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Abstract: The continuous growth of the international wine trade and the expansion of international
markets is having significant commercial, but also environmental, impacts. The benefits of vineyards
in terms of ecosystem service provision are offset by the increase in CO2 emissions generated by
transportation. Denominations of Origin, as quality labels, emphasise a wine’s links to the terroir,
where specific elements of culture and environment merge together. However, Denominations of
Origin can also have differentiating elements as regards environmental performance. Drawing on an
extended multiregional input–output model applied to the Spanish Denominations of Origin with
the largest presence in the international wine trade, this study shows that wines with the greatest
exporting tradition are those that most reduced their carbon footprint per litre of exported wine in
the period 2005–2018, thus being the most environmentally efficient.

Keywords: CO2 emissions; carbon footprint; wine export; Spanish Denominations of Origin; multire-
gional input–output model

1. Introduction

Wooded landscapes and perennial production systems provide benefits in terms of
carbon sequestration and protecting biodiversity [1–4]. Thus, vineyards, as permanent
woody crops, can provide ecosystem services (ES), such as maintaining soil fertility, re-
taining water and preserving landscapes [5] and have the capacity to generate ecosystems
that allow for carbon storage, helping balance the carbon budget [6–8]. These functions
are especially important in areas characterised by high levels of human pressure, such
as suburban areas [5] and coastal areas [9]. For this reason, wine has long been consid-
ered an environmentally sound product [10–12], and little attention has been paid to its
environmental impacts [12,13].

Much of wine production is organised under Denominations of Origin (DO), which
allow unique ecosystems to be preserved and promote the diversity of species in their
regions. They are quality labels granted to goods and services that include characteristics
linked to their geographical origin. They are inspired by the ancient Mediterranean
tradition (Greeks and Romans) of identifying products by their place of provenance when
they share certain attributes.

Preserving the characteristics of terroirs has been one of the wine industry’s main
concerns in defining production regions under the protected denomination of origin
(DO) scheme. However, the wine market is now global. The evolution and changes in
the consumption of agri-food products explain the variations in the supply chain and
international trade [14] and their consequent environmental impacts. In recent decades,
international trade has increased considerably, with an anthropogenic impact that has not
been addressed in the majority of studies.
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Agriculture is considered to be one of the most polluting activities on our planet.
Changed land use and the implementation of large amounts of technical inputs (fuels,
fertilisers, herbicides etc.) cause 24% of greenhouse gas emissions (GHG), of which 50%
is accounted for by carbon dioxide (CO2) [6,15]. The expansion and intensification of
agriculture is thus a threat to climate change [16] and biodiversity conservation [17–21]
and produces changes in the earth’s systems [22,23].

More specifically, the presence of vineyards has expanded significantly in regions
of the world with a Mediterranean climate, while many of the existing vineyards have
intensified their production processes [24], with a consequent environmental impact. These
trends increase with population growth and diet shifts [25] and decrease according to
income [26]; a balance has not been achieved, despite improved productivity [27].

The beginning of the 21st century has seen a new geography of world trade emerge. It
is characterised by the increased prominence of the southern regions, which has resulted in
the integration of countries in Latin America and the Caribbean, Africa, Asia (including
China) in trade flows that were dominated by the developed nations, many of them from
the north. This has occurred thanks to processes of development and structural change in
such countries, which permitted productive specialization, increased income and a rapid
rise in consumption [28].

Thus, as well as the environmental impacts caused by the use and exploitation of land
and the use of chemical products, fuels and water, we also have those produced by the
increase in international trade [29] to which more than 60% of global environmental effects
are related [30] and which are becoming increasingly significant [31]. More specifically,
14% of global greenhouse gas emissions are the result of freight transportation [32], with
this being expected to rise by more than 50% by 2035 [33]. This situation is aggravated in
the world of wine, where emissions from the distribution process represent 50% of the total
emissions in the wine production life cycle [34–37].

In this context, the wine industry worldwide faces various socio-environmental prob-
lems and concerns [13,38,39], related, on the one hand, to the environmental impact gener-
ated by its activity [11,12,34,40–43] and, on the other, to underlying problems arising from
climate change and the availability of natural resources such as water and energy [44]. For
this reason, sustainability issues have gained importance in the sector [45–48] and become
one of the main elements in the wine supply chain [49]. In this respect, consideration of
environmental issues is increasingly identified with the quality elements of wine [50].

Consumers are paying increasing attention to sustainable wine products [51–53],
pressing companies to use sustainable external (natural resource use) and internal (recy-
cling, herbicide reduction and renewable energy use) environmental practices [54,55]. In
fact, many studies have shown that the use of sustainable practices in wine production
constitutes an important element in the purchase decisions of consumers [56–62], who are
willing to pay higher prices for more sustainable products [11,49,63]. In this sense, wineries
have begun to develop and implement new practices and environmental technologies [64],
moving towards more sustainable cultivation and production techniques [65], with an
increasing number of enterprises integrating sustainability in their activities [66,67].

Thus, the adoption of sustainable practices is consolidated as an element of differ-
entiation in wineries [68–70], with specific practices such as eco-labels [56] that afford
competitive advantages [53,71] and generate added value [54,72]. As there is a direct
relationship between the adoption of such practices and the economic performance of
companies [68,73,74], various authors [75] have shown that there is a growing marketing
and business model orientation towards sustainability. Linking brand strategy to sus-
tainability is becoming more and more frequent [76]. For our case study, appellations of
origin, as a shared brand and quality mark, should be a source of sustainable competitive
advantage [77] if they demonstrate improvements in the environmental impact of their
wines.

The literature includes many works examining carbon and water footprints in the
wine industry as indicators to guide the improvement of the environmental performance
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of wine production [78–83]. The most used standard for assessing the environmental
impacts of products and processes is life cycle assessment (LCA) [84]. However, life cycle
costing (LCC) [85] or simplified LCA approaches are also frequent, especially in small and
medium-sized enterprises [86]. Initially developed as a decision-making tool, they involve
amounts of multidimensional data, sometimes private, that are complex to understand,
manage [83,87,88] and apply at meso- and macro-levels. Indeed, most studies focus on the
footprint of production, using B2B (Business to Business) approaches, and thus exclude the
distribution and the bottling and consumption stages [89].

An alternative way to calculate the environmental effects of international trade is
through Multi-Regional Input–Output models that allow for complex assessments (in-
cluding direct and indirect effects) with publicly accessible data, therefore making them
reproducible. They also enjoy very wide regional coverage and enable the study of carbon
leakage or the way in which impacts are distributed in different parts of the planet [90,91]).

Considering all of the above, the aim of this article is to make an original contribution
to the literature by focusing on the evolution of the carbon footprint produced by the
international trade and transportation of Spanish denomination of origin wines. To this
end, we implemented a multiregional input–output model for the period 2005–2018, as
reported by authors such as Ayuda et al. [92], Duarte et al. [93] and Duarte et al. [94]. To
the best of our knowledge, this is the first study to apply this methodology to calculate
the evolution of CO2 emissions produced by exports from the main Spanish DO regions.
The findings may be significant for the commercial exploitation of DOs that present higher
environmental efficiency, with pollution growing at lower levels than international trade.

The article is structured as follows: the next section describes denominations of origin
and their development in different countries in greater detail. The third section explains
the methodology used to calculate the CO2 emissions generated by Spanish wine exports,
and the fourth section is devoted to presenting and discussing the results. The final section
presents our conclusions.

2. Denominations of Origin as a Differentiation System

Denominations of origin represent integrated microsystems associated with quality
schemes, which, in turn, are linked to regional and environmental settings, manifesta-
tions of culture and customs and productive specialisation. They encompass the singular
characteristics of the physical environment and the land that underlies their agricultural
production, where climate, geology, soil, topography and biology merge together. They
are distinguished by their vegetation and their human capital, which help form the pecu-
liarities of their wine production. They are also defined by different historic, economic
and social circumstances, which have formed the respective winemaking sectors in each
case. This combination of factors finally gives rise to the transferability of concepts such as
quality and exclusivity transmitted in the end product [95–97].

The Spanish wine industry boasts 97 DOs (including Denominations of Origin, Quali-
fied Denominations of Origin, Protected Geographical Indication wines and Single Estate
wines), although 109 are contained in the European e-Bacchus database, which includes
different nomenclature from the same regions (e.g., for reasons of language). This number
is relatively small compared with those of the other two leading wine-producing countries,
France and Italy, which are home to 432 and 474 PDOs, respectively. Despite this difference,
wine DOs account for almost half the Denominations of Origin in Spain for the total number
of agri-food products (a little more than 200).

Although since 2009 (under the most recent common organisation of the market in
wine, Council Regulation (CE) n◦ 479/2008 of 29 April) the recognition of DOs has been
unified in the sphere of the European Union, such figures were already regulated and
recognised at a national level (dating back in Spain to the Spanish Wine Statute of 1933,
under which the Denomination of Origin of Jerez was recognised in 1935; although Rioja
had regulated its status in 1928, it was not consolidated unto 1947). However, precedents
of protection of origin for wine go back to the 18th century in parts of Tuscany, including
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the recognition of Chianti, and for the Port Wine in Portugal, in 1756. Nonetheless, the
impetus of quality label regulation is found in the 1883 signing of the Paris Convention for
the Protection of Industrial Property, which was consolidated with the Madrid Agreement
in 1891 (on the International Registration of Marks) and the 1958 Lisbon Agreement (for
the Protection of Appellations of Origin and their International Registration), triggering
the drive for protection of origin in the European countries that would subsequently form
the Common Market and then the 12-member European Economic Community.

The key aspect for the definition of denominations of origin, which evidently affects
their dimension and, therefore, their number, is the concept of terroir, which is the core
element of the Denominations of Origin, linking it to a specific region, marked by natural
factors (climate, latitude, altitude, daylight hours) and human factors, and the particular-
ities and qualities of the wines they give rise to, as well as the economic impact of their
recognition [98].

Although a long-established term associated with French traditions, the international
definition of terroir was established by the International Organisation of Vine and Wine
through resolution OIV/VITI/333/2010. The wine terroir “is a concept which refers to an
area in which collective knowledge of the interactions between the identifiable physical and
biological environment and applied viticultural and oenological practices develops, provid-
ing distinctive characteristics for the products originating from this area. Terroir includes
specific soil, topography, climate, landscape characteristics and biodiversity features”.

In short, terroir encompasses specific characteristics of an area’s soil, topography,
climate, landscape and biodiversity. It also adds a differential effect to the wine produced
in that region, serving both domestic consumption and, especially, international trade [99].

Under DOs, actors from agricultural niche areas mobilise specific resources (bio-
physical environment, know-how, biodiversity, etc.) to emphasise the origin of food
products [100]. Created in France and Italy at the beginning of the 20th century, they have
now extended across the world [101] and underline the shift from production systems
grounded in productivity to others based on quality [102].

Production under a quality label has social, legal and economic implications [103,104]
and denotes elements of culture, identity and the environment [105,106]. Grape vari-
ety, [107] viticultural and oenological practices [108], climate conditions [109], geographical
location of the vines [110], among other factors, shape the distinctive characteristics of an
agri-food product such as wine.

In the particular case of Spanish DOs, they only use the general, overarching name
of the territory, space or area, and thus the number is smaller than in France and Italy. In
France, denominations of origin take into account the existence of different wines, tradi-
tional terms that help underline their prestige, and grape varieties and also select more
limited geographical locations as the expression of a terroir (municipalities or even small
areas of land, lieux-dits, climats, etc.). Particularly significant is the exclusivity that distin-
guishes the most renowned and historically consolidated areas: Grands Crus/Premiers
Crus from Burgundy (linked to specific plots of land) or the Grands Crus Classes from
Bordeaux, identified with municipalities or châteaux [111]. In Italy, the pairing of geo-
graphical name and grape variety is widely used in the names of their Denominations of
Origin [112].

It should be noted that the use of names in the concept of ‘denomination of origin’
in other wine-producing regions of the world (United States, Chile, South Africa, etc.) is
far removed from the original European philosophy of differentiation by origin [113,114].
Moreover, the permanent Old–New World polemic between wine-producing countries
with regard to trade-related aspects of intellectual property rights (TRIPS) and the debate
on denominations of origin vs. collective names, is inclined towards the European exclu-
sivity in terms and the longstanding respect for traditions in nomenclature in emerging
countries [115].

Given the above context and the new challenge of climate change, “environmentally
responsible wines” are set to be the new differentiating element to be included in denom-
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inations of origin, and thus it is essential to enhance the knowledge of the segment of
transportation and distribution within the international wine trade [116].

3. Materials and Methods

The methodology used for this study is the extended multiregional input–output
model (MIOM). Numerous works have used extended MIOMs for environmental analyses,
among which it is worth noting those on the study of anthropogenic footprints of cities and
regions [30,117], water footprints [92–94], the monetization of environmental impacts as a
way to assess the effect of legislation on consumer mitigation [118] or studies that integrate
data on companies with input–output data [119].

In a multiregional model, regions and/or countries are included with their own
production technology, and trade is divided into intermediate and final, specifying the
origin and destination (sector and country) of each good or productive sector considered.

If we start from the Leontief elementary input–output quantity model, the basic
equation can be expressed as follows:

x = Ax + y (1)

where x is the total output of the economy, y is the final demand, and A is the technical
coefficient matrix.

In a multiregional context, we can develop Equation (1) to consider the output of
different regions as follows:

x1

x2

. . .
xm

=


A11 A12 . . . A1m

A21 A22 . . . A2m

. . . . . . . . . . . .
Am1 Am2 . . . Amm

 ∗


x1

x2

. . .
xm

+


y1

y2

. . .
ym

 (2)

with xr or yr being vectors of output and final demand of each of the regions, and Arr, Asr

being the matrices of domestic and imported technical coefficients of each region.
Equation (2) (like Equation (1)) can be solved using the Leontief inverse matrix, (I-A)−1,

which, in the MIOM model will give us the direct and indirect requirements, both domestic
and imported, demanded in the production of a specific sector of any country or region,
per unit of final demand.

The input–output framework allows us to analyse different socioeconomic and envi-
ronmental aspects by incorporating the factor we seek to study. Specifically, in this work,
the factor required refers to the emissions data (E) for the sectors and countries included
in the satellite accounts (information found in the MIOM database used in this work, the
WIOD), which should be expressed in the model in terms of coefficients, that is, emissions
per unit of production. As the aim of this work is to determine the emissions generated
by Spanish exports of the different DO wines under study, the final demand vector will
include these exports. The corresponding equation to be applied is the following:

F = ê (I − A)(−1)ŷ = Pŷ (3)

where e is the emissions coefficient vector (E/x) and is diagonalised, in the same way as
vector y, to obtain the results as a matrix, which yields richer results and allows for a deeper
analysis.
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In the case of two countries and two sectors, the matrix structure for the emissions
multiplier is as follows:

E11
11 E11

12 . . . E12
21 E12

12
E11

21 E11
22 . . . E12

21 E12
22

. . . . . . . . . . . . . . .
E21

11 E21
12 . . . E22

11 E22
11

E21
21 E21

22 . . . E22
21 E22

22

=

(
p11 p12

p21 p22

)
(4)

where Ers
ij shows the emissions of sector “i” from country “r” to satisfy a unit of final

demand of sector “j” from country “s”.
Thus, observing matrix p by rows, we have the emissions resulting from the production

process of a good, while the columns show the emissions incorporated into the production
process through the inputs used in manufacturing the product.

In this case, we multiply p by the vector of the Spanish wine exports to each of the
countries, for each DO under study (being vector y), following the example above (two
countries, two sectors) and, by columns, we obtain the emissions generated by these exports
in each country and sec La nota a pie de página no está permitida en este diario, por lo que
la hemos trasladado al texto, por favor confirme el texto completo.tor.

(
p11 p12

p21 p22

)
∗
(

y11 0
0 p22

)
=

 p11 y11 . . . p12 p22

. . . . . . . . . . . . . . .
p21 y11 . . . p22 p22

 (5)

To calculate the environmental impact of Spanish DO wine exports for the period
2005–2016, we used three datasets: data provided by the most recent version of the World
Input–Output Database (WIOD) [120], from which we obtained the input–output tables
for 44 regions and 56 sectors, available up to 2014 (for the 2016 calculations, we used the
WIOD data for 2014 (the most recent available) under the assumption that there were no
structural changes in the sector); data taken from the same source on emissions expressed in
kilotonnes of CO2; finally, data provided by the Spanish ministry of Agriculture, Fisheries
and Food [121] on the value of wine exports in millions of euros at sale prices for the
different DOs considered. The results of the current work are presented using the same
units as in the databases (Mill. US$ and ktCO2). The technical coefficients are those of the
manufacture of food products, beverages and tobacco products. The calculations were
performed using the latest version of MATLAB.

4. Results and Discussion

For an in-depth study of consumption-based emissions, we focused on the recent
variations in the carbon footprint of DO wine exports in the period 2005–2016. The seven
denominations included in the sample (Cava, Rioja, Cariñena, Cataluña, La Mancha,
Jumilla and Utiel-Requena) account for 66% of exports (by volume), with Cava being the
highest exporter at 24%, followed by Rioja (21%), Cariñena (6%), Cataluña (5%), Mancha
(4%), Jumilla (3%) and Utiel-Requena (3%). The calculation of the CO2 emissions generated
per litre of exported wine for each denomination of origin shows the differences between
the seven DOs (Figure 1). With the exports growing in all cases (except La Mancha), the
emissions generated per litre exhibit a different behaviour in each denomination, falling
in the cases of Rioja, Cataluña, Cava, Cariñena and Jumilla, with the reduction being the
most intense for the first two denominations, while emissions generated by La Mancha
and Utiel-Requena increased between 2005 and 2016.
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Figure 1. Evolution of CO2 emissions per exported litre of wine for the main Spanish DOs.

The evolution in the emission coefficients in different countries and transport sectors
(land transport and water transport, which are two most widely used) (Appendix A)
may have contributed to the fall in the emissions generated per litre of exported wine.
In this sense, two aspects can be underlined: on the one hand, taking into account that
most exports within the European Union are distributed by land, emissions fell thanks
to efficiency gains in the use of this type of transport, with a decrease in the emissions
coefficient in the land transport sector for all the countries considered; on the other hand,
taking into account the movement of exports from the European Union to the rest of the
world, where wine is mainly transported by ship, efficiency gains are also observed, with
a decrease in the emissions coefficient of the sector (water transport) in all the countries,
which contributes to the fall in emissions generated by the exports of DO wine.

As regards the study of the environmental impact by country, Figure 2 shows the
evolution of the emissions generated in the export destinations with the largest carbon
footprint derived from the wine exports from each of the denominations of origin. Again,
different behaviours can be observed according to each DO. For example, in the case of
Cava, it can be seen that emissions fell in the period 2005–2016 in the main importing
countries, with the exception of Belgium, while in the case of Cataluña, emissions increased
in the United Kingdom and Denmark and fell in Germany and the Netherlands. Thus,
differences can also be observed in the by-country analysis of emissions generated by the
exports of the different DOs. The only common pattern found in all cases is the decline in
emissions in recent years, with the exception of particular cases, such as Denmark for the
DO of Cataluña, China for the DO of La Mancha, and Germany for the DO of Jumilla.

In short, the countries that most contribute to the carbon footprint of the Spanish DO
wine exports under study are Germany, United Kingdom, United States and China. It is
worth underlining the substantial growth in wine imported from Spain, given that the
country was a later entrant in the wine market.
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Figure 2. Evolution of CO2 emissions generated by Spanish wine exports from each DO in relation to the most significant
importing countries.

Figure 3 shows the variation in 2005–2016 (in order to avoid disruptions, the first year
is considered as the mean of 2005, 2006, 2007, while the last year is considered as the mean
of 2014, 2015, 2016) in the ratio of emissions per litre of each DO in the different importing
countries. Countries where emissions fell are in blue, countries where emissions increased
are in orange, and those without a significant variation in the denomination of origin are in
grey. The darker the colour, the more intense is the variation.
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Figure 3. Variation in the CO2 emissions per litre of exported wine by DO in the destination countries (2005–2016).

The denominations of origin with the largest fall in emissions per litre of exported
wine were Rioja, Cataluña and Cava, with Rioja being the DO for which the decline was
the strongest, due to the greater decrease in emissions generation per litre in Italy, Russia
and China, the main countries where emissions grew proportionally less than exports (see
Appendix B). Following Rioja are Cataluña and Cava, for which the fall is fundamentally
explained by the lower contribution of emissions by Italy in both cases. The decline in
emissions corresponding to Cariñena and Jumilla was less intense than in the previous
cases. The last places are occupied by La Mancha and Utiel-Requena, denominations for
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which the CO2 emissions increased, and the variation in the ratio of emissions per litre is
positive. For the former DO, the reason can be found in the behaviour of countries such
as China, France, United Kingdom, Japan, Mexico, Netherlands and the United States, in
all of which the emissions grew more than the exports. In the latter case, that of Utiel-
Requena, the reason can be found in the behaviour of Belgium, Brazil, Canada, China, the
Netherlands, Sweden and the United States, where, as in the case of the La Mancha DO,
the emissions generated in these countries proportionally increased more than exports.

Our findings are consistent with those of Bolea et al. [29], Wiedmann and Lenzen [30],
López et al. [31] and Avetisyan [32], as they confirm that the increase in international wine
trade causes CO2 emissions to increase, which logically counteracts the beneficial effects
reported in the literature of vineyards in terms of ecosystem services. Our study, however,
allows us to qualify the previous findings as we show that the international trade of the
various DOs has different environmental impacts. This differential integration of each
DO in global value chains, and the consequent environmental impacts, is undeniably the
result of changes in preferences and consumption that drive the evolution of international
trade supply chains, as suggested by Weinzettel et al. [14]. Consequently, previous litera-
ture [45–48], has revealed that sustainability issues are becoming more and more important
in the world of wine and one of the main elements in the wine supply chain [49].

Our findings also show the shift of exports towards the south, with an increased
volume of exports to countries such as China, Brazil and Japan, thus confirming the notion
that, in general terms, the new geography of global trade is characterised by the rise in
prominence in trade flows of the regions of the south [28]. Additionally, the results confirm
the expansion of trade towards more distant countries such as Russia, Canada, the United
State and Mexico and the relative loss of the importance of exports to closer European
countries (which continue to be, nonetheless, the main destinations of trade). However, the
access to these more distant countries appears not to have environmental consequences, as
the variation in CO2 emissions per litre is not homogenous, being more closely linked to
the general behaviour of each DO.

These results may be relevant for DOs that demonstrate the best environmental
performance as integrated micro-systems associated with quality schemes and in line
with literature showing that environmental aspects are increasingly identified with the
quality elements of wine [50]. The results obtained in this study can be interpreted more
broadly, allowing an important conclusion to be drawn in the case of DOs that demonstrate
a reduction in emissions per litre, as this result can be used as a differential element in
wine [68–70], which can be specified through instruments such as eco-labels [56], thus
favouring the development of competitive advantages [53,71,77] and the generation of
added value [54,72]. Concern for the environment shown by increasingly larger groups of
consumers can undoubtedly serve as a source of competitive advantages for DOs that are
able to exhibit greater environmental efficiency [77].

5. Conclusions

Given the opening of a debate in the European Union on the need for a carbon
border adjustment mechanism in the international agri-food trade and the possibility of
the beginnings of climate dumping by countries that are less proactive in the fight against
climate change, it is essential to conduct research like the present one on wine trade, that
can serve as a reference to establish a new order of international trade centred on the
environment.

The prototypical European Union concept of wine differentiated by its territory of
origin should advance hand in hand with methods that foster a new approach to the
international wine trade, look to the environment (greater bulk production, fermentation
and/or packaging/bottling at the destination, multilocation of industry and distribution,
etc.) and should be able to take their part in the environmental commitment undertaken by
the European Union in its Green Deal and help achieve carbon neutrality in 2050.
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In this sense, our study reinforces the evidence that changes in export destinations,
diversification and more remote destinations (compatible with most Spanish wine trade
being concentrated in the European Union) are no barrier to significantly enhancing the
environmental efficiency of the exports of certain denominations of origin.

We can highlight first the fall in CO2 emissions per litre generated by Spanish wine
exports for the DO with the greatest proportion of foreign trade, namely, Cava, Rioja,
Cariñena, Cataluña and Jumilla, with the drop being greatest for Rioja. Only for the DOs of
La Mancha and Utiel-Requena, for which export volume and tradition are less significant,
was there a rise in the carbon footprint per litre. Second, in the study on the countries
where wine exports from each of the Spanish DOs generate a greater footprint, a general
decrease in emissions over recent years was identified. The countries that generated most
emissions related to all the Spanish DOs were Germany, Great Britain, the United States
and China.

In the period under analysis (2005–2016), the variation in the rate of emissions per
litre in the different importing countries showed that, considering the denominations of
origin for which the fall in emissions was greatest, Italy was the best-performing country
(the emissions grew proportionally less than the exports). In the case of the DOs where
emissions per litre rose (La Mancha and Utiel-Requena), China, the Netherlands and the
Unites States are the countries that most contributed to this increase, as the emissions
generated grew proportionally more than the exports.

This work has important consequences for academics and practitioners: first of all, for
academics, as a first attempt to measure the carbon footprint associated with international
freights of the main exporting Spanish DO and its evolution. The input–output method
serves to complement others such as Life Cycle Assessment. Secondly, for practitioners,
as we provide data and calculations demonstrating the earnings in CO2 emissions of
Spanish DO that they can take into account in their firms’ business models in order to take
competitive advantages by exhibiting their greater environmental efficiency by means of
eco-labelling or certification schemes.

This analysis opens new avenues for further qualitative research on the most effective
way to implement carbon border adjustment mechanisms. It also suggests the possibility
of studying the viability of voluntary carbon credit markets (which include all stages of the
food chain, that is, production, transformation and distribution) or the design of marketing
strategies to attract new consumers, such as millennials and/or centennials, who are much
more sensitive to environmentally responsible agri-food products. The denominations of
origin have the opportunity to exploit their gains in environmental efficiency and to make
them part of the intrinsic value associated with the quality label.
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Appendix B

Table A1. Absolute variation in emissions per litre generated by Spanish DO wine exports (2005–2016). Source: Own preparation. * Non data available.
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