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FOREWORD 

Across the earth, there is growing evidence 

that a global climate change is taking place. 

Observed regional changes include rising 

temperatures and shifts in rainfall patterns 

and extreme weather events. Over the next 

century, climate changes are expected to 

continue and have important consequences 

on viticulture. They vary from short-term 

impacts on wine quality and style, to long-

term issues such as varietal suitability and 

the economic sustainability of traditional 

wine producing areas. As a result, the wine 

industry is facing many challenges, which 

includes adapting to these potential 

impacts, as well as reducing greenhouse gas 

emissions related to their activities.  

In response to these challenges, the LIFE-

ADVICLIM project has the objective to 

evaluate and develop local climate change 

adaptation and mitigation strategies. The 

measurement network and web platform of 

this project seeks to inform and assist 

winegrowers on climate change impacts, on 

rational adaptation scenarios and on 

greenhouse gas emissions related to their 

practices at the scale of their vineyard plots. 

These technologies are evaluated in many 

European wine growing regions (Figure 1), 

namely Bordeaux and Loire Valley (France), 

Sussex (England), Rheingau (Germany) and 

Cotnari (Romania). The region of Navarra in 

Spain is a non-official study area. These six 

regions represent the climatic diversity of 

European wine, ranging from the 

Mediterranean to Oceanic and Continental 

climates. 

For more information on this project, visit 

www.adviclim.eu 

 

Figure 1: Position of the six European wine growing regions that are studied in the LIFE-ADVICLIM 

project.  
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INTRODUCTION 

Within the LIFE-ADVICLIM project, the action B1 is particularly fitted to the development of 

local adaptation options to climate change European wine growing regions. By providing 

better understanding of actual and future agro-climatic potentials, it aims to assist 

winegrowers in building adaptation strategies to ensure the maintenance of wine quality and 

sustainable production. This manual aims therefore to inform on climate change and 

adaptation in viticulture, as well as to describe the modelling framework and process applied 

in this scientific project to address this issue. Indeed, while there are many management tools 

and solutions that hold great potential, there is little guidance on how viticultural practices 

should be undertaken at different temporal (short to long term) and spatial scales (local to 

regional level) in response to a changing climate. 

The guidance manual is divided into three parts:

 

 

PART 1: 

 

The first part provide a general introduction of climate change in 

the viticulture sector. The goal is to give insights on global and 

regional climate changes, the impacts already observed on grape 

and wine production and the key issues associated with future 

climate impacts.

 

 

PART 2: 

 

The second part aims to inform winegrowers on potential 

adaptation strategies to climate change. In this context, it seeks 

to present some guidelines on identifying and performing 

adaptation measures at different temporal and spatial scales.

 

PART 3: 
 

 

The third part deals with the modelling framework used in action 

B1 of the LIFE-ADVICLIM project. By applying modelling 

techniques and tools, the action B1 aims to evaluate, identify 

and prioritise rational adaptation strategies at local vineyard 

scales. 

 

This manual focus on the adjustment of viticultural management practices and decision-

making in response to climate change at the vineyard level. It has been developed on 

the basis of scientific research and many field observations. However, the manual is not 

intended to be a definitive guide to management planning, but meant to generate 

knowledge and communication among local actors and stakeholders in European wine 

growing regions. 

ABOUT THIS MANUAL 
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Introduction 

For most wine growing regions, significant trends in regional climates have been observed. At 

the same time, important changes in grapevine phenology and grape composition have 

occurred, with the latter leading to altered alcohol levels and sensory profiles. Although 

changes in grapevine behaviour are partly attributed to evolving practices, recent climate 

changes, in particular increasing temperatures, have been major causal factors. As a result, 

future climate changes are very likely to have key effects on wine quality and style, which over 

the long term may cause geographical shifts in suitable grapevine varieties and production 

areas. A changing climate is therefore one of the major environmental and socio-economic 

issues facing sustainable viticultural development and production over the next century. 

 

 

The grapevine is cultivated over a wide range of climate conditions, where its fruit is 

primarily used for winemaking. As a result, viticulture is one of the most climate sensitive 

sectors to short- and long-term climate variations 

ƴ Firstly, a ǿƛƴŜ ƎǊƻǿƛƴƎ ǊŜƎƛƻƴΩǎ ƭƻƴƎ-term climate structure largely determines its 

grape growing and winemaking potential. 

ƴ Secondly, short-term climate variations are key factors influencing seasonal grape 

and wine production (i.e. quality and quantity). 

General understanding of contemporary climate change 

The earth is warming. Climate records sufficiently exhaustive demonstrate that warming 

affects almost the entire ŜŀǊǘƘΩǎ surface (Figure 2). Over the past century and a half, the Earth's 

average temperature has increased by 0.85°C. 

The rate of global warming is unprecedented. Since the 1950s, the increase in temperature 

has accelerated rapidly, where each of the last three decades has been successively warmer 

than all the previous decades.  

The change in rainfall is very variable. In general, rainfall amounts have increased at the mid 

to high latitudes of the northern hemisphere. At the subtropical level, rainfall has declined. 

Rainfall has increased in South America, northern Europe, and northern and central Asia, while 

decreasing in the Sahel, the Mediterranean regions and Southern Africa. It seems that wet 

regions are wetter and dry regions drier as the planet warms.  

The world is experiencing more extreme weather. Although it is difficult to perceive a 

significant increase in extreme events, trends show a change in the frequency and intensity of 

these events (e.g. number of cold days, warm days). 

 

VITICULTURE AND CLIMATE 
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Figure 2: (a) Observed globally averaged combined land and ocean surface temperature anomalies 

(relative to the mean of 1986 to 2005 period, as annual and decadal averages); (b) Map of the 

observed surface temperature change, from 1901 to 2012; (c) Map of observed precipitation change, 

from 1951 to 2010 (Source: IPCC 2014).

Climate: The atmospheric conditions at a 

particular place in terms of temperature, 

humidity, wind speed, cloudiness and 

rainfall over a long period of time 

(generally 30 years). Weather refers to 

day-to-day variations in atmospheric 

conditions. 

Climate variability: The natural variation 

in climate from year-to-year (i.e. over 

time) or across geographical areas (i.e. 

over space). 

Climate change: Any significant change 

in the state of climate that lasts for an 

extended period of time, typically 

decades, whether due to natural causes 

or human activities. 

Global warming: Long-term increase in 

the Earth's average temperature. 

Climate change impacts: The effects of a 

changing climate on physical, biological 

or human systems. 

Source: IPCC 2014

 

KEY CLIMATE DEFINITIONS 
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Current climate change is caused by natural and human processes. In comparison with past 

climate changes, current climate changes are particularly attributed to increasing greenhouse 

gas emissions. Rising greenhouse gases are trapping more of heat and causes the Earth to 

warm.  

Climate change impacts are already occurring. There is a widespread evidence that climate 

changes have caused impacts on physical, biological and human systems on all continents and 

across the oceans. Evidence of observed impacts is strongest and most comprehensive for 

natural systems (e.g. water resources, sea levels, biodiversity). 

Climate change in wine growing regions 

Before the end of the 20th century, little work had been done on studying climate change and 

its impacts on grape and wine production. However, over the last few years many studies have 

been conducted, contributing to the development of the current understanding of climate 

change impacts in wine growing regions. The main observations are: 

ƴ Across wine growing regions, climate change has essentially resulted in regional 

warming, with geographical variations in its speed and magnitude. 

 

ƴ No significant change in rainfall patterns were observed. However, the amount of water 

supply to grapevines has evolved, resulting from a greater variability in seasonal rainfall 

and an increase in evapotranspiration rates. 

 

ƴ The rise in mean regional temperatures during the growing season has led to a sharp 

increase in the classifications of bioclimatic indices (Figure 3). 

 

 

 

Bioclimatic indices are a useful zoning tool, defining a regionΩǎ ability to produce grapes, 

varietal suitability, etc. The two main indices used in viticulture are the Winkler and 

Huglin Indices. The former refers to the concept of growing degree-days, which is 

calculated as the sum of daily mean temperatures above 10°C for the period of April to 

October in the Northern Hemisphere. The base temperature of 10°C refers to the 

minimum temperature necessary for grapevine physiological activity. The interest in 

using the Winkler Index is that the cumulated heat is strongly correlated with grapevine 

phenology. The Huglin Index differs, as it is the sum of the mean and maximum 

temperature above 10°C from April to September in the Northern Hemisphere. It gives 

greater weight to daytime temperatures, when most vine development takes place and 

is therefore strongly correlated with berry composition at harvest. 

 

 

 

BIOCLIMATIC INDICES 
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Figure 3: Mapping of the Winkler and Huglin indices in Europe for the period 1950 to 2009 (left) and 

the difference between the periods 1980-2009 and 1950-1979 (right) (Source : Santos et al. 2012). 

ƴ Due to regional warming, the thermal conditions characterizing northern latitude wine 

growing regions are more favorable for grape and wine production. However, some 

wine growing regions (e.g. in Southern Europe) have reached or even exceeded their 

optimum thermal conditions for the varieties currently grown there. 

 

ƴ Warming has also led to the emergence of new wine growing regions (e.g. England or 

even Sweden). 

 

ƴ The majority of the grape varieties show an earlier appearance in their phenological 

stages (bud break, flowering, and veraison) and the date of the onset of grape harvest. 

In general, phenological stages are two weeks earlier (Figure 4a).  

 

ƴ As grape ripening is taking place under warmer conditions, significant changes have 

occurred in grape composition. Grapes contain more sugar and less organic acids, which 

results in higher pH (Figure 4b). 

 

ƴ Changes in grape composition have also led to increased alcohol levels and altered wine 

sensory profiles.  


