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(e.g., Broadbent, 1980; Parker, 1985; Penning-Rowsell, 1989; Stevenson, 2001;
and others), exist, correlations between the various sources are generally strong
(r > 0.9) indicating that this subjective measure of quality is a good quantitative
representation of a vintage (Jones, 1997). Vintage ratings are usually based upon a
collection of estimates from one to Þve or seven classes (from exceptional to bad)
and quality scores or ratings that range from 0Ð20 or 0Ð100 (with higher values
indicating higher quality). Ratings may represent the score for an individual wine
from a single winery or chöateaux, or a general region-wide average score. Wines
are typically rated by single judges or a panel, which attempt to qualify the vintage-
to-vintage nuances of ßavor, aroma, and color and the wineÕs balance of alcohol
and acidity that together best represent that varietyÕs wine style.

To examine the climatic effects on vintage ratings, the most recent published
SothebyÕs vintage ratings were used (Stevenson, 2001). The ratings are for 18 of
arguably the best wine producing regions in the world and cover 28 categories of
wine made from the dominantv. vinifera varieties grown in each region (some
regions are divided into sub-regions or varietal categories with separate ratings
and others are simply divided into ratings for red and white wines). For example,
in the SothebyÕs ratings the Bordeaux region has three separate ratings: (1) for
the M«edoc and Graves, typically a blend of 2Ð4 varieties dominated by Cabernet
Sauvignon; (2) St.«Emilion and Pomeral, a blend of mostly Merlot and Cabernet
Franc; and (3) Sauternes and Barsac, typically a sweet white wine blend of Semillon
and Sauvignon Blanc. Other ratings, such as those for California red wines, are
generalized for all red wines produced from the region during a given vintage. The
ratings are scaled theoretically from 0Ð100 (although a score of zero is probably
never given) with general categories of 0Ð39 Disastrous, 40Ð59 Very bad, 60Ð
69 Disappointing, 70Ð79 Average to good, 80Ð89 Good to very good, 90Ð100
Excellent to superb. Lacking a vintage rating for both South Africa and Chile, two
very important and expanding wine regions, the SothebyÕs data were supplemented
with a similar scale of ratings from the Wine Enthusiast, a separate and widely
respected monthly publication on wine (Mazur, 2002). An examination of similar
regional ratings in a 13-yr overlap period in these two indices (1988Ð2000) indicated
moderate to strong correlation between the two (0.7 < r < 0.9). Overall, 30
categories of wine were represented in this analysis, covering 18Ð38 yr for the
SothebyÕs ratings and 10Ð14 yr for the Wine EnthusiastÕs ratings during the 1963Ð
2000 vintage year period (in some regions, Portugal and Champagne, vintages are
often ÒundeclaredÓ resulting in a discontinuous time series).

While many daily and seasonal weather and climate factors can impact wine pro-
duction and quality (Gladstones, 1992), average growing season temperatures were
used in this analysis as these values typically deÞne the climate-maturity ripening
potential for high-quality wines made from varieties grown in cool, intermediate,
warm, and hot climates (Jones, 2005a; Jones et al., 2004). For example, the highest
quality Pinot Noir wines come from grapes that are grown in regions spanning
cool to low intermediate climates with growing seasons that range 14.0Ð16.0� C
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(e.g., Champagne, Northern Oregon, Burgundy), while the highest quality Caber-
net Sauvignon wines come from grapes grown in warmer regions that span from
intermediate to hot climates with growing seasons that range 16.5Ð19.5� C (e.g.,
Bordeaux or Napa). While micro-climatic variations clearly play roles in wine-
grape growth and quality; the assumption in this study is that the macroclimate is
the mean of the microclimates of a given region. Therefore, a regional climatology
of the growing season macroclimate should match well with the regional vintage
ratings as they are typically based upon a regionÕs ability to ripen fruit to produce
a given wine style.

Owing to the fact that high quality and spatially appropriate long-term climate
data for each wine region are difÞcult to obtain, we used a 0.5� × 0.5� gridded
climatology of monthly mean air temperature to examine the effects on vintage
ratings (Willmott and Matsuura, 2002). The gridded temperature data archive was
produced from the Global Historical Climatology Network (GHCN version 2) and
station records of monthly and annual mean air temperature (Legates and Willmott,
1990). Data from 1950Ð1999 for the respective wine regions (Table I and Figure 1)
were extracted and averaged over the growing season (AprÐOct in the Northern
Hemisphere and OctÐApr in the Southern Hemisphere) and dormant season (NovÐ
Mar in the Northern Hemisphere and MayÐSep in the Southern Hemisphere) to
create 27 time series for each season.

The structure, variability, and trends of growing season average temperatures and
vintage ratings were then examined using descriptive statistics and regression. Since
ratings are likely to suffer from heteroscedasticity (i.e., a reduction in the year-to-
year rating variability), equations were estimated with WhiteÕs heteroscedasticity-
consistent standard errors. To account for potential non-climate trends in the vintage
ratings (i.e., increased knowledge of grape growing and better production technol-
ogy), the following econometric regression model approach, similar to Jones and
Storchmann (2001), was applied in the climate/vintage ratings analysis:

Ri,t = � 0i + � 1i tempi,t + � 1i trendi + � i ,t (1)

whereRi,t and tempi,t represent the vintage rating in points and the average growing
season temperature in� C for vintaget in regioni. To account for quality improve-
ments that are independent of climatic changes we introduced a trend variabletrend
for each regioni. The trend variable begins with the value one in 1950 and continues
in one-unit steps (i.e., taking on the value 50 in 1999). The equation constant and
marginal effects of each variable are given by� and� where a positive value for� 1

indicates better ratings over time (independent of climate), which could potentially
be explained by improvements in production technologies or a time correlated bias
of wine critics, i.e., Òscore inßationÓ. The Þnal term in the equation represents the
stochastic error� i ,t . Equation (1) assumes a linear relationship between growing
season temperatures and wine quality.

Ashenfelter et al. (1995) and Jones and Storchmann (2001) used the same linear
relationship and found a positive correlation between temperature and prices for
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develop. The result is unbalanced or ÒßabbyÓ wines (high alcohol with little acid-
ity retained for freshness). In addition, harvests occurring earlier in the summer
(e.g., August or September instead of October in the Northern Hemisphere) would
likely produce desiccated fruit (raisoning and lower yields) unless irrigation is
increased.

Climate change impacts are likely to be region-speciÞc. Changes in cool cli-
mate regions (Table I Ð i.e., the Mosel Valley, Alsace, Champagne, and the Rhine
Valley) could lead to more consistent vintage quality and possibly even ripen-
ing of warmer climate varieties. However, the quadratic models indicated each of
these cool climate regions may be at or near their optimum climate for producing
the best quality wine with current varieties. Other regions, currently with warmer
growing seasons (Table I Ði.e., southern California, southern Portugal, the Barossa
Valley, and the Hunter Valley) may become too warm for the existing varieties
grown there and hot climate maturity regions (Table I) may become too warm to
produce high-quality wines of any type. Winter temperature changes would also
affect viticulture by making regions that experience hard winter freezes (e.g., the
Mosel Valley, Alsace, and Washington) less prone to vine damage, while other re-
gions (e.g., California and Australia) would have such mild winters that latent bud
hardening may not be achieved and cold-limited pests may increase in number or
severity.

While this analysis examines only those effects to vintage quality brought about
by temperature changes, grape growers and wine makers could potentially be faced
with many compounded issues in a warmer world. Given the observed and modeled
acceleration of vegetative and reproductive growth of grapevines in a warmer cli-
mate, a general trend of increased yields and higher sugar contents has been found
for several growing regions and varieties (Bindi et al., 1996; Jones and Davis, 2000).
However, based on these trends and the grape ripening/quality thresholds that may
be reached in a warmer climate, increasing potential economic risks for grape
growers and winemakers have been predicted (Bindi et al., 1996; Bindi and Fibbi,
2000). In addition, while many crop models show greater growth and plant water
use efÞciency due to increases in CO2 (Houghton et al., 2001; ButterÞeld et al.,
2000), changes in crop quality are more complex due to the interactive effects with
changes in temperature and moisture availability (Schultz, 2000). Recent grapevine
modeling indicated that photosynthesis and water-use efÞciency (ratio of photosyn-
thesis to water consumption) in grapevines was stimulated by increased CO2 and
that production should increase without causing negative inßuences on the quality
of grapes and wine (Bindi et al., 2001). Although grape growing requires less water
per value of the crop than many other crop systems, changes in seasonally depen-
dent snowmelt or rainfall could also place added stress on vines in water-limited
regions. Finally, climate change will alter the presence and/or intensity of certain
diseases and pests resulting in a more challenging growing environment from both
asoil and vegetative standpoint.










