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Abstract
This paper estimates changes in demand for imported wines by source country and resulting welfare effects
due to Section 301 tariffs imposed on certain European wines in October 2019. A two-stage expenditure
allocation scheme is used to estimate the import demand for red, white, and other wines in the first stage,
and source-differentiated red wine and white wine demand in the second stage. From derived price elas-
ticities measuring first and second stage interactions, welfare measures are simulated capturing effects of
the new tariffs on both taxed and non-taxed exporters as well as the US importers of red and white wine.
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1. Introduction
In terms of value, wine is the most traded agricultural product between the United States (US) and
the European Union (EU)1 (US Department of Agriculture Foreign Agricultural Service, 2020). The
US imported 3.9 billion USD (US dollars) worth of wine from the EU in 2015, while the EUmember
states imported 618 million USD of wine from the US. According to the Wine Institute (2019),
Americans have increased their total wine consumption from 449 million gallons in 1993 (1.74 gal-
lons per resident) to 966 million gallons in 2018 (2.95 gallons per resident). Of the 70.5 billion USD
Americans spent on wine in 2018, domestic wines (mainly from California) accounted for approxi-
mately 67% (47.2 billion USD), while 33% (23.3 billion USD) was spent on imported wines (Wines
Vines Analytics, 2019). Of all the wine consumed in the US in 2017, red wines made up 42% of the
wine consumed, while white wines made up 33% (Wine Market Council, 2019).

The US and the EU both have a variety of domestic and international policies in place that affect
wine trade, including schedules of differentiated tariffs and a variety of non-tariff barriers set through
domestic regulations. In this article, we evaluate the welfare effects of the October 2019 Section 301
tariffs imposed by the Trump administration on certain EU wines (84, Fed. Reg. October 9, 2019,
54245–54264) in response to EU subsidies on Airbus production. An additional 25% tariffs are applied
to wines imported into the US from France, Germany, Spain, and the United Kingdom (UK). As such,
the effects of the newly imposed additional wine tariffs are differential in that wines from other coun-
tries, including other EU countries, are exempt from the tariff increase.
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1Unless otherwise stated, “EU” stands for EU28. EU28 included the United Kingdom (UK), which formally left the EU in
January 2020. Future US trade negotiations with the European Union are expected to exclude the UK.
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The purpose of the paper is to quantify the impacts of the October 2019 US tariff increases on
US importers of both red wines and white wines sourced from various exporting countries. To do
so, we analyze US import demand for both red and white wines by individual source countries. In
particular, this allows us to capture varying consumer preferences for red wine imports versus
white wine imports. We estimate own- and cross-price elasticities and use these elasticities to ana-
lyze the quantity, revenue, and welfare effects of the October 2019 EU wine tariff increases that
stemmed from a long-standing trade dispute between the US and the EU.

The rest of the paper is organized as follows. We first review the trade disputes between the US
and the EU that led to the additional 25% tariffs on US imports of certain EU wines in October
2019. Then, we introduce the conceptual framework for estimating source-differentiated import
demand systems for imported red and white wines. Following that, we summarize the data and
present the relevant price and expenditure elasticities of import demand for red and white wines
by source countries. Next, we simulate the welfare effects of a 25% tariff on red and white wine
imports from certain EU countries on US wine importers as well as tariff-imposed and no-tariff-
imposed exporters of wine. We conclude by highlighting the important findings of our analysis.

2. US Wine Imports and Recent Trade Disputes with the EU
Trade tensions between the US and the EU that ultimately led to the recent Section 301 tariffs on
some EU wines started in 2006 when the US filed a case with the World Trade Organization
(WTO) against the EU for the subsidies it provided to Airbus. In what follows, we provide his-
torical developments that led to the additional 25% wine tariffs imposed by the Trump adminis-
tration in October 2019 on certain EU wines.

In March 2018, the Trump administration announced 25% steel and 10% aluminum tariffs on
most US trading partners (including the EU), citing an April 2017 investigation under Section 232
of the 1962 Trade Expansion Act, which concluded that these steel and aluminum imports could
weaken US national security. The EU has viewed the US national security justification for steel and
aluminum tariffs as groundless and inconsistent with the WTO rules. In June 2018, the EU started
implementing retaliatory tariffs of 25% on imports of some US agricultural goods (whisky, corn,
rice, kidney beans, preserved and mixed vegetables, orange juice, cranberry juice, peanut butter,
and tobacco products, totaling 1.2 billion USD in 2018) along with select non-agricultural prod-
ucts (CRS, February 27, 2020, p. 6). In January 2019, The Office of the US Trade Representative
(USTR) announced that it would enter formal trade negotiations with the EU to resolve disputes
regarding market access and non-tariff measures, including those affecting agricultural products.
However, the April 2019 negotiating mandate announced by the EU excluded agricultural prod-
ucts from trade talks with the US.

Trade disputes between the EU and the US escalated in October 2019 when the US imposed
further tariffs on 7.5 billion USD worth of US imports from the EU, citing the Section 301 enforce-
ment of the USWTO Rights in Large Civil Aircraft Dispute (84, Fed. Reg. October 9, 2019, 54245–
54264). These tariffs were based on a 16-year long dispute and litigation between the US and the
EU regarding their domestic aircraft industry (Boeing in the US, and Airbus in the EU). Both sides
claimed that the other side’s airplane manufacturer was being unfairly subsidized. The US was the
first to file a case with the WTO in 2006, claiming that Airbus, a multinational company jointly
owned by Germany, France, Spain, and the United Kingdom, had received 22 billion USD in ille-
gal subsidies. The EU put forward a counter case against the US, claiming that Boeing had received
23 billion USD in trade-distorting domestic subsidies for its research and development projects. In
2018, the WTO’s appeals body upheld a 2016 ruling that the EU had illegally assisted Airbus with
subsidized loans for the development of new aircraft. In its final ruling on the US case against
Airbus, on October 2, 2019, the WTO allowed the US to impose tariffs on up to 7.5 billion
USD worth of EU goods (CRS, August 25, 2020).
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The US administration’s choice of EU products for the new tariffs was broad. In October 2019,
the USTR published a list of 158 products subject to additional duties (84, Fed. Reg. October 9,
2019, 54245–54264). The list targeted mainly US imports from France, Germany, Spain, and the
United Kingdom but was not limited to the aircraft industry. While the tariffs on large civil aircraft
—the subject of the original dispute—were increased by only 10%, some agricultural and related
consumer-oriented products from the EU were hit by a 25% increase in tariffs. Wine was one of
the main EU imports taxed at an additional 25% tariff after October 18, 2019. Prior to the October
2019 tariffs, the average tariff on EU wine imports was only 0.7% (CRS, August 25, 2020). Wines
from the EU made up about 17% of the 7.5 billion USD worth of EU imports targeted by the
October 2019 tariffs (CRS, February 2020, p. 9). Other agricultural and related products affected
included whiskies and liquors, cheese and dairy, olives and olive products, pork and pork prod-
ucts, biscuits, wafers, fruits, and fruit products.

The USTR reevaluates the tariff actions periodically based on the progression of trade nego-
tiations with the EU. With their August 2020 review, the USTR decided to maintain the 25% addi-
tional tariffs imposed in October 2019 on EU wines (and, almost all other goods) and left the
possibility of higher future tariffs open. An important question raised by these recent tariffs
on EU wines is how the additional 25% tariffs affect the US wine importers as well as gains of
the non-tariff countries exporting wine into the US. In what follows, we use a source-differentiated
import demand model for imported red and white wines to simulate the welfare effects of these
wine tariffs imposed on specific EU countries.

3. A Source-Differentiated Differential Demand Model for Imported Wines
The empirical literature on demand for alcoholic beverages, including wine, is well established.
However, a significant strand of the previous research focuses on aggregate wine demand in com-
parison to the demand for other alcoholic products, such as beer and spirits (e.g., Andrikopoulos,
Brox, and Carvalho, 1997; Andrikopoulos and Loizides, 2000; Chang, Griffith, and Bettington,
2002; Gao, Wailes, and Cramer, 1995; Levi and Folwell, 1995; Salisu and Balasubramanyam,
1997; Selvanathan, 1991; Tsolakis, Riethmuller, andWatts, 1983). Since Armington’s (1969) semi-
nal study that differentiated internationally traded products based on the geographical origin of
the products, a few studies have estimated source-differentiated demand systems for imported
wines, such as Muhammad (2011) for UK wine imports, and Muhammad et al. (2014);
Agnoli, Capitello, and Begalli (2014); Capitello, Agnoli, and Begalli (2015); and Muhammad
and Countryman (2019) for Chinese wine imports. The aforementioned studies have not distin-
guished imported wines by their color. We are aware of only three studies estimating a source-
differentiated import demand model for a particular color of wine: Seale, Marchant, and Basso
(2003) for US red wine imports; Carew, Florkowski, and He (2004) for British Columbian red
and white wine imports from the EU and the US; and Lee, Kennedy, and Hilbun (2009) for
Korean red wine imports.

Our analysis of recent increases in US tariffs on wines from certain EU nations is based on an
import demand model of wine by country of origin, where the same type of wine (i.e., red, white,
and other wines of fresh grapes) from different exporting countries is treated as different products
by US consumers. We use a multistage budgeting or the utility tree approach (Barten, 1977),
where an importing country first allocates total expenditure between domestic goods and
imported goods. In stage 2, total import expenditure is allocated among imported groups of goods
such as imported wine that includes red, white, and other wines. In the next stage, total import
expenditure for group g, in our case wine, is allocated among the different types of wines (i.e., red,
white, and other wines) and finally total import expenditure for good i, say red wine, is allocated
among red wine by source country (e.g., Seale, Sparks, and Buxton, 1992). We maintain weak
separability between domestic and imported goods (e.g., Muhammad et al., 2014; Muhammad
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and Countryman, 2019) due to the lack of data on domestic red and white wine prices. To our
knowledge, the only study that uses US domestic price data in a disaggregated, source-
differentiated red wine demand model is Seale, Marchant, and Basso (2003), who utilized their
connections with a private consulting firm to obtain the proprietary price data (Seale,
Marchant, and Basso, 2003, p. 190).

Following Schmitz and Seale (2002); Asci et al. (2016); and Zhang and Seale (2017), our empir-
ical strategy starts with choosing the best-fitting functional form among a family of differential
demand systems (i.e., Rotterdam [Theil, 1965], CBS [Keller and van Driel, 1985], differential AIDS
[Deaton and Muellbauer, 1980], and NBR [Neves, 1987]), each with a different functional form.
The functional form developed by Lee, Brown, and Seale (1994) (LBS) extends an earlier func-
tional form by Barten (1993) to nest other four differential demand systems presented below.
Therefore, we start our empirical analysis with the LBS model:

wid lnqi
� � � δ1wi � di� �d lnQ� � �

X
j

�eij � δ2wi δij � wj

� ��d�lnpj� � εi; (1)

where di � δ1βi � 1 � δ1� �θi, eij � δ2γ ij � 1 � δ2� �πij, and δ1and δ2 are two additional nesting
parameters to be estimated; πij is a compensated (Slutsky) price parameter for commodity i with
respect to the price of commodity j; γ ij � πij � wi δij � wj

� �
; δij is the Kronecker delta equal to one

when i � j and zero otherwise; wi � piqi=
Pn
i�1

piqi represents the budget share of good i

(i= 1, : : : , n) with n representing the number of goods; lnqi and lnpj are the natural logs of

the quantity of good i and the price of good j, respectively, while θi is
@ piqi� �
@M , which is defined

as the marginal share; and d lnQ� � � Pn
i�1

wid lnqi
� �

is the Divisia volume index that represents real

expenditure.
The LBS maintains adding-up restrictions, while homogeneity and symmetry can be imposed:

Adding-up:
P
i
di � 1 � δ1 and

P
i
eij � 0,

Homogeneity:
P
j
eij � 0, and

Symmetry: eij � eji.

Using the LBS functional form that nests Rotterdam, differential AIDS, CBS, and NBR functional
forms, one can test for the functional form that best fits the data. In addition, if selected as the best-
fitting model against the alternatives, the LBS model is also a theoretically consistent demand
model in its own right (Asci et al., 2016; Barten, 1993; Lee, Brown, and Seale, 1994; Matsuda,
2005). By placing particular restrictions on the δ1 and δ2 parameters, LBS yields the four other
functional forms considered for the empirical specification.

Rotterdam (Theil, 1965): δ1 � 0 and δ2 � 0,

wid lnqi
� � � θid lnQ� � �

Xn
j�1

πijd�lnpj�; (2)

CBS (Keller and van Driel, 1985): δ1 � 1 and δ2 � 0,

wid lnqi
� � � βi � wi� �d lnQ� � �

Xn
j�1

πijd�lnpj� � εi; (3)

Differential AIDS (Deaton and Muellbauer, 1980): δ1 � 1 and δ2 � 1,

wid lnqi
� � � βi � wi� �d lnQ� � �

X
j

�γ ij � wi δij � wj

� ��d lnpj
� �� εi; (4)
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and, NBR (Neves, 1987): δ1 � 0 and δ2 � 1,

wid lnqi
� � � βi � wi� �d lnQ� � �

X
j

�γ ij � wi δij � wj

� ��d lnpj
� �� εi: (5)

To operationalize the functional forms for estimation purposes, we replace wi with its arithmetic
mean wi � wi;t � wi;t�1

� �
=2

� �
and use d lnX� � � lnXt � lnXt�1, where X represents p and q.

Initially, we estimate group demand for imported wine (i.e., red, white, and other wines) and
find that the differential AIDS, without a trend variable and corrected for autocorrelation, best fits
the grouped data. Let i (1, : : : ,n) represent wine by source country and let the n wines by source
country be divided among G< n groups, written S1; . . . ; SG; with each good belonging to exactly
one group. Let i 2 Sg represent good i contained in group Sg , j 2 Sh represent good j contained in
groupSh, and let h represent other groups, g ≠ h. Let these G groups of goods be blockwise depen-
dent such that the utility function is an increasing function of the group utility functions,
u�q� � f u1 q	1

� �
; . . . ; uG q	G

� �� �
where q	g represents the vector of qi’s in group Sg within the

imported wine group. Then, the group demand can be illustrated as follows using, say, the differ-
ential AIDS functional form:

Wgd lnQg

� � � Wg � Bg

� �
d lnQ� � �

XG

h�1

Γgh �Wg δgh �Wh

� �� �
d lnPh� � � εgh; (6)

whereWg �
P

i2sg w
	
i is the group budget share for group Sg and w

	
i � wi

Wg
is the conditional bud-

get share of good i 2 Sg ; Ph is the price of group Sh; d lnQg

� �
is the Divisia volume index for group

Sg to be defined below after equation (7); and Bg and Γgh are constant parameters to estimate.
The conditional demand for source-specific imported good i contained in group Sg , using the

LBS functional form for illustrative purposes, is

w	
i d lnqi
� � � δ1w

	
i � d	i

� �
d lnQg

� ��
X
j2g

�e	j � δ2w
	
i δij � w	

j

� �
�d lnpj
� �� εi (7)

where w	
i � wi

Wg
, d lnQg

� � � P
i2Sg w

	
i d ln qi
� �

, and d	i , e
	
ij , δ1 , and δ2 are constant parameters to

estimate. Empirical results presented in the next section suggest that the LBS model is selected for
source-differentiated red and white wine imports. We present conditional and unconditional
elasticity formulae for selected models in Appendix B, Table B1. In calculating unconditional elas-
ticities, we use parameters from both the first-stage group demand and the second-stage source-
differentiated demand and derive the formulae in Table B1 using the theory of group demand and
conditional demand with the differential approach to consumer demand (Theil, 1980). Theoreti-
cal restrictions and model specification tests are conducted using Likelihood Ratio tests, which
follow a χ2 q

� �
distribution, where q represents the number of restrictions imposed.

4. Estimation Results
4.1. Data

Data on US red wine and white wine imports by exporting country were obtained from the Global
Agricultural Trade System of the US Department of Agriculture, Foreign Agricultural Service
(USDA-FAS, 2020). Monthly import data from January 1990 to October 2019 were composed
of wines of fresh grapes classified under the Harmonized Commodity Description and Coding
System at the ten-digit level, providing a sample size of 358 observations. The initial part of
the analysis categorizes fresh grape wines under red, white, and other fresh grape wine. The cate-
gory other wines of fresh grapes includes sparkling wine, effervescent wine, and other fortified
grape wine varieties. In order to keep the source-differentiated demand systems at manageable
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sizes, we do not disaggregate each color wine further into dry, semi-sweet, and sweet varieties. For
the source-differentiated demand analysis of red and white wines, we include data for the top five
exporting countries ranked by the value of their wine exports to the US within the sample period.
Remaining countries exporting red and white wines to the US were classified as the Rest of the
World (ROW). Accordingly, major source countries for US imported red wine were identified as
France, Italy, Chile, Spain, Australia, and the ROW; the major source countries for US imported
white wine were identified as France, Italy, Australia, New Zealand, Germany, and the ROW.2

Unit prices of wine were derived by dividing value of imports (thousand USD) by quantity of
imports (thousand gallons). Analyses are conducted on a per capita basis using US population
data obtained from the US Census Bureau (2020).

Descriptive statistics on imported red and white wines by source countries can be found in
Appendix A, Table A1. During the sample period between January 1990 and October 2019,
US consumers consumed a monthly average of 5,828 thousand gallons of imported red wine
and 5,077 thousand gallons of white wine. These import quantities correspond to 113.9 million
USD and 93 million USD in value for monthly red and white wine imports, respectively, indicat-
ing that, on average, unit prices of imported red wine were slightly higher than unit prices of
imported white wine during the sample period. On average, France had the largest (expenditure)
share of the imported red wine market (34%), and Italy had the largest (expenditure) share of the
imported white wine market (38%). Overall, European countries have dominated US imports of
both red and white wines. France, Italy, and Spain have made up 70% of imported red wine expen-
ditures, while France, Italy, and Germany have made up 67% of imported white wine expenditures
of US consumers, on average. Between January 1990 and October 2019, the largest monthly vari-
ation in expenditure shares of imported red wine was for French red wine, indicated by the stan-
dard deviation of 11% and a range of 46%. Spanish and Chilean red wines had the least variation in
their monthly expenditure shares in total imported red wine, each with a standard deviation of 2%
and a range of 11% (Appendix A, Table A1). Within the same period, white wines from France
and New Zealand had the largest variation, with standard deviations of 8% and 7%, respectively.
The range of expenditure shares for New Zealand sourced white wine is particularly interesting; it
increased from 0% to 26% between 1990 and 2019 on a monthly basis, indicating that the US had
become a new export market for New Zealand during this period.

4.2. Estimated Differential Demand Systems and Elasticities

Before we estimate the relevant elasticities for policy simulations, we test for functional form to
find the empirical models that best fit the data (Asci et al., 2016; Matsuda, 2005). For the chosen
functional forms, we also test for the theoretical restrictions of homogeneity and symmetry as well
as autocorrelation, trend, seasonal effects, and parameter stability. The results of these specifica-
tion tests are presented in Appendix A, Tables A1 and A2. Consequently, the estimating model for
the demand for broad groups of imported wine (i.e., imported red, white, and other fresh grape
wines) is the differential AIDS functional form with the first-order autoregressive term, AR(1), of
−0.11 imposed (no significant time trends). The estimating model for the demand for the
imported red wine by source is an LBS model with time trend, heteroscedasticity, and an
AR(1) term of −0.16 imposed, and the estimating model for the demand for imported white wine
by source is an LBS model with time trend, heteroscedasticity, and AR(1) term of −0.30 imposed.

The estimated demand elasticities for the broad groups of imported red, white, and other fresh
grape wines are reported in Table 1.3 The top panel of Table 1 has the expenditure and Slutsky
(compensated) price elasticities, while the bottom panel reports the Cournot (uncompensated)

2There were zero wine exports from New Zealand to the United States until January 1995.
3Parameter estimates of the differential AIDS model used to compute these elasticities are provided in Appendix A,

Table A4.
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price elasticities, conditional on total expenditures on imported wine. Expenditure elasticities for
imported red, white, and other wines are all positive and statistically different from zero at the 1%
significance level. Demand for imported red wine and imported white wine is expenditure inelas-
tic, and demand for other imported fresh grape wines is expenditure elastic. In other words, the
quantity demanded by US consumers of other fresh grape wines is more sensitive to a change in
total expenditure for imported wines than that of imported red wine or imported white wine.4

Marginal shares in Table 1 indicate how an additional dollar spent on imported wines would
be allocated between red, white, and other imported grape wines. Accordingly, rounding differ-
ences aside, 42 cents of an additional dollar available for imported wine purchase would be spent
on imports of other wines of fresh grapes, 36 cents would be spent on red wine, and 22 cents would
be spent on white wine. On average, these marginal shares indicate a growing interest in other
wine varieties over the sample period among US importers.

Slutsky and Cournot own-price elasticities for imported red wine, white wine, and other grape
wine are all negative and statistically significant (Table 1). The Slutsky (compensated) own-price
elasticity measures the percentage change in quantity demanded when own-price changes by 1%,
keeping real total imported wine expenditure constant, and it measures the pure substitution effect
of a price change on quantity demanded. Slutsky own-price elasticities for the three types of
imported wine are all inelastic with the smallest in absolute value being for imported white wine
(−0.11), followed by that of imported red wine (−0.16) and of other imported fresh grape wine
(−0.57). The Cournot (uncompensated) own-price elasticities measure the percentage change in
quantity demanded when own-price changes by 1%, keeping nominal total imported wine expen-
diture constant. Cournot price elasticities equal Slutsky price elasticities plus the (negative)

Table 1. Elasticities of demand and marginal shares for three imported wine groups, differential AIDS model, January
1990–October 2019

Expenditure Elasticities Marginal Shares

Slutsky Price Elasticities

White Wine Red Wine Other Wine

White Wine 0.74***a 0.22*** −0.11** −0.11** 0.22***

(0.03) (0.01) (0.05) (0.05) (0.02)

Red Wine 0.85*** 0.36*** −0.08** −0.16*** 0.24***

(0.03) (0.01) (0.03) (0.04) (0.02)

Other Wine 1.48*** 0.42*** 0.22*** 0.34*** −0.57***

(0.05) (0.02) (0.02) (0.02) (0.03)

Cournot Price Elasticities

White Wine Red Wine Other Wine

White Wine −0.33*** −0.42*** 0.01

(0.05) (0.05) (0.02)

Red Wine −0.33*** −0.52*** −0.01

(0.04) (0.04) (0.02)

Other Wine −0.21*** −0.27*** −0.99***

(0.02) (0.02) (0.03)

a*,**, and*** indicate significance level of 10%, 5%, and 1%, respectively. Standard errors are in parentheses. Own price elasticities are
denoted in bold characters.

4In the US supply chain, US wine importers/distributors stand between the exporting countries and the retailers selling
imported wine to US consumers. As such, calculated elasticities implicitly reflect demand for imported wine by US consumers.
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income effect of a price change on quantity demanded. As such, Cournot own-price elasticities
follow the same pattern as Slutsky own-price elasticities but are pairwise more negative (−0.33 for
white wine, −0.52 for red wine, and −0.99 for other imported wine).

The Slutsky cross-price elasticities in Table 1 measure the percentage change in the quantity
demanded of a product group i when the price of product group j increases by 1%, holding the real
total expenditures on all imported wine constant. All six Slutsky cross-price elasticity pairs are
significant. Imported red wine and imported white wine product groups are indicated to be com-
plements, while the imported other wine group is a substitute for both the imported red and
imported white wine groups. Four of the six Cournot cross-price elasticity pairs are statistically
significant. Note that the Cournot cross-price elasticities are smaller than the corresponding
Slutsky ones. In the case of imported white–imported other wines, the income effect of the
cross-price change is larger in absolute value than the pure substitution effect, turning the positive
Slutsky cross-price elasticities to become negative Cournot cross-price elasticities.

The demand elasticity estimates for red wine and white wine imports by exporting countries
may be estimated in two ways. The first, conditional on total import expenditures for the particu-
lar wine type, are functions of the conditional demand equation parameters from equation (7); we
henceforth call these conditional elasticities.5 The second, conditional on total expenditure for all
three imported wine groups (imported red, white, and other wines), are functions of parameters of
both equations (7) and (6); henceforth, we refer to these elasticities as unconditional elasticities
because they are determined by a broader measure of total expenditure than the conditional ones.6

These unconditional demand elasticity estimates for red wine and white wine imports by export-
ing countries are reported in Tables 2 and 3, respectively. Table 2 provides expenditure and
Slutsky (compensated) price elasticities for imported red wines by source in the top panel, and
those for the imported white wine by source in the bottom panel, given total expenditures on
all imported wine. Demand for imported red and white wines from all source countries is expen-
diture inelastic, and all Slutsky own-price elasticities for imported red wines are statistically sig-
nificant and negative (Table 2). With an estimated own-price elasticity of −0.05, the quantity
demanded of red wine from France responds the least to changes in its own price, holding real
expenditures on imported wine constant. This finding is consistent with that reported by Seale,
Marchant, and Basso (2003).

The off-diagonal elements of the Slutsky price elasticity matrix in Table 2 (top panel) are the
cross-price elasticities between pairs of imported red wines by countries of origin, and they indi-
cate degrees of substitutability (or, complementarity) between red wine pairs imported from these
countries. A positive Slutsky cross-price elasticity indicates that wines i and j are substitutes. As
such, the quantity demanded of wine i increases when the price of wine j increases. A negative sign
indicates that wines i and j are complements. Of the 30 Slutsky cross-price elasticities for imported
red wines, 20 are statistically significant. A compensated percentage increase in prices of red wines
from France, Italy, and Chile will increase the (compensated) quantity demanded of Australian
red wine by 0.16%, 0.20%, and 0.09%, respectively; Australian red wine is a substitute for French,
Italian, and Chilean red wines. Similarly, Spanish red wine is a substitute for Italian and Chilean
red wines, and Chilean red wine is a substitute for Australian, Spanish, and ROW red wines.
Italian red wine is a substitute for wines from Spain, Australia, and the ROW, but not for
French wine. French wine is only substitutable with Australian red wine, and it complements
red wine from Italy, Chile, and the ROW.

5Conditional Slutsky and Cournot price elasticities of demand for imported red wine and white wine by source countries
can be obtained using parameter estimates given in Appendix A, Table A5 and formulae in Appendix B, Table B1. These
conditional elasticities are available from the authors upon request.

6Technically, an unconditional elasticity is a function of total expenditure for all goods, domestic and imported. As such, in
a multistage budgeting process, the demand for domestic (imported) goods would be “conditional” on total expenditure for
domestic (imported) goods.
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The bottom panel of Table 2 provides expenditure and Slutsky (compensated) price elasticities
for imported white wines by source countries. Demand for imported white wine from all source
countries (France, Italy, Chile, Spain, Australia, and ROW) is expenditure inelastic, given a per-
centage increase in total imported wine expenditures. All Slutsky own-price elasticities for
imported white wines are negative and statistically significant at the 10% level or better.

Table 2. Expenditure and Slutsky price elasticities of red and white wine demand by source country, LBS model, January
1990–October 2019

Expenditure Elasticitya

Red Wine Demand by Source Country

Slutsky Price Elasticities

France Italy Chile Spain Australia ROW

France 0.60***b −0.05* −0.05** −0.02* 0.00 0.06** −0.02*

(0.05) (0.03) (0.03) (0.01) (0.01) (0.03) (0.01)

Italy 0.56*** −0.06* −0.22*** 0.03 0.04*** 0.09** 0.04**

(0.04) (0.03) (0.03) (0.03) (0.02) (0.04) (0.02)

Chile 0.60*** −0.10* 0.12 −0.52*** 0.09* 0.15* 0.18***

(0.06) (0.06) (0.11) (0.12) (0.05) (0.09) (0.06)

Spain 0.62*** 0.02 0.20** 0.11* −0.40*** −0.07 0.06

(0.04) (0.05) (0.08) (0.07) (0.08) (0.08) (0.05)

Australia 0.96*** 0.16** 0.20** 0.09* −0.03 −0.60*** 0.05

(0.08) (0.07) (0.08) (0.05) (0.03) (0.10) (0.04)

ROWc 1.70*** −0.08* 0.14** 0.14*** 0.04 0.07 −0.56***

(0.14) (0.05) (0.06) (0.05) (0.03) (0.06) (0.07)

Expenditure Elasticity

White Wine Demand by Source Country

Slutsky Price Elasticities

France Italy Australia New Zealand Germany ROW

France 0.33*** −0.22** −0.03 0.10* 0.04 0.13*** −0.06

(0.07) (0.09) (0.08) (0.05) (0.04) (0.03) (0.05)

Italy 0.72*** −0.02 −0.12* 0.00 0.02 −0.03 0.04

(0.05) (0.05) (0.06) (0.04) (0.03) (0.03) (0.03)

Australia 0.98*** 0.17* 0.01 −0.52*** −0.01 −0.08 0.28***

(0.11) (0.10) (0.13) (0.14) (0.06) (0.06) (0.08)

New Zealand 0.46*** 0.11 0.10 −0.01 −0.31*** −0.05 0.10

(0.10) (0.11) (0.11) (0.08) (0.11) (0.06) (0.09)

Germany 0.52*** 0.37*** −0.15 −0.13 −0.06 −0.24** 0.14

(0.08) (0.09) (0.16) (0.09) (0.07) (0.12) (0.10)

ROW 1.73*** −0.12 0.12 0.32*** 0.08 0.09 −0.74***

(0.17) (0.10) (0.12) (0.09) (0.07) (0.07) (0.14)

aAll elasticities are “unconditional”, such that they are calculated based on total expenditures on all imported wine. Own price elasticities are
denoted in bold characters.
b*, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parentheses.
cROW stands for Rest of the World.
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Conditional on (compensated) total expenditures on all imported wine, demand for imported
white wines is price inelastic regardless of the country of origin. Italian white wine demand is
the least price elastic, with an own-price elasticity of −0.12. Examining the off-diagonal elements
of Slutsky price elasticity matrix in the bottom panel of Table 2 shows that fewer cross-price elas-
ticities are statistically significant for white wine pairs than they are for red wine pairs. An

Table 3. Cournot price elasticities of red and white wine demand by source country, LBS model, January 1990–October
2019

Red Wine Demand by Country of Origin

Cournot Price Elasticitiesa

France Italy Chile Spain Australia ROW

France −0.11***b −0.11*** −0.04*** −0.01 0.04 −0.04***

(0.03) (0.03) (0.01) (0.01) (0.03) (0.01)

Italy −0.11*** −0.27*** 0.02 0.03* 0.06* 0.03

(0.03) (0.05) (0.03) (0.02) (0.04) (0.02)

Chile −0.16*** 0.06 −0.53*** 0.07 0.14*** 0.16**

(0.06) (0.10) (0.12) (0.05) (0.09) (0.04)

Spain −0.04 0.14* 0.09 −0.41*** −0.09 0.04

(0.05) (0.08) (0.07) (0.08) (0.08) (0.05)

Australia 0.06 0.11 0.07*** −0.05 −0.64*** 0.02

(0.07) (0.08) (0.05) (0.04) (0.10) (0.04)

ROWc −0.25*** −0.01 0.11** 0.01 0.00 −0.83***

(0.05) (0.06) (0.05) (0.03) (0.06) (0.07)

White Wine Demand by Country of Origin

Cournot Price Elasticities

France Italy Australia New Zealand Germany ROW

France −0.24*** −0.07 0.08 0.03 0.12*** −0.07

(0.09) (0.08) (0.05) (0.04) (0.03) (0.05)

Italy −0.06 −0.20*** −0.02 0.00 −0.05 0.01

(0.05) (0.06) (0.04) (0.03) (0.03) (0.04)

Australia 0.11 −0.07 −0.55*** −0.04 −0.10* 0.27***

(0.10) (0.13) (0.14) (0.06) (0.06) (0.08)

New Zealand 0.08 0.05 −0.03 −0.32*** −0.07 0.08

(0.11) (0.11) (0.08) (0.11) (0.06) (0.09)

Germany 0.34*** −0.21 −0.15 −0.08 −0.25*** 0.12

(0.09) (0.16) (0.09) (0.07) (0.12) (0.10)

ROW −0.23*** −0.07 0.25*** 0.03 0.05 −0.96***

(0.10) (0.12) (0.09) (0.07) (0.07) (0.14)

aAll elasticities are “unconditional”, such that they are calculated based on total expenditures on all imported wine. Own price elasticities are
denoted in bold characters.
b*,**, and*** indicate significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parentheses.
cROW stands for Rest of the World.
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interesting finding is that white wines from Italy and New Zealand cannot be substituted with any
other imported white wine, holding (compensated) expenditures on total wine imports constant.
A one percent increase in the (compensated) price of imported French white wine increases quan-
tities demanded of German and Australian white wines by 0.37% and 0.17%, respectively.
Conversely, a proportional increase in the price of Australian white wine leads to higher consump-
tion of white wines from France and the ROW. French white wine is the only statistically signifi-
cant substitute for German white wine.

Because Cournot cross-price elasticities are equal to the corresponding Slutsky elasticities plus
a negative income effect of price changes, they do not indicate whether a good is a complement or
a substitute. However, Cournot elasticities better reflect the overall market response to a price
change than Slutsky cross-price elasticities. For instance, a Cournot cross-price elasticity may
be negative, while the corresponding Slutsky cross-price elasticity is positive, if the income effect
of a price change is larger in absolute value than the substitution effect of the same price change.
The Cournot cross-price elasticities of imported red and white wine demand are presented in the
top and bottom panels of Table 3, respectively. Cournot own-price elasticities for all red and white
wines are statistically significant and continue to be less than one in absolute values. An interesting
finding from a comparison between Cournot and Slutsky cross-price elasticities is that Australian
red wine consumption becomes nonresponsive to price changes in French and Italian red wines
after taking into account the income effects of these price changes (Table 3).

5. Simulated Welfare Effects of the October 2019 Tariffs
Simulations are used to evaluate the effects of the 25% US tariff increases imposed on red and
white wines imported from some EU countries (i.e., France, Germany, Spain, and the United
Kingdom) under the Section 301 enforcement of the US WTO rights in Large Civil Aircraft
Dispute (84, Fed. Reg. October 9, 2019, 54245–54264). For both red and white wine imports,
we only consider the scenario where the 25% tariff is fully passed onto the prices of tariff-imposed
wines imported into the US. In particular, we assume that US domestic prices of French, Spanish,
and German wines increase by 25% with the full pass-through of the 25% tariffs onto US import-
ers. We also assume that US domestic prices of wines from non-taxed countries remain
unchanged, implying a perfectly elastic supply curve for these countries. The assumption of a per-
fectly elastic import supply curve allows us to compute welfare implications while avoiding endo-
geneity. The simulation methods of Asci et al. (2016) and Zhang et al. (2020) are extended to
measure tariff effects on quantities, expenditures by US importers (or, US consumers), receipts
by exporting countries, and tariff revenues, as well as welfare measures of consumer surplus
and deadweight loss. Note that producer surplus equals zero for all wines due to the assumption
of horizontal (perfectly elastic) supply curves.

A tariff is a tax that places a wedge between the import demand curve and import supply curve,
and the amount of the tariff that passes through to domestic consumers has implications for the
prices received by exporters based on the elasticity of their import supply curve. The two extreme
cases are when the import supply curve is vertical (perfectly inelastic) or horizontal (perfectly
elastic). The more elastic is the import supply curve, the larger is the domestic price increase
due to the tariff increase, and the smaller is the price reduction received by the suppliers of
imported wines. In our simulation scenario, the full amount of the tariff is passed through to raise
US prices of tariff-imposed European wines (i.e., French, Spanish, and German wines) by 25%.
This is due to the perfectly elastic (horizontal) import supply curves for taxed EU wines resulting
in no reductions in the prices received by suppliers of imported wines from the taxed EU coun-
tries. For imported wines not subject to the October 2019 tariffs, we assume 0% increases in their
domestic prices, with perfectly elastic import supply curves. However, the demand curve for non-
tariff wines may shift due to Cournot cross-price effects between wines sourced from taxed and
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non-taxed countries. As a result, the 25% tariff imposed on specific EU wines will have varying
price and quantity effects on both taxed and non-taxed countries exporting wine to the US.

The baseline figures for quantities and expenditures are annual averages based on the last 12
months of data prior to imposing the additional tariff (i.e., November 2018–October 2019) and are
reported in columns (3) and (4), respectively, for imported red and white wines in Table 4. Percent
changes in quantities are calculated for each scenario by multiplying the appropriate Cournot
elasticities from Table 3 times a 25% increase in imported French and Spanish red wine prices
and a 25% increase in imported French and German white wine prices. Essentially, we calculate
the effects of price changes of taxed wines on quantities demanded for both taxed and non-taxed
wines for each of the six sources for imported red and the six sources for imported white wines.
Based on the simulated quantity changes and a 25% (0%) increase in taxed (non-taxed) wine pri-
ces, we calculate the post-tariff expenditures and changes in expenditures on imported wines,
post-tariff quantities of imported wines, tariffs collected, post-tariff receipts, and changes in
receipts by source countries. The simulated cumulative effects of the US imposed 25% tariff
increase on EU wines are reported in the top part of Table 4 for imported red wines and in
the bottom part of Table 4 for imported white wines, with the effects being measured for one
year forward.

5.1. Cumulative Effects: Imported Red Wine

Based on a 25% increase in imported red wine prices from France and Spain and no price changes
in other imported red wines in conjunction with a perfectly elastic supply curve for all supplying
sources, total imported red wine quantity decreases by 3.7% or by 3.1 million gallons, with
country-specific losses ranging from a 10.4% decrease in the imported quantity of Spanish red
wine to a 0% change in the imported quantity for Australian red wine. Post-tariff total expenditure
on imported red wine increases by 6.0% or by 124.2 million USD. Expenditures on French and
Spanish red wines increase by 21.5% and 12.0%, respectively, while expenditures on non-taxed
wines decrease for Italian red wine (2.1%), Chilean red wine (4.1%), and ROW red wine
(6.2%), with no change in expenditure for Australian red wine. However, tariff revenues collected
on French and Spanish red wines total 198.8 million USD; 164 million USD are collected on
French red wine and 34.8 million USD on Spanish red wine. In addition, all suppliers of imported
red wine lose revenue due to the differential tariff, except for Australian red wine. The total loss to
suppliers of imported red wine to the US market is 74.6 million USD, ranging from a loss of 21.7
million USD for ROW red wine suppliers to a loss of 4.2 million USD for Chilean red wines.

5.2. Cumulative Effects: Imported White Wine

Based on a 25% increase in prices of imported white wine from France and Germany and no price
changes for other country white wines in conjunction with a perfectly elastic supply curve for all
supplying sources, total imported white wine quantity decreases by 1.3%, or by 1.1 million gallons,
with country-specific losses ranging from a 5.9% decrease in the imported quantity of German
white wine to a 0% change in the imported quantities of Italian and New Zealand white wines.
Post-tariff total expenditure on imported white wine increases by 4.4% or by 75.0 million USD.
Expenditures on French and German white wines increase by 21.1% and 27.7%, respectively, while
expenditures on non-taxed wines decrease for Australian white wine (2.4%) and ROW white wine
(5.9%), with no change in expenditures for Italian and New Zealand white wines. However, tariff
revenues collected on French and German white wines total 96.8 million USD; 78.0 million USD
are collected on French white wine and 18.8 million USD on German white wine. Unlike in the
case of imported red wine suppliers, not all suppliers of imported white wine lose revenue after the
tariff increase; suppliers of German white wine gain 1.6 million USD after the imposition of the
differential tariff increases. In total, suppliers of imported white wine lose 21.8 million USD, with
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Table 4. Simulated cumulative effects of 25% tariff on US imported European red and white wines

Baseline
Quantities
(thous. Gal.)

Baseline
Expenditures
($US thous.)

Baseline
Prices
($/Gal.)

Post-Tariff
Price
($/Gal.)

Post-Tariff
Change in
Quantities
(thous. Gal.)

Post-Tariff
Change in
Quantities

(%)

Post-Tariff
Expenditures
on Imported
Wine ($US
thous.)

Post-Tariff
Change in
Imported
Wine

Expenditures
($US thous.)

Post-Tariff
Change in
Imported
Wine

Expenditures
(%)

Tariff
Revenues
Collected
($US
thous.)

Exporting
Country

Post-Tariff
Receipts
($US
thous.)

Post-tariff
Change in
Exporting
Country
Receipts
($US
thou.)

Source
Country US Imported Red Wines

Scenario: 25% price increase in French and Spanish wines; 0% price increase in other wines; Perfectly Elastic Supply Curve for Non-Tariff Red Wines

France 14,139 679,004 48.02 60.03 −399 −2.8 824,823 145,819 21.5 164,965 659,858 −19,146

Italy 26,904 645,545 23.99 23.99 −574 −2.1 631,782 −13,763 −2.1 0 631,782 −13,763

Chile 8,396 103,890 12.37 12.37 −343 −4.1 99,652 −4,238 −4.1 0 99,652 −4,238

Spain 7,207 130,597 20.97 26.21 −747 −10.4 169,330 18,208 12.0 33,866 135,464 −15,658

Australia 10,758 151,121 12.14 12.14 0 0 130,597 0 0 0 130,597 0

ROW 17,063 345,678 20.26 20.26 −1,073 −6.3 323,933 −21,745 −6.3 0 323,933 −21,745

Total 84,466 2,055,835 −3,135 −3.7 2,180,115 124,280 6.0 198,830 1,981,285 −74,551

US Imported White Wines

Scenario: 25% price increase in French and German wines; 0% price increase in other wines; Perfectly Elastic Supply Curve for Non-Tariff Red Wines

France 8,979 321,773 35.84 44.80 −277 −3.1 389,798 68,025 21.1 77,960 311,838 −9,935

Italy 33,669 660,236 19.61 19.61 0 0 660,236 0 0 0 660,236 0

Australia 9,643 115,212 11.95 11.95 −232 −2.4 112,444 −2,768 −2.4 0 112,444 −2,768

New Zealand 13,096 367,753 28.08 28.08 0 0 367,753 0 0 0 367,753 0

Germany 3,868 73,814 19.08 23.86 83 2.2 94,258 20,445 27.7 18,852 75,407 1,593

ROW 11,080 182,270 16.45 16.45 −648 −5.9 171,606 −10,665 −5.9 0 171,606 −10,665

Total 80,335 1,721,059 −1,074 −1.3 1,796,095 75,036 4.4 96,811 1,699,284 −21,775

Journal
of

A
gricultural

and
A
pplied

Econom
ics

313

https://doi.org/10.1017/aae.2021.10 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/aae.2021.10


losses of 9.9 million USD endured by French white wine suppliers, 10.7 million USD by ROW
white wine suppliers, and 2.8 million USD by Australian white wine suppliers.

5.3. Simulated Changes in Welfare

Welfare measures of consumer surplus and dead weight losses are calculated for the year following
the US imposition of the 25% tariff increases on selected EU countries, utilizing the Cournot price
elasticities from Table 3 that are calculated from the formulae presented in Appendix B, Table B1.7

These welfare measures are reported in Table 5. Consumer surplus losses for imported red wines
range from 4.2 million USD for imported Chilean red wine to 167.4 million USD for imported
French red wine, with a total consumer surplus loss of 242.9 million USD; there is no consumer
surplus loss for Australian red wine importers. Consumer surplus losses for imported white wines
range from 10.7 million USD for ROW white wine to 79.2 million USD for French white wine,
with a total consumer loss of 111.3 million USD; there are no consumer surplus losses associated
with Italy and New Zealand white wines. In percentage terms, the changes for taxed wines are
substantial with consumer surplus losses for French and Spanish red wines at 24.6% and
27.4%, respectively, and those for French and German white wines at 24.6% and 25.3%, respec-
tively. As often is the case, dead weight losses as measured are small.

6. Conclusions
This paper develops a consumer demand framework to estimate changes in import demand due to
25% tariff increases imposed on select EU wine exporters in October 2019 and to measure the
welfare effects of these changes by source country. Simulated welfare measures capture tariff
effects on both taxed and non-taxed countries due to non-zero cross-price effects for taxed
and non-taxed wine imports.

Simulated revenue and welfare effects of the tariff on select EU countries reflect the highly
differentiated nature of the discriminatory tariff increases. For the taxed wines from the selected
EU countries, post-tariff changes in revenue are negative for suppliers of French and Spanish red
wines and for suppliers of French white wines, but are positive for German white wine suppliers.
In addition, revenue losses associated with ROW red and white wines are larger than those of the
taxed wines. These results are, in part, due to prices of taxed wines affecting quantities demanded
of non-taxed wines through non-zero Cournot cross-price elasticities. It is also due to the simula-
tion assumption of the infinitely elastic supply curve for imported wines. As such, the calculated
revenue losses are likely to be a lower end estimate of the effect on post-tariff revenues.
Simulations that take into account inelastic supply curves that would allow prices of non-taxed
wines to increase in response to price increases of taxed wines may find larger revenue losses for
both taxed and non-taxed wine suppliers.

What is clear is that the full pass-through of the 25% tariff increases to prices of taxed wine
imports in the domestic market harms US consumers, with consumer losses for the taxed wines at
about 25% compared to the consumer surplus prior to the imposition of the discriminatory tariff.
While consumer surplus losses are smaller for the non-taxed wines, they are still harmful to US
consumers of imported wines.

While the research is an ambitious first attempt to merge consumer (import) demand theory
with tariff theory, it is successful in several ways. On the consumer theory side, expenditure and
price elasticities that measure the joint effects of price and expenditure changes from group
demand and from demand for wine type by source country are derived and used successfully
to measure changes in revenue received by suppliers of imported wine into the US market as well
as consumer surplus and dead weight losses. Because the simulations are based on a system of

7Because all import supply curves are assumed to be perfectly elastic, producer surpluses will be zero in all cases.

314 Lisha Zhang et al.

https://doi.org/10.1017/aae.2021.10 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2021.10


Table 5. Simulated welfare effects of 25% tariffs on US imported European red and white wines

Change in Consumer Surplus ($US Thousand) Dead Weight Loss ($US Thousand) Change in Consumer Surplus (%) Dead Weight Loss (%)

US Imported Red Wines

Source Country Scenario: 25% price increase in French and Spanish wines; 0% price increase in other wines; Perfectly Elastic Supply Curve for Non-Tariff Red Wines

France −167,358 −2,393 −24.6 −0.4

Italy −13,763 0 −2.1 0

Chile −4,238 0 −4.1 0

Spain −35,823 −1,957 −27.4 −1.5

Australia 0 0 0.0 0

ROW −21,745 0 −6 0

Total −242,928 −4,350 −11.8 −0.2

US Imported White Wines

Scenario: 25% price increase in French and German wines; 0% price increase in other wines; Perfectly Elastic Supply Curve for Non-Tariff Red Wines

France −79,201 −1,242 −24.6 −0.4

Italy 0 0 0 0

Australia −2,768 0 −2.4 0

New Zealand 0 0 0 0

Germany −18,653 199 −25.3 0.3

ROW −10,665 0 −5.9 0

Total −111,287 −1,043 −6.5 −0.1
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import demand equations, it allows for the measurement of revenue and welfare effects from
cross-price changes that can shift import demand curves. As far as the authors are aware, this
is the first paper to do so. Finally, the paper applies these innovations to an interesting case of
a discriminatory tariff and examines how these tariffs affect taxed and non-taxed imports
differently.

Acknowledgments. The authors are grateful for the useful comments and suggestions made by the editor and the two anon-
ymous reviewers. Seniority of authorship is not assigned.

Author Contributions. Conceptualization, G.O., J.L.S, Jr., and L.Z; Methodology, J.L.S, Jr., L.Z., and G.O.; Formal Analysis,
J.L.S, Jr. G.O., and L.Z. Data Curation, L.Z., and J.L.S, Jr.; Writing—Original Draft, L.Z. Writing—Review and Editing, G.O.,
and J.L.S, Jr.

Conflict of Interest. Lisha Zhang, Gulcan Onel, and James L. Seale, Jr. declare none.

Data Availability Statement. The data that support the findings of this study are openly available in Global Agricultural
Trade System at https://apps.fas.usda.gov/gats/default.aspx and in Current Population Survey at https://www.census.gov/
cps/data/cpstablecreator.html

Funding Statement. This research received no specific grant from any funding agency, commercial or not-for-profit sectors.

References
Agnoli, L., R. Capitello, and D. Begalli. “Geographical Brand and Country-of-Origin Effects in the Chinese Wine Import

Market.” Journal of Brand Management 21,7–8(2014):541–58.
Andrews, D.W.K. “Tests for Parameter Instability and Structural Change with Unknown Change Point.” Econometrica

61,1(1993):821–56.
Andrikopoulos, A.A., J.A. Brox, and E. Carvalho. “The Demand for Domestic and Imported Alcoholic Beverages in Ontario,

Canada: A Dynamic Simultaneous Equation Approach.” Applied Economics 29,7(1997):945–53.
Andrikopoulos, A.A., and J. Loizides. “The Demand for Home-Produced and Imported Alcoholic Beverages in Cyprus: The

AIDS Approach.” Applied Economics 32,9(2000):1111–9.
Armington, P.S. “A Theory of Demand for Products Distinguished by Place of Production.” Staff Papers 16(1969):159–78.
Asci, S., J.L. Seale, G. Onel, and J.J. VanSickle. “US and Mexican Tomatoes: Perceptions and Implications of the

Renegotiated Suspension Agreement.” Journal of Agricultural and Resource Economics 41,1(2016):138–60.
Barten, A.P. “The Systems of Consumer Demand Functions Approach: A Review.” Econometrica 45,1(1977):23–51.
Barten, A.P. “Consumer Allocation Models: Choice of Functional Form.” Empirical Economics 18(1993):129–58.
Capitello, R., L. Agnoli, and D. Begalli. “Chinese Import Demand for Wine: Evidence from Econometric Estimations.”

Journal of Wine Research 26,2(2015):115–35.
Carew, R., W.J. Florkowski, and S. He. “Demand for Domestic and Imported Table Wine in British Columbia: A Source-

Differentiated Almost Ideal Demand System Approach.” Canadian Journal of Agricultural Economics 52,2(2004):183–99.
Chang, H.S., G. Griffith, and N. Bettington. “The Demand for Wine in Australia Using a Systems Approach: Industry

Implications.” Australasian Agribusiness Review 10(2002):2–12.
Congressional Research Service (CRS). “Boeing-Airbus Subsidy Dispute: Recent Developments.” CRS In Focus, IF11364, ver,

3, August 25, 2020. Internet site: https://crsreports.congress.gov/product/pdf/IF/IF11364/3 (Accessed December 10, 2020).
Congressional Research Service (CRS). “U.S.-EU Trade Agreement Negotiations: Trade in Food and Agricultural Products.”

CRS Report, R46241, February 27, 2020. Internet site: https://crsreports.congress.gov/product/pdf/R/R46241/2 (Accessed
March 23, 2021).

Deaton, A. and J. Muellbauer. “An Almost Ideal Demand System.” American Economic Review 70,3(1980):312–26.
Federal Register. “Notice of Determination and Action Pursuant to Section 301: Enforcement of U.S. WTO Rights in Large Civil

Aircraft Dispute.” 84 FR 54245, October 9, 2019. Internet site: https://www.federalregister.gov/documents/2019/10/09/2019-
22056/notice-of-determination-and-action-pursuant-to-section-301-enforcement-of-us-wto-rights-in-large (Accessed
December 10, 2020).

Gao, X.M., E.J. Wailes, and G.L. Cramer. “A Microeconometric Model Analysis of US Consumer Demand for Alcoholic
Beverages.” Applied Economics 27(1995):59–69.

Keller, W.J. and J. Van Driel. “Differential Consumer Demand Systems.” European Economic Review 27,3(1985):375–90.
Lee, J.Y., M.G. Brown, and J.L. Seale Jr. “Model Choice in Consumer Analysis: Taiwan, 1970–89.” American Journal of

Agricultural Economics 76,3(1994):504–12.
Lee, Y., P.L. Kennedy, and B.M. Hilbun. “A Demand Analysis of the Korean Wine Market Using an Unrestricted Source

Differentiated LA/AIDS Model.” Journal of Wine Economics 4,2(2009):185–200.

316 Lisha Zhang et al.

https://doi.org/10.1017/aae.2021.10 Published online by Cambridge University Press

https://apps.fas.usda.gov/gats/default.aspx
https://www.census.gov/cps/data/cpstablecreator.html
https://www.census.gov/cps/data/cpstablecreator.html
https://crsreports.congress.gov/product/pdf/IF/IF11364/3
https://crsreports.congress.gov/product/pdf/R/R46241/2
https://www.federalregister.gov/documents/2019/10/09/2019-22056/notice-of-determination-and-action-pursuant-to-section-301-enforcement-of-us-wto-rights-in-large
https://www.federalregister.gov/documents/2019/10/09/2019-22056/notice-of-determination-and-action-pursuant-to-section-301-enforcement-of-us-wto-rights-in-large
https://doi.org/10.1017/aae.2021.10


Levi, A.E., and R.J. Folwell. “US Demand for Imported Wines.” Journal of International Food & Agribusiness Marketing
7(1995):79–91.

Matsuda, T. “Differential Demand Systems: A Further Look at Barten’s Synthesis.” Southern Economic Journal
71,3(2005):607–19.

Muhammad, A. “Wine Demand in the United Kingdom and New World Structural Change: A Source-Disaggregated
Analysis.” Agribusiness 27,1(2011):82–98.

Muhammad, A. and A.M. Countryman. “In Vino ‘No’ Veritas: Impacts of Fraud on Wine Imports in China.” Australian
Journal of Agricultural and Resource Economics 63,4(2019):742–58.

Muhammad, A., Leister, A.M., McPhail, L., and W. Chen. “The Evolution of Foreign Wine Demand in China.” Australian
Journal of Agricultural and Resource Economics 58,3(2014):392–408.

Neves, P.D. “Analysis of Consumer Demand in Portugal, 1958–1981.” Memorie de Maitrise en Sciences Economiques.
Louvain-la-Neuve, Belgium: University Catholiqque de Louvain, 1987.

Salisu, M.A. and V.N. Balasubramanyam. “Income and Price Elasticities of Demand for Alcoholic Drinks.” Applied
Economics Letters 4,4(1997):247–51.

Schmitz, T.G., and J.L. Seale Jr. “Import Demand for Disaggregated Fresh Fruits in Japan.” Journal of Agriculture and Applied
Economics 34,3(2002):585–602.

Seale Jr, J.L., M.A. Marchant, and A. Basso. “Imports versus Domestic Production: A Demand System Analysis of the US
Red Wine Market.” Review of Agricultural Economics 25,1(2003):187–202.

Seale Jr, J.L., Sparks, A.L., and B.M. Buxton. “A Rotterdam Application to International Trade in Fresh Apples: A
Differential Approach.” Journal of Agricultural and Resource Economics 17,1(1992):138–49.

Selvanathan, E.A. “Cross-Country Alcohol Consumption Comparison: An Application of the Rotterdam Demand System.”
Applied Economics 23,10(1991):1613–22.

Theil, H. “The Information Approach to Demand Analysis.” Econometrica 33(1965):67–87.
Theil, H. The System-Wide Approach to Microeconomics. Oxford: Basil Blackwell, 1980.
Tsolakis, D., P.C. Riethmuller, and G. Watts. “The Demand for Wine and Beer.” Review of Marketing and Agricultural

Economics 51,02(1983):131–53.
US Census Bureau. Current Population Survey. Washington, DC: US Census Bureau. Internet site: https://www.census.gov/

cps/data/cpstablecreator.html (Accessed December 20, 2020).
US Department of Agriculture, Foreign Agricultural Service. Global Agricultural Trade System. Washington, DC: US

Department of Agriculture, Foreign Agricultural Service. Internet site: http://apps.fas.usda.gov/gats/ExpressQuery1.aspx
(Accessed August 5, 2020).

Wine Institute. Wine Consumption in the US. Internet site: https://www.wineinstitute.org/resources/statistics/article86
(Accessed August 15, 2019).

Wine Market Council. Wine Market Council Wine Consumer Segmentation Slide Handbook, 2017. Internet site: http://
winemarketcouncil.com/wp-content/uploads/2017/10/2017_WMC_Wine_Consumer_Segmentation_Slide_Handbook2.
pdf (Accessed August 15, 2019).

Wines Vines Analytics. Total US Wine Market Tops $70 Billion. Internet site: https://www.winebusiness.com/news/?go=
getArticle&dataId=208385 (Accessed August 15, 2019).

Zhang, L., and J. Seale Jr. “Food Security and the Food Safety Modernization Act.” World Agricultural Resources and Food
Security: International Food Security. A. Schmitz, P.L. Kennedy, and T.G. Schmitz (pp. 175–89). Bingley, UK: Emerald
Publishing Limited, 2017.

Journal of Agricultural and Applied Economics 317

https://doi.org/10.1017/aae.2021.10 Published online by Cambridge University Press

https://www.census.gov/cps/data/cpstablecreator.html
https://www.census.gov/cps/data/cpstablecreator.html
http://apps.fas.usda.gov/gats/ExpressQuery1.aspx
https://www.wineinstitute.org/resources/statistics/article86
http://winemarketcouncil.com/wp-content/uploads/2017/10/2017_WMC_Wine_Consumer_Segmentation_Slide_Handbook2.pdf
http://winemarketcouncil.com/wp-content/uploads/2017/10/2017_WMC_Wine_Consumer_Segmentation_Slide_Handbook2.pdf
http://winemarketcouncil.com/wp-content/uploads/2017/10/2017_WMC_Wine_Consumer_Segmentation_Slide_Handbook2.pdf
https://www.winebusiness.com/news/?go=getArticle&dataId=208385
https://www.winebusiness.com/news/?go=getArticle&dataId=208385
https://www.winebusiness.com/news/?go=getArticle&dataId=208385
https://doi.org/10.1017/aae.2021.10


Appendix A. Additional Results

Table A1. Descriptive statistics on US consumption of imported red and white wine by source country, January
1990–October 2019

Red Wine

France Italy Chile Spain Australia ROW Total

Import value (million USD)

Mean 33.85 34.25 8.40 7.61 16.98 12.77 113.86

Median 33.29 37.12 8.98 8.30 15.57 8.91 133.17

Standard Deviation 14.62 17.37 4.25 5.00 12.96 10.74 56.65

Minimum 5.95 4.27 0.46 0.31 0.26 0.52 12.17

Maximum 73.74 66.27 17.95 19.19 59.97 34.29 205.12

Import quantity (1,000 Gallons)

Mean 1,012.12 1,809.93 716.98 381.16 1,147.54 760.37 5,828.10

Median 1,007.95 1,948.55 784.05 410.40 1,155.50 543.70 6,786.95

Standard Deviation 315.67 593.93 289.36 237.26 868.86 534.78 2,364.70

Minimum 330.30 464.20 66.00 27.30 12.00 107.40 1,172.40

Maximum 2,223.20 2,976.70 1,368.80 856.40 3,560.40 1,839.50 9,579.60

Expenditure Shares

Mean 0.34 0.30 0.07 0.06 0.13 0.09 1.00

Median 0.31 0.30 0.07 0.06 0.11 0.07 1.00

Standard Deviation 0.11 0.04 0.02 0.02 0.08 0.05 0.00

Minimum 0.16 0.22 0.03 0.02 0.01 0.03 1.00

Maximum 0.62 0.45 0.14 0.13 0.39 0.21 1.00

White Wine

France Italy Australia New Zealand Germany ROW Total

Import value (million USD)

Mean 17.85 36.66 10.87 10.57 6.75 10.31 93.00

Median 16.69 39.57 11.08 8.40 6.58 10.28 99.14

Standard Deviation 5.90 18.54 4.64 9.95 3.25 4.84 41.48

Minimum 6.23 4.82 1.38 1.92 1.35 2.12 17.00

Maximum 37.79 71.31 25.04 38.89 14.51 20.36 169.31

Import quantity (1,000 Gallons)

Mean 613.10 2,165.20 799.91 371.15 381.47 746.19 5,077.03

Median 602.00 2,280.90 857.00 302.25 363.60 726.70 5,371.30

Standard Deviation 138.28 818.20 364.58 337.88 142.47 243.24 1,717.00

Minimum 273.50 589.00 88.80 0.10 135.20 247.70 1,515.50

Maximum 1,056.60 3,687.30 1,632.50 1,344.70 760.20 1,345.50 7,688.30
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Table A1. (Continued )

White Wine

France Italy Australia New Zealand Germany ROW Total

Expenditure Shares

Mean 0.22 0.38 0.13 0.09 0.08 0.11 1.00

Median 0.19 0.38 0.12 0.08 0.07 0.11 1.00

Standard Deviation 0.08 0.05 0.05 0.07 0.02 0.02 0.00

Minimum 0.11 0.24 0.05 0.00 0.03 0.07 1.00

Maximum 0.44 0.49 0.29 0.26 0.13 0.18 1.00

Table A2. Functional form selection

Three Broad Groups of
Imported Wine

Red Wine by Country of
Origin

White Wine by Country of
Origin

Functional Forma Log-Likelihood Test Statistic Log-Likelihood Test Statistic Log-Likelihood Test Statistic

LBS 1,549.49 — 4,686.59 — 3,703.81 —

Rotterdam 1,511.93 75.13 4,579.30 214.58 3,665.00 77.63

CBS 1,543.19 12.61 4,670.18 32.81 3,694.06 19.51

Diff. AIDS 1,548.40 2.18 4,668.35 36.48 3,690.66 26.30

NBR 1,518.98 61.02 4,565.28 242.61 3,659.09 89.44

aFunctional form selection tests are conducted such that each differential demandmodel (i.e., Rotterdam, CBS, AIDS, or NBR) is tested against
the LBS model under the Null Hypothesis. Tabulated critical value is 9.21 at � � 0:01 significance level.

Table A3. Homogeneity, symmetry, and model specification tests

Three Broad Groups of
Imported Wine (Differential

AIDS)
Red Wine by Country of

Origin (LBS)
White Wine by Country of

Origin (LBS)

Null
Test

Statistics
Critical
Valuea

Test
Statistics

Critical
Value

Test
Statistics

Critical
Value

Homogeneity 5.41 9.21 17.35 15.09 10.54 15.09

Homogeneity and
Symmetry

0.08 11.35 11.84 30.58 28.10 30.58

No Autocorrelation 10.58 6.63 136.16 6.63 35.14 6.63

No Seasonality 0.98 88.38 29.44 88.38 57.72 88.38

No Trend 5.06 15.09 72.90 15.09 101.27 15.09

No Structural Change 28.70 29.10 53.73 54.61 24.30 53.25

aCritical values for homogeneity, symmetry, autocorrelation, seasonality, and trend specification tests are from a standard Chi-squared
distribution. Critical values for the structural change tests (Andrews, 1993) are simulated from 1,000 Bootstrap replications.

Journal of Agricultural and Applied Economics 319

https://doi.org/10.1017/aae.2021.10 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2021.10


Table A4. Estimated parameters of the demand system for three wine groups, differential AIDS, January 1990–October 2019

(Differential AIDS, trend not included, estimated AR (1) autocorrelation parameter is
� � �0:11)

Slutsky Price Parameters

Expenditure Parameters White Wine Red Wine Other Wine

White Wine −0.077***a −0.032*** −0.032*** 0.064***

(0.010) (0.014) (0.014) (0.005)

Red Wine −0.061*** −0.066*** 0.099***

(0.013) (0.015) (0.007)

Other Wine 0.138*** −0.163***

(0.016) (0.008)

a*,**, and*** indicate significance at the 10%, 5%, and 1% levels, respectively. Diagonal elements price the price parameter matrix are
presented in bold characters.

Table A5. Estimated parameters of red and white wine demand by country of origin

Red Wine Demand by Country of Origin (LBS model, trend included, estimated autocorrelation parame-
ter is� � �0:16)

Slutsky Price Coefficients

France Italy Chile Spain Australia ROWa
Expenditure
Coefficient

Trend
Coefficient

France −0.010 −0.011 −0.006 0.003 0.026*** −0.001 −0.083* −0.009***

(0.011) (0.008) (0.004) (0.003) (0.009) (0.005) (0.047) (0.002)

Italy −0.061*** 0.010 0.013*** 0.031*** 0.019*** −0.088** 0.000

(0.015) (0.008) (0.005) (0.011) (0.006) (0.038) (0.002)

Chile −0.038*** 0.007* 0.012* 0.015*** −0.018** 0.001

(0.009) (0.004) (0.007) (0.003) (0.009) (0.001)

Spain −0.024*** −0.003 0.005 −0.012** 0.001***

(0.005) (0.005) (0.003) (0.006) (0.000)

Australia −0.076*** 0.011* 0.033** 0.0021

(0.013) (0.005) (0.014) (0.001)

ROWa −0.047*** 0.117*** 0.006***

(0.006) (0.011) (0.001)

White Wine Demand by Country of Origin LBS model, trend included, estimated autocorrelation
parameter is � � �0:30)

Slutsky Price Coefficients

France Italy Australia
New

Zealand Germany ROW
Expenditure
Coefficient

Trend
Coefficient

France −0.048*** −0.003 0.023* 0.010 0.028*** −0.011 −0.068* −0.005***

(0.020) (0.017) (0.012) (0.010) (0.007) (0.011) (0.037) (0.001)

Italy −0.031 0.008 0.011 −0.009 0.024* 0.083 −0.002

(0.024) (0.016) (0.010) (0.012) (0.013) (0.052) (0.002)

(Continued)
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Appendix B. Computation of Elasticities

Table A5. (Continued )

White Wine Demand by Country of Origin LBS model, trend included, estimated autocorrelation
parameter is � � �0:30)

Slutsky Price Coefficients

France Italy Australia
New

Zealand Germany ROW
Expenditure
Coefficient

Trend
Coefficient

Australia −0.063*** 0.000 −0.009 0.040*** 0.072*** −0.002*

(0.018) (0.007) (0.007) (0.010) (0.024) (0.001)

New
Zealand

−0.027*** −0.005 0.010 −0.011 0.009***

(0.010) (0.005) (0.008) (0.010) (0.001)

Germany −0.018* 0.012 −0.004 −0.002***

(0.009) (0.008) (0.012) (0.001)

ROW −0.075*** 0.178*** 0.002***

(0.016) (0.016) (0.001)

aROW stands for Rest of the World.
b*,**, and*** indicate significance at the 10%, 5%, and 1% levels, respectively. Diagonal elements of price elasticity and coefficient matrices
are presented in bold characters for convenience.

Table B1. Marginal share, Slutsky price term, and elasticity formulas for the selected functional forms

Differential AIDS (First-stage model, three
broad wine groups)

LBS (Second-stage models, red and white wines by
source country)

Conditional Unconditional

Marginal Shares Wg2Sg � Bg2Sg �1w	
i2g � d	i2g �	i2gΘg2Sg

Slutsky Price
Terms

Γgh2Sg �Wg2Sg �ij �Wh2Sg
� �

e	ij2g � �2w	
i2g �ij � w	

j2g
� �

�	
ij2g � �	i2g�

	
j2g

�gg2Sg
Wg2Sg

Expenditure
Elasticities

1� Bg2Sg
Wg2Sg

�1w	
i2g�d	i2g

� �
w	
i2g

�	i2gΘg2Sg
w	
i2gWg2Sg

Slutsky
Elasticities

Γgh2Sg
Wg2Sg

� �ij �Wh2Sg
e	ij2g
w	
i2g
� �2 �ij � w	

j2g
� �

�	ij2g
w	
i2g
� w	

j2g
�	i2g
w	
i2g

�	j2g
w	
j2g

�gg2Sg
Wg2Sg

Cournot
Elasticities

Γgh2Sg
Wg2Sg

� �ij � Bg2Sg
Wh2Sg
Wg2Sg

e	ij2g
w	
i2g
� �2 �ij � w	

j2g
� �

� �1w	
i2g�d	i2g

� �
w	
j2g

w	
i2g

�	ij2g
w	
i2g
� w	

j2g
�	i2g
w	
i2g

�	j2g
w	
j2g

�gg2Sg
Wg2Sg

� �	i2gw
	
j2g

w	
i2g

Θg2Sg
Wg2Sg

Wg2Sg

Notes: Where �	i2g � �1w	
i2g � d	i2g

� �
, Θg2Sg � �1Wg2Sg � Bg2Sg

� �
, and �	

ij2g� e	ij2g � �2w	
i2g �ij � w	

j2g
� �

in the last column. Unconditional

elasticities are computed in relation to first-stage values and total imported wine expenditures.
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