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Abstract: Climate change may modify the viticultural and enological potentials of the productive regions wound
the world. Methedologies 1o evaluwte the impact of climate change over grape-growing rogions of the warld an
necessary. The objective of this work is o use the methodolegy of the Geoviticolure MCOC System for estimating
the viticuhural climate change impact using the climatic indexes ol the system: Heliothermal index (HI), Cool
pight index (Ch and Drynesys tndex (D). The MOC System was applicd to the Serra Gadeha region, Bragil,
The evaluation compared the normal viticultural climate (1961-1990) with four potential segiopal scenarios T
climate change, with increases in temperature and precipitation: +1.2°C by the yeur 2020; +2.2 °C hy 2050;
+3.5°C and +0.25 mmdday by 2080 +3.5°C and +0.] mmiday by 2080, The results showed that, Tor all scenarnios
of climute change, the region would change its MOC System climatic group, In the worst scepario, the viticalruml
climate changes HI from Warm 1o Hot and C1 Brom Warn nights to Hot nights, with no change in DL The climate
change will potentially alter the viticultural and enological profile of the region. The swne methodology may be
used in different regions of the world, allowing the MCC System to be used o compare future viticulwral clinate
of a given region not only with 1ts present condition, but also with the present viticultural climate of other regions
worldwide, Therefore, the MCC System is a useful methadology to quantify the viticultural impacts of climate

chings,

Climate change may modify the vitieultural and enological
potentialities of the productive regions around the world {Jones
et al,, 20050}, In recent vears, many viticultural regions had
already prosented a tendency of increase in weperature, with
vitieuburad tmpheations.

Methodelogies to evaluate the impact of climate change
on viticulture are necessary, in order to gquantify changes and
to compare present or future climate conditions ol the grape-
growing regions, The MOC System (Tonietie, 1999, Tonietio &
Carbonneau 20043 has many uses (Tomietto, 2007), and may be
applied 1o evaluate the opact of climate change on viticulture
{Carbonneay and Tonietla, T998; Lebon, 2004 Tondut et al.,
21060,

The MOC System uses three climatic indexes: Heliother
mal index (HB, Cool night index (CT) and Dryness index {1D1).
H1 and Cl may help to idenufy the elimatic impact concerning
thernml changes (mimimsam, maximem and mean ar lempera-
ey and DY mtegrates the climate change ovolving water and
s tnteractons with the thermal epvironment {precipitation,
PET, potennal water balance).

The objective of this research was to use the methodelogy
of the Geoviticulture MCC System for estimating the viticultur-
al climate of ange impact using the climatic indexes of the sys-
e, The viticultural region used as an example was the Serra
Guanieha, by the South of Brazil.
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MATERIALS AND METHODRS

This research uses the methodology of the Geoviticulture
MOC System {Tomietio, 1999 Tonietto & Carbonneau, 2R}

for estimating the viticuliueud olimate change unpeet wsing the
climatic indexes of the system: Heliothermal index (HUL Caal

night index (C) and Deyness isdex (D

The MCC Systery was applied to the Serra Gasicha region.
the most important viticoltural region of Brazil, m the southen
part ol the country, The cvaluation compared the normad viticud
turad climate of Serrn Gaticha, characterized by the average of
the period between 1961 and 1990, with poleatial regmnal soo-
narios of climate change, as praposed by Marengo (2007) (Table
1}. Since the Serra Galcha s a humid region, complenientary
mlormation was obtamned by sinulating D with an Wo Gimtal

uselul sod water reserve) of 200nun, but withour thy usual
per limit on W (estimation of soil water resene at the eod of a0
given periody in the monthly computation (thus alfowing I
exceed 200mm).

To exemplify the use of MOC for this:
SRES scenarios using [PCC (20014, by models for South Amer-
ica, in particulur for e Pr

jon, we chose tom

vwhischy the
Serra Gaticha viticultural region is included. The first three sce-
narips represent the average of scenartos A2 and B2 and 1PCC
models COOMA, CSIRO, HadOM3, COSRINIES
with morcases in e emperaiure and precipatation (e l“m\ o
1961- 1990 +1.2°C by the yeur 2020, 2.2 % by the vear 2030:
+3.5°C and +0.25 ramdday by the year 2080 (Table |, MCC case
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Table 1. Anomalies of temperature and precipitation relative to the 19611990 period, for
the Prata busin region, acconding to scenarios A2 and B2 and five IPCC maodels (Source:

Marenga, 2007 ) in this viticultural study Cases ™

20241, 2050 and 2080.

and “27 were characterized by the vear

ANOMALYES
FEENARIOS HECC MODELS TEMPERATURES  PRECIPITATION
" {rmum day) MO
Cases
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5 E § B8 B
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* Average valwes For de IPCC madel {8) and seennrio (5) indieated

11 Scenano A2 represents an extreme scenario of high emis-
ston {“pessimist”) and B2 represents a scenario of low emission
CoptimistT)

The fourth scenario used IPCC scenario A2 and model
HadCM3 . which estimates aov increase of 3.5 °C in air tempera-
ture and 0.1 mmdday in precipaation by the year 2080 (Fable
1o MOC case 2} According to Marengo (20073, this is the best
performing model for South Americn. The wvailable dat did
not permit o include the seasonal disteibution during the year.
Sinee there were no estimares for minimumn and maxionsm air
renperature change, the same lncrease used on mesn air wm-
perature was adopred.

HESULTS AND DIBCUSSICN

The MOC System applied o the Serra Gadcha region re-
sults ty a preseat viticultural elimate for the average of the pe-
viod of 1961-19490 as follows: HI = 2367 (elase Warmy: O =
16.17C (class Warm nighis)y: DI = 200mim {class Humid).

fn the analyzed scenarios, the increase in lemporature
wanld chunge the HE aceurmulation end avalution curve during
the vepetative cyele, reaching values of 25381, 2763 and 2999
by the years 2024, 2050 and 2080, respectively (Figure 13, One
of the main implications of the increasing HI s the anticipation
of the phuenological stages, namely bud break, bloom, veraison
and harvest, us demonstrated by Jones et al, (20054). For meso-
clinutes aud varieties that normally reach their harvest point in
March, the chmate change will bring harvest o February, the
second battest momth of the year w the Serra Gaticha region,

The Cl will change ., reaching values of 173, 183 and 196
by the years 2020, 2050 and 2080, respectively (Figure 21,

with potential implications on the color und Havor of grapes and
Wines.

With respect 1o DI the regson wall continue to be class
fied in the MCC System Humid climate class. However, there
will be fess excess humidity i all scenarios of climute chunge,
cspecially in 2050 ¢ Case 1 and 200807 Case 2 (higure 35, When
evituating dever vitgeufwral regions, it s possible for chinmle
chasses 1o change 1o Sub-hunud, Moderasely dry or Moy diy.

I all seenarios analvred, the vitculural climate of Serm
Gatcehu changes the climate group (Fipure 43, Compuaring with
the actual vitienltorad climue (HE+1 CHL DR 2 cliimate change
will resull 1o the following climutic groups aecording the soe
nitrias and projected vears,

2000 ¢ Case T HI elass Hot, O cliss Warm wighies and DI
cluss Hugoid (HE+2 C-1 D2y

2050 ¢ Case 1, 2080 7 Case | oand 2080 7 Case 20 HI clas
Hot, C1 class Hot nights and D1 class Homid (HE=2 CF2 D-20

I e MHOC Bysten, we eonsidered that cach climate group
represents a different climatic potential Tor viticulture . with im-
plications on the characteristics of grape quality und tmpact on
wine typicity. The worst scenario considered was 2080 7 Cuse
1 (increasing temperature by 3.5% O and precipifation by

3235

mmddny b, resulting in g viticultucad Clinoatic chanee from W
10 Hot (close to the

i

cry hot class) and from Wans o T
nights, with no change in the I class condition (Humids
vitieulral climate, despite the PLT elevation by the thernal
effect. In this scenario, the Serra Gaticha region will have o vy

important change s viticolural (agronomic adaptation sod
wine geape characteristios) and enclogical profile.

Anather poleatial implication for the region will he the
reduced agronmre adaptation for hreaking doensmcy and ung-
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Fioure 1, Beolution of e Heliothermal Index (11, I the different
scenarins and models of clirmate change for the Serra Gaticha rgion:
in all cases comparad 1o the 19811000 senes, the wlizullueal climate

class changss from Warm to Mot

Cold Night index - Cl (°C)

1.961-90 2020 2080 2080 2.080
normal Case 1 Case 1 Case 1 Case 2

Figura &, Coldd Night indes (Gl in the different scararos and models of
clirmads change for Serra Gadche region: by the year 2080 and 2080
viticuitural climate change the class frorm Warm o Hol righits,

form budbreak, caused by milder winters, for compurison. This may be helpful to indicate, for cxamnple.

The use of tha MCC
ey witiculure

o evaluate olimalss change impacls

the possibility of aduptation of dillercnt varicties to the nows
seemarios caused by Clunate change and o wdenufy potent
characteristics of typicity of lulure wines.

The methodalogy of the MOC System may be used w dif-
ferent regions of ihe world w simulate the impact of climate
change on vitieulture. The future viticulturad climate of a region
may be compared with itz preseat condition and with corrent
conditions of other viticuloral regions of the world, The inter-
national site of the COM System (SISTEMA CCM Geoviticala,
2008; Fralho and Tomieto, 2008) offers o database of viticultur-
al climates around the world, which may be used as a reference

gions,

viticultural impacts of ehmale

On the other hand, new regions in higher lutiiudes oy
be prospected with respect 1o their potentialities, us i result of
climate change, and one may use the system o compars
future conditions with the climate of the presem viticalurad e

e

The MCC System is a useful methodology to gquantity the
change, especially when com
bined with other tonds in this feld.
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