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Small-scale Alpine vineyards represent a remarkable blend of ecological 
integrity, cultural heritage, and economic significance. Situated within distinctive 
landscapes and microclimates, these vineyards are increasingly vulnerable to the 
impacts of climate change and shifting environmental conditions. 
 
Rising water scarcity, drought stress, and extreme weather events are 
contributing to a decline in wine quality and threatening the long-term viability 
of viticultural practices. This poses a serious risk to traditional cultivation 
methods that have shaped regional identities and supported local economies for 
the past generations. 
 
In response to these changes, the RESPOnD project seeks to collaboratively 
develop Ecosystem-based Adaptation (EbA) strategies and sustainable 
development pathways with winegrowers and policymakers. By validating EbA 
approaches in specific pilot areas and disseminating practical knowledge, 
RESPOnD aims to foster climate-resilient management and governance within 
Alpine Wine Orchards (AWO). 
 
In particular, the present report provides the reader further insights regarding 
the various EbA approaches existing in the Alpine vineyards.  

RESPOnD AT A GLANCE 
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1. Introduction 

Climate change is exerting unprecedented pressure on traditional agricultural systems, 
particularly in vulnerable and sensitive regions such as the Alpine Space. Alpine Wine 
Orchards (AWOs), a hallmark of the Alpine cultural landscape, are characterized by small-
scale, steep-slope viticulture with low levels of mechanization. While they produce high-
quality wines and provide essential ecosystem services (ES) such as erosion control, 
biodiversity conservation, and cultural heritage preservation, they are increasingly under 
pressure from climate-related risks, high labour costs, land abandonment, and competition 
from intensive viticulture. Without coordinated and adaptive responses, their ecological and 
socio-economic sustainability is at risk. 

In the RESPOnD project, AWOs are identified as small-scale, often terraced vineyards that, 
although limited in mechanization, contribute significantly to biodiversity, landscape 
preservation, and rural vitality. They are important not only for wine production but also for 
promoting tourism, creating jobs, and preserving local traditions and communities. In the 
framework of RESPOnD, we aim to consider all aspects of AWOs with the clear objective of 
supporting them through knowledge of Ecosystem-based Adaptation (EbA) and by 
empowering winemakers to adapt to climate change (CC). This specific combination of small 
scale, traditional practices, and strong community embeddedness may be the very reason 
why AWOs contribute so strongly to biodiversity, landscape preservation, and the vitality of 
rural areas. 

In this context, the RESPOnD project aims to strengthen the climate resilience of AWOs by 

promoting EbA strategies that leverage nature-based solutions to reduce vulnerability and 

enhance sustainability. By jointly mapping ES, co-developing adaptive strategies through 

Living Labs (LLs), and transferring knowledge via digital tools and policy guidance, RESPOnD 

creates a holistic and scalable framework for future-oriented viticulture in the Alpine region. 

Transnational cooperation is essential to address the shared climatic and socio-economic 

challenges that transcend national borders and to co-create solutions that are locally rooted 

yet widely replicable. The RESPOnD approach aligns with key European policy frameworks 

such as the EU Green Deal, the EU Strategy for the Alpine Region (EUSALP), and the Nature 

Restoration Regulation, positioning the project as a driver of integrated, resilient, and nature-

based regional development. 

The project aims to test ways to allow Alpine vineyards to adapt and be more resilient, in 

seven pilot areas across five countries (i.e., AT, DE, FR, IT, SI). The testing will be carried out 

in the form of LL implemented in three phases. This document provides a basis for better 

understanding EbA approaches in different areas and thus serves as a valuable resource for 

stakeholder involvement and collaborative development within the project. 
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Figure 1: Project partners in RESPOnD project within the Alpine Space cooperation area. 
 
Objective of the catalogue of EbA approaches in the context of the RESPOnD project 

This report provides an overview of the current conditions, challenges, and potential for 
climate resilience in AWOs across the partner regions. It reviews relevant literature on EbA 
in the project’s pilot areas, identifying climate-related vulnerabilities and assessing the ES 
provided by AWOs. The findings form a basis for the second round of LLs in the RESPOnD 
project and support transnational efforts to co-develop, test, and scale up EbA solutions. The 
document is designed for project partners but is also valuable for stakeholders and 
practitioners working in the wine sector seeking ecosystem-based approaches, with 
additional data provided in the annexed factsheets. 
 
The role of EbA approaches in increasing the resilience of wine-growing areas  

EbA is an emerging nature-based strategy that uses biodiversity and ES to help communities 
adapt to the adverse effects of climate change48. In the context of viticulture, EbA approaches 
offer innovative and cost-effective solutions to enhance the resilience of wine-growing areas, 
particularly in vulnerable Alpine regions. Measures such as maintaining landscape 
heterogeneity, restoring terraces and dry-stone walls, promoting soil cover and biodiversity, 
and integrating agroecological practices contribute to buffering climatic extremes while 
preserving cultural landscapes. The RESPOnD project promotes the co-design and testing of 
EbA solutions through LL and pilot actions in the field, ensuring that adaptation pathways 
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are not only scientifically sound but also socially accepted and practically feasible. EbA thus 
serves as a bridge between ecological sustainability and economic viability in adapting 
traditional viticulture to future climate conditions. 

1.1. Pilot areas 

1.1.1. Alto Adige / Südtirol, Italy 

South Tyrol, also known as Alto Adige in Italian and as Südtirol in German, is an autonomous 
province in northern Italy, nestled within the heart of the Alps at the border with Austria and 
Switzerland. The region is characterised by a unique alpine landscape, which includes deep 
valleys, steep mountain peaks reaching up to 4,000 metres above sea level, and a diverse mix 
of geological formations. This diversity contributes to a rich mosaic of natural ecosystems 
and cultural landscapes: the region is predominantly covered by forests, permanent and 
alpine grasslands, and sparsely vegetated areas, rocks and glaciers at the higher elevations. 
The valley floors are often intensively used for permanent cultivations. 
 
In particular, the wine region is characterized by a small-scale and diversified structure. Over 
5,000 individual winegrowers manage around 5,800 hectares, cultivating more than 20 
different grape varieties adapted to various soils and climatic conditions. This diversity 
requires a high level of knowledge and expertise, built on a long-standing tradition and 
history. Still today, viticulture plays a key role in shaping the local identity and heritage and 
is an important part in the regional economy. 
 
Compared to other agricultural regions facing the challenges related to rural abandonment 
and land degradation, South Tyrol keeps attracting the interest of the younger generations, 
mainly due to the stable and promising economic situation. Tourism is another central 
attribute, particularly in the form of eco and agrotourism linked to the local wine and the 
landscape heritage. 
 
Despite this flourishing environment, small-scale viticulture faces many threats linked to 
climate change. Indeed, changes in precipitation and temperature regimes negatively impact 
the cultivation and long-term sustainability of important local varieties such as Pinot Blanc, 
Sauvignon Blanc, Gewürztraminer, Chardonnay, Pinot Noir, and Schiava. Through, Eurac 
Research and Laimburg Research Centre will particularly focus on water management in 
South Tyrol by engaging with stakeholders, testing new instruments to improve water use 
efficiency within the vineyards, and sharing knowledge with winemakers, producers, 
consortia or public agencies. 

1.1.2. Cinque Terre, Italy 

Established in 1999, the Cinque Terre National Park (5TNP) is a public authority directly 
under the jurisdiction of the Italian Ministry of the Environment. With its 3,868 hectares, 
located in the province of La Spezia, the 5TNP is one the smallest National Park in Italy, but 
also the most densely populated: about 3.500 inhabitants distributed in the villages of 
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Riomaggiore, Manarola, Corniglia, Vernazza, and Monterosso. The area is part of the World 
Heritage Site “Portovenere, Cinque Terre and the islands Palmaria, Tino and Tinetto”, 
inscribed in 1997. In the same year it was also established the Marine Protected Area, 
managed by 5TNP. 
 
Here, over more than a thousand years, man has transformed steep slopes into cultivable 
strips (the ciàn), supported by thousands of kilometers of dry-stone walls, creating a unique, 
heavily man-made landscape. Over the past 10 years, it has become a popular destination for 
tourists who come from all parts of the world to admire the unique and special landscapes.  
 
The National Park aims to set actions and strategies to preserve biodiversity, reduce 
hydrogeological risk, and increase economic benefits from rural activities while maintaining 
local agriculture active in a sustainable way. 
 
5TNP is the leading and coordinating beneficiary of the Stonewallsforlife (LIFE18 
CCA/IT/001145) project, which aims at repairing dry-stone walls and ensuring their long-
term maintenance, to protect the territory and its inhabitants against the effects of extreme 
weather events, which fits perfectly into the type of actions and best practices that the 
RESPOnD project wants to put in place for climate change adaptation in Alpine vineyards. 
 
In this context, RESPOnD can further develop local actions to enhance the climate resilience 
of extensive vineyard ecosystems, and the valorisation of cultural and traditional heritage. 

1.1.3. Südburgenland, Austria 

Südburgenland, a traditional winegrowing region in southeastern Austria near the 
Hungarian border, is defined by its family-run vineyards, historic Kellerstöckl wine cellars, 
and a diverse cultural landscape shaped by centuries of sustainable land use. The region’s 
gently rolling hills form a rich mosaic of vineyards, meadows, forests, and small-scale farms. 
As part of the Eisenberg DAC, Südburgenland is especially renowned for expressive 
Blaufränkisch and crisp Welschriesling, as well as the unique and culturally significant 
Uhudler wine. 

Viticulture plays a central role in both the identity and economy of the region. However, 
winegrowers are increasingly challenged by climate change, including drought, shifting 
precipitation, extreme weather events, and heat stress. In response, many are adopting 
adaptive techniques such as planting new grape varieties, using cover crops, installing hail 
protection, and adjusting harvest times. 

1.1.4. Vipavska dolina, Slovenia 

The Vipava Valley, located in western Slovenia between the Nanos and Karst Plateaus, is a 
renowned winegrowing region within the Goriška statistical area, encompassing the 
municipalities of Ajdovščina and Vipava1. Its mild Mediterranean climate, fertile soils, and the 

 
1 In Vipava Valley there are three municipalities: Vipava, Ajdovščina and Nova Gorica. But RRA ROD only covers 
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meandering Vipava River create ideal conditions for viticulture, which has shaped the valley’s 
landscape and identity for centuries. Family-run wineries produce both indigenous varieties 
such as Zelen and Pinela, as well as internationally recognized wines, making viticulture a 
cornerstone of the local economy and a key driver of tourism. 
 
The valley is also a hub of sustainable farming, biodiversity conservation, and creative rural 
development. However, winegrowers and farmers are increasingly confronted with 
challenges such as climate change, water management issues, rural depopulation, and ageing 
populations. Investments in green technologies, innovation, and cross-border cooperation 
with Italy are seen as vital for ensuring resilience and long-term sustainability. 
 
As part of the RESPOnD project, the Vipava Valley will serve as a pilot area focusing on 
climate-resilient viticulture and integrated landscape management. Building on EU projects 
like ECOVINEGOALS (Ecological Vineyards Governance Activities for Landscape’s Strategies, 
Interreg ADRION 21-27), VISFRIM (Hydraulic Risk Management for the Vipava River Basin 
and Other Cross-Border Basins, Interreg Italia-Slovenija 21-27), or GREVISLIN (Green 
infrastructure for the conservation and improvement of protected habitats and species along 
rivers, Interreg Italia-Slovenija 21-27), as well as on local climate adaptation strategies, the 
project will use LL to foster dialogue among winegrowers, future wine experts (students), 
farmers, municipalities, and other stakeholders. The aim is to develop ecosystem-based 
approaches, test practical solutions, and strengthen collaboration for a sustainable and 
vibrant future of winegrowing in the valley. 

1.1.5. Franken, Germany 

The Franconian wine region in north-western Bavaria is one of Germany’s most distinctive 
viticultural areas, shaped by the Main River and surrounded by the low mountain ranges of 
Spessart, Odenwald, Rhön, Hassberge, and Steigerwald. Characterised by a transitional 
climate with hot summers, cold winters, and low annual precipitation, it is among Bavaria’s 
driest regions—posing increasing challenges for local viticulture. 
 
Viticulture has deep roots in Franconia, particularly on the steep slopes along the Main River. 
The region is marked by small, family-run vineyards that form a fragmented yet culturally 
rich landscape. Silvaner is the emblematic grape variety, traditionally bottled in the iconic 
Bocksbeutel, symbolising the quality and heritage of Franconian wine. Beyond its agricultural 
role, viticulture significantly contributes to the regional economy, tourism, and identity. 
 
Climate change is threatening this legacy through prolonged droughts, late frosts, and 
increased water stress, disrupting grape development and vineyard health. As a RESPOnD 
pilot area, the Franconian LL will focus on developing and testing ecosystem-based solutions 
for climate-resilient viticulture, with particular emphasis on water availability. Building on 
local knowledge and practices such as cover cropping, the project will foster collaboration 

 
the first two municipalities – Vipava and Ajdovščina. Nova Gorica is under different regional development 
agency, and that is why we only talk about Vipava and Ajdovščina. 
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between winegrowers and researchers to ensure the long-term sustainability of this historic 
wine region.  

1.1.6. Ballons des Vosges, France 

The Ballons des Vosges Regional Nature Park is located in the heart of the Vosges mountains 
in northeastern France. The eastern foothills of the park are covered by vineyards, covering 
approximately 5,000 hectares, under the AOC Vins d'Alsace appellation.  
 
The park's vineyards are located in a landscape known as the “collines sous-vosgiennes” 
(foothills of the Vosges). Most of these vineyards are planted on slopes of varying steepness, 
and some are located on hillsides with a Grands Crus classification. They are operated by 
several thousand wine-growing businesses, most of which process their own production and 
sell it directly and through local distribution networks. The villages are numerous and 
densely populated, and tourism, including wine tourism, is an important activity. Most wine-
growing practices are conducive to biodiversity, but their continuation depends on the 
economic health of the sector. In addition, the very specific soil and climate conditions may 
in future represent a weakness for the sustainability of these crops, particularly due to very 
low rainfall. 
 
The terraces found in many vineyard plots contribute to high-quality production and have 
significant environmental externalities (biodiversity, landscape, water and soil quality). They 
are generally supported by networks of dry-stone walls, but their maintenance and 
restoration face obstacles linked to a fragmented stone value chain: availability and cost of 
materials, economic motivations of winegrowers, implementation costs, legal issues, etc.  
 
Financial support mechanisms for the renovation of dry-stone walls already exist at several 
levels (municipal, departmental, regional) but remain insufficient in view of the needs. 
Through the RESPOnD program, the PNRBV aims to contribute to the (re)structuring of a 
local dry-stone value chain that supports agroecological practices and the resilience of 
Alsatian vineyards. 

1.1.7. Valle d’Aosta, Italy 

 
The Aosta Valley, Italy’s smallest region, is characterized by a predominantly mountainous 
landscape, with the exception of a limited flat area along the valley of the Dora Baltea river, 
where the few lowland vineyards are concentrated. Out of a total area of approximately 3,250 
km², only about 400 hectares are dedicated to viticulture. Of these, 95% are located on hilly 
or mountainous terrain, while only the remaining 5% extends across the plains near the river. 
 
Viticulture in this region is often described as “heroic”, a term that aptly captures the 
challenges of growing vines in such a difficult environment: steep slopes, rugged soils, high 
altitudes, and conditions that make mechanization impossible. This requires hard manual 
labor, carried out on terraces supported by dry-stone walls, which are essential to make even 
the steepest areas cultivable. Despite its small size, the Aosta Valley boasts extraordinary 
environmental diversity. Vineyards are found at various altitudes, from the valley floor up to 
1,200 meters, as in the area of Morgex and La Salle, one of the highest wine-growing areas in 
Europe. This mosaic of microclimates, exposures, and elevations fosters a highly complex 
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wine production.  The climate of the Aosta Valley is generally dry and well-ventilated, with 
low rainfall and significant temperature fluctuations between day and night. These 
conditions allow for optimal grape ripening, preserving aromatic integrity and giving the 
wines freshness, elegance, and longevity. The soils, which vary greatly in geological origin, 
further enrich the uniqueness and typicity of the wines produced.  
 
One of the distinctive features of viticulture in the Aosta Valley is its great varietal 
biodiversity. Alongside international grape varieties like Pinot Noir, Nebbiolo, and Syrah, the 
region is home to rare or exclusive native varieties such as Petit Rouge, Vien de Nus, and 
Cornalin. The Valle d’Aosta / Vallée d’Aoste DOC appellation, which covers the entire regional 
territory, is organized into geographical subzones and varietal denominations to highlight 
this rich ampelographic heritage. As for vine training systems, there is no single model 
mandated by the DOC regulations. However, in less steep areas, modern systems like Guyot 
and cordon spur are preferred, while in more challenging terrains, traditional forms adapted 
to local conditions are used, such as pergolas or low-trained rows. All systems aim to facilitate 
manual labor, reduce erosion, and respect environmental balance.  
 
In conclusion, viticulture in the Aosta Valley is a virtuous example of integration between 
tradition, territory, and biodiversity, capable of producing authentic wines with great 
personality.  
 

2. Methodology of the EbA literature review 

This section outlines the methodology applied to review the literature on EbAs in viticulture, 
including a description of search strategies and the inclusion/exclusion criteria used for 
selecting relevant literature. These elements were jointly agreed upon and developed in 
collaboration with all project partners involved in the RESPOnD project. 

In the initial phase of the review, all project partners agreed that each would be responsible 
for conducting literature searches relevant to their respective geographical areas. While the 
primary focus was placed on literature connected to the specific pilot areas, the search was 
not confined strictly to the local level. Instead, the scope was broadened to encompass the 
national context of each partner country in order to capture relevant research and 
documentation that could be applicable to the pilot sites. 

The search included not only peer-reviewed and formally published academic literature, but 
also extended to grey literature, which is often an important source of practical and localized 
knowledge. Grey literature was defined here as including unpublished studies, technical 
reports, internal documents, working papers, government and NGO reports, and other non-
commercially published material. This inclusive approach was aimed at gathering a 
comprehensive body of knowledge, including resources that may not yet be widely 
disseminated or formally published but hold significant relevance for the project objectives. 

The literature collected by each partner pertains to the seven pilot areas of the RESPOnD 
project and focuses specifically on ES and EbAs, as explored or mentioned within the 
reviewed materials. In order to ensure that the most relevant, useful, and practical 
information was identified, the literature review was carried out in two distinct steps: 



 

8 
 

 

1. Collection Phase: 

Each project partner searched for and compiled literature using a variety of sources. This 
included national, regional, and local library databases (including university libraries), online 
repositories, institutional collections held by municipalities, development agencies, 
environmental organisations, and similar bodies. The goal of this phase was to compile as 
broad a selection of relevant materials as possible into a single shared document. 

2. Analysis Phase: 

In the second step, the gathered literature was systematically analysed using a standardized 
evaluation form (see Annex 1). This allowed for consistent comparison across all materials 
and partner regions. During this process, literature that did not align with the aims of the 
RESPOnD project or failed to meet the agreed criteria was excluded. The following main 
criteria were applied during the detailed evaluation phase to assess the relevance and quality 
of the collected literature: 

● number of EbA approaches described in the source, 

● geographic scope of EbA implementation (e.g., regional, national), 

● macro-category of each EbA (e.g., cultural, environmental, agronomic), 

● specific field of application of the EbA (e.g., plant management, soil conservation, water 
use, biodiversity, landscape preservation, cultural heritage, climate adaptation, yield 
stability), 

● name or type of the EbA approach (e.g., flower strips, clone selection, green manuring, 
etc.), 

● scale at which the EbA is applied (e.g., vine-level, vineyard-scale, landscape-level), 

● ES referenced, along with a specification of which ES are addressed by the approach, 

● type of motivation or incentive behind the implementation of the EbA (e.g., political 
directive, research-driven initiative, environmental policy, market-based instrument, 
etc.). 

Following the successful first step, where the PPs prepared a comprehensive list of relevant 
literature, a detailed analysis was carried out according to the defined criteria. 

 

3.  A framework for Ecosystem-based Approaches in Alpine viticulture 

3.1. Macro categories 

The content gathered from the literature has been first analysed by focusing on the macro-
categories. As shown in the graph below, the collected EbAs have been classified into three 
macro-categories: agronomic, environmental, and cultural. The majority of the analysed 
literature describes EbAs related to the environmental or agronomic domains, while cultural 
EbAs are mentioned only rarely. 
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Figure 2: Graphical representation of the distribution of the analysed literature into macro-

categories. 

Most approaches fall within the agronomic and environmental domains, which focus on 
improving crop conditions and managing the surrounding ecosystem in the Alpine area. For 
instance, cover crops represent a key agronomic EbA, delivering ES like erosion control, 
improved soil health, enhancing biodiversity, and protecting the landscape beyond the 
vineyard itself. Similarly, but categorized differently, the greening of fallow land is an 
environmental EbA that enhances biodiversity, protects soil, and also conserves the 
landscape beyond the vineyard itself. The cultural category, even though the smallest, is an 
important dimension of EbAs. The example of cultural EbA is the maintenance of dry-stone 
walls. In a cultural sense, they provide ES of the preserving the cultural landscape and 
aesthetics. It's important to note that these categories are not mutually exclusive; a single 
EbA, such as dry-stone walls, provides cultural value while also delivering significant 
environmental benefits, such as erosion protection and biodiversity enhancement.  

3.2. Fields of action 

A further categorisation of EbAs was based on their field of action. Although there are several 
categories, their principal focus is clearly distinguishable. The fields of action include soil, 
water, plants, biodiversity, landscape, and cultural heritage. In relation to soil, EbAs address 
soil health as well as microbial and enzymatic activity. In the case of water, the emphasis is 
on availability. For plants, the main concern is yielding stability under changing climatic 
conditions, while for the landscape the focus lies on the preservation of vineyards on slopes 
and terraces, thereby preventing erosion and landslides. Biodiversity is also an important 
field of action, approached from different perspectives. Finally, cultural heritage provides 
another dimension, which, although distinct, remains highly relevant for the inhabitants of 
these areas. 
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Figure 3: Graphical representation of the content of the analysed literature based on the field 

of action of EbA. 

3.3. Spatial scale 

The EbAs were also categorised according to spatial scale. At the vine level, they focus 
specifically on practices applied to individual vines, aimed at improving plant production. At 
the vineyard level, they address the management of the vineyard as a whole, targeting aspects 
such as soil, water, and other resources, which indirectly support vine growth. At the 
landscape level, EbAs extend beyond the vineyard itself and include the surrounding land 
uses, addressing wider environmental interactions and functions. It should be noted that 
these categories may overlap to some extent. 
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Figure 4: Spatial scale of the analysed literature (other: orchard (1), slope (1)) 

3.4. Ecosystem services  

As in the previous section, EbAs were divided based on the field of action. Such division can 
lead to vast EbAs in Alpine viticulture being overlooked. A single EbA can provide more than 
one ES at once. To facilitate comprehension, a list of EbAs with their corresponding ESs, 
grouped by field of action, was created. 

Field of 
Action 

Ecosystem-
Based 
Adaptation 
(EbA) Key Ecosystem services 

 
Soil 

Cover crops / 
Inter-row 
greening / 
Green 
manuring 

soil health & fertility2,3, erosion control3,4, water retention5, 
carbon sequestration3,5, weed control2, biodiversity & 
pollination5 

Fallow land 
greening 

soil health & fertility6, biodiversity, nutrient cycling3, erosion 
control, carbon sequestration 

Mulching / Soil 
cover with 
organic 
material 

soil health3, water retention5, weed control, humus 
production2 

No tillage / 
Reduced 
tillage 

soil health3, water retention7, erosion control2, carbon 
sequestration 
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Humus / 
Organic matter 
increase soil fertility & health3,8, water retention3, nutrient cycling 

Soil 
amendments / 
Biochar / 
Compost 

soil health & fertility5, carbon sequestration3, nutrient cycling, 
grape yield increase5 

Appropriate 
fertiliser 
amount soil fertility8, grape yield5 

Grazing by 
sheep/anima
ls 

weed control5,9,10, soil health, fertilization 

Bio-
engineering 

erosion control22, soil creep protection2, 
landslide/hydrogeological risk mitigation28,32 

 
Water 

Vegetated 
buffer strips 
/ Flower 
strips 

water quality improvement2,7, erosion control11, habitats & 
biodiversity12 

Renaturalisat
ion of runoff 
channels / 
gutters 

erosion control2,8, flood prevention, water quality, habitats & 
biodiversity 

Restoration 
of waterways 
/ verges 

water quality8, habitats & biodiversity, flood prevention 

Drip 
irrigation / 
Resource-
saving 
irrigation 

water conservation13 

Drainage 
systems 

erosion control2, flood prevention, water retention 

Micro water 
storage / 
Water 
retention 
troughs 

water retention & storage8 

 
Plant 

Land 
reorganisatio
n / 
Consolidatio

crop production6, learning & education14 
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n 

Biodynamic 
viticulture 

soil health3,5, habitats & biodiversity, grape quality15 

Canopy 
management 
& Pruning 
management 

grape quality2,16,17, grape yield, microclimate regulation 

New grape 
varieties & 
Drought-
tolerant 
rootstocks 

grape quality3,18, grape yield5,19,20 

Adapted pest 
control 

fungal disease control2,5,17, pest control3, grape quality21, grape 
yield 

Vineyard 
relocation / 
reorientation 

wine production18, grape quality 

Harvest 
timing 
adaptation 

grape quality3,20, grape yield 

Nets against 
hail / 
sunburn 

grape quality3,18, grape yield 

Early-
warning 
models for 
fungal 
pathogens 

fungal disease control18 

 
Biodivers
ity 

Hedges / 
Isolated trees 
/ Shrub 
planting 

habitats & biodiversity3,5,22, microclimate regulation, pest 
control, erosion control9, landscape conservation22 

Perennial 
flower beds 

habitats & biodiversity23, pollination5,24, pest control, 
landscape conservation6, grape yield2 
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Agroforestry microclimate regulation2,9, habitats & biodiversity, carbon 
sequestration, wood (material) 

Habitat 
creation (e.g., 
nesting 
boxes, 
specific 
structures) 

habitats & biodiversity2,22, pest control, pollination 

Use of 
perennial 
plants for 
diverse fauna 

habitats & biodiversity24, pest control3,24,25, pollination 

Use of 
aromatic 
plants for 
intercroppin
g 

pest control26, pollination 

Predator 
mite 
monitoring / 
Arthropod 
surveys 

pest control23,25 

 
Landscap
e stability 

Protected 
forests / 
Vegetation 
cover 

erosion control3,4,27, flood/runoff prevention13, habitats & 
biodiversity28, carbon sequestration7 

Terrace 
restoration & 
New 
terracing 
systems 

erosion control29–31, landslide/hydrogeological risk 
mitigation22,28, cultural heritage6,22,28, aesthetics 

Earth filling / 
Erosion 
control 
measures 

erosion control8,29, landslide/hydrogeological risk 
mitigation28 

Cultural 
heritage 

Dry-stone 
walls 

erosion control2,30, habitats & biodiversity2,22,24,30, risk 
mitigation2,22, cultural heritage8,22,30,33, aesthetics 

The extensive list of EbAs demonstrates that a multitude of solutions exist to address the 
challenges facing Alpine viticulture. It is also possible to observe that the majority of the 
approaches are addressing resilience to climate change (resilience to rising temperatures, 
droughts, extreme weather events, erosion, etc.) while simultaneously supporting the social 
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and economic vitality of rural areas. Thus, the EbAs are not only meant to protect natural 
ecosystems, but also to enable preservation and further development of the rural area.  

3.5. Transition pathway 

The transition pathway to EbAs for the wine sector involves a strategic shift from input-
intensive agriculture to a regenerative, ecosystem-based model that builds long-term 
resilience and aligns with green market demands. The EbAs in Alpine viticulture is not only 
beneficial for climate change adaptation, but their implementation is also supporting the path 
towards the Sustainable Development Goals of the United Nations. They are addressing at 
least six SDGs out of seventeen. 
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While significant overlaps exist, the agronomic category primarily supports SDG 2 and 12 by 
enhancing sustainable production, whereas the environmental category is fundamental to 

 

SDG 2 (Zero hunger): By ensuring the long-term productivity 
and sustainability of viticulture, EbA contributes to food 
security and sustainable agriculture. 

 

SDG 6 (Clean water and sanitation): Improved soil health and 
land management practices can increase water retention, 
reduce run-off, and protect water quality. 

 

SDG 8 (Decent work and economic growth): Building resilient 
viticulture systems secures livelihoods and economic 
stability for wine producers and local communities. 

 

SDG 12 (Responsible consumption and production): EbA 
promotes more sustainable and less input-intensive farming 
practices. 

 

SDG 13 (Climate action): EbA is a strategy for climate change 
adaptation and can also contribute to mitigation through 
carbon sequestration in soils and biomass. 

 

SDG 15 (Life on Land): EbA focuses on protecting, restoring, 
and sustainably managing terrestrial ecosystems, promoting 
biodiversity within and around vineyards. 
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achieving SDG 6, 13, and 15 through ecosystem protection. The cultural category strongly 
aligns with SDG 8 by reinforcing the economic and social value of heritage landscapes. 

As introduced in section XY, the project classified EbAs in Alpine viticulture of the pilot areas 
into three macro-categories. The agronomic macro-category encompasses farming practices 
used in the vineyard. The agronomic transition pathway should address moving from 
conventional methods to a more sustainable, data-informed, and regenerative approach. 
Thus, the pathway would lead from an input-intensive model focused on maximizing short-
term yield, often relying heavily on chemical fertilisers, pesticides, and reactive management, 
to a regenerative and precision-based system. The goal is to adopt practices that improve soil 
health, such as no-tillage and cover crops, and to integrate technology for precision irrigation 
and early warning systems. This leads to more efficient resource use, reduced environmental 
impact, and a more resilient, self-sustaining vineyard. 

The environmental macro-category encompasses the broader ecosystem and infrastructure 
surrounding vineyards. The transition pathway is a fundamental shift from viewing the 
vineyard as a monoculture to recognizing it as an integral part of a complex, biodiverse 
landscape. Thus, a pathway would lead from sole focus on the vineyard as an isolated 
production unit, with little consideration for the surrounding ecosystem and natural water 
cycles, to a holistic, ecosystem-based management approach. The pathway involves actively 
restoring and enhancing natural habitats through agroforestry, hedgerows, and ecological 
corridors.  

Finally, the cultural macro-category focuses on the social fabric, knowledge systems, and 
historical heritage that define Alpine viticulture. The transition pathway involves an 
evolution of mindsets and community practices to embrace adaptation while preserving a 
rich cultural legacy. The pathway involves integrating new scientific knowledge with 
generational wisdom. It fosters community-based networks for sharing best practices, while 
also re-evaluating traditional regulations, which are sometimes very strict. This way would 
make it possible to adapt innovations, such as new varieties, without losing regional identity. 

Even though some EbAs would seem quite straightforward, some elements should be 
considered for the successful implementation of a specific EbA. Thus, in the next part, the 
hindering and success factors will be presented and discussed. Many EbAs share common 
hindering and success factors; thus, a common consideration was made.  

 

Factors hindering the implementation of EbA measures 

Efficient implementation of Ecosystem-based Adaptation (EbA) requires recognizing and 
addressing the hindering factors that may limit success. Ideally, these challenges should be 
overcome; however, at the very least, there must be awareness of their presence. Such 
barriers are primarily linked to environmental, social, and economic considerations, each of 
which influences the extent to which EbA measures can deliver sustainable outcomes. 
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Economic and labour constraints 

The viticulture sector is facing significant labour force challenges23. This is largely due to the 
highly labour-intensive nature of work and the financial compensation that often does not 
match the demands of the occupation9,23. This disparity causes a decrease in the workforce 
pool, as people often decide on alternative occupations23. In turn, it can present a big issue 
for implementing many of the EbAs, as they generally require more labour10. Many EbAs 
require more labour because they substitute large-scale mechanization and chemical 
applications with hands-on, precision-based tasks. This often involves manual work such as 
managing cover crops, maintaining new habitats, or restoring landscape features such as 
terraces. 

This issue is even more pronounced in the case of the steep-slope vineyards, which are 
common in Alpine viticulture. Compared to flat-lands vineyards, the management of those 
vineyards can be much more labour intensive and cost-intensive2,9,34,35.For example, in the 
Moselle-Saar region, viticulture on steep slopes requires a high input of labour and costs, and 
their management can be four times higher in working input compared to flat regions.36  

Unfortunately, in some places, as steep-slope vineyards cannot provide adequate 
profitability, it leads to their abandonment6,8,28,35. Such an example can be observed in the 
Middle-Rhine Valley and Mosel, where viticulture on steep slopes has significantly declined 
in recent decades due to insufficient profitability35. One would perhaps argue that the 
problem could be solved by increasing the price of the product; however, it is not so simple 
to pass the increased costs to consumers. Market forces sometimes require a specific price 
for a product; thus, it is hard to simply increase the price of a product to cover increased costs, 
although justified9. Consumers may opt for cheaper competing products, leaving winemakers 
of higher-priced wines with insufficient funding for future production seasons1. 

Although the development of better machinery could offer a partial solution, it also increases 
expenditures, which not all viticulturists can afford22,34. For small vineyards, the use of 
machines, even when possible, is extremely costly and requires technical solutions tailored 
to their limited plot sizes22. The example can be experienced in the Aosta Valley, where the 
vineyards are located on steep slopes, in small plots, and sometimes on terraces, making the 
use of mechanization difficult or impossible. Thus, a high manual labour input is required, 
which consequently brings high costs. Public assistance, however, can play a crucial role. 
Public aid for purchasing agricultural machinery and equipment can effectively reduce 
hourly costs, thereby providing support to both small and large wine estates.  

Without such support, the high production costs could lead to a decline in viticulture. The 
abandonment of viticultural land can be associated with some concerns. Consequently, 
cultural heritage and traditional landscapes could disappear24. It could also result in a loss of 
the positive externalities it provides, such as tourism benefits.  

On the other hand, a focus on greater profitability can sometimes lead to production 
intensification, which has its own set of potential environmental impacts37. Over time, certain 
intensive practices might affect the local environment by negatively impacting water quality, 
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reducing biodiversity, or harming surrounding flora and fauna. This approach, while 
economically motivated, may challenge the long-term ecological balance of an area; 
therefore, it is necessary to support the implementation of EbAs. 

Knowledge gaps and mindset barriers 

The viticulture sector faces significant challenges in implementing EbAs, largely due to the 
pervasive impacts of climate change itself and various socio-economic and knowledge 
barriers37. Although EbAs are meant to be a sustainable way to build resilience to climate 
change, climate change can also be a hindering factor. Increasingly frequent dry periods and 
high temperatures increase environmental stress, which in turn impacts both natural and 
agricultural ecosystems38. Such weather occurrences can, for example, cause a poor ripening 
of grapes or sunburns9. In addition, altered pest dynamics were observed, which led to 
increased pest populations and new invasive species37. On the other hand, climate change 
also increased the incidence of hailstorms, which can cause damaging damage to grapevines, 
and torrential rains13 

As climate events influence grapevine development, they should be well understood. 
Furthermore, the specifics of the EbAs should also be understood. The application of some 
EbAs without adequate knowledge could, in some cases, also cause damage to the vineyard, 
which is the opposite of the goal of EbAs2,15,39. Such an example could be an implementation 
of cover crops, which, although beneficial, could present to vines a competition for water in 
times of drought, thus causing a decrease in yield39.  

Without adequate resources, it is hard to implement EbAs2. Knowledge could indeed be 
crucial for a good response, which some of the viticulturists might lack of5,20. Sometimes this 
lack of knowledge is caused by viticulturists’ lack of time and even money to gain new 
knowledge9. Especially smaller operations could lack resources like time and money. That 
could cause their unawareness of existing information and even funding opportunities7.  

Many traditional winegrowers may be hesitant to adopt long-term strategies, viewing new 
concepts as risky, as there might not be evidence for their functionality40. Furthermore, as 
some farmers lack successors and the future existence of their company is questionable, they 
tend to be more focused on the present, while not putting much focus on the future8. Another 
reason for not adopting new ways might be that something was done ‘traditionally’9 and they 
do not see a sense in changing. But perhaps, the reason for not adopting new methods might 
be because of uncertainty around the concepts, as they sometimes lack adequate proof; thus, 
viticulturists are sceptical if they will work5.  

Policy and institutional frameworks 

Sometimes, there is an overly rigid legal and institutional framework that can negatively 
affect the development of adaptation capacities in the wine sector8. That is, there is a set of 
rules that require a specific way of doing something, while restricting innovative approaches, 
despite new challenges arising. Institutions often cannot effectively implement new tasks 
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related to sustainable adaptation because they change slowly. Therefore, while policies can 
be changed, it takes quite a bit of time to conclude20.  

Furthermore, as EbAs can be, in some cases, cost-intensive35, there is a need for financial 
support9. EbAs and other sustainable practices can indeed be costly. For example, 
rehabilitating traditional vineyard terraces, which serve as erosion control and biodiversity 
refugia, requires significant economic means6. Another example is the increased costs 
associated with implementing ecologically certified wine-making. That’s why they might be 
perceived as unattractive by some farmers, acting as a barrier to adoption. Local authorities 
are encouraged to financially support organic farming to help cope with potentially lower 
productivity during transition periods.  

Success factors 

As mentioned, hindering factors should be overcome, and even though they are somehow 
troublesome, they should not demotivate EbAs implementation. The reason for this is that 
individual farmers and the larger group of people can gain many benefits. 

Economic opportunities and diversification 

Implementing EbAs, as already mentioned, could be cost-intensive but at the same time it can 
add some economic benefits. Sustainability and eco-friendly practices can be a strong 
marketing tool, especially for premium wines, improving image and potentially allowing for 
unique product positioning9,10. Sometimes, wines produced in such conditions can have 
higher prices, which could facilitate coping with the higher costs. Consumers are increasingly 
influenced by factors such as product origin and sustainable practices, which can lead to a 
greater willingness to pay a reasonable premium for wines from mountain vineyards, 
recognizing the effort involved in their production41.  

Furthermore, this could promote diversification as it adds value to rural tourism42. EbAs 
contribute to rural development by linking the wine sector with growing rural and thematic 
tourism2. The preservation of traditional cultural landscapes, such as steep-slope vineyards, 
is of significant importance to regional income due to their aesthetic appeal and value for 
tourism. Tourists expect and appreciate biodiverse landscapes with vineyards on steep 
slopes, rather than fallow land24. In addition to tourism, there could also be other streams of 
income. Such products, in the case of sheep weed grazing in vineyards, are sheep wool and 
meat9,10. 

Some EbAs could even lead to cost savings, as they help reduce machine use, lower fertiliser 
input, etc. An example is a measure such as minimum tillage18. Minimum tillage could, with 
increased organic fertiliser addition and improved soil vegetation cover management, 
contribute to saving time, labour, and money, while reducing carbon footprint.  
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Knowledge transfer and collaboration 

As mentioned above, there is a critical need for effective knowledge transfer and awareness 
raising. Thus, various events, such as workshops and field excursions with the addition of 
educational materials aimed at both winemakers and the broader public, should be 
organized12,43,44. Furthermore, to increase credibility, the local stakeholders should be 
involved in knowledge transfer. One of the better ways to establish successful collaboration 
is through the common development of LLs7.  

Creating or leveraging cooperation models can address practical challenges such as 
machinery and workforce limitations, while also accelerating knowledge transfer. One of the 
examples can be found in Austria, where it is possible to rent equipment through machine 
cooperatives or agricultural machinery manufacturers (e.g., for a flowering strip mulcher) 
which has proven highly effective43. This allows multiple companies to use expensive 
equipment without an individual purchase, potentially streamlining consulting by linking it 
to equipment rental. 

Technological advancement also helps with the implementation of EbAs7. Digital 
technologies and platforms45 are increasingly used to monitor agrometeorological 
parameters, which can lead to improved vineyard management by more efficient use of 
resources38. In addition to that, there are decision support tools that can help assess the 
efficiency and economic impact of the changes in cultivation7.  

Policy alignment and financial support 

One of the most important factors is finances2. The implementation of some EbAs can require 
significant financial investment. Thus, providing proper support is crucial to successfully 
implement EbAs7,28. The financial incentives and subsidies from local authorities and 
agricultural programs are crucial for supporting the transition to sustainable and organic 
farming24. Therefore, the existing agricultural policies should be aligned with the nature-
based solutions agenda to be able to create significant socioeconomic opportunities3. 

To facilitate acceptance and implementation of EbAs, vineyards should be recognised as a 
multifunctional landscape that provides multiple ES3,7. The vineyards should not only be 
valued for grape production, but also for many other ES that they provide3. Therefore, to fully 
realize a vineyard's potential, a comprehensive and integrated perspective is needed instead 
of focusing on isolated factors. This approach can lead to the successful regeneration of the 
function of the vineyard and biodiversity15. 

One potential instrument to support the implementation of EbAs is Geographical 
Indications3. They can help with the implementation of EbAs and the further development of 
rural areas. However, clear goals and actions should be identified and integrated into their 
specification documents. Such integration could benefit both producers and consumers by 
promoting tailored local policies for nature-based solutions adapted to each unique 
combination of an area's climate, soil, terrain, and human traditions or simply put "terroir”. 
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4. Future outlook of Alpine viticulture and recommendations 

How should the viticulture sector continue to become more sustainable? Alpine viticulture is 
a unique intersection of environment, culture, and economy46. Its specifics can enrich the 
environment in which it is placed, as well as the worldwide wine sector35. Climate change 
events cannot be controlled by humans, but could be mitigated7. There is a growing 
awareness among the public about their environmental impact, leading to more responsible 
actions16. There are tools to mitigate the impacts of climate change, but they still have to be 
better accepted among viticulturists in order to be implemented9. When implementing 
changes, it takes time for them to be widely accepted40. Thus, changes can be reached with 
an appropriate long-term plan that includes multiple parties who can contribute the 
necessary skills and knowledge (including local knowledge) to achieve the set targets. 

Embrace site-specific solutions  

Achieving environmental goals in the viticulture sector, particularly through EbAs, requires 
a nuanced approach that acknowledges the unique characteristics of each environment. 
There is no one-size-fits-all solution8,40. Each of the proposed EbAs should be examined for 
an environment in which they would be introduced8. Thus, the practices and technologies 
must be adapted to the specific local conditions, such as climate, site characteristics, soil 
properties, pests, irrigation methods, and the availability of local inputs16. There are 
examples of positive outcomes of particular EbAs in the environments where they were 
introduced, but perhaps in different environments the results might not be the same. As 
mentioned, the reason is that each environment has its specific characteristics, so it is 
challenging to predict the outcome10. It would be a reasonable path to support the creation 
of LLs or experimental sites, where the response in a specific environment would be 
observed3,15. Therefore, it is important to involve science to investigate EbAs in order to fill 
the knowledge gaps and create proper decision models for the farmers. This might also help 
with the greater acceptance of the EbAs. 
This highlights the need for careful planning. For example, when introducing new plants, 
their suitability for the local environment must be confirmed2. Consequently, it is crucial to 
consult with a specialist before implementing a particular EbA. An expert will understand the 
specific environmental conditions, the details of the proposed EbA, and be able to anticipate 
potential issues. 
Ultimately, an in-depth understanding of both the environmental context and the specifics of 
the EbA is essential for making informed decisions and achieve the best possible outcomes 
for a more sustainable viticulture sector8.  

Strengthen policy and financial support 

Strengthening policy and financial support is crucial for the successful implementation and 
widespread adoption of EbAs in the viticulture sector, especially in the light of their potential 
for long-term benefits despite initial challenges40. Effective implementation of EbAs requires 
urgent action in four key areas: building evidence and assessment tools, strengthening 
national and local institutions, developing coordinated and evidence-based policies, and 
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increasing financing and its effectiveness. Coordinated policymaking and stable, dedicated 
financing are essential pathways for climate-resilient transformation in viticulture. 
In some cases, the policies are too rigid and perhaps outdated, which inhibits the 
implementation of new EbAs despite the benefits7. National legislation and other instruments 
often fail to compel lower administrative levels to incorporate adaptation into spatial 
planning. Many regulations are not fully binding, reducing actual implementation. Local 
planners and politicians may also hesitate to implement adaptation activities if they lead to 
self-imposed restrictions or conflicts with other local interests.  
The initial investment in new approaches can be costly; thus, appropriate subsidies should 
be offered for the implementation of an EbA and the provision of ES40. The implementation 
of adaptation measures is also often hindered by a lack of awareness of, or access to, existing 
support and funding opportunities, which are often too complex for individual farmers and 
smaller communities36. Therefore, it is necessary not only to provide appropriate subsidies, 
but also to inform those they are intended for appropriately. 

Address labour and land management challenges 

There is an urgent need for comprehensive policy and financial support, focusing on the re-
use of abandoned land, streamlining land management, and attracting a new generation of 
viticulture workers. A key approach is to develop a proactive land policy that connects 
demand and supply for agricultural land, particularly for abandoned agricultural land47. This 
could be done through the creation of an agricultural organisation or collaboration with 
existing ones, which could help to address the land challenges. 
For example, abandoned land could be allocated to new wine producers. Despite a decrease 
in interest in farming occupations, there are still people who would still like to work in this 
sector. Consequently, it is pivotal to identify effective strategies to engage with these people 
and develop models that would motivate them to pursue careers in agriculture2. One way to 
attract and motivate those viticulturists to keep on developing Alpine viticulture is with 
appropriate financial support. Yet there's more to it than that. Social agriculture is identified 
as a driving force for growth, ethical, social, and economic protection, and can attract young 
people by providing production opportunities, leisure, growth, and healthy living. It aims for 
social and labour inclusion and provides services in rural areas. Thus, the issue can be 
addressed from multiple perspectives, as focusing only on one might not be enough.
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5. Conclusions 

This analysis was set to examine and evaluate the EbA in mountain viticulture of the Alpine 
Space cooperation area. The research show that even though there are plenty of agronomic 
and environmental solutions, it is strongly intertwined with the cultural and economic 
context in which they are implemented. The classification into three macro-categories 
highlighted that generally it is not trivial to categorize EbAs, as they can fit in more categories 
at once. 
 
It is important to recognize that an Alpine vineyard is not only an agricultural site, but a 
complex, multifunctional landscape. Thus, when implementing EbA, the focus should not only 
lie on technical implementation but also on cultural and economic aspects. Furthermore, this 
review underscores that building resilience in Alpine viticulture requires a holistic approach 
that integrates different perspectives. It is important to balance tradition with innovation, 
ensuring these iconic landscapes of Alpine viticulture can continue to thrive in a changing 
world. 
 
While this review identified major trends and practices in the project pilot areas, some are 
scenario-based and require further research. Future studies would benefit from quantitative 
analyses examining the long-term benefits and economic costs of these practices. 
Additionally, research into effective knowledge transfer and the impact of various policies on 
EbA adoption is essential. Ultimately, there is no single solution. The future of Alpine 
viticulture lies in continuous and collaborative work that integrates scientific findings, local 
knowledge, and financial common sense. Through this holistic approach, these iconic 
landscapes will not only survive the challenges ahead but also leave a more sustainable and 
resilient legacy for generations to come. 
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