
Citation: Ducman, A.A.; Diaconita,

V.; Simonca, I.; Belciu, A.; Corbea,

A.M.I. Government Oversight and

Economic Impacts: Sustainability in

the Vineyard and the Evolution of

Wine Regulations, Trade and

Production. Agronomy 2023, 13, 2991.

https://doi.org/10.3390/

agronomy13122991

Academic Editors: Antonio Miguel

Martínez-Graña, Víctor Colino-

Rabanal, Fernando Rodríguez López

and Roberto Rodríguez-Díaz

Received: 4 November 2023

Revised: 29 November 2023

Accepted: 30 November 2023

Published: 5 December 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agronomy

Article

Government Oversight and Economic Impacts: Sustainability
in the Vineyard and the Evolution of Wine Regulations,
Trade and Production
Anca Alexandra Ducman 1, Vlad Diaconita 2,* , Iuliana Simonca 2 , Anda Belciu 2

and Alexandra Maria Ioana Corbea 2

1 Faculty of Agri-Food and Environmental Economics, Bucharest University of Economic Studies,
010961 Bucharest, Romania; ducmananca18@stud.ase.ro

2 Faculty of Cybernetics, Statistics and Economic Informatics, Bucharest University of Economic Studies,
010552 Bucharest, Romania; iuliana.botha@ie.ase.ro (I.S.); alexandra.florea@ie.ase.ro (A.M.I.C.)

* Correspondence: diaconita.vlad@ie.ase.ro

Abstract: This study explores the evolution of wine regulations, trade, and production, with a
particular focus on the European Union countries and associated countries. The primary objective
is to analyze how historical, regulatory, and economic factors have influenced the wine industry
from antiquity to modern times. We assess the administrative role of wine in Roman society, its
governance in medieval Europe, and the formation of contemporary regulatory frameworks, such
as the EU’s Protected Designation of Origin (PDO) system. The study employs a systematic review
approach inspired by the PRISMA 2020 statement, incorporating a diverse array of academic journals,
historical texts, and statistical data. We use k-means clustering and Principal Component Analysis
(PCA) to analyze 2020 production data and value comparisons among European wine varieties. This
quantitative analysis reveals patterns in production and trade profiles across European countries,
highlighting Romania’s unique position in the non-PDO segment and its strategic balance of wine
production and value. The paper also examines the impact of climate change on viticulture and the
industry’s response to sustainability challenges. By integrating historical insights with contemporary
data, our research provides a comprehensive view of the wine industry’s evolution, emphasizing the
interplay of government oversight, market dynamics, and environmental considerations in shaping
the European wine landscape.

Keywords: wine regulation; geographical indication; wine production; quality assurance; water stress

1. Introduction

Wine, deeply rooted in history, has been a cornerstone in leisure, trade, politics, and
culture. Its journey from ancient vineyards to modern tables mirrors changes in agricultural
practices and social values, a narrative captured eloquently in both mainstream [1] and
academic works [2–4]. These sources chronicle the enduring sociocultural and economic
significance of wine. Today, the wine industry faces new challenges, primarily due to
climate change. This phenomenon is reshaping viticulture, as increased temperatures,
water deficits, and changing radiation patterns directly affect grape quality. To address
these challenges, the industry is adopting sustainable practices, such as selecting resilient
grape varieties, implementing efficient water management, and adapting canopy and
soil management techniques [5]. This ongoing evolution underscores the resilience and
adaptability of viticulture and wine production, tracing a remarkable journey from its
historical roots to the forefront of modern environmental adaptation and addressing the
pressing challenge of climate [6].

Broad EU-centric studies have revealed how regulatory changes affect wine produc-
tion [7], complemented by research on various legal oversight practices in the wine indus-
tries of large non-European countries [8–10], with some countries having more stringent
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regulations than others [11]. However, there is a scarcity of research specifically targeting
legal frameworks of smaller countries. One such study outlines the regulations that govern
the production, processing, quality control, and marketing of wine in Serbia [12]. This di-
verse collection of articles uses techniques such as historical, economic and policy analysis,
complemented by comparative studies, statistical data, case studies, legislative review, and
discussions of political influences. In addition, it includes detailed examinations of sector
standards and provides policy recommendations.

Through our systematic review, adhering to the PRISMA recommendations, we have
identified a knowledge gap in the adaptability of smaller and evolving wine markets
and their comparison in terms of regulations, trade, and production with other markets,
regardless of size. Therefore, our review focuses on emerging European wine markets,
which are often underrepresented in broader studies. Particular attention is given to the
Romanian market and its legislative framework, chosen for its unique combination of
traditional methods and contemporary adaptations, which serves to exemplify these trends.
Furthermore, our exploratory data analysis, utilizing methods such as clustering and
principal component analysis (PCA), examines the evolving production and trade patterns
within the European wine industry.

Four research questions, emerging from our initial analyses, form a solid foundation
for an in-depth examination in the subsequent sections of this paper:

RQ1: How have the different rules and regulations applied to wine changed over time
and in different places, and what effect have they had on trade and production?

RQ2: How is the wine industry today dealing with the need to be more sustainable,
and are there differences in how different regions are approaching this?

RQ3: What can the production data and value comparisons of European countries,
especially Romania, tell us about the differentiating aspects and the variety of the wine
industry in the region?

RQ4: How do government oversight and economic factors influence the production
and trade profiles of European wine-producing countries, and how can clustering and
PCA methodologies highlight and visualize these distinctions in the context of the broader
European wine industry?

This methodical approach seeks to contribute meaningfully to the existing body of
knowledge, paving the way for more detailed future research in these interconnected markets.

The article is organized as follows: Section 2 outlines the ‘Materials and Methods’,
describing the PRISMA-inspired systematic review process and analytical techniques
employed. Section 3, ‘The Administrative Significance of Wine in Roman Society’, examines
ancient wine governance. ‘Medieval Oversight and Governance’ is discussed in Section 4,
which describes the evolution of wine-related institutions. Section 5, ‘Modern Regulatory
Frameworks’, analyzes contemporary wine laws. ‘The Legal Blueprint of Romania’s
Wine Industry’ is presented in Section 6, focusing on Romania’s legislation. ‘The Modern
Challenges of Eco-Friendly Viticulture’ is explored in Section 7, addressing sustainability
in viticulture. Section 8, ‘Wine Production in Europe’, analyzes current production data.
The ‘Conclusions’ section ties the findings together, highlighting the study’s implications
for policy, its limitations, and avenues for further research.

2. Materials and Methods

To systematically explore the evolution of wine regulations, the adaptation of the wine
industry to sustainability, and the insights from production data and value comparisons,
particularly focusing on Romania, we adopted a methodology inspired by the PRISMA
2020 statement [13], which is the state of the art in reporting systematic reviews. The
systematic literature search was conducted over a period spanning from 2010 to 2023. This
time frame was chosen to capture the most recent and relevant developments in the field of
wine regulations and sustainability practices within the wine industry. Certain older but
pivotal works were also included if retrieved by citation searching.
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• Identification of sources: We started our research by identifying a diverse array of
sources, including academic journals, historical texts, government bills, and statistical
databases. A comprehensive search was conducted in multiple databases such as
Scopus, Web of Science, and Google Scholar, using keywords or topics such as “wine
regulations”, “viticulture sustainability”, “wine production data”, and “European
wine industry”. Web of Science and Scopus were mainly used for identifying articles
and Google Scholar for books. For each search, results were sorted according to rele-
vance, and only the first 100 results for each search were considered. In addition to
our primary literature search, we employed a backtracking approach by reviewing
the references of the identified papers. This method allowed us to uncover additional
relevant studies, including laws and statistical sources that were not initially cap-
tured in the database searches, ensuring a thorough and comprehensive review of
the literature.

• Credibility Assessment: Studies from esteemed publishers and journals known for
their strict peer-review standards, such as MDPI, Emerald, Sage, Elsevier, and Springer,
were prioritized. Likewise, articles from journals issued by academic institutions or
research organizations received preferential consideration. Priority was given to recent
articles and highly cited papers.

• Screening and eligibility: Following identification, the titles and abstracts were screened
to exclude irrelevant studies, resulting in a refined list of sources. The eligibility of
the remaining sources was assessed by reviewing the full text, ensuring that each
contributed valuable insights to one or more of our research questions. For inclusion,
the source had to fit the research questions, be credible, and provide enough informa-
tion. The inclusion criteria were set to encompass peer-reviewed articles and reports,
studies focusing on the historical development of wine regulations, research exploring
sustainability practices in viticulture, and data-centric studies on wine production and
trade with a particular focus on European countries. Conversely, the exclusion criteria
were established to omit non-peer-reviewed articles and commentaries and studies
not related to wine industry regulations, sustainability, or production data. Retracted
publications were filtered out.

• Data Extraction and Analysis: When available, data were extracted from eligible
sources, focusing on the historical evolution of regulations, sustainability practices,
production volumes, and value comparisons. A thematic analysis was used to catego-
rize the extracted data, facilitating a nuanced exploration of the themes that underlie
each research question. Comparative analysis was particularly instrumental in evalu-
ating the production data and value of wines in European countries, with an emphasis
on Romania.

• Quality Assessment: To ensure the reliability and validity of our findings, a quality
assessment was conducted on each included source. This involved evaluating the
credibility of the authors, the rigor of the research design, the relevance of the findings,
and the overall contribution to the field of study.

• Synthesis of Findings: The final step involved synthesizing the findings from the
analyzed data, drawing connections between historical developments, contemporary
challenges, and industry dynamics. This synthesis allowed for a comprehensive under-
standing of the multifaceted wine industry, addressing the posed research questions,
and contributing to the academic discourse on wine regulations, sustainability, and
production diversity.

The PRISMA diagram flow is shown in Figure 1.
As part of our comprehensive review of the literature in the field of viticulture and

wine production, we have identified several key thematic areas that have been the focus
of research over the past decades. These areas represent the diverse aspects of wine
research, ranging from historical and economic perspectives to the latest advancements in
technology and sustainability practices in viticulture. Table 1 summarizes these thematic
areas, providing a brief description and key references that have significantly contributed to
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each topic. This overview facilitates a better understanding of the current state of research
and the evolution of key themes in viticulture and enology.
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Table 1. Main topics.

Topic Area Description Key References

Historical and Economic
Aspects of Wine

Studies on the historical and
economic evolution of wine.

Meloni & Swinnen (2022) [4],
Purcell (1985) [14],
Bernal-Casasola & Cottica
(2019) [15]

Wine Production and
Climate Change

Research on the impact of
climate change on wine
production and sustainability.

Sánchez et al. (2019) [16],
Petriashvili et al. (2023) [17],
Wheeler & Marning
(2019) [18]

Sensory Analysis and
Consumer Preferences

Exploration of sensory
analysis in wine tasting and
consumer preferences.

Lahne (2016) [19], Drake et al.
(2008) [20], ISO (1977) [21]

Wine Legislation and Policy
Analysis of laws and
regulations impacting the
wine industry.

Maher (2001) [22],
The Parlament (2015) [23],
The Parlament (2016) [24]

Statistical Databases and Data
Analysis in Viticulture

References to statistical data
or databases relevant to
viticulture and
wine economics.

Eurostat (2022) [25], Water
Stress by Country (2023) [26],
Geographical Indications
Registers (2023) [27],
Wine-Grower Holdings by
Production (2023) [28]

Table 1 provides an initial set of references for each topic area, forming a foundational
basis. It should be noted, however, that this list of references is not comprehensive. Not
every article cited in the extensive review is included in this table. Additionally, some
cited papers are not directly connected to the bibliographic study; instead, they relate to
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the technical aspects of the research, such as Principal Component Analysis (PCA) and
k-means clustering.

By adhering to a structured and systematic approach inspired by The PRISMA 2020
statement, this methodology ensured a thorough and balanced exploration of the wine
industry’s evolution, adaptations, and distinct characteristics, providing a foundation for
the insights and conclusions drawn in this article.

3. The Administrative Significance of Wine in Roman Society

The connection between winemakers and authorities dates back to ancient civilizations,
where wine was more than a celebratory beverage; it was central to commerce and daily
life, especially in ancient Rome. Romans, from aristocrats to commoners, considered wine a
staple, making it a significant trade item and a source of livelihood for many. Recognizing
the importance of the industry, Roman leaders closely monitored wine quality for public
health and economic reasons. Many members of the Senate, Rome’s power center owned
vineyards and saw the expansion of the Roman Empire as an opportunity to access new
markets for their wine [14].

The Roman government collected taxes from wine sales, both within Rome and from
exports. This tax money was a big part of the government’s income. By making sure the
wine was of high quality and genuine, the government had a reason to keep these taxes.
Some of Rome’s conquering expeditions, including Julius Caesar’s military expedition into
Gallia, were even financed by Roman senators with vested interests in the wine business [4].

Also, having consistently good wine became a mark of Roman trade. It built trust with
other countries and traders. If they were trading with Rome, they knew that they would
get genuine good quality wine. To promote fair trade and consumer safety, the Roman
authorities established clear guidelines. A notable example was the use of amphorae, large
clay jars, for wine transport [15]. These jars bore codes, logos, numbers, drawings, and
letters, indicating their place of origin and vouching for the quality of the wine. This
was an early attempt to protect consumers from fraudulent geographical indications and
an ancient precursor to today’s labeling practices, showcasing the government’s hands-
on tapproach [29].

It is worth noting a cultural practice from ancient Greece and Rome. Diluting wine
with water before drinking was the norm. Consuming undiluted wine or drinking it “neat”
was considered uncivilized. The Romans had a term for such pure wine: “merum”. The
Greeks called it “akratos”. This practice was ingrained in their way of life. Renowned
ancient authors like Herodotus, Plato, and Aristophanes have documented and discussed
this tradition in their works, shedding light on its significance in these societies [30].

The tradition of blending water with wine is not just cultural; it holds spiritual meaning
too [31]. In Christian religious ceremonies, notably the Mass, a few drops of water are
combined with wine, underscoring the ritual’s deep spiritual significance, symbolizing the
inseparable union of the people (represented by water) and the Blood of Christ (represented
by wine).

Furthermore, ancient civilizations, with their wealth of myths, rituals, and medical
practices, often incorporated wine and alcohol into their therapeutic regimens. These
substances were considered potent agents capable of healing and rejuvenation [32].

4. Medieval Oversight and Governance

While the ancient Romans laid the groundwork for the significance of wine in society,
the medieval era further refined and expanded upon these foundations. During medieval
times in Europe, wine production grew a lot, especially in well-known areas like Bordeaux
and Burgundy. These places had good soil and weather for grape growing, making
them key spots for winemaking. They became famous both within Europe and outside
it. Around this time, groups started to form to oversee the wine trade. With the support
of local governments, these groups set standards for making wine, organized events to
promote trade, and set prices. They also made sure that wines from places like Bordeaux or
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Burgundy were well-made and met certain quality standards. These groups also helped
winemakers share knowledge with each other. This sharing helped to improve the way
wine was made and kept the industry moving forward.

The medieval period, characterized by flourishing trade networks and the rise of
urban centers, saw wine not just as a beverage of choice, but also as a significant economic
commodity. Taxation was a central theme in the medieval wine trade. Given the widespread
consumption of wine among social classes and its religious significance, it was a lucrative
source of revenue for monarchs and local lords. Taxation was not merely a means of
filling the treasury; it was also a tool of control and regulation. By imposing taxes, rulers
could exert influence on trade routes, prices, and even the quality of wine flowing through
their territories [33].

Beyond taxation, government intervention manifested itself in the form of charters:
licenses granted to merchants, often accompanied by privileges like tax reductions or
exclusive trade rights. However, these charters were double-edged swords. Although they
streamlined trade, they also became sources of controversy. Accusations of favoritism and
corruption were rife, as influential merchants, through close ties with rulers, sometimes
secured undue advantages, sidelining smaller traders. The era witnessed controversies
surrounding wine quality. High demand led some traders to adulterate wine, diluting
it to increase volume. Such practices, detrimental to the trade’s reputation, prompted
government interventions, with strict quality controls being imposed, and wrongdoers
facing penalties.

The 18th century was important for the wine industry, especially when it came to
setting rules against false labeling. During this time, there was a growing problem with
sellers misleading buyers about where their wine came from. To address this, Medici Grand
Duke Cosimo III from Florence made a rule in 1716. He marked clear areas in Tuscany, such
as Chianti, Carmignano, and Pomino, where specific wines were produced. This meant
that sellers from outside these areas could not claim their wine was from there if it was
not. Similarly, Portugal made a rule in 1756 for the Duoro Valley. They marked an area in
upper Duoro where the best wines came from. Growers in this area could sell their wines
at higher prices because they were considered to be of better quality. These rules from Italy
and Portugal were early steps to make sure that buyers knew where their wine was really
from and that they were getting what they paid for [34].

Regions in Italy, Germany, and France were renowned for their spiced wines, with
Turin establishing itself as a principal producer by the 18th century. Wine transcended its
role as a simple drink. The respected 14th century physician and theologian Arnaldus de
Villanova ardently advocated for the health benefits of wine, highlighting its potential in
mood elevation and liver protection [35]. Meanwhile, Renaissance surgeon Ambroise Paré
used wine-infused ointments for wound care, underscoring wine’s multifaceted role in
health and healing [36].

Some authors argue that during the Middle Ages, alcohol, wine, and their derivatives
did not hold the same significance as they did in antiquity, especially in medicine [37],
although small doses of medical wine were still prescribed in various areas such as modern
day Azerbaidjan [38]. The influence of Islam on Middle Age medicine in the Christian West
could explain the decreased interest in wine and alcohol. This is significant because Islamic
diet laws (halal) prohibit the consumption of alcohol, and this could have influenced
medical practices and perspectives on alcohol in regions where Islamic thought had a
significant impact.

However, history is often cyclical. As the world moved beyond the Middle Ages and
into the Renaissance, there was a revitalization of ancient wisdom. Scholars and medical
practitioners began to revisit ancient texts [39], leading to a revival of the therapeutic
importance of wine and alcohol. By the 17th to the 19th century, these substances were
once again at the forefront, giving rise to numerous medicines and therapeutic practices.

In essence, the medieval era was not only characterized by increased consumption
of wine; it represented a pivotal period where foundational measures were established to
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regulate wine production, sales, and trade, laying the groundwork for the modern wine
industry that we recognize today.

5. Modern Regulatory Frameworks

As centuries passed and the medieval world gave way to modern times, the need for
structured regulations in the wine industry became even more pronounced. The end of
the 19th and beginning of the 20th century marked a significant shift in the wine industry,
as countries began to recognize the need for more structured and organized regulations
determined by bigger volumes and the change in consumption habits of consumers. Other
studies such as [40] show that during the expansion phases of economic growth, increasing
levels of average income lead to a substantial increase in the average consumption of gross
alcohol, wine, and beer, while during recessions, their consumption, mostly persists at
the pre-recession phase’s levels, which correlates with a rapid growing population and
explains the constant increase in alcoholic beverages production. As such, introducing new
regulations became a necessity, not just an administrative procedure. It was also a response
to the global need for quality assurance and the protection of local wine identities. When
a product, such as wine, displayed a geographical indication, it was a mark of assurance.
As fine wine became not only a beverage to be enjoyed but a status symbol and imported
fine wines signaled belonging to the elite [41], it became more and more important for
consumers to trust that they were purchasing a product that genuinely originated from the
specified region and was not a mere imitation or falsely labeled.

Among the most influential of these regulatory frameworks was France’s Appellation
d’Origine Contrôlée (AOC), Italy’s Denominazione di Origine Controllata (DOC), and
Denominazione di Origine Controllata e Garantita (DOCG).

The AOC system, established in France, was a pioneering move in wine regulation. It
sets forth stringent criteria that wines must meet to be associated with a particular region or
‘appellation’. These criteria included everything from the type of grape used, the method
of cultivation, the area of production, to the specific winemaking techniques used. The
primary objective was to ensure that each wine reflected the unique characteristics of
its region, thus preserving the rich French wine culture. In doing so, the AOC not only
guaranteed quality for consumers but also bolstered the reputation of French wines on the
global stage [42].

Similarly, Italy, with its vast and diverse wine heritage, introduced the DOC and
DOCG systems. The DOC, like France’s AOC, sets out specific standards that wines must
meet to be associated with a particular region. On the other hand, the DOCG represented
an even higher level of quality assurance. Wines bearing the DOCG label underwent
rigorous testing and tasting evaluations, ensuring that they represented the pinnacle of
Italian winemaking. These regulatory frameworks played a crucial role in reinforcing the
authenticity and quality of Italian wines, making them highly sought after throughout
the world [43,44].

Other countries, inspired by the success of the AOC, DOC, and DOCG, introduced sim-
ilar systems, recognizing the value of protecting regional wine identities. These frameworks
not only ensured consistent quality for consumers, but also protected the heritage and
traditions of winemaking regions. They prevented the dilution of regional wine identities
in an increasingly globalized market.

After World War II, there was a big push to create standards in many industries. This
led to the start of the International Standards Organization (ISO) in 1947 [45]. Around this
time, there were many scientific and technical changes. These changes helped create a
structured way to study how humans perceive the taste and smell of foods and drinks [19].
In the 1970s, the first standardized terms for sensory analysis of food were made, thanks
to ISO 3972-1979 and ISO 5492-1977 [20]. This helped everyone agree on the terminology,
and there was a shift toward focusing more on what consumers wanted. There were fewer
products that people found unacceptable during this time.
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One big step forward was creating standardized tools, such as the wine tasting glass
based on ISO 3591:1977 [21]. This made it easier for wine sensory evaluation to be the same
everywhere. Having common tools and agreed upon terms made it easier to assess wine
quality in different places and markets [46].

While European nations were pioneering their regulatory systems, newer wine pro-
ducing regions, inspired by these traditions, began crafting their own guidelines tailored
to their unique contexts. Newer wine producing countries, such as the United States
and Australia, drew inspiration from the traditions of older wine regions. They designed
their own guidelines, considering aspects such as land utilization and wine labeling. For
instance, the U.S. introduced the American Viticultural Area (AVA) system, reminiscent of
France’s AOC, to pinpoint and safeguard wine-producing territories.

The AVA system was established in the US to consistently identify wine-producing
areas based on their geographical attributes. Unlike France’s AOC system, which seamlessly
blends age-old winemaking customs with stringent quality checks, the AVA focuses on geo-
graphical demarcation. To initiate an AVA, it is imperative to prove that the viticultural area’s
name is either locally or nationally acknowledged as representing the specified region [22].

However, the AVA system faces its own set of hurdles. Some brand names, including
those that have been historically recognized, occasionally use AVA names, which can
mislead consumers. This stands in stark contrast to the AOC’s emphasis on heritage and
excellence, which often overshadows branding considerations.

California, known for its prolific wine-producing zones, has led regulatory dialogues
in the US wine sector. Recognizing the role of geographical indications in the wine business,
California has initiated measures to ensure that wine labels accurately depict the product’s
origin and caliber. The TTB (Alcohol and Tobacco Tax and Trade Bureau) requires that a
minimum of 85% of the wine originate from the designated viticultural area. Therefore, a
wine labeled “Napa Valley” could comprise up to 14.9% grapes from alternative regions.

6. The Legal Blueprint of Romania’s Wine Industry

Romania has established a comprehensive legal framework to support the quality and
authenticity of its wines. The law refers to the production, certification of origin, marketing,
and control of wine and vine products, referring to the Annex of the Regulation (EU) of
the European Parliament and the Council (The Law of Vine and Wine, 2015). Central to
this legislation is the establishment of a robust legal structure for the wine and vine sector.
It covers the production processes, origin attestation, marketing avenues, and control
mechanisms for wine and vine products. The primary objective of the law is to improve
the competitiveness of Romanian wine producers. This enhancement is envisaged through
the promotion of wine and vine products, protection of DOC and IG, balance of supply
and demand, and support of professional associations.

Romania’s designated grape-production area is aligned with the wine and vine zones
of the European Union. ‘The National Office’ oversees the territorial boundaries for DOC
and IG wines. The law provides insight into the establishment and maintenance of vine-
yards, the selection of planting material, and the specifics of grape production for different
types of wine. These wines can be traditional names, varietal wines, or wines with spe-
cific characteristics. The right to market wines using DOC and IG labels depends on
annual certificates.

The Methodological Norms (Methodological Norms for the Implementation of the
Law of Vine and Wine, 2016) pertain to the application of the Law of Vine and Wine in the
common organization system of the vitivinicultural market. Their aim is to ensure that
the production, processing, bottling, labeling, and sale of wine-related products comply
with both national and European rules. The norms begin by defining several key terms.
For example, when they talk about “vitivinicultural products”, they refer to products
derived from grapes, such as wine. Similarly, terms like “wine regions” point to specific
areas recognized for grape cultivation, while “bottler” and “wine producer” refer to those
involved in the packaging and making of wine, respectively. Other terms, such as “labeling”,
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“presentation”, “importer”, and “trader”, help clarify the various stages and roles in the
wine production and distribution process.

However, the landscape of grape cultivation is not static. The National Office of Vine
and Vitivinicultural Products is responsible for any changes in the boundaries of these
areas. Their decisions are based on a variety of factors, from the climate and topography
of the region to the technologies used in the cultivation and the quality of the products
derived from the grapes.

In grape production, detailed recordkeeping is emphasized, documenting both the
quantity and value of the grapes produced. Wine is defined legislatively as a product
derived solely from the fermentation of fresh grapes or grape must, highlighting its natural
origins. The range of wine products includes grape must, grape juice, and wines derived
from fresh grapes, among others. Wines are classified according to their sugar content,
influencing their taste and character. The classifications include dry wines, with a sugar
content of up to 4.0 g/L; non-dry wines, of up to 12.0 g/L; semisweet wines, between 12.01
and 45.0 g/L; and sweet wines, with a sugar content greater than 45 g/L. Specific sugar
levels are maintained to ensure the desired taste and classification of the wine. Beyond
sweetness, the origin of a wine plays a crucial role in its flavor profile and authenticity.

Wines with a controlled designation of origin (Denumirea de origine controlată—DOC)
is a category that is reserved for wines that not only originate from specific regions, but
also meet rigorous quality standards. The DOC label certifies the authenticity and superior
quality of the wine. It is similar to Italy’s DOC, but smaller in number compared to Italy,
given the relative size and history of wine of the two countries. This category includes
still wines, quality sparkling wines, wines derived from raisin grapes and those from
overripe grapes.

Wines with Geographic Indication (IG) are wines that, while also rooted in specific
regions, might have a broader geographical origin than DOC wines. The IG category
includes still wines, sparkling wines, and perlant wines, each with its unique characteristics
and flavor profiles.

Varietal wines without DOC and IG are wines are labeled using the grape variety
name, offering consumers insight into the primary flavor and aroma profiles of the wine.

Wines without DOC, IG, and variety name is a category that encompasses wines that
do not fall into the aforementioned classifications but still adhere to the overarching quality
standards set by the legislation.

Special wines, as the name suggests, occupy a unique space in the wine production
landscape. These include sparkling wines, petiant and perlant wines, liqueur wines, wines
from raisin grapes, and those from overripe grapes.

The legislation goes into detail on the sugar content in these wines, which plays a
crucial role in their taste and classification. Brut Natur wines are crisp with up to 3 g/L
sugar and no post-fermentation additions, while the sweetness gradually increases through
Extrabrut to Sweet wines, with the latter having a sugar content exceeding 50 g/L.

In the vitivinicultural sector, the importance of accurate labeling and presentation can-
not be overstated, serving as the main interface between the product and the consumer and
ensuring compliance with regulations. Labeling includes various elements displayed on
packaging and documents, in order to identify the product, convey its quality, characteris-
tics, and origin. Commercial names must avoid misleading elements and labels should not
mimic established wine descriptions, particularly those protected by the EU. Regulations
emphasize the importance of Designations of Controlled Origin (DOC) and Geographical
Indications (IG), and wines imported must display clear information ensuring traceability
and authenticity. All mandatory label information must be in one or more official EU
languages, with Romanian as a prerequisite, to ensure accessibility. Presentation, referring
to packaging, influences consumer perception and purchasing decisions, reflecting the
product’s quality and price point.



Agronomy 2023, 13, 2991 10 of 24

7. The Modern Challenges of Eco-Friendly Viticulture

While understanding the historical and regulatory aspects of wine production is
crucial, it is equally important to recognize the contemporary challenges the industry faces,
especially in the realm of sustainability. Grapevines are a significant global crop, yet they
are highly sensitive to climate. Factors such as temperature, sunlight, and precipitation
crucially impact both the production of the plants and the quality of the resulting wine [16].

In some countries like Czechia there is a growing preference for white wines, but
climate changes favor red wine production [17]. Adaptation strategies, such as introducing
new grape varieties and relocating vineyards, are essential but pose challenges due to
geographical constraints and the need for long-term planning. There is a need to balance
economic performance with environmental considerations, addressing variations in grape
harvests, and promoting sustainable agriculture to ensure the wine industry’s long-term
viability in the face of climatic shifts.

One of the top challenges is the pursuit of sustainable viticulture. As the global
community becomes increasingly aware of environmental issues, the wine industry is
under pressure to demonstrate its commitment to eco-friendly practices. It is no longer just
about producing the finest wines; it is about doing so responsibly. This means embracing
farming techniques that prioritize the health of the soil and the surrounding ecosystem.

Water, the lifeblood of any agricultural endeavor, has become a focal point of these
sustainability efforts. Many of the world’s leading wine-producing regions are confronting
the realities of water scarcity. The challenge lies in optimizing irrigation to ensure that
grapevines receive the nourishment they need, without depleting or degrading local water
resources. The balance is delicate, with both the quality of the wine and the health of the
environment hanging in the balance. For example, a study indicated that 85% of South
Australian grape growers in the Murray–Darling Basin (MDB) felt water secure, with
alternative growers, practicing organic and biodynamic methods, feeling less at risk [18].
While conventional growers leaned on external solutions, often backed by government
investments in irrigation infrastructure, alternative growers championed natural, holistic
practices, and agroecological strategies, suggesting a more comprehensive governmental
approach might be beneficial.

In the Western Cape area of South Africa, known for its wine-making prowess, farmers
have expressed serious reservations about water management strategies. This comes in
the backdrop of the country witnessing subdued growth and development in the past
decade [47]. In a study conducted among farmers in the western Cape of South Africa, there
was a pronounced concern regarding governmental policies, particularly the perceived lack
of support in areas of water management during drought years [48]. Farmers expressed
dissatisfaction with the government’s approach, highlighting issues like potential water
rights reallocation and restrictions on building dams. These governmental constraints,
combined with the inherent water stress of the region, have posed significant challenges to
farmers’ adaptive capacities in the face of climate change.

In Crete, Greece, the focus shifted to the environmental impact of viticulture, with a study
that evaluated energy consumption and greenhouse gas emissions in vineyards. The primary
culprits were identified as fossil fuels used in machinery and synthetic fertilizers. To address
these challenges and promote sustainable practices, the “ECO2VINE” decision support tool
was developed, offering a way to calculate the energy use and greenhouse gas emissions of a
vineyard, further emphasizing the global push toward sustainable viticulture [49].

Parallel to these concerns is the ever-present threat of pests. Although pests have been
a perennial challenge, the modern twist lies in their growing resistance to conventional
pesticides. A study looked at how winegrowers in five European areas decide on using
pesticides and managing their vineyards [50]. These regions were Palatinate in Germany,
Leithaberg in Austria, Tarnave in Romania, Bordeaux in France, and Montilla-Moriles
in Spain. Tarnave is in the middle of Romania and has a mix of weather due to nearby
mountains. This area is known for its white wines. Since Romania joined the EU in 2007,
many old vineyards have been updated with government support. The area has two large
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wine producers and many smaller ones, covering about 5000 hectares with 20 wineries.
When it comes to growing practices, winegrowers in Tarnave have different views. Some
feel they do not have the right tools or knowledge to do better. Many small winegrowers
sell their grapes to groups, so they do not spend much on advertising. They also have
less experience in growing grapes than the others in the study. Also, there are not many
programs in Romania that encourage the use of fewer pesticides or having more green cover.
Currently, there is a mix in how pesticides are used. Some use weed killers between rows,
but not all. There is a link between those who do not use weed killers and having more
greenery between rows. Bug sprays are used a lot, and while some use scent dispensers to
keep bugs away, the number used varies a lot.

Alternative practices in viticulture have demonstrated the efficacy of plastic coverings,
which have been shown to significantly curtail the utilization of chemical pesticides. A
comparative analysis of agricultural practices during the 2020/2021 cultivation period in
Brazil [51] found that grape production systems using plastic covering have a significantly
higher Net Present Value (NPV), indicating better economic viability and greater returns
compared to traditional systems, with both systems showing a positive investment outlook.
The study was focused on the specific climate of southern Brazil, notably in Sarandi,
Rio Grande do Sul. This region experiences a humid subtropical climate with annual
average temperatures around 19.1 ◦C, fluctuating between 38 ◦C to 0 ◦C. The soil there is a
dystrophic red latosol, which is characterized by its clay content, depth, and good drainage.
Plastic coverings acted as a barrier against precipitation, thereby reducing plant surface
moisture and diminishing the prevalence of diseases. Furthermore, these coverings give
vines protection from extreme climatological events, such as hail and excessive rainfall.
This contributes to the sustainability of grape production by reducing reliance on chemical
pesticides, thereby mitigating environmental risks.

In the context of viticulture, the decisions of winegrowers are shaped by a confluence
of factors including historical precedents, regulatory landscapes, and personal convictions,
alongside the tangible constraints of climate and resource availability. These factors collec-
tively guide their responses to the contemporary challenges of sustainable wine production,
balancing economic, and environmental imperatives.

8. Wine Production in Europe

In the current study, we have curated a dataset encompassing 22 European wine-
producing countries. This sample constitutes a substantive representation of the viticultural
landscape within the continent, capturing over half of the nations engaged in this indus-
try. Moreover, our sample includes the pre-eminent wine-producing countries which are
globally recognized as the main contributors to European viticulture in both volume and
economic impact.

The diversity of wine production profiles, an essential consideration in the adequacy of
the sample, is well represented in our dataset. The selected countries exhibit a comprehen-
sive range of grape varieties, climates, viticultural techniques, and regulatory environments
(including Protected Designation of Origin, or PDO). This diversity ensures that our find-
ings are reflective of the broader trends and not merely localized phenomena.

The statistical methodologies employed—k-means clustering and Principal Compo-
nent Analysis (PCA)—are robust to variations in sample size, provided the data are well
distributed. Our sample size is consistent with the requirements for such methods, ensuring
the validity of the patterns and structures identified through our analysis.

The purpose of our study is to discern overarching trends and provide a macro-level
understanding of the European wine industry. We consider the chosen sample size as
adequate for such an exploratory investigation, which seeks to identify significant, rather
than subtle, patterns within the data.

It is also important to note that our sample size is partly determined by the availability
and accessibility of high-quality, comprehensive data across the European continent. In
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cases where data availability is a constraining factor, it is paramount to select a sample that
maximizes data integrity and representativeness.

In Table A1 and Figure 2, the 2020 production data, their value, and the ratio between
them are presented for various wine varieties. These values have been extracted from
official statistics last updated on 18 March 2022 [25]. These statistics containing data on
production for the 2017–2020 period were downloaded in CSV format and then merged
using Python data frames. Countries without production were filtered out. Subsequently,
the value per production unit was calculated.
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The European Union’s PDO system was established to standardize quality across
member states, providing a framework that national systems like Italy and Romania’s
DOC and France’s AOC could fit into. It ensures consumers know where their food
comes from and that it meets certain standards of production. The Protected Geographical
Indication (PGI), on the other hand, provides a more general indication of origin without
the stringent requirements of the PDO, covering food, agricultural products, and wines.
These designations have a direct impact on the production values and practices in member
states, as seen in the analyzed data.

With a production volume of 60.1 million units, Romania’s wine without a Protected
Designation of Origin stands out. This category, which might be seen as more generic, is
significant in volume but has a lower added value, selling at an average of 1.18 euros per
liter. This suggests that Romania has a robust domestic market and possibly exports these
wines as affordable options for everyday consumption.

A much higher average value is recorded for sparkling wine (5.3 euros/L), with Roma-
nia surpassing Italy and Spain in this ratio, although the volumes are still lower compared
to other varieties. In addition, a high average value is found for wines having more than
15% alcohol (3.95 euros/L), surpassing Spain and Portugal, although the volume is very
low, only 69,000 L, hinting at a niche but a premium segment. As expected, among Euro-
pean countries, France has the best value/production ratio for Champagne and sparkling
wine (16.34 euros/L).

Compared to its neighbors, Romania’s wine industry exhibits a unique mixture of
volume and value. While its most significant production is in the non-PDO category,
like Hungary, Romania’s sparkling wine category and wines with higher alcohol content
command a premium, indicating a focus on quality and niche segments. Bulgaria, with
its vast production of wines with more than 15% alcohol content, appears to be targeting
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a different market segment compared to Romania’s premium positioning. Serbia, on the
other hand, has a more balanced approach but does not achieve the high value per liter
that Romania does for its premium categories.

The data are enriched with the following information, as shown in Table A2:

• The water stress index represents a quantitative measure capturing the competition
among water users in each region. Essentially, it gauges the intensity of demand for
water in relation to its availability. A higher value of this index signifies increased water
stress, implying that the region might be facing challenges related to water scarcity,
which could affect various sectors. We used the agricultural sectoral score [26].

• The number of registered wine PDOs is a metric that showcases the diversity and
uniqueness of wine production within a country. A Protected Designation of Origin
(PDO) for wine ensures that particular wine’s characteristics are deeply rooted in its
geographical origin, encompassing factors such as the soil, climate, and traditional
production methods of its place of origin. A higher number of registered wine PDOs
in a country denotes a rich diversity of unique wines, each representing the distinct
character of its region [27].

• Vines in production—wine grapes—total (in hectares) quantifies the overall scale of
vineyards dedicated to wine grape production in a country. This measure provides an
insight into the magnitude of wine production activities, which can be indicative of
the economic and cultural importance of winemaking in that region [28].

Clustering is a type of unsupervised machine learning technique that is used to group
similar data points together based on certain features. One of the most popular and
straightforward clustering methods is the k-means algorithm with its different variants
such as a k-means++ [52,53]. In our study, the primary objective was to identify patterns
in wine production and value metrics across different countries. We commenced the data
preparation phase by structuring the data in a format amenable to clustering, representing
each nation by its wine production and value metrics across various wine types. When
applying clustering in the context of countries’ wine production profiles, there are key
features that provide valuable insights.

Firstly, the magnitude of production or value serves as a foundational metric. Ana-
lyzing this aspect offers a perspective on the relative size and economic significance of the
wine industry in each nation. Secondly, to appreciate the spectrum of wine offerings from
each country, it is essential to focus on the variety of wine types produced. This assists in
discerning the diversity and specialization within the wine production landscape of each
country.

In alignment with these considerations the features from Tables A1 and A2 were
considered for the clustering analysis. Given the sensitivity of clustering algorithms
like k-means to the scale of data, it was necessary to standardize our features. This
ensured that each feature contributed uniformly to the distance computation. With the data
appropriately scaled, our next challenge was to determine the optimal number of clusters.
We employed the Elbow method (Figure 3) which pointed us towards an optimal cluster
count of three for our dataset.

Utilizing Python’s scikit [54], we applied the k-means clustering algorithm to the data
from Table 1, specifying three as the number of clusters. The resulting clusters unveiled
patterns about the relationship between different countries based on their wine data, as
visualized in Figure 4, where each bar represents a country, and its color corresponds to the
cluster it belongs to.

Cluster 0, termed as ‘Moderate Producers’, is characterized by a relatively low water-
stress index. This cluster has a limited number of wines with a Protected Designation of
Origin (PDO) registration. The production of wine grapes in these countries is moderate,
and they exhibit lower economic values for champagne, sparkling wine, and other wine
types. The quantities produced for various wine types in these countries are also moderate.
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Cluster 1, which encompasses the prominent wine producers, France and Spain, as
‘High Producers’, experiences a higher water-stress index. These countries have a notably
elevated number of registered PDOs. The vine production for wine grapes in this cluster
is extremely high, reflecting their dominant position in the wine industry. The economic
values for champagne, sparkling wine, and other wine types are substantially higher in
this cluster. Furthermore, the quantities of various wine types produced are significantly
higher, underscoring their major role in global wine production.

Cluster 2, represented exclusively by Italy and dubbed as “Specialized Producer”,
exhibits a high water-stress index. Italy stands out with the highest number of registered
PDOs among the countries analyzed, pointing to its rich wine diversity. The country boasts
very high vine production for wine grapes. Particularly notable is the high economic value
associated with wines that have added CO2, excluding white and sparkling wines. Italy
also produces large quantities of various wine types, with a special emphasis on quality
wines with PDOs and those having a volume less than 15%, excluding white and sparkling
wines. An interesting observation is Italy’s absence in the production of wines like Port
Wine, Madeira, Sherry, and other wines with a volume exceeding 15%.

To visualize clusters in lower-dimensional space, Principal Component Analysis (PCA)
is employed. By reducing the data to its two principal components, we can plot them and
color-code based on cluster assignments. PCA produces a new set of orthogonal features,
known as principal components, which capture the data’s variance in descending order.
The first two components, PC1 and PC2, are linear combinations of the original features.
Their coefficients signify the relevance of each original feature to the principal component.
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The Kaiser–Meyer–Olkin (KMO) measure, calculated at 0.5465, signaled a moderate
level of sampling adequacy. Although this value does not reach high levels, it surpasses the
minimum threshold of 0.5, implying a satisfactory degree of common variance present in
the dataset, which is favorable for the application of PCA. Concurrently, the Bartlett’s Test
of Sphericity yielded a chi-square value of 504.162 and a p-value of 6.56 × 10−79, indicating
that the correlation matrix of the variables substantially deviates from an identity matrix.
This significant deviation is indicative of the existence of interrelated variables, thereby
reinforcing the applicability of PCA in this context.

The KMO measure, despite its modesty, does not undermine the efficacy of PCA in this
study. This is particularly relevant considering that PCA, unlike factor analysis, does not
rely as heavily on high correlations between variables. The significant results of Bartlett’s
test accentuate the presence of relationships among the variables, lending support to the
dimensionality reduction achieved through PCA.

The PCA plot from Figure 5 visualizes the multidimensional dataset in a reduced two-
dimensional space, where each point represents a country. The plot delineates the clustering
of countries based on their principal component scores. The proximity of countries within
clusters suggests similarities in their underlying data patterns as captured by the PCA. In
contrast, the distance between clusters implies dissimilarity. For instance, countries within
Cluster 0 exhibit close grouping, indicating homogeneity with respect to the principal
components analyzed. Portugal, while aligning with other Cluster 0 countries along the
first principal component (PC1), exhibits a distinct position along the second principal
component (PC2), suggesting divergence in the variables that PC2 represents.
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The PC1 and PC2 values in Table 2 are the loadings of each variable on the first two
principal components in a Principal Component Analysis (PCA). In PCA, the loadings for
each principal component (PC) do not necessarily sum up to a specific value. Instead, these
loadings, which are the coefficients of the linear combination of the original variables that
form the principal component, represent how much each original variable contributes to
that component.
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Table 2. PCA loadings.

PC1 PC2

Water Stress Index Agricultural 0.19 0.45

Number of Registered PDOs (wine) 0.37 −0.13

Vines in Production—Wine Grapes—Total 0.37 0.19

Champagne and Sparkling Wine—Value 0.31 −0.01

White Wine with Protected Designation of Origin (PDO)—value 0.39 −0.13

Wine with added CO2, excluding white and sparkling wine—value 0.28 −0.40

Quality Wine with Protected Designation of Origin (PDO) with
volume < 15%, excl white and sparkling wine (quant) 0.39 −0.04

Wine with volume < 15%, excluding white and sparkling
wine—quantity 0.31 0.35

Port Wine, Madeira, Sherry, and others > 15% volume—quantity 0.07 0.62

Grape Must—quantity 0.32 −0.24

Cumulative Variance Explained:
• PC1: 64.23%
• PC2: 79.58%

Principal Component 1 (PC1):

• The loadings on PC1 represent how much each variable contributes to this component.
A high positive or negative value indicates a strong contribution.

• For example, ‘Quality Wine with Protected Designation of Origin (PDO) with vol-
ume < 15%, excluding white and sparkling wine’ has a high loading (0.39) on PC1,
which means this variable strongly influences the variation captured by PC1.

• Variables like ‘Number of registered PDOs (wine)’, ‘Vines in production—wine
grapes—total’, and ‘White Wine with Protected Designation of Origin (PDO)’ also have
significant positive loadings, suggesting they are important factors in the variation
PC1 represents.

Principal Component 2 (PC2):

• The loadings on PC2 indicate the impact of each variable on the second principal
component.

• ‘Port Wine, Madeira, Sherry, and others > 15% volume’ has the highest loading (0.62)
on PC2, implying it greatly influences the variation in this component.

• The ‘Water-stress index Agricultural’ also has a significant positive loading (0.45),
indicating its importance in PC2.

• In contrast, variables like ‘Wine with added CO2, excluding white and sparkling wine’
and ‘Grape Must—quantity’ have negative loadings, indicating an inverse relationship
with this component.

Furthermore, Table 2 contains the total variance explained by all the principal com-
ponents up to a certain number. PC1 explains 64% of the variance, and PC2 explains
an additional 15%, so the cumulative variance explained by the first two components is
64.23% + 15.35% = 79.58%. Therefore, these two components together account for almost
80% of the dataset’s total variance, providing a substantial understanding of its underlying
structure while reducing dimensionality.

Figure 6 illustrates the trends from 2017 to 2020 in wine production across different
varieties. During this period, Italy, Spain, and France consistently ranked as the top three
producers. Romania was in sixth place, but its production volume was significantly lower
than the top three countries. The rankings were stable throughout these four years.
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To conclude, the detailed analysis and application of the clustering of k-means on
European wine production data have revealed distinct patterns between countries, high-
lighting the unique profiles of Italy, the commonalities between France and Spain, and
the diverse characteristics of Romania and other nations. Romania’s prominence in the
non-PDO category and its premium positioning in specific segments were notable. The
consistent leadership of Italy, Spain, and France in the value of wine production emphasizes
their enduring influence in the industry.

9. Conclusions

In addressing the research questions presented at the outset, our study looked into
the intricate ties between the wine industry’s historical significance, regulatory trajectories,
and its adaptation to contemporary challenges.

RQ1 (Evolution of Wine Regulations and Impact on Trade and Production): Wine
regulations have transformed considerably over time, with each era reflecting the socio-
economic imperatives and government’s role in ensuring quality and trust. From the
nascent regulatory practices of ancient civilizations to today’s intricate frameworks, gov-
ernments have been instrumental in shaping these trajectories. Instruments like the AOC in
France, and DOC and DOCG in Italy, demonstrate how governmental oversight has been
pivotal in preserving regional wine identities and ensuring consumer trust.

RQ2 (Adaptation to Sustainability in the Contemporary Wine Industry): According
to our research, government policies and incentives are key to advancing sustainability
initiatives within the wine industry. Regions with robust governmental support show-
cased accelerated adaptation to eco-friendly practices, highlighting the essential role of
state-backed solutions in the industry’s transition. Contrarily, areas with less governmen-
tal intervention leaned towards traditional strategies, underscoring the challenges and
complexities of harmonizing sustainability with age-old practices.

RQ3 (Insights from Production Data and Value Comparisons—A Focus on Romania):
Using production data, we investigated Romania’s strategic positioning in the European
wine landscape, influenced by market dynamics and government policies. The balance
between volume and value in Romania’s wine production, especially in non-PDO segments,
reflects its adaptability to global market demands and domestic regulatory landscapes.
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RQ4 (Government Oversight and Economic Impacts from Clustering and PCA): The
clustering analysis and PCA underscored the varied economic and regulatory imprints
of European wine-producing nations. For instance, the distinct production approach of
Italy, possibly shaped by its rigorous governmental regulations, demonstrates the tangible
economic repercussions of state interventions in the wine trade.

Our research suggests several policy implications for the wine industry, particularly
in the context of evolving wine regulations and sustainability challenges. The findings
highlight the necessity for governments and regulatory bodies to adapt policies that en-
courage sustainable viticulture practices, especially in the context of climate change. The
success of the European Union’s PDO system and its impact on maintaining standardized
quality across member states, as seen in Romania, suggests that similar frameworks could
be beneficial in other emerging wine-producing countries.

Furthermore, our study underscores the importance of technological advancements in
the industry. Policymakers could foster innovation by supporting research in sustainable
farming practices and digital tools for wine production and trade. Incentivizing eco-friendly
practices and providing resources for technological adoption could significantly impact the
industry’s environmental footprint.

However, our work is not without limitations. The primary limitation lies in the
focus on European countries, particularly Romania, which may not fully represent the
global wine industry’s dynamics. Additionally, the application of clustering and PCA
methodologies, while insightful, may not capture all the distinctions between smaller
wine-producing regions.

For future research, we propose expanding the study to include a more diverse range
of wine-producing countries, particularly those outside Europe. This would provide a more
comprehensive understanding of global wine industry trends. Further research could also
explore the micro-level impact of wine regulations and sustainability practices on smaller
vineyards and producers. Finally, longitudinal studies could be conducted to assess the
long-term effects of changing regulations and sustainability initiatives on the wine industry.

In conclusion, our study contributes to a growing body of research on wine regu-
lations, production, and trade, offering valuable insights for policymakers and industry
stakeholders. By acknowledging the limitations and proposing future research directions,
we aim to encourage continued exploration of this vital industry.
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Appendix A

Table A1. Wine sold production, by countries and varieties (year 2020). The values are in euros.

Champagne
and

Sparkling
Wine

(1)

White Wine
with

Protected
Designation

of Origin
(PDO) (2)

Wine with
Added CO2,
Excluding
White and
Sparkling

Wine
(3)

Quality
Wine with
Protected

Designation
of Origin

(PDO) with
Volume
< 15%,

Excluding
White and
Sparkling

Wine
(4)

Wine with
Volume
< 15%,

Excluding
White PDO
Wine and
Sparkling

Wine
(5)

Porto,
Madeira,

Sherry Wine
and Others

> 15%
Alc (6)

Grape Must
(7)

Total
(8)

Austria

Production 5,584,654 16,879,111 0 2,883,449 0 0 0 25,347,214

Value 39,159,110 44,517,443 0 8,068,438 0 0 0 91,744,991

Value per
production

unit
7.01 2.64 0 2.8 0 0 0 3.62

Bosnia and Herzegovina

Production 0 1,044,734 0 0 3,350,151 0 0 4,394,885

Value 0 1,819,346 0 0 4,453,756 0 0 6,273,102

Value per
production

unit
0 1.74 0 0 1.33 0 0 1.43

Bulgaria

Production 228,205 672,561 0 1,336,903 84,397,110 0 0 86,634,779

Value 411,719 1,728,346 0 4,222,569 93,997,924 0 0 100,360,558

Value per
production

unit
1.8 2.57 0 3.16 1.11 0 0 1.16

Croatia

Production 53,100 22,051,700 544,300 5,988,400 901,300 6600 0 29,545,400

Value 397,049 42,186,463 806,045 16,721,447 916,093 15,930 0 61,043,027

Value per
production

unit
7.48 1.91 1.48 2.79 1.02 2.41 0 2.07

Finland

Production 0 192,960 31,635 233,400 13,864,377 22,680 0 14,345,052

Value 0 524,919 99,127 539,623 22,174,019 57,600 0 23,395,288

Value per
production

unit
0 2.72 3.13 2.31 1.6 2.54 0 1.63

France

Production 271,134,564 430,469,000 0 1,103,158,600 1,500,540,500 8,648,600 0 3,313,951,264

Value 4,430,279,357 1,086,738,898 0 2,784,975,236 1,348,995,550 21,833,858 0 9,672,822,899

Value per
production

unit
16.34 2.52 0 2.52 0.9 2.52 0 2.92
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Table A1. Cont.

Champagne
and

Sparkling
Wine

(1)

White Wine
with

Protected
Designation

of Origin
(PDO) (2)

Wine with
Added CO2,
Excluding
White and
Sparkling

Wine
(3)

Quality
Wine with
Protected

Designation
of Origin

(PDO) with
Volume
< 15%,

Excluding
White and
Sparkling

Wine
(4)

Wine with
Volume
< 15%,

Excluding
White PDO
Wine and
Sparkling

Wine
(5)

Porto,
Madeira,

Sherry Wine
and Others

> 15%
Alc (6)

Grape Must
(7)

Total
(8)

Germany

Production 259,972,561 122,024,116 6,827,456 82,813,330 254,325,349 0 0 725,962,812

Value 784,482,869 263,904,008 10,310,939 151,966,434 362,686,301 0 0 1,573,350,551

Value per
production

unit
3.02 2.16 1.51 1.84 1.43 0 0 2.17

Greece

Production 0 3,377,925 4,147,640 9,441,847 82,501,617 0 1,502,595 100,971,624

Value 1,317,611 12,314,490 7,769,096 18,730,868 151,941,988 0 2,646,286 194,720,339

Value per
production

unit
0 3.65 1.87 1.98 1.84 0 1.76 1.93

Italy

Production 577,516,883 880,181,446 900,283,646 1,318,199,774 938,751,984 0 222,261,277 4,837,195,010

Value 204,367,3000 1,737,331,000 1,083,699,000 1,936,078,000 1,346,887,000 0 206,042,000 8,353,710,000

Value per
production

unit
3.54 1.97 1.2 1.47 1.43 0 0.93 1.73

Lithuania

Production 3,815,841 0 0 0 220,856 0 0 4,036,697

Value 8,106,170 0 0 0 380,411 0 0 8,486,581

Value per
production

unit
2.12 0 0 0 1.72 0 0 2.1

North Macedonia

Production 0 9,683,800 0 17,982,100 17,764,300 0 0 45,430,200

Value 0 5,076,506 0 10,185,504 23,856,110 0 0 39,118,120

Value per
production

unit
0 0.52 0 0.57 1.34 0 0 0.86

Montenegro

Production 0 2,335,400 0 0 0 4,818,500 0 7,153,900

Value 0 6,072,000 0 0 0 12,372,000 0 18,444,000

Value per
production

unit
0 2.6 0 0 0 2.57 0 2.58

Poland

Production 0 0 0 0 13,203,700 0 0 13,203,700

Value 0 0 0 0 30,918,321 0 0 30,918,321

Value per
production

unit
0 0 0 0 2.34 0 0 2.34
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Table A1. Cont.

Champagne
and

Sparkling
Wine

(1)

White Wine
with

Protected
Designation

of Origin
(PDO) (2)

Wine with
Added CO2,
Excluding
White and
Sparkling

Wine
(3)

Quality
Wine with
Protected

Designation
of Origin

(PDO) with
Volume
< 15%,

Excluding
White and
Sparkling

Wine
(4)

Wine with
Volume
< 15%,

Excluding
White PDO
Wine and
Sparkling

Wine
(5)

Porto,
Madeira,

Sherry Wine
and Others

> 15%
Alc (6)

Grape Must
(7)

Total
(8)

Portugal

Production 28,389,276 83,619,993 34,130,177 95,773,745 392,594,655 117,927,417 4,730,675 757,165,938

Value 98,915,170 178,085,975 24,593,696 229,742,105 557,799,420 423,043,188 2,703,563 1,514,883,117

Value per
production

unit
3.48 2.13 0.72 2.4 1.42 3.59 0.57 2

Romania

Production 2,805,100 60,169,100 0 25,218,700 280,565,000 69,000 0 368,826,900

Value 15,020,839 106,428,868 0 37,382,759 330,546,405 272,617 0 489,651,488

Value per
production

unit
5.35 1.77 0 1.48 1.18 3.95 0 1.33

Serbia

Production 52,200 2,854,400 415,100 3,970,400 11,747,600 0 0 19,039,700

Value 340,331 4,169,008 485,571 9,654,781 15,323,495 0 0 29,973,186

Value per
production

unit
6.52 1.46 1.17 2.43 1.3 0 0 1.57

Slovakia

Production 5,585,114 6,536,237 0 281,162 31,829,513 26,627 0 44,258,653

Value 13,134,989 14,216,523 0 0 44,774,464 0 0 72,125,976

Value per
production

unit
2.35 2.18 0 0 1.41 0 0 1.63

Slovenia

Production 0 11,449,602 0 5,690,709 0 0 0 17,140,311

Value 0 23,267,836 0 11,614,353 0 0 0 34,882,189

Value per
production

unit
0 2.03 0 2.04 0 0 0 2.04

Spain

Production 199,031,100 334,606,400 6,700,800 755,270,600 2,526,402,400 39,811,400 86,486,000 3,948,308,700

Value 618,436,381 629,589,121 12,284,737 2,047,754,797 1,216,644,593 81,491,592 37,926,975 4,644,128,196

Value per
production

unit
3.11 1.88 1.83 2.71 0.48 2.05 0.44 1.18

Hungary

Production 16,007,000 45,069,000 77,605,000 33,862,000 98,495,000 13,000 7,702,000 278,753,000

Value 28,896,544 63,587,772 43,946,104 52,875,123 72,683,505 90,349 3,383,835 265,463,232

Value per
production

unit
1.81 1.41 0.57 1.56 0.74 6.95 0.44 0.95
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Table A2. Key indicators on water stress in agriculture and vineyard production in selected Euro-
pean countries.

Country Water Stress
Index Agricultural

Number of Registered
Wines PDOs

Vines in Production—Wine
Grapes—Total

Austria 0.48 28 44,501

Bosnia and Herzegovina 0.25 0 n/a

Bulgaria 2.49 54 58,310

Croatia 0.09 18 15,953

Cyprus 3.97 11 7097

Czech Republic (Czechia) 1.22 13 16,819

Finland 0.93 0 n/a

France 2.29 440 733,598

Germany 1,93 45 100,823

Greece 3.82 147 61,513

Hungary 0.66 38 58,061

Italy 2.8 527 652,451

Lithuania 1.21 0 n/a

Montenegro 0.73 0 n/a

North Macedonia 2.71 0 n/a

Poland 1.41 0 n/a

Portugal 3.33 40 161,033

Romania 1.21 53 169,189

Serbia 0.25 0 n/a

Slovakia 0.2 9 12,090

Slovenia 0.49 17 14,363

Spain 3.96 144 846,408
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