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Abstract

Aim: This study is part of a CYTED (Ibero-American
Program for Science, Technology and Development) project
on vitivinicultural zoning. The objective was to characterize
the effect of viticultural climate on red and white wine
typicity in the macro Ibero-American viticultural region.

Methods and results: The climate of 46 grape-growing
regions in 6 Ibero-American countries (Argentina, Bolivia,
Brazil, Chile, Spain and Portugal) was characterized using
the three viticultural climate index of the Geoviticulture
MCC System: the Heliothermal index HI, the Cool Night
index CI and the Dryness index DI. The main sensory
characteristics frequently observed in representative red and
white wines of each of these regions were described by
enology experts in the respective countries: intensity of
colour, aroma, aroma-ripe fruit, body-palate concentration,
alcohol, tannins (for red wines) and acidity as well as
persistence on the palate. The data were submitted to a
correlation analysis of the variables and Principal
Component Analysis (PCA).

Conclusion : The typicity of red and white wines was
correlated with the HI, CI and DI viticultural climate
indexes from the MCC System. The main wine sensory
variables affected by viticultural climate were identified.

Significance and impact of the study: The results can be
used to project the potential impacts of climate change on
wine sensory characteristics.

Key words : Ibero-American grape-growing areas,
viticultural climate indexes, wine typicity, sensory variables,
climate change
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Résumé

Objectif: Cette étude fait partie d’un projet CYTED
(Programme Ibéro-Américain de Science et Technologie
pour le Développement) sur le zonage vitivinicole.
L’objectif a été de caractériser I’effet du climat viticole sur
la typicité des vins rouges et blancs dans la macro région
viticole Ibéro-Américaine.

Méthodes et résultats: Le climat de 46 régions viticoles
situées dans 6 pays Ibéro-Américains (Argentine, Bolivie,
Brésil, Chili, Espagne et Portugal) a été caractérisé par les
trois indices climatiques viticoles du Systeme CCM
Géoviticole : 1’indice Héliothermique IH, I’indice de
Fraicheur des Nuits IF et I’indice de Sécheresse IS. Les
caractéristiques sensorielles les plus fréquemment observées
dans les vins rouges et blancs représentatifs de chacune des
régions ont été évaluées par des cenologues experts de
chaque pays: I’intensité de la couleur, de 1’arome, de
I’ardme de fruit mir, de la concentration, de 1’alcool, des
tanins (pour les vins rouges) et de I’acidité de méme que la
persistance.

Conclusion : Une corrélation entre la typicité des vins
rouges et blancs et les indices climatiques viticoles IH, IF et
IS du Systéeme CCM a été mise en évidence. Les principales
caractéristiques sensorielles du vin affectées par le climat
viticole ont été identifiées.

Signification et importance de I’étude: Les résultats
peuvent étre utilisés pour tenter de donner une idée de
I’impact du changement climatique sur les caractéristiques
sensorielles des vins.

Mots clés: régions viticoles Ibéro-Américaines, indices

climatiques viticoles, typicité des vins, variables
sensorielles, changement climatique.
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INTRODUCTION

The effect of climate on grape composition and wine
characteristics and typicity has been characterized in
many specific viticultural regions and climates
worldwide. However, few studies have characterized
this effect at global scale considering different
climates.

This study is part of a CYTED (Ibero-American
Program for Science, Technology and Development)
project on vitivinicultural zoning (CYTED, 2003 ;
Sotés & Tonietto, 2004). The objective was to
characterize the effect of viticultural climate on the
typicity of red and white wines in the macro Ibero-
American viticultural region, as perceived by expert
enologists.

MATERIAL AND METHODS
1. Methodology

The methodology was applied to 46 main grape-
growing regions across 6 Ibero-American countries:
Argentina (Catania et al., 2007), Bolivia, Brazil,
Chile, Spain and Portugal. The viticultural climate of
each region was characterized using the three
viticultural indexes of the Geoviticulture MCC
System (Tonietto, 1999 ; Tonietto & Carbonneau,
2004): HI (Huglin’s Heliothermal Index), CI (Cool
Night Index) and DI (Dryness Index). The indices
were calculated based on the inter-annual climate
averages collected from a representative weather
station in each region.

2. Sensory evaluation

The main sensory variables frequently observed in dry
red and white wines (up to 12 months after alcoholic
fermentation) produced from representative grape(s)
of each of the 46 grape-growing regions were
described (based on empirical knowledge) by
experienced enologists in the respective countries
using the methodology of Zanus & Tonietto (2007).

The sensory evaluation concerned the intensity of
wine descriptors most affected by viticultural climate:
Colour (Cou), Aroma - Intensity (Ar), Aroma - Ripe
Fruit (Ar-Fm), Concentration (Con), Alcohol (Al),
Tannins (Tan; only for red wines), and Acidity (Ac).
Persistence (Per) on the palate was also evaluated. The
experts used a sensory evaluation form consisting of a
5-point intensity scale where 1 = low intensity and 5
= high intensity (Table 1).

3. Data analysis

The variable set was submitted to a correlation
analysis and Principal Component Analysis (PCA).

RESULTS AND DISCUSSION
1. Red wines

The average and standard deviation of viticultural
climate indices and wine sensory variables across the
46 grape-growing regions are shown in Table 2. The
average HI value was 2.411, with a minimum of 1.710
and a maximum of 3.572; the average CI value was
13.3 °C, with a minimum of 8.1 °C and a maximum of
21.7 °C; and the average DI value was -68 mm, with a
minimum of -276 mm and a maximum of 200 mm.
This is a good representation of the variability
observed at global scale, except in very cool and cool
climates. The averages for all sensory variables ranged
from 3.0 (Ac) to 3.7 (Al, Ar-Fm, and Cou) and
standard deviations from 0.66 (Al) to 0.83 (Cou).

Table 3 shows the correlation coefficients between
MCC System climate indices and sensory variables for
all 46 grape-growing regions. The following
significant correlations were found: HI - positive
correlation with Al and negative correlation with Ac;
CI - negative correlation with Cou, Ar, Con, Tan and
Per; and DI - positive correlation with Ac and
negative correlation with Al.

The correlations between climate indices and red wine
sensory variables were analyzed using PCA analysis

Table 1. Sensory evaluation form of red and white wines from different grape-growing regions.

Intensity Trend

Sensory Descriptor Low

> High

Colour - Intensity

Aroma - Intensity

Aroma - Ripe fruit - intensity

Concentration - intensity

Alcohol - intensity

Tannins - intensity (red wines)

Acidity - intensity

Persistence
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(Figure 1, left plot). The first two principal
components (PC1 and PC2) accounted for 63.21 % of
the variability.

This analysis strengthen the correlation results
reported in Table 3 and confirms the effect of
temperature (HI) on the increased perception of
Alcohol and the decreased perception of Acidity in red
wines. With respect to soil water supply, the highest
DI values contributed to the increased perception of
Acidity and the decreased perception of Alcohol. The
analysis also highlights the effect of night temperature
at ripening time on wine sensory characteristics: cool
nights (lowest CI values) contributed to the increased
perception of Colour, Tannins, Aroma, Concentration
and Persistence.

2. White wines

The average and standard deviation of viticultural
climate indices and wine sensory variables across the
46 grape-growing regions are shown in Table 2. The
average HI value was 2.411, with a minimum of 1.710
and a maximum of 3.572; the average CI value was
13.5 °C, with a minimum of 8.1 °C and a maximum of
21.7 °C; and the average DI value was -53 mm, with a
minimum of -276 mm and a maximum of 200 mm.
Again, this is a good representation of the variability
observed at global scale, except in very cool and cool
climates. The averages for all sensory variables ranged

from 2.4 (Cou) to 3.6 (Al) and standard deviations
from 0.65 (Cou and Al) to 0.99 (Ar-Fm).

Table 3 shows the correlation coefficients between
MCC System climate indices and sensory variables for
all 46 grape-growing regions. The following
significant correlations were found: HI - positive
correlation with Al and negative correlation with Ac;
CI - positive correlation with Cou and negative
correlation with Ar, Ar-Fm, Ac and Per; and DI -
positive correlation with Ac and Cou.

The PCA analysis of the correlations between climate
indices and white wine sensory variables is depicted in
Figure 1 (right plot). The first two principal
components (PC1 and PC2) accounted for 60.45 % of
the variability. The third principal component (not
shown) accounted for 17.45 % of the variability and
highlighted the « DI x Cou » clustering.

This analysis strengthen the correlation results
reported in Table 3. With respect to temperature, the
results for white wines follow the same trend as that
for red wines, that is, an effect of HI on the increased
perception of Alcohol and the decreased perception of
Acidity. The analysis also highlights the effect of night
temperature at ripening time on wine sensory
characteristics : cool nights (lowest CI values)
contributed to the increased perception of Aroma (Ar

Table 2. Average and standard deviation in MCC System climate indices and wine sensory variables
for all 46 grape-growing regions under study

Wines HI Cl DI Cou Ar ArFm Con Al Tan Ac Per
Average 2411 133 -68 37 36 3.7 36 37 34 30 36

Red Standard deviation 399.03 299 12047 083 071 071 075 066 072 080 0.71
.. Average 24114 135 53 24 35 32 29 36 28 33
White Standard deviation 40041 3.01 12824 065 096 099 0.95 0.65 0.79 0.86

Table 3. Correlation coefficients between climate indices of the MCC System and wine sensory variables
for all 46 grape-growing regions under study: red wines (in red) and white wines (in green)

Variable | HI cl DI Cou Ar

HI 1.00 0.59%* | -0.39** | 0.11 -0.15
Cl 0.60** | 1.00 0.03 0.36* | -0.31*
DI -0.35% | 0.06 1.00 0.42*%* | -0.01
Cou -0.25 -0.45%* | 0.05 1.00 -0.01
Ar 0.08 -0.33* | -0.15 0.41%* | 1.00
Ar-Fm 0.10 -0.20 -0.25 0.40** | 0.65**
Con -0.13 -0.34*% | -0.04 0.72%* | 0.51%*
Al 0.36* 0.09 -0.49%* | 0.12 0.21
Tan -0.21 -0.35% | 0.12 0.76** | 0.24
Ac -0.55%* | -0.25 0.53** | 0.37* | -0.22
Per -0.14 -0.41%* | -0.21 0.56** | 0.74**

Ar-Fm | Con Al Tan Ac Per
-0.13 0.16 0.34* -0.63** | -0.28
-0.37* | -0.12 0.25 -0.39%* | -0.42**
-0.09 0.08 -0.15 0.58** | 0.05
-0.13 0.22 0.54%* -0.05 0.00
0.86** | 0.62** | 0.05 0.31* 0.73**
1.00 0.68** | -0.03 0.30* 0.78**
0.55%* | 1.00 0.45%* 0.15 0.58**
0.39%* | 0.31* | 1.00 - -0.38** | 0.02
0.25 0.67** | -0.01 1.00 - -
-0.06 0.31% | -0.45%* | 0.49** | 1.00 0.42%*
0.65** | 0.59** | 0.31* 0.37% | -0.02 1.00

In bold are significant correlations at the 0.05 (*) and 0.01 (**) probability level
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PC2: 25.69% of variance
PC2:24.37% of variance
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Figure 1. Principal Component Analysis (PCA) of MCC System climate indices (HI, CI and DI)
and sensory characteristics (Cou, Ar, Ar-Fm, Al, Con, Tan, Ac and Per) of red (left plot) and white wines (right plot)
for all 46 grape-growing regions under study.

and Ar-Fm), Acidity and Persistence and the
decreased intensity of Colour. Finally, the highest DI
values contributed to the increased perception of
Acidity and Colour. The correlation between high
colour intensity and high DI (wetter areas) observed in
white wines may be attributed to a faster evolution of
colour, given that these wines usually have lower
alcohol levels.

3. Climate change and wine typicity: relationship
between wine sensory patterns and MCC climate
indices

This study across Ibero-American grape-growing
regions can provide insights into the impact of climate
change (and hence changes in MCC climate indices)
on wine sensory patterns.

Considering that climate change will lead to warmer
temperatures, HI is likely to increase. The same is true
for minimum temperatures, which means that CI is

also likely to increase in the future. Climate change
may also lead to greater variability in rainfall across
viticultural areas, which may result in lower DI in
certain areas (if considering the atmospheric demand
in response to increasing temperature). Figure 2 shows
the main trends in sensory perception for red and
white wines according to future climate change
scenarios and associated changes in MCC System
climate indices (based on the significant correlations
presented in Table 3, considering an increase in HI and
Cl and a decrease in DI).

CONCLUSIONS AND CONSIDERATIONS

This study shows that wine typicity is determined in
part by the regional viticultural climate and that the
MCC System viticulture indices are significantly
related to wine sensory characteristics.

The response of wine sensory characteristics to both
viticultural climate and climate change is, of course,

Sensory descriptor

Colour - intensity

Aroma - intensity

Aroma - Ripe fruit - intensity

Concentration - intensity

Alcohol - intensity

Tannins - intensity (red wines)

Acidity - intensity

Persistence

MCC Climate index

H 2| ClA | DIy
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N
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Figure 2. Potential trends in sensory perception for red (in red) and white wines (in green) in response to climate
change, considering an increase in HI and CI and a decrease in DI (and vice versa for < HI, < CI and > DI).
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not linear. It is also influenced by numerous factors,
such as grape variety and its interactions with the
environment and the cultural and enological practices
of each region.

Nevertheless, the results obtained in this study, and
future studies using the same methodology, could be
used in wine typicity projections for potential grape-
growing regions and in the qualitative assessment of
wine typicity in response to climate change for current
grape-growing regions.
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