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Abstrací: Climare change rnay modify the viticultura] and enological potcntials ofthc productive l'c:gioH:> around
thc world. McH1Odologil;s to evaluate lhe impact of cíiruatc changc 0\'\:1' grape-growun; rq;i(JJl,~ u.l UK. """i!d ;,!,:

ncccssary. The objective of this work is to use the methodology 01' the Geovlticulture 1'....1(,'C Syxtcrn for ~sti!11;lting

thc viticultura] climate changc impact using lhe climatic indcxes of lhe systcrn: Hclintherrnul indcx (HI), <':001
Ilíghl index (Cl) and Dryncss indcx (DI). The MCC System wus applicd to lhe Sen'.1 Gaúcha rcglon, Hraz il.
The cvaluation comparcd lhe normal viticultura! climate (1%J -199ú) with 1'01.11' potcntial rçgiorwl S'.:L:IUIIiw, rUI

climatc chaugc, with increases in tcmperanrre and precipitation: +L2°C by tho year 2020: +2.2 "C hy :'050;
+3.5"C and +0,25 rnrn/day by 2080~ +3S'C und +0.1 mm/day hy lUSO, Thc rcsults showcd uuu, for all ~(.cm\J1U~

01"climate change, Lheregion would ch3ngc ítR MCC System climaríc group. In lhe worst scenario, Lheviriculrural
climatc changcs HI from WmJl1 10 Hot and C1 from WU:l1HnJgbts to HN nights, wirh 110 change in DI. Thc climatc
change will potentially alter the viticultura] and enological proíile of lhe region, The ScõJlTIC rncthodology llIa)' be
used in diffcrent region» oJ lhe world, allowing lhe fvlCC System to be uscd to compare fururc viticultui ~IIcliniatc
01" a givcn rcgion not only with ili> prescnt condition, but also with rhe preseru visiculrural climate 01' other rcgions
worldwide. 'l'herefore, the MCC Systcm is [f uscful merhodology 10 quantify the viticulrural impacts nf climruc
clu.nge.

Climate change may modify me viticultural and enological
pOlcnúatítics of U1Cproductivc rcgions around lhe world (fones
et aí., 20ü5b). ln reccnt years , rnany viticulturul region» had
alrcady presented " tcndeucy 01' lncreasc 111 iemperaturc, '.vith
viticultura] implicnrions.

Methodologies to ovaluate lhe irnpacr of cllmate changc
on viticulturc are neccssary. in ordcr to quanüfy changes anel
ro compare present or furure climate conditions of lhe grapc-
growiug rcgiom" The MCC Systcm (Tonietto, 1999; Tonleuo &
Carbonneau 20(}4) has many uses (Tonietto, 2otJ7), und ma)' be
applied to evaluare mo irnpact of clirnate change onvitlculture
(Carbonneau and 'Ionieuo, 1998; Lebon. 2004~ 'Iondut et al ..
2üOfi),

Tlle MCC System UGCti three clim~1tk indexes: Heliother
mal indcx (HI). ("'001 night index (Cl) and Dryncss index {DI).
Hl and CI may help to ldemify rhe climatic impact concerning
thcrmul changes (minimum, maximum and ruean air tempera-
turc) and DI intcgrates the climare change involving water and
íts intcracrions wíth lhe thcnnal environmenr (precipitation.
PET. potencial watcr balance).

Thc objcctive of ihis rescareh '.Vus W 1Ib{~rhe mcthodology
of lhe Gcoviricuhurc ,MCC Systcm for estimating lhe viticultur-
(lI climate cl.onge lmpact lIs!ng thc clirnatk índexcs 01" the sy~-
lern. The viticultural !'OgEOtl used ris Hrl exampk \Vil!'. lhe Serra
Gmích:l. 111lhe E)()ulh (ir BraziL

'·"·1tlll A J)A i \lfI'~ \11".·1 I! )

MATERIALS AND METHODS

This research uses the rncthodology of thc Gcoviticulturc
MCC Systcm (Touictto, 1()!)0~ Tonietto S: Carbonnc.tu. 2UUl)
for estlmating lhe viriculturul clirnutc cb<lllgc uupact tI~ing lhe

climatic indexes of lhe sysrern: Heliorhermal indcx (I·fI). Cnnl
niglu indcx (el) aud Drync-,s iudcx (DI j,

The MCC System was applied to rhe S,~rraCalÍcha re~~ío!l.
lhe Jt10~t iurporraru viticultura! rcgion of lJrM.iL iu thc sourhcrn
part of the eountry. The cvaluation comparcd lhe normal viticul
tural climate of Serra Gaúch». d1:,r,Jct(~ri7çd hy lhe> ;Iv,~rllgl' .li
lhe periud bctWCCH 1961 HnLlI9\)O. witl. pOl«nll;11 n~giol\ill se\.'-
narios oi climare change, ,IS pmposed hy Ivl'.lrcngo (2()07j (Tahlc
I}, Sincc lhe Serra Gaúcha is fi hurnid i'tgtOf), c11lt)pkmelH<:'y

mrormauon wax obtamcd by sunulaum; l)1 wuh :ltl \Vo (alll"d

useful soil .•vatci reserve) uf 20UJHJlI, but Willll)Ul I!i>: ll'>i),;j ('p
pcr lirnií onW (c.••timatio» of soil watcr reserve ;t( lhe cnd 01 a
given pcriod) in rhe monrhly cornputation (ihus :Illmvíllg !"lllrl

cxcced 200nllll).
'n""1 cxemplify rhe US(~ ol'lvl(~C fOI !Ili ...rq~i(lll.\V'': cho:x 1m;;

SRES sccnarios llSlllg lPCC (2001 a, b) modcls für Smnh /~Ilwr-

ica, iu particular ror lhe I~rala hasiu macro n.:gíoll, iu \'.'hidl lh'
Serra Gaúcha viticultural region is included. The lir:çtil"m'~'S\~\'"

narios repF,:sl:nl lhe UVl:n\gC 01' scen;trij,\\ /\2 ;IBd B2 ;U1<1 II'CC
modds CCCl\lA, CSLRO. HadCf\U, R/NIES dJid C/DI
w'íth incrcnses ill alr tcIlip'::l'Umrc ;'U1dpl\.:cipilülioJ\ (rdatiV(' [r'

1961-1990): + 1.2"C O)' the year 2020. ~ 2.2 "C hy lhe ye:\r ~~O)():
+3.5"C and +Ü,2.5Inmiday by lhe ye:v 2080 {,T"bk I, lv!CC (;;I'>C
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Table I. Anornalies of tcrnpcrature and precipltarion relutivc to thc 1961-1990 pcriod, for
rhe Praia busin rcgioll, according to scenarios A~ arul 112 and lhe, IPCC mndcls (Sourcc:
\·1Mcngo.20(7): in this viticultura! study Cases" I" und "2" werc charactcrizcd by tlw )'e:"
2020. 2ü50 3JlU2080.

ANOMALi'E.S
S<:l:NARJOS II'CC MODE.L8 "rn1\lrpl:TtI\ TURRS PIDtClP1TATfON

("C) {mm day) MC<':

:!i ~ C'l;.!:I!'

~
.e ~ ..J

A2 82 ::i U rr,~ Q llf:lO 2&.')0 2IUII.I ll'2jj 205U ll)~llí.i k.
U IZ! ~ ç;7. ei.J U til

:1 .~ li' x ;'íJ~ Z;Jt 3,5- : n-, 1). U.1.5"

.1 '!. " t. 2.ik

:I, X ) ~ :I 4,0-

x l- l,ti 2,4
·t 2;1 .>.~

1 2,J 3.ct

1: l/> 4,3

~ ~ 2~, 2.9 li li 0,1

x x Zr-'5 3,5' {) I' O,J

~ lw~rngç valucs for de lPCC model ís) and sceuarie (s) jndieatcd.

1L Scenano /\2 rcprescnts an cxueme scenario of high cmis-
sion ("pessirnist") und B2 represcnts ti sccnano of low emission
('Oplllllisf'l,

The fourth sccnario uscd n·'CC sccnario A2 und modcl
H:ldCM.L whrch esiimates "'1 increasc 01' 3 ..'i "C in uir tempera-
11Ire uno ü.t mrn/day in prccipitation oy rhe yeur 20~Ü (Tablc
I. \-1('(' case 2}, According to Marcngo (2u07), this i& thc besr
pcrtorming modcl for South America. The uvuilablc data did
1101 permit to includc lhe scasona! distribution during lhe year,
SillCC thcrc wcre no estimares for minirnum and maximum air
remperature chunge, lhe same íncrease used O!1 rncan air tem-
perature was adopted,

Flf:SULTS AND DISCUSSION

'nu; MCC Systcrn applied ro lhe Serra Gaúcha rcgion rc-
sults III a present viticulturul clirnutc for lhe average 01' file 1)(>
riod 01' 191'11-1990 as follows: HJ = :n6? (cl::l,,<.: W:Hm): ('[ ==
l<J,I."C (das •.•Warrr, nightx); DI z: ZOOmm (class Humid).

111 thc aualyzeo scenarios. lhe incrcase in ternpcrarure
.•vould chunge lhe H! accumulation end cvolution curve during
lhe vegemtivc cyclc, reaching values of 2581 . 2763 and :49'99
I>.ylhe yCal~ 2020. 2U50 anel 2080, 1('SlJ<"..ctivcly (Figure l r.One
!}f lhe IT)i11n irnptic.uions of lhe Inz:rC'asing 111 is lhe antlcipation
(,r thc phcnulogical sIages , namcly bud brcak. bloom, veraíson
and hurvesr, ux dcrnonstratcd by JOl1CS et nl. (20()5a), For mcso-
climmes and varieriesthar normally rCl:lch thcir harvest poinr til

March , \ht' clisnate change will briug harvcst to February. lhe
sccond huttcst month of tili.: ycar iu lhe Serra Gmklw r<?.gioll.

'lhe Cl will Gh:mge.rc:1çninl; valucs 01" 17,3, 18.3 and 19,6
''C, h)' thc ycars 2020, 2050 and 2080. rcspecrivcly (Figure 2).

with potential imptications 01'1 lhe color uud Iluvor 'lI' ~r;\l}t:'s and
wincx.

With rexpcct 1.0 DI. thc rq!,loll WlU continue (o I'>.~ ci:lS;<;1

Iicd til lhe !vJCC Syslcm FIumid climurc <:I<l~S I JO\'/,'VC1, 1h·:'I~~
will bc lcss CX,LTi>X luuuidity iu .dl scçn;lrio:.; <,j clunutc dídU(l':,

cspccially in:W50 ...Cas~ J and zuso :' Casl: '~ I,i 1(~Iil\; ) J, \\:lh~1l

cvaluuliug drye: viricultural rcvioux. il i-, p()s,~ihlc f('f' dlllnk

d:lss(:~ to chungc 10Sub-hunud, :>'lülkr:l(Gly .uy ur VCTy di},
III ali scenariosanalyved. lhe viticultura] clirnate of Serru

Gaúcha ~hal1gL;slhe climatc gro1!p (Figllr,'. 4), (\,mf!arlng 'A III J

lhe actual vitlcultural climurc (HI+ I CI,I DI-2) climaic ch;ltii!"

wíll rcsult in lhe following clirnuric f(IOllP" cll,:conlillg üw ~,;c..
nados and projccted ycars:

2020 ...C;J.~(~I: HI da~s HOI. CI t:1;l~,,' \\';11 111 Illdw, ;;nd DI
cluss Huiuid (HI+2 CI-I Df -2'1:

20';(J f Caso 1, 20i'O .. Casc' I :\lld ';'.o?1O l C:I~('> 1-11c'I:\,,',
HOL Cl clussHoi nights and DI. cluxs HUl1Iid \HI-2 Ck!. J)I.-.~},

lu tln: MCC S:y~1CfU, ';'C considcrcd thet c.ich c lirn••rc ,,!'OII!,

represents <I different clirnutic potencial ror vuiculture. with irn-
plicutions UlJthc charactcristics of grapc qual il)' und impact ('li

winc typiciry. The worst sccnario considercd lV;l'; ?080 f ('''''('

I (incrcaxing temperaturc hy 1,"" C und prccipitat iO!1l1y I):''''
1)11\1.'d<1)'), rcsulting iu li viticultuurl \: li ltl:tl i,: dLIII,l'" Ift',ll] \\':1'111

to I:h}1 (closc 10 lhe Vcry lu» cluxx) aud [n uu \\':\1':;' i" j !lI!

nighrs, with 110dlilllge 10 thc DJ class _:nnd it ion (HlIl1liô l' d' ! lh'

viticultural climarc. dCJ<.pilt: thc PLT clcvuuon by Hll' iÍl,'1!Il,d

dJc(l. tu this sccnarlo. the Serra Caúi.:ha rcgion will havc ,[ \'i:;',

importam chunge in it •• viticuhural (af,!f()))omic ,l<lapl,lIioJl Ul1d

winc grapc ~;han\ct(~rislics) and e!1ulogiud pmflk,
Anolhcr potcruial implicatioo Ior lhe rcgion will 11,: li,,'

rcduced 'lf!I'()l1omi.t udupun.iou lor hn,,~d,illg d"nwwcy ;,n.! 1l1\1-
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vlticullural clsnate change the class from V'/arm to Ho! nj'Jr IlS.

form budhrcak caused by mildcr wintcrs,

T/1e 1Jse oi ttJ,~MCC System to F:vufuntr-.' r;lirlJ\1/(; chi;!nge .impacts
(){} ,,·,'fií..";;j!t:"He

'file mcrhodology of lhe MCC Systcm may bc used m dif-
Icreni rcgions 01 rhe workí to simulate the irnpact nf elimatc
change on viriculture. The Iuture viticultural elimate of a region
ma)' hc cornparcd vvith its present condition and with currcnt
conditions (lI' other viticuítural rcgions 01' lhe world, The inter-
nutioHal site oí'the CCIv! Systern (SlSTEMA CeM Gcovitícola,
200fj; Fialho and Tonietto, 20(8) offers ,\ database of viticultur-
al cllmares around rheworld, whieh rnay hc uscd as <1 reference

for compurison. This ma}' be helpful to indicatc. tor cxuruplc.
thc pO$sjbility 01' "daptatinn 'IC li iflcrcut varieucs lu rhc new-
scenanos GIUSCU by ..:i!U.l<.I[C: I.:han,l!': an.l lil idL'ntil Y p'.>lCIl! I.:!

characteristics of typicity oJ Iuture wmcs,
On thc other hand, ncw n.:giol1s iu hi~hcr luutudcs til;!)

bc prospectcd wiih rcspect LO their potcutialirics , ;IS " l-:~uil "I
climate change. and une rnuy use the ~ysh;m [(1 comp ••rc rhcir
furnre cnnditions with tlie climate of the prescn: vil icuhurul re
gions.

Thc MCC Systcm is a userul m<';lll(1dojogy to quanti i y til~'

vitlcultural irnpacts of elimatc chaugc, CS1){~{;i;(lIy Wri;;.1I com
him~d with other ~ol)l'~in thi .•,. rú:ld.
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