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French Wine Exports to China: Evidence from Intra-French
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Abstract

While France leads the way in the Chinese import market of wine, China is France’s third
largest wine export market by value. In this article, I analyze the determinants of France’s
wine exports to China, differentiated by French wine growing regions. I estimate a simple
demand using a dataset on wine shipments of 100 different types of French bottled wines to
China between 1998 and 2015. I find a wide range of income and price effects across
French regions—a range not unlike those found by studies spanning multiple countries.
Bordeaux wines exhibit the largest Chinese income elasticity. However, other French
regions appear to catch up. Price elasticity, meanwhile, is particularly low for highly reputable
wines, but quite high for wines targeting middle-class customers and wines from regions tra-
ditionally known for white wines. (JEL Classifications: F10, F14, L66, Q17)
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1. Introduction

Wine has traditionally been a symbol of “high class” in China, but it is becoming a
regular consumption commodity for a growing middle class (Muhammad et al.,
2014). By value, China is currently the fourth largest wine importing country in the
world (fifth in terms of volume), and it is expected to become the second biggest
importer by 2020 (Wine Institute, 2017). In the Chinese market, France has a share
of approximately 40% overall (and more than 50% for bottled wine sales). China is
France’s third largest wine export market by value (after the United States and
Germany) and the number one export destination for Bordeaux wines.
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In this context, the trade relationship between France and China in the wine market
is of particular interest. The growing demand for diversity by Chinese customers in
recent years, paired with the great variety of French wines, offers a unique opportunity
to explore how different French wine regions fare in terms of export performance to
China.! Using country and time variation, recent papers have investigated how the
exports of different countries responded to the fast growth of gross domestic product
(GDP) in China as well as other changes in export determinants (Muhammad et al.,
2014; Song and Liu, 2017). In this article, I focus on within-country regional competi-
tion of various French wine regions and their exports to China.

I exploit a dataset on wine shipments of 100 different types of French wines to China
between 1998 and 2015. This study treats the wine regions of France as independent
exporters in a trade model depending on standard factors such as income (measured
by GDP), price (proxied by unit values), exchange rate, and tariffs. This corresponds
to a simple demand model that can be estimated using time variation, and that
allows retrieving heterogeneous income and price effects across French regions. The
approach is similar to the demand analysis based on country and time variation
(Muhammad et al., 2014; Song and Liu, 2017); prices vary over time and country/
region while income, proxied by Chinese GDP, varies only over time.?

My results first suggest that controlling for time trends is enough to make key var-
iables like log GDP stationary, which is also cointegrated with the log of exported
volumes. Overall income and price effects are consistent with the literature based
on cross-country variation. Focusing on regional heterogeneity in income and
price effects, I suggest that Bordeaux wines remain China’s favorite over the
period, while regions such as Languedoc and the Rhone Valley are gaining recogni-
tion along with a similarly high marginal willingness to pay. Price elasticity is partic-
ularly low for highly-reputed wines (Bordeaux and Bourgogne), but it is higher for
wines targeted at middle-class customers and from regions traditionally known for
white wine. This is consistent with the fact that China mainly consumes red wine.
Estimations on a sub-period provide a good out-of-sample fit. A simple forecast
model for the years 2019-2022 allows quantifying the impact of reasonable GDP
growth prospects for China on its imports of different types of French wines.

This article is structured as follows. Section II presents literature on the determi-
nants of global wine trade and on Chinese wine imports. Section III describes the

"Much of the literature has focused on explaining wine trade determinants between countries and, in par-
ticular, how key factors like GDP, real exchange rates, and tariffs affect global wine exports to China. See
Song and Liu (2017) for a modern survey.

2 Unlike the studies based on international variation, I must address the limit of identification of additional
factors that are common to all French regions (such as exchange rates or tariffs). I discuss the theoretical
assumption that supports my demand analysis (namely, the separability between the consumption of
French wines and wines from other countries in the Chinese consumer’s utility function) as a first-order
approximation of a more complete model (one that would include wine export data from different sub-
regions of the world).
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data and the empirical approach. Results are discussed in Section IV, while Section V
presents the conclusion.

II. Related Literature

Wine has long been a part of gift-giving traditions, as well as an indication of social
status in China (Liu and McCarthy, 2016). The rise in wine imports and consump-
tion over recent years may be due partly to China’s sustained economic growth and
improvements in income. However, it can also be attributed to cultural changes, such
as an evolving taste for wine and an increasing demand for variety (Liu and
McCarthy, 2016). Wine has become a more regular consumption commodity for a
growing segment of Chinese customers who are interested in wine and wine
culture (Muhammad et al., 2014). The upper middle class, specifically the well-
educated younger generation, plays an important role in the rising share of fine wine
in the Chinese alcohol consumption market; the very expansion of the middle class
has driven the demand for wines in the entry level and commercial wine price
segments (Capitello, Agnoli, and Begalli, 2015). Drinking wine—particularly
imported wine—does remain a symbol of social status (Li et al., 2011; Xu et al.,
2014), in reach of a growing number of people. This evolution of wine consumption
and culture implicates a necessary change in the Chinese demand for international
wines and the way different wine regions fare in this respect.

French regions offer wines of very different types, different terroirs, quality, aging
capacity, etc. With growing middle and upper middle classes and a diversification in
tastes, it is unclear how China’s demand for different type of French wines has
evolved and responded to traditional economic determinants like income and
price. The literature tends to focus on how the Chinese demand for foreign wine
varies across the countries of importation. Muhammad et al. (2014) estimate a
Rotterdam demand system to elicit the determinants of Chinese imports of interna-
tional wine using wine flows from France, Spain, Italy, Australia, Chile, and the
United States. They show that Chinese consumers hold French wine in high
regard; demand for French wine has consistently increased over the last decade,
more than any other exporting source country, and the expenditure elasticity for
French wine rose while the market was expanding. Song and Liu (2017) estimate
a demand system with a log specification, as I do later in this article, using variation
from 2001 to 2016 in wine imports from France, Spain, Italy, Australia, Chile,
Germany, and the United States. They find that the income elasticity is the
highest for French wine, along with wines from Chile. I will compare the magnitude
of income and price elasticities in these studies with my findings on heterogeneous
elasticities across the French wine regions.

When analyzing regional French wine exports to China, I refer to studies focusing
on income effects in countries importing French wine (Candau, Deisting, and
Schlick, 2017), comparing willingness-to-pay for different types of wines in China
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(e.g., French versus U.S. wines; see Xu et al., 2014), and examining factors related to
heterogeneous performances across firms (e.g., Maurel, 2009; Silverman, Sengupta,
and Castaldi, 2004)—looking at a semi-aggregated level (appellations or regions
rather than firms). Preference-related determinants may pertain to the type of
grape, but more likely, to the dominant color of the wines of different regions.
Arguably, red wine is more popular than white in China, but the demand for
white wine is rising. I will, therefore, detail estimation results by color.

Finally, I control for other factors, such as the ongoing anti-corruption campaign
of 2012 (Seidemann, Atwal, and Heine, 2016) and standard economic factors—
including the growth slowdown during the Great Recession, the depreciation of
the yuan, and trade agreements—that generate fluctuations in China’s wine
imports. The empirical model not only accounts for income and price effects but
also for the exchange rate, tariffs, Chinese policies, and business cycles. In this
respect, this article contributes to a more general literature on global wine trade
and its determinants like trade costs and frictions, real exchange rates (RER), and
quality. Anderson and Wittwer (2001, 2013) use a computable general equilibrium
model to assess the impact of changes in world demand and RER on wine
exports, showing specifically that RER have gone in favor of the United States
and the European Union against New World wine-exporting countries between
2007 and 2011 (especially Australia). They also emphasize the increasingly promi-
nent role of China in global wine markets. Several other studies highlight the signifi-
cant impact of such factors as exchange rates (Cardebat and Figuet, 2019; Robinson,
2009), quality (Chen and Juvenal, 2016; Crozet, Head, and Mayer, 2012), China’s
austerity policies (Anderson, 2015), trade barriers (Dal Bianco et al., 2015),
border effects (Kashiha, Depken, and Thill, 2016), information and communication
technologies (Fleming, Mueller, and Thiemann, 2009), and prices and preferences
(Bouét, Emlinger, and Lamani, 2017; Castillo, Villanueva, and Garcia-Cortijo,
2016) on global wine trade. Fogarty (2010) provides a rich survey on the evolution
of the demand for wine and other alcoholic beverages.

III. Empirical Approach

A. Data Sources

I utilize a dataset recently assembled by the French Federation of Exporters of Wine
and Spirits (Fédération des Exportateurs de Vins & Spiritueux de France). It contains
information on shipments of French wine to the main trading partners, including
China, by volume and value, for the period of 1998 to 2015. The data is disaggre-
gated and contains information about French wine appellations (e.g.,
Chateauneuf-du-Pape) and regions (e.g., Rhone Valley). The dataset is composed
of trade flows for 158 different appellations representing 95% of total French wine
exports. For homogeneity purposes, I select exports of bottled wine (red, rosé, and
white wines). There are exactly 100 appellations with at least one year of nonzero
export of bottled wine to China over the 1998-2015 period. Out of 1,800 (year x
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appellation) observations, 1,244 are nonzero wine exports to China (69%); these con-
stitute my main selection. I aim to focus on price effects (along with income effects),
despite unavailable unit value information during the years when there is no export. I
will nonetheless suggest additional estimations incorporating both intensive and
extensive margins.

I combine this sample with information from the World Bank’s World Development
Indicators on GDP and RER (it is in real terms, so there is no need to include relative
CPIs from the two countries).? Since this is a unilateral trade to a single importer, I
cannot introduce fixed determinants capturing transportation costs and time-constant
trade frictions (like geographic distance, common language, etc.). I will also use the
World Bank’s economic prospect regarding future Chinese GDP4

B. Descriptive Statistics

I use log export volumes to China (in euros) both at the appellation level and at the
region level, focusing on eight main French wine regions: Alsace, Beaujolais,
Bordeaux, Bourgogne, Languedoc, Provence, Loire Valley, and Rhone Valley.
Figure 1 presents export trends, in log volumes, by region over the period. One can
see the leading position of Bordeaux wine, but also the marked progression of all
French regions on the Chinese market. The rise of Languedoc and Rhone Valley
wines in volumes is also apparent (less so in value, as can be seen in Figure Al in the
Appendix). Table Al in the Appendix reports the detailed export figures (in logarithms)
and shows that the crisis years (2008-2009) have not affected all regions equally—slow-
down is not observed in the regions, with the exception of Beaujolais, Bourgogne, and
Loire Valley (in volume). Larger, more general export declines occurred in other years,
notably 2012, a year of strong anti-corruption measures in China.

C. Demand Model

I assume that China’s utility function for foreign wine is separable independent
across the different wine-producing countries. This is a plausible assumption
because the wines made in different countries are as different as the wines made in
the different French regions. Moreover, French wines have particular reputations,
import channels, etc., which make the zero cross-price elasticity assumption credi-
ble.> Following this logic, I focus on the second stage of a two-stage budgeting
problem (Gorman, 1959) whereby the demand across different types of French
wine is made conditional on the total Chinese expenditure of French wine.

3 https:/data.worldbank.org/indicator/NY.GDPMKTPKD.ZG
“https:/datacatalog.worldbank.org/dataset/global-economic-prospects

5 Arguably, this assumption may reach its limit in rare cases where consumers would care only about the
grape, for instance, if a change in the price of Argentinian Malbec influenced the demand for Cahors wines
(made of Malbec).
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Figure 1
Trends in (Log) Export Volumes to China by French Regions
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I rely on a standard demand system, with several options for its specification. The
first one is to adapt standard forms (like Rotterdam, AIDS, and QUAIDS models) to
the present setting. Price aggregation is not necessary; since the overall Argentinian
or Spanish price indices are common to all French regions, they will only enter as
time shifters. Since I consider deal trade flows, I opt for a simple specification resem-
bling that of a gravity model (see, ¢.g., Anderson and Van Wincoop, 2003, 2004;
Head and Mayer, 2014) but simplified to the extreme: one importer and one
exporter. I then disaggregate this using appellation-level or regional-level exports,
in the spirit of trade models using firm export data (e.g., Crozet, Head, and
Mayer (2012), in the case of Champagne firms).

The most frequent approach used in the empirical literature is the log-linearized
form of the gravity equation. This model in its most disaggregated form—that is,
at the appellation level i—is written as

ln()(irt) - Y() + V]ln (Yt) + )’2 Zn (RERI) + )’3 ln (UI/lrt) + y4A/irt + er + /\t + €irt7 (1)

where X, represents the volume of French bottled wine exports to China for appel-
lation i from region r at time ¢, Y, is the GDP of China at time 7, RER;, is the bilateral
RER between the two countries, UV}, is the unit value taken as a proxy for the
unitary price of the wine of appellation i, and X, is a set of additional controls
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that will be introduced step by step in a sensitivity analysis (information about tariffs,
Chinese wine production, or specific events).°

I include a linear time trend Az to capture the unobserved trade determinants that
are common to all French regions. In such a simple model, this term absorbs all
linear variations, so that the effects of variables like GDP, exchange rate, or tariffs
will be identified in the model inasmuch as they show sufficient nonlinearity or dis-
continuity over the years under study.” Note that common but unrelated time trends
between exports and key time-varying explanatory variables would cause a spurious
regression problem; including a time trend then implicitly detrends these series and
will guarantee their stationarity, as shown later. In the sensitivity analysis, I will also
include appellation fixed effects 6; to control for time-invariant differences across
appellation (like long-term reputation or appreciation by Chinese customers) or,
alternatively, region fixed effects 6,.8

Regions are also interacted with key variables—GDP, RER, and unit values—to
provide heterogeneous effects, as characterized in the model

ln</Yirt) = Yo + Yir In (Yl) + Yor In (RERI) + )’3,» In (UVtrI) + er + M + Eirt- (2)

This model should remain parsimonious by ignoring other time-varying variables;
estimations will be conducted while making only one of the coefficients heteroge-
neous at a time—essentially y, first, for income effects, then 3, for price effects. I
did not find any heterogeneous effects of the RER and these results will not be
presented.

D. Stationarity and Cointegration Tests

Before moving to the main results, I report a few tests to examine the integration
order of the main variables in the model: log volume, log Chinese GDP, log unit
values (taking the annual average over all French wines for simplicity), and log
RER. For each of them, I run the Augmented Dickey—Fuller (ADF) test with two
lags. The null hypothesis that the variable contains unit roots is rejected for log
volumes (p-value of .07) and unit values (p-values of .05), but not for the other

®Note that income effects could be proxied by GDP per capita rather than GDP. However, with the log
form, this is equivalent to using both log GDP and log Population Size in the model, while the latter is
broadly captured by time trends—additional regressions actually show that adding log Population explic-
itly in the model only marginally changes my results.

"Note that tariffs are similar across regions in the years under study. Only unit values vary with appella-
tion and, hence, regions.

8 Note that Crozet, Head, and Mayer (2012) interpret firm heterogeneity in trade levels due to variation in
quality and productivity (i.e., the original interpretation of the seminal article by Melitz (2003), linking
firm heterogeneity and trade). In my setting, appellation fixed effects will capture part of the time-invariant
appellation heterogeneity in terms of quality. To the extent that prices reflect quality, appellations’ unit
values will also reflect some of the time change in quality (see also Johnson, 2012).
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two variables. For log GDP and log RER, the time series is not stationary. Standard
solutions are first differences (in case of stochastic trends) and detrending (in case of
deterministic trends). Both approaches show that log GDP and log RER are I(1),
that is, become stationary at standard significance levels.” The fact that both
approaches give similar results, and could alternatively be used, is reassuring.
Indeed, first differencing is not a favorite choice in this context for three reasons.
First, region fixed effects vanish in first differences, which is an issue since regional
effects are of specific interest for this article. Second, results in levels are not equiv-
alent to results in first differences—the former implies the latter, but not vice versa.
This is the motivation behind cointegration checks of long-term relationships
between time series—standard cointegration tests actually point to the existence
of such a relationship between the dependent variable (export volumes) and its
key determinants (e.g., GDP).!0 Third, it is much easier to interpret results in
levels once a time trend is included in the model, as specified in Equations (1) and
(2), which implicitly account for the detrending of all relevant time series contained
in the model.

IV. Results

I proceed with the estimations of (log) export values, at year x appellation levels, on a
different set of regressors in a stepwise approach. Results are reported in Table 1. As
explained earlier, I essentially focus on the sample, excluding zero trade flows (intensive
margin) in Models 1-5. T also include zeros in Model 6 by using a simple transformation
of the dependent variable, namely log (X + 1), to obtain marginal effects comparable to
those in the previous log-linearized models.!! All models control for time trends.

A. Main Trade Determinants: Income Effects, Price Effects, and Exchange
Rates

In the first column of Table 1, I retain only the basic variables, namely the logarithms
of the GDP, the RER, and the unit value, respectively, without any control for appel-
lation or region. The coefficient on log(GDP) suggests a large, highly significant
income elasticity of Chinese demand for French wine. The demand elasticity with

With detrending (linear trend), I reject the null of non-stationarity with p-values of .045 for log GDP but
only.11 for log RER. With first difference, I reject the null with p-values of .05 for log GDP and .029 for
log RER.

'"The Engle-Grander test rejects the null of the non-stationary linear relationship between log volume
and log GDP at the 5% level.

"'Nonetheless, it is common to address potential heteroscedasticity and the selection bias due to the omis-
sion of zero-value observations in a log-linearized model. Additional robustness checks rely on the Poisson
Pseudo Maximum Likelihood estimator proposed by Santos Silva and Tenreyro (2006). This model leads
to the very same conclusion regarding the sign and relative magnitude of the different coefficients of the
model.
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Table 1
Determinants of French Wine Exports to China (Log Volume)
(1) (2) (3) (4) (5) (6)
Log GDP China 3.693 %% 4.424%%* 4.509%** 4.745%%* 4.429%** 4.630%**
(0.622) (1.258) (1.331) (0.636) (1.086) (1.546)
Log real exch. rate 0.190 -2.394 -2.272 —1.996** —2.004 -0.411
(0.389) (1.681) (1.690) (0.806) (1.379) (2.172)
Log unit value —0.603%** —0.599%** —0.598*** —0.740%*** —0.685%**
(0.0739) (0.0739) (0.0739) (0.0693) (0.0754)
Log tariffs -1.021 -0.999 —0.858** —0.894 —0.497
(0.833) (0.840) (0.401) (0.686) (1.030)
Log Chinese production 1.098 1.257 1.674%* 1.372 2.261
(1.633) (1.782) (0.851) (1.455) (2.316)
Anti-corruption policy 0.0586 0.0458 0.0406 -0.0103
(0.248) (0.118) (0.202) (0.370)
Crisis years (2008-2009) —-0.122 —0.236%** -0.157 —0.0990
(0.184) (0.0880) (0.150) (0.267)
Alsace —1.361%** —1.453%**
(0.302) (0.477)
Bordeaux 1.817%%* 2.325%x*
(0.283) (0.458)
Bourgogne —0.454 —0.113 ~
(0.291) (0.456) 3
Beaujolais —0.311 —0.632 <3
(0.309) (0.495) S
Loire Valley —1.314%** —1.098** 3
(0.281) (0.453) ;
Rhone Valley 0.0933 0.507 g
(0.288) (0.472) <
Languedoc 0.362 0.908* 2
3
(0.292) (0.477) 3
Continued §'
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Constant 526.0%** 1,012* 1,031* 904.7%%* 936.9%* 700.6
(180.4) (528.8) (544.0) (259.5) (444.0) (641.6)
Observations 1,230 1,230 1,230 1,230 1,230 1,800
R-squared 0.355 0.357 0.357 0.867 0.575 0.369
Include zeros No No No No No Yes
Annual trend Yes Yes Yes Yes Yes Yes
Region FE No No No No Yes Yes
Appellation FE No No No Yes No No

OLS estimations on export values. Reference Region: Provence. Standard errors in parentheses. *** p <0.01, ** p<0.05, * p<0.1

vl
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respect to the exchange rate is small and not significant. The price elasticity of
demand, captured by the log unit value, is negative, as expected, and statistically
significant.

The next columns introduce additional controls. Throughout, the main variables
—Ilog GDP and log unit value—show great stability with significant effects and rel-
atively constant magnitudes. The coefficient on the yuan/euro real exchange rate is
negative in most specifications, as expected, but remains, for the most part, insignifi-
cant. Note that the absence of a strong effect is not necessarily related to the control
for a linear time trend in the model. First, it could be identified in spite of the latter,
given the nonlinear trend of the exchange rate.!2 Second, alternative unreported esti-
mations without a linear time trend still show insignificant effects of the RER; yet,
times series suffer from non-stationarity in this case, including the log RER. Note
that Song and Liu (2017) also find insignificant exchange rate elasticities in the
bottled wine market.

The results for log(GDP) point to an income elasticity of demand larger than 1 sug-
gesting that wine is a luxury good in China. It varies between 3.7 and 4.7 across spec-
ifications, which is within the range of the results of Song and Liu (2017), who find an
elasticity as high as 6 for France, and Muhammad et al. (2014), who find an elasticity
between 1 and 2. In the latter study, French wine is characterized by one of the highest
income elasticities among all wine trading partners of China over the period studied.
Income elasticities larger than 2, as in this present study or in Song and Liu, may
appear unusually large. Nonetheless, there exists evidence of large elasticities in previ-
ous studies. For instance, Labys (1976) reports income elasticities above 2 for the
United States, at a time when annual wine consumption was much lower than
today (around 3 liters per capita) and, hence, more similar to current Chinese levels
(in the order of just above a liter, cf. Figure A2).

Across the different specifications of Table 1, the unit-value elasticity is in a range
between —.74 and —.60, which is close to the elasticity of —81 reported by
Muhammad et al. (2014) using international variation in wine imports to China.
Song and Liu (2017) do not find significant price effects. The elasticity they report
for France is similar, —.56, but it only concerns bulk wine while I focus on bottled
wine. Both studies show that French wine is close to the lower bound of price elas-
ticities compared to other countries, showing that Chinese consumers are not very
sensitive to prices regarding French wine. I will refine this analysis by showing
that there is, in fact, a lot of variation across French regions in this respect.!3

12Namely, a rise of the yuan against the French franc until the introduction of the euro, then a sharp
increase up to a historic high (around 11 yuan per euro), and finally a slow decline until a historic low
(7 yuan per euro) around 2014-2015.

13 Note that using unit value may lead to a division bias if there is measurement error on export volumes,
for instance, a few mistaken high levels that show up as dependent variables and compressed prices. I have
trimmed the distribution of unit values, and results were very similar to the baseline. Thus, there is no trace
of division bias.
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B. Additional Results
(1) Additional Covariates

In Column (2) of Table 1, I include tariffs and the production level of Chinese wine.
Tariffs have a negative sign, as expected, but are not significant. The coefficient on
Chinese production may have a positive sign if it corresponds to a boom in Chinese
interest for wine during the period and a demand for variety, or a negative one if it
translates substitutability and competition between French and Chinese wines. The
overall effect is positive but usually insignificant (except in one specification). As
noted previously, the identification of a clear pattern for both tariffs and Chinese
wine production is difficult in a model where most of the variation is time-based.

In Column (3), I account for potential time discontinuities corresponding to specific
events, specifically the launch of an anti-corruption policy in China (2012) and the
Great Recession (2008-2009). The austerity and anti-corruption policy have heavily
impacted official banqueting and expensive gift-giving, subsequently affecting the con-
sumption of expensive wines and other luxuries. I expect this to have only a minor
impact on lower-quality wines, which are by far the most voluminous. Nonetheless,
this policy explains, in part, the difficulties experienced by other exporting countries
like Australia, as documented by Anderson (2015). The results show no specific
effect of the anti-corruption year (I use a dummy switching to 1 in 2012 and subse-
quent years) once all the other controls are included—which is somewhat different
from what the descriptive statistics convey (an overall decline in exports). A similar
conclusion emerges from the crisis effect; it carries a negative sign but is rarely signifi-
cant (I use a dummy switching to 1 for 2008-2009).

In Column (4), I add appellation fixed effects 6; and in Column (5), French region fixed
effects 6,. In both cases, the main conclusions regarding income and price effects are
unchanged. The R-squared increases .87 with the inclusion of appellation fixed effects,
as the panel dimension is now fully accounted for. Estimates of the main covariates are
more precisely estimated, pointing this time to a significantly negative effect of the
exchange rate, a significantly negative effect of the Great Recession, and a significantly neg-
ative effect of tariffs. Controlling only for regional fixed effects, in Model 5, does not seem
to be enough for these additional results to hold. However, this specification allows an
examination of conditional regional effects. Conditional on all the variables of the
model and, in particular, wine unit values for each appellation at each point in time, the
long-term effect of certain regions comes out significantly. Relative to the omitted category
(Provence region), a market advantage for Bordeaux is seen. There is also a negative effect
for two regions, the Loire Valley and Alsace, which primarily produce white wine. This may
be due to the long-term preference for red wines among Chinese customers.

(2) Adding the Extensive Margin

In Column (6), I estimate the model using both zero and nonzero observations, that
is, additionally including appellations for which there was no export to China in
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given years (31% of the initial sample). In this model, there is no information about
prices. For other variables, conclusions are obtained that are very similar to the pure
intensive margin case, at least regarding income elasticity and regional effects. The
role of additional variables like tariffs, Chinese production, and time events is some-
what reduced in this model.!*

(3) Heterogeneity by Color

I replicate these estimations separately for red/rosé wines and white wines; results can
be found in Tables A2 and A3 in the Appendix, respectively. Contrasted results may
again denote the fact that China has very marked preferences. Around 90% of the
wine consumed in China is red, a preference rooted in Chinese culture where red
is associated with celebrations, happiness, luck, and prosperity (e.g., Capitello
et al.,, 2017). There also appears to be a gender component to this long-term
trend; the increasing demand for white wine is primarily due to the increased wine
consumption of Chinese women (Muhammad et al., 2014).

The estimates in Table A2 are very similar to the baseline for red/rosé, both in
terms of the significance and the magnitude of the coefficients. Given the over-
whelming share of red wines in Chinese wine consumption, this is of little surprise.
The relative lack of success of Loire Valley and Alsace is apparent here. Since these
regions are mainly producers of white wines, their presence in China is not strong.
In Table A3, there appear to be slightly lower income effects, which denote a lower
preference for white wines in China. The relative disadvantage for Loire Valley and
Alsace tends to disappear when considering white wines, especially when I focus on
the intensive margin only (Model 5). The reputation of Bordeaux, however, may be
so strong in China that it guarantees an export advantage, even regarding white
wines.

C. Regional Heterogeneity

I now focus on the main determinants of demand—income and price—and their
heterogeneous effects across French regions, as specified in Equation (2). I use a
model similar to Model 5, that is, including all controls and adding region fixed
effects, while interacting dummies for all wine regions with log(GDP) first and
then with the logarithm of unit values. The results are presented in Column (1)
of Table 2.

*Note that the exact same estimates are obtained if regional fixed effects are replaced by appellation fixed
effects, with the R2 jumping from .37 to .72. The reason is that in a model with unit values, which are the
only appellation-specific covariates, appellation fixed effects average up to regional fixed effects in linear
regressions.

ssa.d Aussanun abpuquied Aq auluo paysiignd L'0z0z'@ml/2L0L'0L/B1010p//:sd1y


https://doi.org/10.1017/jwe.2020.1

Table 2
Regional Heterogeneity in the Determinants of French Wine Exports

Dep. Variable

Log Volume

Log Volume

Log Value

up3ing 121410

Log GDP Log Unit Value Log Unit Value
Interaction with:
(1) (1’) (2) (2°) (2) (2’)
Alsace 1.415%** 1.541%** —1.692%** —1.494%** —0.692%* —0.494*
(0.279) (0.281) (0.292) (0.296) (0.292) (0.296)
Bordeaux 2.487*** 2.443%%* -0.231* —0.260%** 0.769%** 0.740%**
(0.244) (0.242) (0.135) (0.132) (0.135) (0.132)
Bourgogne 1.786%** 1.728%** —0.603*** —0.508%** 0.397*** 0.492%**
(0.245) (0.246) (0.145) (0.147) (0.145) (0.147)
Beaujolais 1.201%** 1.241%** —1.647%%* —1.045%* —0.647 —0.0455
(0.290) (0.296) (0.433) (0.450) (0.433) (0.450)
Loire Valley 1.657*** 1.640%*** —0.816%** —0.692%** 0.184 0.308
(0.251) (0.250) (0.198) (0.198) (0.198) (0.198)
Rhone Valley 2.402%** 2.375%** —0.721 %% —0.704*** 0.279 0.296
(0.262) (0.260) (0.203) (0.199) (0.203) (0.199)
Languedoc 2.552%** 2.634%** —1.474%%* —1.636%** —0.474* —0.636**
(0.276) (0.276) (0.278) (0.276) (0.278) (0.276)
Provence 2.152%%* 2.143%%* —0.589 —0.697 0.411 0.303
(0.390) (0.419) (0.576) (0.636) (0.576) (0.636)
Observations 1,230 1,230 1,230 1,230 1,230 1,230
R-squared 0.603 0.613 0.592 0.613 0.592 0.613

OLS estimations on export values (zero excluded). Standard errors in parentheses. *** p <0.01, ** p <0.05, * p <0.1. All estimations include controls as in Table 1 (log real exchange rate, log Chinese production, log
tariffs, time variables) and region FE. Columns (1) and (2) from two separate regressions with regions x log GDP and regions x log Unit Value respectively. Columns (1°) and (2’) from a single regression with all

interaction terms.
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(1) Income Effects

Income effects vary in a broad interval from 1.2 for the Beaujolais region to 2.8 for
the Bordeaux region. This heterogeneity is not dissimilar to country variations in
international studies, which show that wines from the “old world,” and from
France, in particular, are favored by Chinese consumers (Muhammad et al.,
2014). Here, within-country analysis suggests that among French wines, Bordeaux
is very recognizable to Chinese consumers. However, another region appears:
Languedoc. This could reflect an increasing demand for more moderately priced
wine and/or new trends of Chinese investments in regions other than Bordeaux.!?
Rhone, Bourgogne, and Provence come close in terms of income effect, mixing
top and intermediary appellations. Column (1’) reports estimates from a model com-
bining both heterogeneous income effects and heterogeneous price effects. For the
former, it suggests that Bordeaux and Languedoc wines are leading the way. This
is true, in general, and for red wines and white wines alike, as shown in Table A4
in the Appendix, where I report separate estimations by color.

(2) Price Effects

In Table 2, Column (2) shows that price effects range from —.23 (Bordeaux) to —1.7
(Alsace), and are significant for most regions. Column (2') reports similar results in
the model, including both income and price effects by region. With the latter model,
price effects range from —.26 (Bordeaux) to —1.6 (Languedoc). For comparison, note
that the values of regional within-country variations are to the cross-country varia-
tions reported by Muhammad et al. (2014), where price elasticities range from —.67
(Australia) to —2.0 (the United States). Note that Bordeaux and Languedoc have
similar income elasticities but exhibit different price elasticities. The demand for
Bordeaux wine is relatively inelastic to price variations compared to all other
French wines, which is consistent with its success among Chinese consumers. In con-
trast, the high price elasticity of the demand for Languedoc wine points at its posi-
tion in a lower-price segment associated with middle-class Chinese customers, for
whom price matters.

These differences will become less significant, however, when focusing only on red
wines (see Table A4). Much of the heterogeneity seems to be driven by white wines.
Because white wine is not traditionally the first choice in the Chinese consumption
market, demand tends to be more responsive to price conditions. This is especially
true for white wines of Languedoc or Alsace, but also for the red wines produced
in regions usually associated with white wine (Loire Valley and Alsace).

The last two columns of Table 2 report estimates of a regression of the log values
rather than log volumes.!® Results are the same mechanically in terms of income

15See, for instance, https:/www.bkwine.com/news/chinese-invest-languedoc/.
'¢With the use of logs, both models are equivalent if log unit value is controlled for in the log values model.

ssa.d Aussanun abpuquied Aq auluo paysiignd L'0z0z'@ml/2L0L'0L/B1010p//:sd1y


https://www.bkwine.com/news/chinese-invest-languedoc/
https://www.bkwine.com/news/chinese-invest-languedoc/
https://doi.org/10.1017/jwe.2020.1

Olivier Bargain 149

effect, so the focus is on price effects. It appears that the large price responsiveness of
wines from regions like Alsace or Languedoc carries over to the price elasticity of
expenditure in value; an increase in the price of these wines tend to decrease the
export value. Other regions show more neutral effects as if their prices were set
more optimally to maximize benefits. There are two exceptions: Bordeaux and
Bourgogne. The most famous regions show little price responsiveness for volumes,
which leads to positive price elasticities for export values. A price increase applied
to large exported volumes more than compensates for the drop in volumes due to
responses to the price variation.

D. Out-of-Sample Prediction and Forecast

I now check the quality of out-of-sample predictions. The demand model is esti-
mated using observations for 1998-2009. The model contains only log(GDP)
(interacted with regions), log unit value (interacted with regions), exchange rates,
and region fixed effects. Then, I predict demand volumes for all years. Figure 2
shows both actual and predicted demand at all year and the 95% confidence
bounds of the prediction. The fit is good for both out-of-sample years (2010—
2015) and in-sample years (1998-2009). While the confidence interval of the pre-
dictions for the years 2010-2015 is arguably large, it always contains the actual
demand level.

This model lends confidence to the predicted association between Chinese demand
for French wine and the key factors income and price. Based on this model, I now
run demand predictions until 2022, holding prices and exchange rates constant.
Note, this out-of-sample regression is not a full-fledged forecast, but only a sensitiv-
ity analysis showing plausible income-driven demand variations. Exogenous GDP
prospects are obtained from the World Bank,!” suggesting a slight decline in
growth rates, from 6.9% in 2015 to just above 6% in 2022.

The results in Figure 3 show a sustained progression in Chinese demand for
all types of wine, with an average annual growth rate of 15% for 2018-2022.
The forecasting exercise of Song and Liu (2017) yields an average annual growth
rate of 20.5% for the same period (compared to 10% per year over 2012-2016).!8
Arguably, this figure is not comparable to mine as it derives from a model estimated
on cross-country variation, using more demand factors and assumptions regarding
their future trends. It does point to a similar conclusion; other things being equal,
exports of French bottled wine is likely to continue to grow at a fast pace due to
Chinese income growth. In fact, the income effect alone leads to an annual
growth rate over 2018-2022 of around 17.7% for Languedoc, 15.9% for
Bordeaux, 13.8% for Bourgogne, and 11% for the Loire Valley and Beaujolais.

17 https://datacatalog.worldbank.org/dataset/global-economic-prospects
¥See a more qualitative forecasting exercise in Bargain et al. (2018).
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Figure 2
Out-of-Sample Prediction Wine Exports
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V. Conclusion

The role of China on the global wine market is of growing importance, in particular,
because of the large demand driven by middle- and upper-income customers. It is
vital for major exporters such as France to understand how the key economic deter-
minants of demand come into play and how their effects may vary across the main
exporting regions of the country. Using detailed data on French wine exports to
China, I estimate a demand model for the period 1998-2015 and focus on the
effects of standard determinants (income and price) overall and by French
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Figure 3
Extrapolation until 2022
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regions. I find a good deal of within-country heterogeneity, not unlike the amount
found in cross-country studies. Bordeaux wines seem to remain China’s favorite
over the period, with the largest income elasticity. Other regions like Languedoc,
however, are gaining recognition with an equally high marginal willingness to pay.
The price elasticity is particularly low for famous wines (Bordeaux and
Bourgogne); it is the largest for wines targeted at middle-class customers and for
wines from regions traditionally known for white wines. Estimations on a sub-
period provide a good out-of-sample fit.

ssaud Aussaniun abpuquied Aq auluo paysiignd L'0z0z'aml/2L01°01/B10"10p//:sd1y


https://doi.org/10.1017/jwe.2020.1

152 French Wine Exports to China

Future research could complete these results as follows. First, the comparison with
cross-country differences is alluded to in this article but could be further expanded
with more data. In particular, it would be interesting to pool expert data from different
regions of the world and decompose country and regional effects. Second, one could go
further in terms of explanatory variables by using determinants that vary across regions
(in my empirical application, only prices vary by region). Third, I have focused on stan-
dard income and price effects. One could further explore both “push” and “pull” factors
that explain why certain regions export more than others. This could include export pol-
icies conducted by specific regions in France (aiming to promote local wines), joint
actions by cooperatives in some French regions (which may include production cost
sharing, e.g., mutualizing equipment, joint marketing campaigns, etc.), or specific cul-
tural links. It would also be interesting to study variation within China (by income
group, education level, urban status, region, etc.), but the data requirements are high.

It is difficult to outline the policy implications of these results—I have emphasized
the limits of the predictive work. However, the income elasticities can tentatively be
used to quantify—per region—the future of French exports in relation to the current
slowdown in Chinese growth. Projections for 2018-2022 suggest that, on the basis of
reasonable income growth prospects, the demand for French wine will continue to
rise, but not as fast as in the past and at different rates across regions (i.e., with an
annual growth rate ranging from 10% to 17%). Price elasticities could also be
used for the economic councils of different regions of France to advise local produc-
ers on price policies and how they could adjust prices relatively to other regions. I
could not detect significant cross-price elasticities across regions, but more compre-
hensive datasets, combining regional and international export information, could
attempt to identify which world wine (e.g., Argentinian Malbec) may be a substitute
for French local wines (e.g., French Malbec from Cahors) and possible implications
for the respective price policies.
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Trends in (Log) Export Values to China by French Regions
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Figure A2
Total and Per Capita Wine Consumption in China
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Source: Data of wine consumption from ASKCI (www.askci.com) and OIV (2016); data of population from National Bureau of Statistics of
China (2016).
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(Log) Export Values and Volumes to China by French Regions §:

=

Alsace Beaujolais Bordeaux Bourgogne g

- e, - - -

Year Value Volume A vol. Value Volume A vol. Value Volume A vol. Value Volume A vol. O§.

1998 1.10 3.58 4.45 8.11 7.18 10.30 4.03 7.13
1999 1.79 4.98 1.40 3.95 7.69 -0.42 6.29 9.35 -0.95 4.28 6.27 -0.85
2000 3.99 7.13 2.15 3.37 6.82 -0.87 7.00 9.91 0.56 5.26 7.90 1.62
2001 3.22 6.40 -0.73 4.30 7.56 0.74 7.27 10.22 0.31 5.50 7.79 —0.10
2002 2.71 5.81 -0.59 4.56 7.68 0.12 7.75 10.76 0.54 491 7.63 -0.17
2003 3.09 6.23 0.42 4.03 7.34 -0.34 7.93 10.93 0.17 5.38 8.45 0.82
2004 4.45 7.26 1.03 5.07 8.29 0.95 8.35 11.30 0.36 6.16 8.64 0.19
2005 4.70 7.68 0.42 5.63 8.80 0.52 8.92 11.68 0.39 6.23 8.77 0.13
2006 5.58 8.72 1.04 5.89 9.18 0.38 9.75 12.47 0.78 6.94 9.39 0.63
2007 5.25 8.22 —-0.50 6.03 9.34 0.16 10.70 13.07 0.60 7.59 9.85 0.46
2008 6.04 8.79 0.57 6.49 9.78 0.44 10.87 13.52 0.45 8.01 10.93 1.07
2009 6.29 9.27 047 6.39 9.67 -0.11 11.21 14.22 0.70 7.90 10.48 —0.44
2010 6.73 9.65 0.38 6.93 10.44 0.77 12.01 14.74 0.52 8.47 10.95 047
2011 7.19 9.99 0.34 7.46 10.72 0.28 12.72 15.39 0.65 9.15 11.41 0.46
2012 7.44 10.46 0.48 7.62 10.75 0.03 12.72 15.58 0.19 9.53 11.63 021
2013 7.31 10.19 -0.27 7.44 10.59 -0.17 12.53 15.42 —0.16 9.49 11.68 0.05
2014 7.20 9.97 -0.23 7.69 10.72 0.13 12.30 15.21 -0.21 9.67 11.76 0.08
2015 7.39 10.07 0.10 7.73 10.70 -0.02 12.53 15.48 0.26 9.78 11.67 -0.09
Languedoc Provence Loire Valley Rhéne Valley
Year Value Volume A vol. Value Volume A vol. Value Volume A vol. Value Volume A vol.
1998 3.87 7.94 3.64 7.07 3.00 6.66 5.02 8.63

1999 3.69 7.55 -0.38 2.94 7.11 0.04 4.04 7.47 0.81 3.56 6.87 -1.77
2000 4.11 7.75 0.20 1.95 5.76 -1.35 4.22 7.64 0.18 4.98 7.64 0.78
2001 3.40 7.07 —0.69 0.00 0.00 -5.76 3.33 6.92 -0.73 4.69 7.77 0.12
2002 2.30 6.37 -0.70 3.43 7.04 7.04 4.25 7.19 0.27 5.36 8.57 0.81

—_
. W
Continued Q
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Table Al
Continued
Alsace Beaujolais Bordeaux Bourgogne

Year Value Volume A vol. Value Volume A vol. Value Volume A vol. Value Volume A vol.
2003 3.58 7.73 136 3.40 6.91 -0.13 3.26 6.54 —0.65 441 7.81 -0.76
2004 4.54 8.68 0.96 2.48 5.72 -1.19 491 8.15 1.61 5.48 8.77 0.96
2005 5.40 9.38 0.70 3.58 7.13 141 5.32 8.46 0.31 5.72 9.13 0.36
2006 6.62 10.38 1.00 4.26 7.72 0.59 5.17 8.49 0.03 6.56 9.92 0.79
2007 7.02 11.05 0.67 4.56 8.40 0.68 6.15 9.13 0.65 7.09 10.60 0.67
2008 7.51 11.33 0.27 5.17 8.43 0.02 6.55 9.76 0.63 7.52 10.97 0.38
2009 8.43 12.20 0.88 6.72 10.34 1.92 6.69 9.75 -0.01 7.83 11.31 0.34
2010 8.64 12.44 0.24 6.20 9.50 -0.85 6.85 10.11 0.35 8.52 11.86 0.55
2011 9.65 13.31 0.86 6.57 9.56 0.06 7.70 10.85 0.74 9.38 12.64 0.78
2012 9.92 13.60 0.29 7.04 10.33 0.77 7.54 10.74 -0.11 9.70 12.99 0.35
2013 9.86 13.56 -0.04 6.77 10.03 -0.31 7.57 10.78 0.04 9.46 12.67 -0.32
2014 9.97 13.71 0.15 7.11 10.29 0.27 7.75 10.89 0.11 9.74 13.04 0.37
2015 10.27 13.98 0.27 7.51 10.85 0.56 7.49 10.53 —0.36 9.84 13.13 0.09
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Table A2
Determinants of French Wine Exports to China (Log Volume), Red and Rosé
(1) (2) (3) (4) (5) (6)
Log GDP China 4.137%** 4.724%** 5.176%** 5.23]%** 5.006%** 4.72]%%*
(0.821) (1.635) (1.724) (0.799) (1.248) (1.209)
Log real exch. rate -0.130 —-3.080 -2.783 —2.220%%* —2.289 —1.636
(0.515) (2.232) (2.243) (1.039) (1.625) (1.806)
Log unit value —0.340%** —0.334%** —0.328%** —0.834%** —0.799%**
(0.0963) (0.0963) (0.0963) (0.0930) (0.0929)
Log tariffs -1.075 -1.078 —-0.861* —-0.913 —0.604
(1.102) (1.110) (0.514) (0.804) (0.823)
Log Chinese production 1.974 1.953 1.668 1.763 2.032
(2.167) (2.358) (1.092) (1.709) (1.974)
Anti-corruption policy —-0.0161 —0.0116 —0.0338 0.181
(0.335) (0.154) (0.242) (0.340)
Crisis years (2008-2009) —-0.338 —0.337%** -0.272 —-0.386*
(0.244) (0.113) (0.177) (0.217)
Alsace —1.886%** —2.412%%*
(0.425) (0.519)
Bordeaux 2.941%** 1.120%**
(0.279) (0.300)
Bourgogne -0.116 —1.835%**
(0.300) (0.306)
Beaujolais -0.302 -0.578%*
(0.287) (0.303)
Loire Valley —1.266%** —0.809%**
(0.277) (0.294)
Rhone Valley 0.162 —0.0453
(0.271) (0.291)
Languedoc 0.723%** 1.554%%*
(0.279) (0.303)
Continued
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Table A2
Continued
(1) (2) (3) (4) (5) (6)
Constant 601.1%* 1,076 1,193* 990.3%** 1,039%* 1,084%*
(237.0) (690.6) (708.0) (327.7) (512.9) (511.1)
Observations 759 759 759 759 759 1,062
R-squared 0.378 0.381 0.383 0.880 0.680 0.787
Include zeros No No No No No Yes
Year trend Yes Yes Yes Yes Yes Yes
Region FE No No No No Yes Yes
Appellation FE No No No Yes No No

OLS estimations on export values. Reference Region: Provence. Standard errors in parentheses. *** p <0.01, ** p<0.05, * p<0.1
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Table A3

Determinants of French Wine Exports to China (Log Volume), White ;9
(1) (2) (3) (4) (5) (6) a
Log GDP China 2.970%** 3.874%* 3.733%x* 4.443%x* 3.809%* 3.540%** O%
(0.747) (1.557) (1.592) (0.954) (1.473) (1.174) g
Log real exch. rate 0.685 -1.591 -1.629 -1.899 -1.577 -0.915 s
(0.466) (2.000) (2.105) (1.256) (1.947) (1.753)
Log unit value —0.646%** —0.643%** —0.641%** —0.590%** —0.745%**
(0.0953) (0.0954) (0.0956) (0.0981) (0.101)
Log tariffs —-0.986 -0.972 —1.000* —1.036 -0.574
(0.998) (1.008) (0.602) (0.932) (0.799)
Log Chinese production 0.267 0.232 1.267 —0.00901 0.689
(1.953) (2.227) (1.330) (2.061) (1.918)
Anti-corruption policy 0.0196 -0.125 0.0310 —0.0262
(0.335) (0.199) (0.310) (0.330)
Crisis years (2008-2009) 0.0988 —0.0842 0.0733 0.0806
(0.220) (0.133) (0.204) (0.211)
Alsace 0.145 —0.564**
(0.282) (0.238)
Bordeaux 1.414%** 0.532%*
(0.281) (0.252)
Bourgogne 0.709%* —0.905%**
(0.288) (0.244)
Loire Valley -0.0750 —0.514**
(0.275) (0.239)
Rhone Valley 0.829%* 0.583
(0.410) (0.420)
Constant 380.8* 892.5 851.3 941.5%* 850.7 862.0*
(218.6) (648.5) (659.1) (394.4) (609.5) (496.2)
Observations 471 471 471 471 471 738
R-squared 0.429 0.431 0.431 0.816 0.519 0.804
Include zeros No No No No No Yes
Year trend Yes Yes Yes Yes Yes Yes
Region FE No No No No Yes Yes
Appellation FE No No No Yes No No

OLS estimations on export values. Reference Region: Provence (Languedoc and Beaujolais dropped

: no white wine). Standard errors in parentheses. *** p <0.01, ** p<0.05, * p<0.1
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Table A4
Regional Heterogeneity in the Determinants of French Wine Exports, by Color
Log Volume, Red and Rosé Log Volume, White
Dep. Variable
Log GDP Log Unit Value Log GDP Log Unit Value
Interaction with:
(1) (1) (2) (2’) (1) (1’) (2) (2°)
Alsace 1.589%** 1.611%** —1.809* —1.778* 1.298%%#* 1.445%%* —1.585%** —1.480%**
(0.485) (0.483) (0.970) (0.935) (0.331) (0.329) (0.253) (0.259)
Bordeaux 2.792%** 2.809%** —0.770%** —0.799%** 2.172%** 2.143%** —0.505%* —0.577%**
(0.283) (0.282) (0.158) (0.152) (0.331) (0.328) (0.201) (0.200)
Bourgogne 2.126%** 1.998*** —0.293 —-0.197 1.520%** 1.516%** —0.815%** —0.759%**
(0.302) (0.306) (0.205) (0.205) (0.317) (0.316) (0.158) (0.161)
Beaujolais 1.201%%* 1.259%** —1.811%** —1.013%*
(0.307) (0.312) (0.405) (0.414)
Loire Valley 1.775%** 1.964%** —1.618%** —1.430%** 1.533%** 1.463%** —0.0104 0.0292
(0.303) (0.311) (0.281) (0.291) (0.329) (0.324) (0.242) (0.240)
Rhone Valley 2.365%%* 2.384%** —0.669%** —0.665%** 2.481%** 2.469%** —-0.806 -0.834
(0.288) (0.288) (0.196) (0.189) (0.506) (0.499) (0.662) (0.653)
Languedoc 2.742%%* 2.810%** —0.848** —1.142%** 2.286%** 2.180%** —1.273%** —1.177%%*
(0.303) (0.309) (0.362) (0.361) (0.506) (0.510) (0.377) (0.380)
Provence 2.162%** 2.164%** —0.794 —-0.704
(0.389) (0.413) (0.537) (0.585)
Observations 759 759 759 759 471 471 471 471
R-squared 0.705 0.687 0.711 0.687 0.538 0.541 0.558 0.541

OLS estimations on export values (zero excluded). Standard errors in parentheses. *** p <0.01, ** p <0.05, * p <0.1. All estimations include controls as in Table 1 (log real exchange rate, log Chinese production, log
tariffs, time variables) and region FE. Columns (1) and (2) from two separate regressions with regions x Log GDP and regions x Log Unit Value respectively. Columns (1°) and (2°) from a single regression with all
interaction terms.
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