

within-year seasonality of commodity exports.

iii. Counterfactual Comparison of Product-Line Effects and USDA Trade Aid Programs: compar-

ison of counterfactually estimated, product-by-product trade effects projected off a 2017

baseline to those of USDA's trade aid programs (calculated ex-ante) distributed to famers

affected by the trade dispute.

To briefly summarize our estimation approach, denote exporting (importing) countries as

i ( j) and products, months, and years as k, m, and t, respectively. Using monthly panel data

from January 2016 through December 2019 of bilateral-product-month relationships (ijkm),

estimation of the trade effect of retaliation on U.S. agricultural exports is as follows:

X ijkmt = exp μijkm + πit +φjt + κkt + ξmt + γ1 retaliationijkmt

n o

+ εijkmt ð1Þ

where, exp denotes the exponential function, Xijkmt is the value of bilateral trade between

exporting country i, importing country j, 6-digit product code k of the Harmonized System (HS),

month m (m = 1, 2, … 12), and year t (t = 2016, 2017, … 2019). Crucially, Equation (1) contains

a comprehensive set of exporter-importer-product-month specific fixed effects, μijmk, designed

to absorb all time-invariant product-and-month specific bilateral trade cost or promoting effects.

Such trade cost factors include existing nontariff measures (see Grant and Arita, 2017; Ning and

Grant, 2019), transportation costs (i.e., distance), existing free trade agreements (i.e., US–Korea,

China–Australia, etc.), bilateral applied tariffs, time-invariant natural, cultural and geographical

factors, as well as within-year monthly seasonality of supply and demand of product k.4 ret-

aliationijkmt is a time-varying dichotomous variable equal to one if exporter i is the US and

importer j imposes retaliatory measures on product k in month m and year t, and zero

otherwise.

We use dichotomous (i.e., dummy) variables to quantify the impact of retaliatory tariffs as

opposed to changes in tariff rates for two reasons. First, China's retaliatory trade actions often

went beyond tariffs to include announced prohibitions on purchases of US agricultural prod-

ucts. For example, on August 5, 2019 China announced that its state-owned enterprises (SOEs)

would “halt” further purchases of US agricultural products.5 Second, because they impact prices

directly, tariffs have a very specific structural interpretation (i.e., elasticity) in almost all theories

underlying the gravity equation (see Head & Mayer, 2014; Peterson et al., 2013; Yotov

et al., 2016). The coefficient of interest is γ1 measuring direct effect of retaliation on US agricul-

tural exports.

In addition to μijmk, we also include importer-year (φjt), exporter-year (πit), product-year

(κkt), and month-year (ξmt) fixed effects, which are time varying, but not bilateral-specific, to

control for changes in a country's overall inward or outward multilateral agri-food trade
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resistance (it, jt), year-to-year fluctuations in global commodity prices (kt) and possible month-

by-year (mt) shifts in agricultural trade patterns.

As suggested by Santos Silva and Tenreyro (2006, 2010, 2011), we adopt the Poisson-Pseudo-

Maximum Likelihood PPML estimator because it retains the multiplicative theoretical structure

of the gravity model. It is also robust to unknown patterns of heteroscedasticity and permits the

inclusion of zero trade flows in estimation. Zero trade flows are important in the context of

retaliatory trade actions: if U.S. exports are strictly positive prior to the onset of the trade dis-

pute and fall to zero due to retaliation, omission of these policy-induced zero trade flows creates

the classic sample selection bias leading to underestimation of trade impacts.

This analysis builds on the preliminary econometric assessments in Grant et al. (2019) and

Carter and Steinbach (2020). In particular, we view product varieties as an origin-destination-

product-month quadruplet (i.e., country-pair-by-product-by-month). Instead of using variation

between retaliating and non-retaliating markets (Fajgelbaum et al. 2020; Carter &

Steinbach, 2020), we assess trade impacts within country-pairs-by-product-by-month. This

nuance is important because it allows us to control for pre-existing distortions to agricultural

trade that were largely unrelated to the trade dispute.

Two examples will help clarify this nuance, one based on product seasonality and the sec-

ond, policy induced. First, China's in-season imports of US (Brazilian) soybeans following

harvest in the northern (southern) hemisphere are two–three times more by value than its

imports from any other country, even during the depths of the trade war. Exploiting variation

between retaliating and nonretaliating destination markets would tend to understate the

effect of China's retaliatory trade actions on US soybeans exports. Second, since 2003 (2015)

China has effectively banned beef (poultry) imports from the US due to Bovine Spongiform

Encephalopathy (BSE) (Avian Influenza) concerns (Grant & Arita, 2017). While the

US–China Phase One trade deal negotiated new market access for these two commodities, US

beef and poultry exports to China remained near zero before and throughout the trade war.

In this case, we do not want to attribute low (existing) Chinese beef and poultry imports from

the US that remained low throughout the trade war to retaliatory tariffs using variation

between retaliating and nonretaliating countries. The within (ijkm) fixed effects are designed

to capture pre-existing bilateral trade frictions at the product level when assessing the trade

effects of retaliation.

DATA

Monthly bilateral imports and exports from January 2016 through December 2019 reported by

81 countries are retrieved from Trade Data Monitor.6 Appendix B lists the individual countries

in the database along with their 2017 imports from the US. Canada, China, Mexico, Japan, and

European Union (EU) are the top five importers of US agricultural products totaling $81 billion

in 2017. Among these top destination markets, Japan is the only importing country that did not

impose retaliatory tariffs. Together, the six retaliating countries (China, Mexico, Canada, EU,

Turkey, India) accounted for 57% of US agricultural exports in 2017.

Reported exports, or “mirrored” flows, are used when the importer's reported imports are

missing. This was the case for Vietnam and a few other countries in the raw data. One issue

that arises in the use of reported imports and exports is that the former is based on delivered

cost, insurance, freight (cif ) value, whereas the latter are valued free on board (fob). However,

as long as we consistently use reported exports or reported imports throughout the sample for
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each ijkm trade relationship, the fixed effects (μijmk) will control for differences in cif and fob

valuations.

The sample includes 753 commodities at the six-digit level of product codes (HS2012).7

Appendix C provides a concordance of HS6-digit agricultural product codes into BICO sectors.

We conduct the analysis at the HS6-digit product level as this is the finest level of disaggrega-

tion that can be compared internationally. The direct effect of retaliation is dynamically coded

by country-pair-product-month using official national sources detailing products impacted and

time periods in which retaliation was imposed8 (Appendix D).9

Table 1 summarizes US bilateral trade flow levels and changes for total agricultural trade

and the subset of products targeted by retaliation. China's agricultural imports of targeted com-

modities from the U.S. almost halved from $22.5 billion in 2017 to $14.7 billion in 2018 and

$13.1 billion in 2019 (columns 2, 7, and 8, Table 1). EU imports of targeted products from the

US decreased by 33%, from $900 million in 2017 to $600 million in 2019. Conversely, for the

remaining countries—Canada, Mexico, Turkey, and India—the direct effect of retaliation is less

evident in aggregate. With the exception of China (98%) and India (43%), the retaliating coun-

tries imposed tariffs on less than 20% of the 2017 value of agricultural products imported from

the US (column 3, Table 1). Note also the strong seasonal dimension of China, and to some

extent India's imports from the U.S. (column 4). Sixty-eight percent of China's agricultural

imports from the US targeted by retaliation are imported during the US's peak marketing

months January–February and September–December. This seasonal dimension is most preva-

lent in bulk products (Table 1).

Retaliatory trade actions not only affect US agricultural exports directly but may also cause

a reorientation of exports to non-retaliating countries (trade deflection) (Bown &

Crowley, 2007). Columns 9 and 10 (Table 1) depict nonretaliating rest-of-world (ROW) agricul-

tural imports from the US of products targeted for retaliation in each destination market, and

for bulk, consumer, and intermediate products collectively. In 2018, ROW imports from the US

of products targeted by China increased 9% or $9.6 billion compared to 2017. However, ROW

imports from the US of products targeted by Canada, Mexico, EU, Turkey, and India showed

only slight increases, compared to 2017. Across BICO sector categories (Bulk, Consumer, and

Intermediate), ROW imports from the US increased $4.1, $1.3, and $1.2 billion, respectively,

totaling $6.6 billion.

Finally, Figure 1 plots the 2017 value of US product category exports subject to retaliation in

2018/2019. To ease exposition, we focus on 35 US products with nonzero exports to China,

Canada, Mexico, the EU, Turkey, and India in 2017. US soybean and pork exports are represen-

ted on a separate scale. In total, nearly $30 billion of the 2017 value of US agricultural exports

were impacted by retaliatory trade measures in 2018 and 2019. The breadth of China's retalia-

tion (shown in blue) is evident and accounts for nearly 80% of the value of US agricultural

exports facing retaliation.

ECONOMETRIC RESULTS

The econometric results are organized in three subsections. Subsection one presents the direct

effect of retaliation, overall, by retaliating country, and by BICO sector (Equation 1 and

Equations 2–3 in the Supplementary Technical Appendix). Section two discusses within- and

across-year heterogeneity of the direct effect of retaliation. Here, we condition the analysis on

in- and out-of-season trade effects, trade dispute years 2018 versus 2019, and various inflection
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points within the overall U.S.–China trade conflict. Retaliatory trade impacts across dis-

aggregated products categories are discussed in the final sub-section, where we compute coun-

terfactual trade impacts for row crops, livestock, specialty crops, and other, and compare our

results to USDA's trade damage estimates.

Direct effect of retaliation

To what extent did retaliation impact US agricultural exports? Table 2 presents the overall,

country, and BICO sector estimation results.10 Overall, our findings suggest that retaliation

FIGURE 1 2017 Value of U.S. agricultural exports subject to Section 232 and 301 retaliatory duties. Most

products covered by China Section 232 tariffs are also subject to an additional Section 301 retaliatory duty.

Canadian and Mexican retaliatory duties removed in May, 2019 [Color figure can be viewed at

wileyonlinelibrary.com]
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against US agricultural exports resulted in a 46% to 49% decline in US monthly product exports,

on average.11 Also noteworthy is the stability of this result across variations in the number of

additional fixed effects included. Columns (2), (3), and (4) add importer-time, product-time,

and month-time fixed effects, respectively. Using column (4) as our most demanding specifica-

tion results in an average treatment effect of retaliation of −48% ((exp(−0.66)−1) × 100).

Although not reported in Table 2, the results using exporters' reported exports produces an

almost identical result with a retaliation coefficient of −0.61 implying a 46% reduction of

U.S. product-month exports, on average.

Columns (5) through (8) decomposes the overall effect of retaliation by retaliating country.

Importantly, the previous results mask a significant retaliation effect by China, and to a lesser

extent the EU. Here the results suggest that US exports to China decreased by 56% to 76% (col-

umns 5–8), on average. Using 2017 trade values prior to the trade dispute (Table 1), this effect

translates into annualized estimated trade losses of $12.6–$17.2 billion in the China

market alone. The direct trade losses represent the amount of US export sales to China that

would have been expected without retaliatory tariffs.

Following China, retaliation by the Mexico also had a significant impact on imports from

the US, with reductions of targeted products of 15% to 20% (columns 5–8, Table 2). The model

results suggest direct export losses of $380–$524 million with Mexico. Although smaller, the

corresponding trade effects of retaliation by EU ($327–$382 million), Canada ($98–$257 mil-

lion), India ($30–$222 million), and Turkey ($64–$132 million) were also significant. Relatively

speaking, the larger China trade effect (in absolute value) is likely driven not only by higher

retaliatory tariffs but also the role of non-tariff related trade actions such as China's August

5, 2019 announcement that its state-owned firms will stop purchasing US agricultural products.

Adding up the total estimated retaliatory trade losses across destination markets amounts to

$13.5–$18.7 billion on an annualized basis. With the exception of Canada and Mexico, most

retaliatory tariffs that had been imposed are still in effect. Thus, the total accumulated losses

likely exceed the aforementioned annualized estimates.

Columns (9) through (12) investigate the trade effect of retaliation by BICO sectors

which groups products according to different stages of production (Bulk, Intermediate and

Consumer-oriented (BICO)) (Appendix C). Decomposing retaliation across BICO sectors

reveals an important finding: The trade effect of retaliation is driven to a large extent by

retaliation on more homogeneous bulk products. Chaney (2008) shows succinctly that if

goods are less substitutable, such as differentiated consumer-oriented products compared to

bulk commodities, importing firms and consumers are willing to purchase foreign products

at higher prices and thus trade barriers should have smaller impacts on trade flows.12 Our

findings support Chaney's theoretical results: Retaliation reduced US bulk commodity

exports by a striking 79%, on average, followed by a 57% and 25% reduction of intermediate

and consumer-oriented products, respectively (column (12)). In other words, product differ-

entiation tends to dampen the impact of retaliatory tariffs. The estimated trade losses (col-

umn (12)) total $13.4 billion for bulk commodities (derived from Table 1) representing 77%

of total losses by value.

It is also important to note the more significant negative retaliation coefficients when we

add country-time, product-time, and month-time fixed effects (Table 2). These additional time-

varying fixed effects help control for other confounding factors specific to each country, HS6

product, or month. For example, in the fall of 2018, China faced an outbreak of African swine

fever (ASF) unrelated to the trade dispute that affected its domestic pork supply (Nti

et al., 2019). All else equal, a production shock of this magnitude will put upward pressure on

AGRICULTURAL EXPORTS AND RETALIATORY TRADE ACTIONS 9
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China's domestic pork prices. To maintain a stable supply, Chinese demand for imported pork

from all countries will increase.

Within-year seasonal effects, 2018 versus 2019, and “phases” of the trade
dispute

While the previous results underscored the negative trade effects of retaliation, monthly panel

data allow us to examine several additional insights: (a) within-year “seasonal” differences;

(b) retaliation in that occurred in 2018 compared to 2019; and (c) phases of the US-China trade

dispute. The estimated trade effects are illustrated using Figure 2. The full set of econometric

results from this analysis can be found in Appendix E.

We find several economically important and statistically significant within- and across-year

effects of retaliation. First, the previously reported overall trade impact of 48% (Table 2, column (4))

is driven by a significantly higher 57% reduction of in-season imports (January, February, and

September–December) from the US, compared to just a 26% reduction in out-of-season imports

(March–August) (Figure 2, Overall). Testing the equality of the in- and out-of-season coefficients is

easily rejected at conventional significance levels (H1, Appendix E). Second, the middle panel of

Figure 2 illustrates that the overall in-season effect of retaliation is driven almost entirely by a large

seasonal trade effect on bulk commodities with little to no seasonal effect on intermediate or

consumer products. This presence (absence) of seasonality in bulk (consumer and intermediate)

product trade is confirmed in hypothesis test(s) H2 (H3-H4) (Appendix E). Retaliatory trade

measures reduced US in-season bulk commodity trade by a notable 77%, on average, compared to a

35% reduction in out-of-season trade. Using 2017 trade values and the in-season share of bulk

commodity exports (Table 1), our results suggest that retaliation led to in-season export losses of

$8.9 billion ($17 billion*68% in-season share*-77% estimated trade effect). Third, of the six countries

that imposed retaliatory duties against US agriculture, only retaliation by China and Turkey

produced significantly different seasonal trade effects (Appendix E, hypotheses tests H5 and H9).
13

In the final graphic in Figure 2, we evaluate and test for differences between trade dispute

years 2018 and 2019 (column (4) Appendix E). The results underscore the importance of 2018

and the initial phases of the trade conflict. For example, the average treatment effect of retaliation

FIGURE 2 Seasonality and 2018 versus 2019 trade retaliation. Percentage trade effects are based off model

estimated coefficients reported in Appendix D. In-season months during the trade dispute are January, February,

and September–December reflecting the peak export marketing period for some United States exports. Out-of-

season months during the trade dispute are March–August [Color figure can be viewed at

wileyonlinelibrary.com]
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in 2018 reduced US exports by 62% compared to a reduction of 39% in 2019. Across BICO sectors

and countries, testing the equality of the 2018 versus 2019 retaliation coefficients (column (4), H1-

H9 in Appendix E) points to a significantly stronger trade impact of retaliatory tariffs in 2018 com-

pared to 2019.14 Several reasons may explain this result. First, the magnitude of the initial 2018

tariff increases as a percentage of existing applied tariffs were larger at the onset of the trade dis-

pute compared to subsequent tariff increases in 2019. For example, China increased its 3% tariff

on US soybean exports by 25 percentage points in July of 2018, and its 12.5% tariff on many pork

products increased 25 percentage points in April 2018 (Section 232) and by another 25 percentage

points in July 2018 (Section 301) (Grant et al., 2019). Second, the magnitude of the Mexico and

Canada retaliation coefficients in 2019 are roughly half those in 2018 (Appendix E), perhaps due

to Canada and Mexico removing their Section 232 retaliatory tariffs in May of 2019 to facilitate

ratification of the Unites States–Mexico–Canada Agreement (USMCA).

Finally, we consider various ebbs and flows of the US–China trade dispute by dividing it

into five phases:

i. Phase 1—China's Section 232 retaliation covering the period April 2018–June 2018 and

reflecting the earliest and more limited phase of the trade conflict;

ii. Phase 2—China's Section 301 retaliation covering the period July–December 2018 where

trade relations between the two countries hit a low point and the trade conflict launched

into a more comprehensive trade war;

iii. Phase 3—a “trade truce” period covering the period January–April 2019. The US and China

exchange several goodwill gestures to facilitate trade discussions including some purchases

of U.S. soybeans;

iv. Phase 4—trade discussions falter during May 2019–September 2019. US–China trade nego-

tiations collapse, and trade tensions escalate with further increases in tariffs; and

v. Phase 5—Trade talks rekindle covering the period October–December 2019, as optimism

for a potential US–China trade deal begin to surface and China reportedly begins making

goodwill purchase gestures.15

Phases 2 and 4 (July–December 2018 and May–September 2019) can be characterized as

trade dispute low points where negotiations deteriorated, and both countries threatened or

imposed additional tariffs. Phases 3 and 5 are characterized as high points in the trade dispute

because the US and China either agreed to halt further increases in tariffs or negotiations were

progressing toward the US–China Phase One trade deal. In column (5) of Appendix E, we

examine the degree to which the retaliatory trade effect varies with the phases of the US–China

trade war. To briefly summarize, the results are only partially consistent with the above phases.

Phase two resulted in the largest percentage reduction in US agricultural exports at 82%, mark-

ing the most severe point of the trade war. Somewhat counterintuitively, however, the esti-

mated trade impact became insignificant in the middle part of 2019 (Phase 4), despite trade

talks faltering.

The asynchrony between estimated trade impacts and the phases discussed above is in part

driven by the lag time between when export sales are transacted (i.e., China makes goodwill

purchases) and the point at which shipments arrive in China, which can be several months

later. Using USDA weekly net sales, the relationship becomes clearer. Figure 3 illustrates

weekly US soybean net sales to China. The blue line represents shipments since 2018; the

orange line shows the historical averages over the 2014–2017 period for comparison. While

shipments of soybeans typically ramp up during the fall months following harvest, sales for

12 APPLIED ECONOMIC PERSPECTIVES AND POLICY



future delivery with China in 2018 fell far below historical averages. It wasn't until phase 3 and

the trade truce that soybean sales contracts increased (January–February 2019), a period in

which historically fewer sales are contracted. When trade negotiations faltered (Phase 4) in the

summer of 2019, limited new soybean sales were contracted. Sales contracts resumed later in

the fall in tandem with trade talks rekindling (Phase 5).

A closer look at retaliation on US product-line exports and USDA trade
damage estimates

In response to retaliatory tariffs, the US government developed and implemented several pro-

grams to assist farmers suffering from trade disruptions due to the retaliatory tariffs. In July

2018, the USDA announced the first trade aid program of up to $12 billion in funds. In May

2019, the USDA announced a second trade aid program to provide up to $16 billion in addi-

tional funds. The USDA used an Armington-based partial equilibrium model to project the

expected level of direct trade loses for the targeted commodities, with and without the tariffs in

place, and differenced them (USDA, 2019). The USDA assessment took place ex-ante—that is,

before the tariffs were put in place at a time where ex-post data could not be observed.

How do our ex-post econometric estimates compare with the USDA's ex-ante trade aid fig-

ures? First, as reported earlier, total annualized export losses due to retaliatory tariffs amounted

to $13.5 to $18.7 billion. This range is roughly in line with the total size of USDA's, 2019 trade

aid program of $16 billion. The size of the 2018 program ($12 billion) falls below this range;

however, the initial USDA program reflected a smaller scale of tariffs that had been in effect at

the time of program operation (USDA, 2019).16

To unpack the aggregate differences, Table 3 presents a side-by-side comparison of the

econometrically estimated counterfactual direct trade losses at the sub-sector level against the

FIGURE 3 Phases of the US–China trade dispute and U.S. soybean weekly net sales to China. Weekly net

sales is the total resulting new export sales (contracted) minus cancellations for current and new marketing year.

USDA-FAS weekly sales available at: https://apps.fas.usda.gov/export-sales/esrd1.html [Color figure can be

viewed at wileyonlinelibrary.com]
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value of USDA's trade aid. The product-level estimations are performed separately, (product-by-

product), to more effectively control for unobserved effects specific to each subsector.17 The

counterfactual value of US direct trade losses is based on the coefficient estimates reported in

Appendix F, and projected off a 2017 preretaliatory base period. The direct export sales losses

for products impacted by multiple markets are aggregated by summation across these markets.

Note the resulting totals do not add up to the aggregate $13.5 to $18.7 billion totals reported

earlier for two reasons. First, several product level estimates could not be matched to USDA

trade damage estimates due to differences in product aggregation on which estimations were

performed, and cases in which comparable estimates were not available. For consistency,

Table 3 organizes the subsector results in a structure that is comparable to USDA's sector group-

ings employed in the Market Facilitation Program (MFP) and the Food Purchase and Distribu-

tion Program (FPDP):18 Nonspecialty Row Crops, Livestock, and Specialty products.19 Second,

because the level of precision is naturally less when estimated at the disaggregated product

level, we only report selected estimates in Table 3 that were statistically and economically sig-

nificant at the product level.

China's retaliation against US soybean exports resulted in the largest and most significant

direct trade losses. Soybean producers were also the recipients of the largest trade assistance

payments by USDA. Using a 2017 preretaliation base year, we find US soybean exports to

China were reduced by an average of $10.7 billion annually. In comparison, USDA estimated

slightly lower trade losses of $7.3 and $8.5 billion for the 2018 and 2019 programs, respectively.

Retaliation against US pork reduced exports by over $1 billion annually in direct export sales:

$777 million in losses to China and $306 million to Mexico. This is largely in line with USDA's

2018 and 2019 estimates of $1.14 and $1.09 billion, respectively. The econometric estimates for

coarse grains (including sorghum) were higher than USDA estimates for both years of the pro-

grams. Sorghum trade had virtually ceased during the trade war, whereas USDA's model

predicted some level of trade to continue. Estimates for other cereals (wheat and rice) were con-

sistent with USDA's estimates for the 2018 trade aid program; however, the econometric esti-

mates are lower than USDA's, 2019 estimates. The econometric estimates for cotton were also

in line with the USDA's 2018 estimates; however, the USDA forecasted a much higher cotton

trade damage for their 2019 program.

Some overall sector-level comparisons are also worth highlighting in Table 3. First, both the

econometric and USDA trade damage estimates find much higher losses for the nonspecialty/

row crops sector relative to livestock/dairy and specialty crops, with counterfactually estimated

trade losses totaling $12.8 billion. USDA's 2018 estimates were a smaller $8.7 billion, whereas

their 2019 estimates are closer at $14 billion. Second, the econometric and USDA estimates gen-

erally agree for livestock, dairy, meat products, fresh fruit and vegetables, and nuts.

The close relationship between USDA's ex-ante and the ex-post econometric trade damage

estimates for 2018 and 2019 is illustrated in Figure 4, using a 45� line scatterplot. Combinations

of USDA and the econometric trade loss estimates that lie above (below) the 45� line represent

higher (lower) ex-ante USDA program estimates relative to the ex-post econometric estimates.

As can be seen, USDA's 2018 program estimates tended to fall slightly below the 45� line indi-

cating the program slightly underestimated trade losses compared to the ex-post counter-

factually estimated trade losses. The trade-weighted average difference between the

econometric and USDA's estimates was −25.9% in 2018. In contrast, the 2019 USDA trade dam-

age estimates were slightly above the 45� line, with a weighted average difference of +10.4%

higher than the ex-post econometric estimates. Pearson's correlation coefficient between the

two estimates is 0.99 for the 2018, and 0.97 for the 2019 program.
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Third, from a policy perspective, it is interesting to disentangle the product and country

shares of counterfactually estimated trade losses in Table 3. Across commodities, row crops

accounted for 87%, or $12.8 billion of the $14.8 billion in total trade losses. Row crops are

followed by livestock, with a share of 9% or $1.4 billion in trade losses; and 4% ($609 million) in

specialty crop losses. At the country level, the implication is clear: 95% of the direct trade losses

are due to retaliation by China. Mexico retaliation is a distant second at $342 million across all

products, representing just a 2% share in total U.S. trade losses.

Figure 5 illustrates the relationship between the estimated trade effects, 2017 US export

values, and US export market shares for each country-product using a bubble graph. Model esti-

mated percentage trade effects of retaliation (presented in Appendix F), are plotted on the verti-

cal axis against the share of US exports of each product in retaliating market j on the horizontal

axis. The diameter of the bubble reflects the average value of 2017 US exports preceding the

trade dispute. To ease exposition, 31 country-product bubbles are included.

Retaliation by China on coarse grains, ethanol, DDGs, and wheat, and EU retaliation on

fruit and vegetable juices (FVjuice) and corn represented the largest estimated trade effects near

or exceeding an 80% reduction in imports from the US. Coarse grains is located furthest to the

right along the horizontal axis indicating a large dependence on exports to the Chinese market

(over 80%) in 2017. However, retaliation by China on coarse grains, as well as ethanol, DDGs,

and wheat are represented by smaller bubble diameters (2017 export values). The largest 2017

bubble diameters are soybean exports to China ($14 billion), and alcohol exports to the EU

($1.5 billion). Soybeans, however, is the only product that has a very large bubble diameter and

is located in the lower right-hand quadrant of Figure 5. Within North America, retaliation by

Mexico and Canada impacted US agricultural exports to a much smaller extent than was gener-

ally found in China, the EU, Turkey, and India's retaliation on fresh fruit.

As a final note, we also examined the potential for trade deflection of US agricultural

exports, or the extent to which exports targeted by retaliation are reoriented to nonretaliating

destination markets (i.e., US exports to Japan). We find limited evidence of US exports increas-

ing to alternative nonretaliating markets. Trade deflection was positive and significant in only

FIGURE 4 Counterfactual econometric results versus USDA's 2018 and 2019 trade damage estimates. 45�

line denotes a 1:1 correspondence between USDA's ex-ante trade damage estimates and the ex-post econometric

estimates. Combinations above (below) the 45� line represent higher (lower) ex-ante USDA damage estimates

relative to the ex-post econometric estimates. X and Y axes presented in logarithm scale [Color figure can be

viewed at wileyonlinelibrary.com]
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10 out of 54 product-level estimations, with the largest estimates occurring for sorghum and

corn (China retaliation), apples (India retaliation) and limited US soybean exports (China retali-

ation). The limited trade deflection suggests that trade frictions and fixed costs associated with

the establishment of non-traditional supply chains in alternative markets are high. Put differ-

ently, bilateral trade disruptions do not lead to a simple or relatively low-cost reshuffling of

commodity trade, at least in the short run. More likely, retaliatory trade actions disrupt trade

that is not easily recovered, leading to economic impacts that are destructive and costly.

CONCLUSIONS

Economists often extol the virtues of freer trade because of the real income effects associated

with protectionism as consumers lose more than producers gain leading to deadweight losses

(Balassa, 1965; Irwin, 2010; Josling et al., 1996). Using a model of bilateral trade to retaliating

and nonretaliating markets, this article established new insights about the effect of retaliation

on US agricultural exports. Summarizing the impacts of the trade war is challenging because

other market variables are impacted when retaliatory trade measures are imposed, including

domestic price and basis movements, the cost of storing commodities, perishability, quality

considerations when markets are lost, and the (fixed) costs of stopping and restarting trade

relationships (Peterson et al., 2018). Perhaps most importantly, there is the unknown, longer-

term potential cost of US agricultural exports not regaining its once sizeable position in these

markets. Such an outcome was also seen when the US began refining a large portion of its

corn crop into ethanol in 2007. Since then, the US has lost export market share to other coun-

tries that has yet to be regained, even as demand for corn-based ethanol has flattened

since 2016.

FIGURE 5 BICO product effects of retaliation and 2016/2017 U.S. export shares and export values.

Figure encompasses three dimensions: (a) location of the bubble north and south depicts the model estimated

trade effect of retaliation on U.S. exports, (b) location of the bubble east and west depicts the country-product

U.S. export share in the pre-retaliation period (2017), and (c) diameter of the bubble indicates the total value of

U.S. exports to each destination-product. Colors are used to delineate retaliatory destination markets labeled as

follows: CHN, EUR, CAN, MEX, TUR, IND denoting, respectively, China, EU-28 members, Canada, Mexico,

Turkey, and India [Color figure can be viewed at wileyonlinelibrary.com]
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Several findings, however, are worth summarizing. First, retaliatory trade actions on US agri-

cultural exports were significant. Overall, US agriculture experienced annualized direct trade

losses of $13.5 to $18.7 billion. Second, while trade retaliation was broad in scope, trade impacts

at the product level are heterogeneous. Retaliation by China was the most significant, both in

terms of scale with roughly $17 billion in annualized US trade losses accounting for 95% of aggre-

gate retaliation by all countries, and severity, with trade reductions of over 75%. Across sectors,

however, we find that the retaliatory trade effect is moderated as the degree of product differentia-

tion increases. Within bulk commodities, soybean trade losses were the steepest at $10.7 billion,

followed by $0.9 billion for coarse grains, and $0.6 billion for fruits, vegetables, and tree nuts. The

largest consumer-oriented product impacted by trade retaliation was pork with US exports declin-

ing by an estimated $1.1 billion. Finally, we find that the ex-post econometrically estimated trade

losses were largely consistent with USDA's trade damage estimates across program commodities.

On January 15, 2020, the United States and China signed the Phase One trade deal aimed at

addressing structural barriers and further opening China's market to US agricultural products. As

part of the Phase One agreement, China committed to purchasing an average of $40 billion of

agricultural goods, including seafood, annually from the US over calendar years 2020 and 2021,

twice the amount of pretrade war levels. Achieving these targets will involve making up a large

shortfall caused by the past two years of retaliatory tariffs. Whether US agricultural exports can

recover lost market share in China is likely to be the subject of a considerable amount of future

research.
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ENDNOTES
1 Sixty-one percent of India's retaliation, nearly 20% of Turkey's, 33% of EU retaliation, 20% of Canada's, and

79% of Mexico's retaliation targeted US agri-food products using 2017 agricultural and nonagricultural import

values. Sixty-eight percent of China's initial Section 232 retaliation and 22% of its Section 301 retaliation

impacted US agri-food products.

2 Fajgelbaum et al. (2020) and Flaaen et al. (2019) find a similar, if not surprising result that higher U.S. tariffs

were fully passed through to import prices.

3 Head and Mayer (2014), Peterson et al. (2013), and Baldwin and Taglioni (2006) provide formal derivations of

the gravity equation at the product line. The gravity model used here is not fully structural as in Anderson and

Yotov (2016) and Yotov et al. (2016) in conditional or full endowment general equilibrium (GE). By design, the

full GE gravity setup requires intranational trade flows (i.e., trade with self) which is nearly impossible to

obtain across months. Thus, our results are consistent with best practices to estimate partial direct effects also

advocated by Yotov et al. (2016).
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4 For example, Chinese pork imports from all sources tend to spike in January and February each year as part of

the Chinese New Year; fresh fruit and vegetable exports to Canada tend to be higher in spring and fall months

coinciding with peak Florida and California marketing periods, respectively; and soybeans, coarse grains, tree

nuts and other commodity exports to China, Turkey and other retaliating markets increase significantly during

the US's peak marketing period (September through February).

5 See https://www.bloomberg.com/news/articles/2019-08-05/china-asked-state-buyers-to-halt-u-s-agriculture-

imports

6 Trade Data Monitor data are available by subscription at https://tradedatamonitor.com/.

7 We use the HS2012 revision of product codes so that we can include 2016 in the sample period giving us two

years prior to and during the trade dispute. Several product codes changed between HS2012 and HS2017. These

were reconciled using the UN Comtrade's concordance tables among various HS revisions (see https://unstats.

un.org/unsd/trade/classifications/correspondence-tables.asp). The US Department of Agriculture provides a

concordance between BICO product categories and HS6 product codes (https://apps.fas.usda.gov/gats/

default.aspx).

8 Retaliation against agricultural products was retrieved from official national sources. China: http://www.

mofcom.gov.cn/article/b/ (Ministry of Commerce); EU: http://trade.ec.europa.eu/doclib/press/index.cfm?

action=search (European Commission); Canada: https://www.canada.ca/en/department-finance/programs/

international-trade-finance-policy/measures-steel-aluminum-businesses/countermeasures-response-

unjustified-tariffs-canadian-steel-aluminum-products.html(Department of Finance); Mexico: https://www.gob.

mx/se#571 (Ministry of Commerce); India: https://www.cbic.gov.in/Customs-Notifications (Ministry of

Finance);Turkey: https://www.resmigazete.gov.tr/# (Executive Affairs Law and Legislative Directorate of the

Turkish Presidential Palace)

9 To save space we exclude product codes affected by China's retaliation in Appendix D. While China's retalia-

tion was imposed in several waves, almost all agricultural product codes were eventually targeted for

retaliation.

10 Fixing the sample to include only one exporting country, the US helps with estimation time and convergence

by limiting the dimensionality of the within country-pair-product-month fixed effects from ijkm in Equa-

tion (1) to jkm (with i = United States). The results are virtually identical if we use the full sample of observa-

tions (ijkm) over time.

11 The calculation of percentage trade flow effects in PPML models with dummy variables (Equation (1)) is iden-

tical to those of logarithmic gravity equations: (exp(γ1)-1)*100.

12 Chaney (2008) shows that the opposite is true for the extensive (i.e., entry) margin of trade.

13 This is not to say that China and Turkey systematically imposed more restrictive tariffs or import restrictions

on US products in-season. Rather, the results in Appendix E illustrate the important point that more signifi-

cant export losses compared to the model's predicted trade flows tended to occur on in-season bulk commodity

trade.

14 India did not impose retaliatory duties until June of 2019. Thus, it is not possible to perform the 2018 versus

2019 comparison for this country.

15 See https://www.usnews.com/news/business/articles/2019-09-12/chinese-buyers-asking-about-us-soy-pork-

before-trade-talks#:�:text=In%20Beijing%2C%20China's%20Commerce%20Ministry,at%20ending%20the%

20tariff%20war.

16 The size of these programs is also comparable in magnitude to the econometric estimates of Carter and

Steinbach (2020). Other studies have compared the size of USDA trade damage estimates to price-based

impacts. These estimates generally find lower losses than estimates based on direct trade losses (including

USDA's estimates) converted into per unit terms. Janzen and Hendricks (2020) find that various price impacts

estimated due to retaliatory actions were lower than USDA's MFP commodity rates for major commodities.

Adjemian, Smith et al. (2019) found that the retaliatory tariffs effects on soybean prices were also lower than

the soybean MFP commodity rate.
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17 For instance, time varying fixed effects ( jt, it) are only useful to control for unobservable macroeconomic

shocks that are uniform across products. Alternatively, time-varying importer-product fixed effects (jkt, ikt)

can control for unobservable product level effects. However, such an approach is computational demanding,

and the results do not lead to new insights beyond what can be achieved through estimations performed sepa-

rately on individual products.

18 The 2018 (2019) program included a separate Agricultural Trade Promotion (ATP) program in which $200

($100) million was made available to assist US agricultural exporters in identifying and accessing new foreign

markets.

19 This drops the estimates for many processed products, alcohol beverages, tobacco, and other commodities that

were impacted by retaliatory tariffs but not included as part of USDA's MFP.
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