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Across theearth, there is growing evidence
that a globalclimate changes taking place.
Observed regional changes includeising
temperatures andshifts inrainfall patterns
and extreme weather event©ver the next
century, climate changes are expected to
continueand havemportant consequences
on viticulture. They vary from shofterm
impacts on wine quality and style, to long
term issues suchsavarietal suitability and
the economic sustainability of traditional
wine producingareas As a result,lie wine
industry isfacing many challengeswhich
includes adapting to these potential
impacts, as well agducing greenhouse gas
emissions relatedatheir activities.

In response to these challenges, the LIFE
ADVICLIM projecthas the objective to
evaluateand developlocal climate change

FOREWORD

adaptation and mitigation tsategies The
measurement networland web platfornof
this project seeks toinform and assist
winegrowerson climate changeémpacts on
rational adaptaion scenarios and on
greenhouse gas emissions atdd to their
practicesat the scale of their vineyard plats
Thesetechnologies are evaluateth many
Europeanwine growingregions(Figure 1)
namelyBordeauxand Loire Valley (France),
Sussex (England), Rheingau (Germany) and
Cotnari (Romania)lhe region of Navarra in
Spain is a nowfficial study areaThese six
regionsrepresent the climatic diversity of
European wine, ranging dm the
Mediterranean to Oceanic and Continental
climates.

For more information on this projectjisit
www.adviclim.eu
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Figure 1Positionof the sixEuropean wine grow
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Introduction

INTRODUCTION

Within the UFEADVICLIMroject, the actionB1is particularlyfitted to the development of
local adaptation options to climate changeEuropean wine growing regionBy providing
better understanding of actual and futuregeo-climatic potentials, ti aims to assist
winegrowers irbuildingadaptation strategieso ensurethe maintenance of winguality and
sustainable production.This manual aims therefore to inform on climate changeand
adaptationin viticulture, as well as talescribethe modelling framework and process applied
in thisscientificprojectto address this issuéndeed, while there are many management tools
and solutions that hold great potential, there is little guidance on hatreultural pracices
should be undertaken at different temporéghort to long term)and spatial scale@ocal to
regional level)n response to a changing climate

The guidancemanual is divided intthree parts:

The first part provide a general introduction of climate chamge

3 [} the viticulture sector. Thegoalisto give insights omlobal and
m Ik PARTL: regional climate changes, the impacts already obseoredgrape
and wine productiorand the key issuesssociated with future

climate impacts

The second part aims to inform winegrowers @otential
adaptation strategies to climate change. In this contexseieks

to present some guidelines on identifying and performing
adaptation measures at different temporal and spatial scales

The third part deals with the modelling framework usadaction
& O B1 of the LIFADVICLIM projectBy applying modelling
&’ PART3: techniques and tools, the action B1 aims to evaluate, identify
and prioritise rational adaptation sttegies at local vineyard
scales

ABOUT THIS MANUA

This manualocuson theadjustmentof viticultural management pragtes and decision
makingin response to climate change at theeyardlevel. It has been developexh
the basis ofscientific research anchany field observationgiowever, he manual isiot
intended to bea definitive guideto managementplanning but meant to generate
knowledge and communication among local actors and stakeholddesiropean wine
growing regions.
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Introduction

For nmostwine growing regions, significatitends in regional clima&s have beewnbserved At

the same time,important changes in grapevine phenolognd grape compositiorhave
occurred with the latter leading toaltered alcohol évels andsensory profiles Although
changes in grapevinbehaviour are partly attributed to evolving practices, recetimate
changesin particular increasing temperaturelsave been major causal facto’ss a result,
future climate tvangesarevery likely to havé&eyeffects 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 thereforene of themajor environmental and socieconomic
issues facingsustainableviticultural developmentand production over the next century

VITICULTURE ANDLIMATE

The grapevine is cultivated over a wide rangeclohate conditions, where its fruit is
primarily used for winemakind\s aresult, wticulture is one of the most climate sensitive
sectors to shorand longterm climatevariations

Y Firstly,ad A YS 3 NER ¢ A Y Fern\cinthie Stryicuee lafgelyytiétermines its
grape growingand winemaking potential.

y" Secondlyshort-term climate variations are key factors influencing seasonal grape
and wine productior(i.e. quality and quantity).

General understanding of contemporary climate change

The earth is warming Climaterecords sufficiently exhaustivdemonstate that warming
affects almost the entir& I NJBuKa@eFigure 2)Over the past century and a hathe Eartls
average temperaturdasincreased by 0.85°C.

The rate of global warmings unprecedented Sincethe 1950s the increasein temperature
hasacelerated rapidlywhere each of the last three decades has been successively warmer
than allthe previous decades.

The change imainfall is very variable In generalrainfall amounts have increased at the mid
to high latitudes of the northern hemisphere. At the subtropical levahfall hasdeclined.
Rainfall hasncreased in South America, northern Europe, and nortlagichcentral Asia, while
decreasingn the Sahelthe Mediterraneanregions and Southern Afaclt seems that wet
regions are wetter and dry regions drier as the planet warms.

The world is experiencing more extreme weatheAlthough it is difficult toperceivea
significant increase iextreme eventstrends show a change in the frequency aneinsity of
theseevents (e.g. number of cold days, warm days)
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(b) Observed change in surface temperature
1901-2012
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(a) Observed globally averaged combined land and
ocean surface temperature anomaly 1850-2012
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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 periodaamhual 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: IPCCA01

KEYQLIMATEDEFINITIONS

Climate Theatmospheric conditionat a

particular place in terms of tengpature,

humidity, wind speed, cloudinesand

rainfall over a long period of time
(generally30 years).Weather refers o

day-to-day variations in atmospheric
conditions

Climate variability:The naturalariation
in climate from yeatto-year (i.e. over
time) or acrossgeographical area$.e.
over space)

Climate changeAny significant change
in the state ofclimate that lasts for an
extended period of time, typically
decades, whether due to naturahuses
or human activiies.

Global waming: Longterm increase in
the Earth's average temperature

Climate change impact§:he effects o
changing climate  physical, biological
or human systems.

Source: IPCC 201
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Qurrent climate change is caused matural and human processesin comparison with past
climate changes;urrent climate changes are particuladstributed to increasng greenhouse
gas emissionsRisinggreenhouse gases are trapping more of heat aadses the Earth to
warm.

Climate change impacts are akldy occurring There is awidespreadevidence that climate
changesave 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 systemge.g.water resources, sea levelsodiversity).

dimate change in wingrowingregions

Before the end of the 20th century, little work had been done on studying climate claanthe
its impactson grape and wine productiarHowever, over the last few yeamnanystudies have
been conducted,contributing to the development of thecurrent understanding of climate
changeimpactsin wine growing regionsChe main observations are:

y" Acrosswine growing regions, climate changeas essentially resuéid in regional
warming, withgeographicatariatons in its speed and magnitude.

y" No significant sange irrainfall patterns werebserved. However, themount ofwater
supplyto grapevinesas evolved, resulting from a greater variabilityseasonatainfall
andanincrease in evapotranspiration rates.

y" The rise in meamegionaltemperatures during the growing seastiasled to a sharp
increase irthe classification®f bioclimatic indices (Figure.3)

BIOCLIMATIANDICES

Bioclimatic indiceare a useful zoning togdlefining a regio a@bility to produce grapes,
varietal suitability etc. The two main indices used in viticultuaee the Winkler and
Huglin Indces Theformer refers to the concept of growing degremys, whth is
calculated as the sum afaily mean temperatures above 10°C for the peraidhpril to
October in the Northern Hemisphere. The base temperature of ¥@f€rsto the
minimum temperature necessary for grapevine physiological activity. The interest in
using the Winkler Index is that tleamulated heat is strongly correlated with grapevine
phenology The Huglin Index differs, as it is the sum of the mean and maximum
temperatureabove 10°C from April to September in the Northern Hemisphere. It gives
greater weight to daytime temperaturesshen most vine development takes place and

is thereforestronglycorrelated with berry composition at harvest.
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Figure 3Mapping of the Winkler and Huglin indices in Europe for the period 1950 to 2009 (left) and
the difference between the periods 198009 and 19561979 (right) (Source : Santos et2012)

y" Due toregionalwarming, the thermal conditionsharacterizinghorthern latitudewine
growing regionsare more favorable fogrape and wine productianrHowever,some
wine growingregions (e.g. in Southern Europe) have reached or even exceeded their
optimum thermal conditionsfor the varieties currently growthere.

y" Warming has also led to the emergence of new wine growing regionsHegiand or
evenSweden).

y" The najority of the grape varietiesshow anearlier appearancen their phenological
stages (bud break, floweringnd veraisopand the date of th@nsetof grapeharvest.
In general, phenological stages are two weeks eaffiggureda).

y" As grape ripening igaking placeunder warmer conditions,ignificant changes have
occurredin grape composition. Grapes contain more sugar and less organic acids, which

results in higher pH (Figure 4b).

y" Changesn grape compositiohavealsoled to increased alcohol levedsd altered wine
sensory profiles
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