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Deliverable abstract

This deliverableD2.5 dDecadal Prgjction PerformanceReport consistsof an anaysis of
climate projections at European scale gmatticularly at demosite of the projean order to
provide critical climte informationof the most important variable®r vineyard management
Mean climate about precipitation ahtemperaure is anajsed specificagricultureindexes are
provided such as Wkler classification andlimate extremesaffecting thevine growthare
studied. This document isntendedto provide useful informaon in order to empower the
wine industry to make strategic decisitm adapt ther businesses tmew climate conditions
in the coming decades.

Copyright and legal notice:

The views expressl in this document are the sole responsibility of the authors and do not
necessarily reflect thgiews or position of the Eurgan Commission. Neither the authors nor the

VISCA Consortium are responsible for the use which might be made of the informani@med in
here.
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List of acronyms and abbreviations

DoW Document of Work

VISCA Vineyards Intgrated Smart Climate Applicati

WP Work Package

CMIP5 CoupledModel Intercomparison Project Phase 5
CORDEX Coordinated RgionalClimate Downscaling Experent
RCP Representative Concentration Pathway
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1.Introduction

1.1 Motivation
Theextensionandthe quality of wine productionis stronglyrelatedto the environmentalcondi
tions of the grapegrowingseasonGrapevinegrowingfactorsare determinedwithin anarrowc
limatic rangein whichthe adequateheataccumulaion, the availabilityof enough waterand
the low risk of extremetemperatureepisodedssrequired As example, in 2017 a historically low
production(8% less in comparison wig®16)was registered due tolimate conditions

While climatepatternscan dffer radically from oryear toanother (climate variability) climate
change is more concerning, becausggnificantshift in the longterm climatology would make
the wine busnessunsustainableAdgptation measures arenost probably neededo adapt the
current grape varieties tavarmer climate conditions anthe presence oimore frequent and
more intenseextreme evens such as heat waves, heavy rainy or longsgslls.

Future suitability of a certainviticulture regions highly depends on the change be mmean
patterns on temperature and precipitatiom the coming decadesut alsoon the impact of
extreme temperatureand precipitation For that reason,estimation regionalchanges in
temperature and precipitation and the derivéahpacts on the suitabily of vine cultivation is of
paramount importance for the business of gives critical information for making strategic
decisions and investments in the near futusghich will mak the industry more resilient and
adapted to climate change.

1.2 Purpose of the Bcument

This document reports the outcomes of the activities performed in PaskDecadal Climatic
Datd', within the frame of the Work Packagé Climatic & Agriculttal Datd of the VISCA project
(RDO).

The pupose of this document is to shatlve change otlimate variablesvhich are impacting the
most in theviticulture, namely mean precipitation and temperature, but alesmperatureand
precipitation extreme events for the comingedades until 21005pecifiagronomic indices such
as Winklewill be usedspecifically to assess vine suitability.

The analysis will be performed at European sdalg also specific results wile provided by the
3 demositegrovided bythe endusers of the project
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1 Cordorniu, locatedn Raimat Spair).
1 Symingtn, located iQuinta do Atéde (Portucal).
1 Mastroberardino, located istripalda(ltaly).

%
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e
g
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{
Quinta de /Ataide

Figurel: Location of endisersdemcsites

1.3 Structure of the Document
Thisdocument is structured intéive chapters:

1 Chapterlis this introduction and description of the document itself;

1 Chapter0 summaises theused data

1 Chapter dntroduces themethodology

1 Chapterd provides thanain resllts and disussion Results regarding mean climate,
Winkler index anaxtreme climate is proded.

1 Chapter &concludeghe documentsummarizing thenain finding anddiscussion
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2.Data

This chapter presents th@imate datasets, which have beesad to perform the climate analyiss

2.1 Observations
EOBSversion17 (RD01has been useds observational dataset. Thésagridded observational
datasetderived through interpolation of the ECA&D (European Clirdetgessment and Data)
station data desched collected at European sca@DO02 The station dataset comprises a
network of 2316 wtions, with the highest station density in Ireland, the Nethada and
Switzerland, and lowest density in Spain, Northern Africa, the Balkans and Northern Scandinavi
The number of stations used for the interpolation differs through time andadnabk.

The EOBS dataset is derived throughhaee-stageprocess

- Monthly means of temperatur@nd precipitation are first interpolated to a O-degree
latitude by longitule grid using threelimensional (latitude, longitude, elevation) thin
plate splines.

- Daly anomalies, defined as the departure from the monthly mean temgure or
precipitation, are interpolated to the sam@.1-degree grid, and combined with the
monthly mean grid. For temperature, daily anomalies are interpolated using kriging with
elevatin as an externalariable For precipitation kriging is first usedinterpolate the
the state (wet/dry) after that 1 KS YIF 3yAGdzRS |40 WwWsSGQ nowm
interpolated using universal kriging.

- Finally, the 0.4degree points are used to compuseeaaverage values at the four@BS
grid resolutions @.25 and 0.5degreeregular latitudelongitude grid and 0.22 and 0.44
degree latlong rotatedpole grids).

4We acknowledge the-BBS dataset from the BEP6 project UERRA (http://www.uerra.eu) and the Copernicus
Climate Change Service, and the data prowdeithe ECA&D projefttps://www. ecad.eu)
VISCA B5 (WR2) 04, 2019 (M2) Page9 of 44
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Latitude

Longitude

Figure2. ECA&D station network map
Sourcehttps://climatedataguide.ucar.edu/climatelata/e-obshigh-resolutionrgriddedmeanmaxmirtemperature
precipitationand-sealevel

Inthe presentstudythe 0.22-degree latlong rotatedpole gridhas been usedbecause it
coincide with the grid of EURCORDEX gr{dee chaper below) The full datasecovers the
period from 1950 to 207 (both included)

2.2 EURGCORDEX

EURGCORDEX is theepean branch of the international CORDEX initiative, which is a program
sponsored by the World Climate Research Program (WRCP) to organize an internationally
coordinaed framework to produce improved regional climate change projectiomsafoland
regions worldwide. The CORDE#sultsare being used worlavide to assessgor climate change
impact andto feed adaptation studies within the timeline of the Fifth Assessin@eport (AR5)

of the Intergovernmental Panel on Climate Cha(ifCC) and beyond.

EURGCORDEX consistsanfet ofsimulations provided by the participating groupsowadays,
mainly dynamical downscaling simulations are available, nathelgutput of aregional climate
model (RCM)coupled to aGlobal Climate Model (@V)or a Reanalysis he outputs of these
simulations are available on rotategdole regular gridsit 0.11 degrees of horizontal resolution
(~12 km, depending orhe latitude). They are freed download fromEarth $stem Grid
Federation ESGJnodes likehttps://esgf-data.dkrz.de/projects/esgélkrz/. In order to be able to
be compared with EDBS databasédcURGCORDEX waggridded to 0.22 rotatedgrid pole
resolution.
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Fom all the CORDE¥mulations are availabléhe following are selected for the purpose of the
following study:

- Historical simulationsDifferent RCM are coupled to different GCM frowu@ledModel
Intercomparison Poject (Phase 5)They are usefuhs a listorical basis to compare the
future climate as well as to validate the skill GCMRCM to reproduce theegional
historicalclimate

- Future simulations Different RCMs arecouplad to different GCMand different
Represertative ConcentrationPathway (RCPs). The available RCPsRE®4.5 and
RCP8.5which are emissions scenarios projecting a radiative fofidgs W/n¥ and 8.5
W/m? at 210Q as shown irfrigure3.

Fareing - Total

9
——World - AIM- RCP 6.0

—World - MiniCAM - RCF 4.5
8 ——World - IMAGE - RCP3-PD (2.6)
—World - MESSAGE - RCF 8.5

7

Wim2

//f I —

2

1

0
2000 2020 2040 2060 2080 2100

@ RCP Database (Version 2.0.5) generated: 2020-03-04 12:45:11

Figure3. Radiative forcing according to Representative Concentration Pathways (RCPs)

Fromall simulations availabtethe 17 shown inTablel were selected, because they meet the
following requirements:

- They are available alaily time resolution.
- The wariables of interestare available:precipitation, daily mean temperature daily
maximumtemperature and daily minimum temperature
- The simulationgover the required period
o Historical period 19762005.
o Future period 2010-2100.

5 A detailed description of the abovementioned models alngiit simulations available at EURIDRDEX can be
found at:https://euro-cordex.netimperia/md/content/csc/cordex/2018013@urocordexsimulations.pdf
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As $iown in Tablel, each GCM is runnder different initial conditions, alsknown as GCM
ensemblemembers. This GV simulations are useds initial and boundary conditions of

different RCMs

GCM
Simulations group GCM ensemble RCM
member
CNRMCERFAGS |rlilpl SMHIRCA4
CNRMCM5 rlilpl CLMcomCCLM4#B-17
ri2ilpl SMHIRCA4
rlilpl KNMIRACMO22E
ICHEEECEARTH |rl12ilpl KNMIRACMO22E
r3ilpl DMI-HIRHAMS
r12ilpl CLMcomCCLM4&B-17
. rlilpl IPSHNERISVRF331F
HIS;?;ZT;;::SRCP IPSHPSECM5AMR 1ilpl SMEIRCAZ
rlilpl CLMcomCCLM&B-17
MOHCHadGEMZES |rlilpl KNMIRACMO22E
rlilpl SMHIRCA4
rlilpl CLMcomCCLM&B-17
rlilpl SMHIRCA4
MPEM-MPFESMLR rlilpl MPFCSEREMO2009
r2ilpl MPFCSEREMO2009
NCGNorESMiM rlilpl DMI-HIRHAMS

Tablel: EURGCORDEX simulations.liStmulations are classified according to the group (histo@R or evaluation), the
GCM and the RCM

VISCA B5 (WF2) 04, 2019 (M2) Pagel2 of 44
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3.Methodology

This chapter pesents themethods useda evaluate thedata presented in Sectidh

First of all, setof climate indices arélefined giving key information about thempact on the
wine sector They are the following:

T

T

T

Seasonatemperature climatology. Defined as tlkb mean temperature ovea periodof a
3-monthly season

Seasonaldaily precipitation climatology. Defined as themean of maximum daily
precipitationovera periodof a 3monthly seasoh

Winkler index Winkerclassifies a locatioaccording tahe range & the growing degree
days(GDD. GDD isan annual valueefined as theaccumulation otemperature above a
base tempeature (defined as 10°Cfyom 1st April to31st of SeptemberThe climatology
of GDD over a defined periazhn be classified according to Winkler into 5 categories,
as shown ifmable2.

Regions |GDD(°C) Wine regimmsexamples |Grape varietiesexamples

Region | |<1390 Tasmania, Champagne, | Chardonnay, Pinot noir,
Burgundy Friuli, Chablis | Sauvignhon blandriesling

Region 1l |1391¢ 1670 |Yarra Valley, Alsace, Cabernet sauvignon, Merlot,
Boredeaux, Napa Semillion, SyratChardonnay

Region 11111671¢ 1950 |Rioja, Piemonte, Clare |Tempranillo, Grenache, Barber:
Valley, Capetown, Baros| Syrah
valley

RegionV |1951¢ 2220 |Langhore Creek, Tempranillo, Mourvedre,
Montpellier, Florence, |Carignan, Cinsault
McLaren Vale

The3-monthly seasons are defined as follows:

DJFE Decembeifebruary,
MAM: MarchMay,

JJA JuneAugust,

SON SeptembeiNovember.

VISCA B5 (WF2) 04, 2019 (M2) Pagel3 of 44
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Region V |>2220 Sicily, Sardinia, Jerez, |Fiano, Primit
Swan Valley

Table2: Winkler classification

1 Frequency of summer dg. dimatology of the number of days per year where mean
temperature isabove 25°C.

1 Length of theheat waves Climatology omaximumnumber ofconsecutive dayperyear
where maximum temperature 90" percentileof daily maximum temperaturescord.

1 Freaquency of frostdays inboreal spring months. Climatologyof the number of days
whendaily minimum temperature < 0°@r yearduring MAM (MarchMay).

1 Climatology of naximum length ofdry spelt Climatology mean dlaximum rumber of
consecutive days whemaily precipitation< Immper year

Secondly, the validatioBURGCORDEX simulations again€DBS has been performed. This has
consisted irthe following

- A comparison betweeglimatological map at European scalef EOBS against EURO
CORDEXvhich allowsto assess how EURTDRDEX is able to reproduce gpatial
distribution of the precipitation and temperaturéhroughout Europe See the results in
Chapter 41.1.

- A comparison of meathe annual cyclef temperature and precipitationywhich allavs
to asses theability of CORDEX teproduce theintraanual variability. For this, mean
regional mean valuésvere calculated for the validationf éhe regions of interesof the
project. A squarebox of 3.0 degreescentered on the demositewere usedto calculate
the mean regional values. The results of this anabgshown in Chapter 4.1.2

Finally, an anasis of the projected changed over the period 22089 in comparison to a
historical climate period9762005is done.Also,two other periodshave beeranalysed 2010-
2039 and 20462069, dthough similar results are foundput with less intengy. Sq only the
results for 20762099 are finally shown irhis report whichsupposea conservative scenarfor
planning adaptation masures irthe wine sector.

Frstly, maps at European scale are analyssalthe expected change for mean precipitation and
temperature Winkler index andlimate extremes (dryspell, frost days and heatwave length) a
shown according to RCP4.5 and RCRP8ter that, an specific analis for each demosite is

" Regional values were calculdtas & area average of values weighted by tusine of the latitudesgiven that
the projection of thedata is latlong.
VISCA B5 (WR2) 04, 2019 (M2) Pagel4 of 44
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provided, analysing how mean and extreme parameters are expected to chvatigee20762100
in comparson with 196-2005.

In theregionalanalysis, an estimation of the uncertainty of climate projections is diyaneans

of an hisogram of projected changes across the considered simulatioAs example of the
histogramis shown irFigure4. The horizontal axis refers to the variable of interest, in this case,
the change of mean temperature betweet®702100 and 19762005. The barsexpressthe
percentage of the models lying in each andthe shaded arearepresents he percentageof
models in which the project change is significati®ggnificance is evaluateasing aMann-
Whitney test®. Each row of pointslisplaysthe individual valuesachGCM(with different RCM}
giving an idea of thancertaintyof each group of GCM simulatians

Change in daily mean temperature - rcp45 [2070-2099] Mastroberardino SON

100.0%
—— Multimodel mean
Models
% Stat. sig. models
80.0%
-
7
60.0% /
-
40.0%
7
7
20.0%
0.0% _

-4 -2 0 2 4 6 8 10
Change (degC)

Figure4: Example of histogram of changes provided in the results chapter

8 Kruskal WH (1957) Historical notes on the Wilcoxon unpairedsamaple test. J Am Stat Assoc 5235
VISCA B5 (WR2) 04, 2019 (M2) Pagel5 of 44




VISCA® Vineyards™ Integrated Smart Climat&pplication -

VISCA (H2020/ Research and Innovation action) Grant Agreement3@253

4.Resultsand discussion

This bapter presents the results ardiscussiorobtained from the application of the methods
detailed in Sectio.

4.1 EURGCORDEX validatiosmgainst EOBS

4.1.1 Validation at European scale

The validation of EUROORDEX simulations afigst EOBSat European scaleonsists of
evaluating their capability afepresenting the spatial distributionFor this purpose, ifigure5
andFigure6 the seasonatlimatology ofdaily precipitation and mean temperature are shown.

In terms of precipitationEURGCORDEMescribescorrectly the main spatial featuréa Europe
in comparison t&=0OBSThe followingresults can be derived:

EURGCORDEXlightlyoverestimates thanean daily precipitatiomn centralEuropeand
Iberig, especiallyn DJFMAMand JJAexceptin Iberiain JJAwhereis not overestimated

In general, northerrEurope is underestimated in DJF and MAMI SON, although is
slightly overestimated duringJA.

EURGCORDEX clearly overestimates the magnitude of precipitation in the most wet
areas sahmountainous areas such as the Pyrenees and the Alps.

EURGCORDE3hows aspatial distributiorsimilarto the observed in 2BS soin DJF and
SONregionsclose to the Atlantic Oceashowmuch higher precipitation than continental
regions(e.g, the north-westernlberia,northern Great Britairand wegern Norway)

In terms of daily temperature, EURCORDEX describes correctly the main spatial features in
Europein comparison to #9BS. The following results can be derived:

EURGCORDES showpasitivegradientNorth-South which is also identified in@BS
The effect othe elevation if well captures in EUREIDRDEX, scomntainous regions such
as Pyrenees and Ashowlower temperatures which are slightly underestimated in DJF
and SON.

InFigure7, EOBS and EURCORDEX are compared in terms of extreme clinstehe ability of
representing maximum annualry spell the spring frosts and thsummer days isonfirmed.
From this figurat is possible to concludgualitativelythat EURGCRDKis capable to reproduce
the spatial variability of theseariablesas well agheir magnitudeacross Erope.

VISCA B5 (WF2) 04, 2019 (M2) Pagel6 of 44
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In Figure8, the Winkler index is showr=OBS represents correctly the main wine regiams
Spain France, Germany, Portugal, Italy and eastern countkesGreee, where Region | and Il

are located in central Europe, whereas Regions lll, IV and V are located in southern EuRRge
CORDEX also reproduces quite well this distribution, although cold regions are poorly
represented, due there is an underastation oftemperaturesin some areasas shown before.

VISCA B5 (WF2) 04, 2019 (M2) Pagel7 of 44
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Climatology 1976-2005 Climatology 1976-2005 | Multi-Model Mean

SEosaBREERERE SR

S

mean temperature (degC)

Figure6: Seasonal mean temperature over the period 12065. EOBS (left). EURCORDEX (right).
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Figure7: Climatology of extremes according to EOBS (leftEAWRGCORDEX (right). Annual Maximiength (top), Number of
frost days (middle), Number of summer days (bottom)
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