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Summary
Over recent decades, rising alcohol levels in wine has become one of the most controversial issues
in the wine community. While the vast majority accepts that this trend exists, especially in warmer
wine regions, there is far less agreement about the causes.

In Greece, the Naoussa PDO region with its warm continental climate and single permitted variety,
offers an ideal region to examine these causes in detail. This paper will provide evidence that
average alcohol and Baumé levels have risen by 1.1% and 0.6% respectively over a twenty year
period from 1994 to 2013 inclusive.

This paper will present evidence that climate change has contributed to these rises. However, it will
also show that changes in vineyard management and in the producers’ own desire for better levels
of ripeness made a significant contribution as well.

In addition, it will comment on winemakers’ practices that will have contributed to this trend
although probably to a lesser extent than either climate change and/or viticultural practices.
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1. Introduction

During the last twenty to thirty years, the fact that average alcohol levels have risen noticeably in
many wine regions worldwide has caused great concern; for example, in Alsace, the percentage of
potential alcohol at harvest has increased by 2% over the last 30 years showing a trend of 0.08% per
annum (Duchêne and Schneider 2005), while in Napa Valley, grapes that used to be picked at 12.5%
potential alcohol are currently being harvested above 14% abv (Lewin 2010). Although such rises
are not in question, the reasons that they occur are not yet wholly clear.

Anecdotally, climate change is often cited as the major contributing factor. This paper sets out to
test this theory with reference to a single region in Greece: Naoussa.

Naoussa is one of the two most famous and beloved Greek red PDO regions growing Xinomavro,
an indigenous grape variety well documented over almost three centuries (Spinthiropoulou et al.,
2005). Situated in north-west Greece at latitude 40.6º N and at an altitude of 80-350m, Naoussa
enjoys a warm continental climate with 2359 growing degree days for the growing season (April to
September) and 22.8° C average growing season temperature1 offering an ideal subject to examine
why it too shows a trend towards rising alcohol.

1

Calculated from data from the Pomology Institute in Naoussa averaged over 1994-2013 period
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Concise information about the region and Xinomavro grape are shown below. Further details are
presented in Appendix 1. Maps are shown in Appendix 3.

This Research Paper will focus on the increase of alcohol in Naoussa PDO wines between 1994 and
2013. First, it will present evidence of the rising trends in must sugar presented using Baumé
degrees, wine alcohol, alcohol conversion rates, the changing trend in harvest dates and local
climatic data. Then it will explore how changes in viticulture and winemaking practices contributed
to the rise in alcohol. Some of the evidence for the influence of viticultural changes will become
clear from the initial data.
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2. Literature Review
This section researches the contributing factors to the rise in alcohol levels in finished wines
worldwide. It then looks at research into the production of Naoussa PDO wines.

First, it will look at the contribution of climate change to the increase in alcohol. Second, it will
examine the viticultural parameters affecting sugar accumulation and thus Baumé levels (potential
alcohol) at harvest. Third, it will consider the impact of vinification techniques. Finally, it will
examine the possible contribution of other relevant factors such as changes in market trends.

2.1 Reported climate change related factors
2.1.1 Worldwide
Climate change is one of the most controversial scientific issues of our times with most of the
discussion focusing on temperature related data issues. Gray (2015) comments that ‘’until we get hit
by a comet or the dead start walking, it is the biggest trend of the wine world’’. In addition, Lewin
(2010), states that although climate change is not the only factor to blame for the steady increase in
alcohol levels during the last decades, it has contributed greatly to harvesting grapes at more
advanced stages of ripeness.

A recent research on the impact of climate change on wine quality (Jones et al., 2005) analysed
growing season temperatures in major wine producing regions and concluded that average growing
season temperatures have increased by 1.3°C over the last 50 years. Similarly, Hannah et al.,
(2013), suggests that the area suitable for viticulture in the major wine producing regions in 2012
will have decreased by the year 2050, by 25% to 73% in the higher concentration pathway and by
19% to 62% in the lower; for Mediterranean Europe specifically, suitability is expected to decrease
to 73% and 60% respectively.
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In sharp contradiction, some researchers reject such arguments as erroneous. As far as Van Leeuwen
et al., (2013) are concerned, such errors are attributed partly to integral methodological flaws linked
to misinterpreted bibliographical data when computing suitability indices and partly to
underestimates of how well viticulture adapts to warmer conditions, among other parameters.

2.1.2 Greece and Naoussa
In hot climate regions such as Greece, any negative impact of climate change is most likely to be
related to increased growth season temperatures (Hall and Jones 2009) affecting the balance of fruit
for the production of high quality wines. Surface air temperatures in Greece showed an increasing
trend from 1990 until 2000 but have remained stable at the new higher levels thereafter.

In Naoussa, all temperature variables increased during a 30 year period (1981-2010), except for
maximum temperature (Koufos et al., 2013).

2.2 Reported influence of climate change on berry ripening and harvest dates
2.2.1 Worldwide
The decision about when to harvest is of major importance in viticulture, as this determines the
exact sugar levels of the grape which affects the potential alcohol of the wine. Historically, in cooler
climates sugar levels were almost always the primary concern when determining picking dates. In
warmer climates a preferred methodology takes the sugar/acid balance into account (Jackson,
2008).

However, according to Goode (2005), a steady increase in alcohol content of red wines in particular
is at least partly attributed to a recent tendency to harvest on the basis of phenolic ripeness rather
8
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than on simple sugar levels. Phenolic ripeness refers to development and changes in the content and
properties of flavonoid compounds (e. g. tannins and anthocyanins) in grape skin, seeds and stems
during berry ripening.

Lewin (2010) reminds us that phenolic ripeness is not a new concept, citing Columella, the most
important writer on agriculture of the Roman Empire in 65 C.E, who observed that the colour of the
pips was the best measure of ripeness. However the importance of phenolic ripeness as a major
decisive factor is becoming increasingly important once again in the last decades.

A primary climate change-related effect on berry ripening is that grapes can now be harvested
earlier, at higher sugar levels than before, resulting in higher alcohol content in wines. This has been
noted increasingly during the last 10-30 years (Orduna 2010). For example: in JohannisbergGermany, harvest now begins 2–3 weeks earlier compared to early 20th century (Stock et al., 2005);
in Châteauneuf-du-Pape, Ganichot (2002) observed that harvests now begin 2-3 weeks earlier, than
they did in the period from 1945-2000; in California, the start of the growing season (budburst)
advanced by 18–24 days between 1951-1997 (Nemani et al., 2001).

2.2.2 Greece and Naoussa
Having said that, in Naoussa region, Koufos et al., (2013) argue that despite the strong correlation
of harvest dates with climate variability elsewhere, no significant trend towards earlier picking date
has been observed, suggesting that, here, warming may possibly improve sugar content but has not
necessarily shifted harvest dates. This is generally the trend in areas which are either cool and/or
growing late ripening varieties. In those situations, increased temperatures due to climate change
are not usually associated with a shift in harvest dates but simply with higher potential alcohol in
the grapes.
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2.3 Other impacts of climate change
2.3.1 Worldwide
Other climate change - related factors that have been examined in case they could also affect grape
ripening include:
A: changes in vine growth pattern due to higher CO2 concentration in the atmosphere,
B: drought incidence,
C: added moisture stresses in water-limited regions due to increased evapotranspiration, and
D: changes in the presence or intensity of vine pests and diseases, significantly affecting the
development of the vines (Jones 2007).

CO2 concentration in the atmosphere has increased significantly since industrialization and it is
predicted that it will increase further in the near future (Robinson 2006; Orduna 2010). In particular,
it has been observed by Duchene and Schneider (2005) that the rise in CO2 levels has increased
annually by 1.5 ppm from 1980 to 2000, enhancing photosynthetic rate and biomass production, i.e.
higher vigour and yields in grapevines, at the expense of grape ripening and quality. Nonetheless,
this trend towards higher yields may be offset by increased drought conditions (Bindi et al., 2001).
As Gladstones (2011) comments, future grapevine phenology will most probably remain unaffected
by the rising atmospheric CO2, but will continue to respond to temperature variances as in the past.

Jones (2007) comments that the frequency of drought events is expected to increase because of
surges in air temperature. While irrigation might alleviate such drought conditions, especially in a
hot and arid year thus facilitating ripening when correctly used (i.e. deficit irrigation), it may delay
ripening when over-used causing excessive shade in the cluster zone, increased berry size and,
hence, higher yields and delayed harvest (Acevedo-Opazo, Ortega-Farias & Fuentes, 2010; Bravdo
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et al., 1985).

Most important of all, added moisture stress suggesting increased cloud cover may be associated
with possible shifts in temperature range since the general effect of cloud cover is to moderate
temperatures by lowering the maximum and raising the minimum temperatures (Petersen 2015).

The prominence of various pests and diseases, as well as the vectors responsible for their
distribution are among the climate change-related factors likely to influence grapevine development
and berry ripening conditions (Orduna 2010). Robinson (2006) reports that milder winters account
for greater pest and disease pressure during the season. Increased humidity together with rising
temperatures including in winter time can create more favourable conditions for all the widespread
fungal diseases and easier breeding conditions for pests which may then spread more successfully.

For example, drosophila-suzukii, a fly linked with warmer than usual winters has been one of the
biggest threats to German vineyards for the 2014 harvest and was also reported by Mercer (2015) in
other European regions.

2.3.2 Greece and Naoussa
To date there is no specific researched literature related to this topic specific to the Greek vineyard
and Naoussa. However, the analysis of data and questionnaires does cover the questions raised here.
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2.4 Viticultural factors
2.4.1 Worldwide
This section examines the main viticultural issues affecting sugar ripeness at harvest. In addition to
climate-related factors, both harvest dates and berry ripening may also be affected by vineyard
management decisions. Any alteration in viticultural practices, as conditions grow warmer may
interfere with and mask the direct impact of climate change in some cases (Skelton 2007). In
particular, the control of yields, the use of green harvesting, the choice of clones and rootstocks, the
age of the vines and canopy management techniques may play an important role in the adaptations
of the vine sector to climate pressure.

Lower yields, often in conjunction with green harvesting, can improve the leaf to fruit ratio and
should help to promote sugar accumulation in berries. This is especially true for late ripening
varieties (such as Xinomavro) (Jackson and Lombard 1993; Van Leeuwen et al., 2008).

Clones are often selected for earlier and more effective ripening but are planted together with a new
choice of rootstocks which can often increase vigour. Both may be factors that could increase sugar
must. If the rootstocks selected are vigorous, the vine’s growing cycle is longer. Therefore, the berry
ripening conditions may be varied because the vine feeds its shoots at the expense of its fruit. An
excess of vegetation may also cause a problem of over shading in the cluster zone. Either problem
may slow down the ripening speed (Koundouras et al., 2009).

Vine vigour and yields are also affected by vine age. Young vines around 2 and 3 years and older
vines above 20 years old are the most balanced with lower vigour leading to better ripening
conditions (Skelton 2007). Such conditions include reduced competition with shoot tips for
assimilates, reduced shade in the cluster zone and reduced berry size and yields. Vines reach
12
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maximum growth potential, in both their shoots and their grapes, between 8 and 25 years after
planting during which they need more stringent management practices to maintain the desired
balance between leaves and fruit.

Canopy management, including leaf removal during the late stages of ripening, is another factor
influencing potential alcohol levels (Smart et al., 1985; Robinson 2006). Leaf removal increases the
incidence of light falling on the grapes and the consequent warming helps late ripening varieties
(such as Xinomavro) to ripen. Ripening may also be influenced by the training system (Skelton
20076; Robinson 2006).

2.4.2 Greece and Naoussa
Between 2003 and 2005 a number of research papers were published (Spinthiropoulou et al., 2003;
Spinthiropoulou et al., 2005) that cover a number of topics relating to viticulture issues in the
Naoussa region.

In particular it has been shown that:
A: for quality Naoussa wines, maximum yields of 6-10 tonnes per ha (2.0-2.5 kg/vine
depending on vine density) are required (Spinthiropoulou et al., 2005). Following this, green
harvesting is more efficient if performed at the stage of fruit set or véraison but not before.
However, green harvesting may create further problems because it increases vigour for the next
vintage requiring further green harvesting.

B: Regarding clones: in 1995, 20 different Xinomavro clones were identified for their
unique characteristics. In 1997, 10 of them were retained and bred until today. Currently, 5 out of
the retained clones, (i.e. X1, X2, X3, X6 and X11) managed to pass all the tests and to become
13
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identified as healthy Xinomavro clones. Among them X3 from Velvedo and X6 from Naoussa
region show characteristics of earlier ripening and higher sugar content at harvest (Spinthiropoulou
et al., 2003) and have been used extensively in new plantings.

C: Spinthiropoulou et al., (2005) identifies rootstocks 110R and 41B as those mainly used
traditionally in Naoussa. Both these rootstocks and particularly 110R are fairly vigorous.

D: in Naoussa the training system has remained mostly the same during the research period
being double cordon and spur-pruned; Spinthiropoulou et al., (2005) identified that leaf wall heights
were 60-120 cm high at that time with the vine trunk reaching 30-60 cm.

2.5 Vinification issues
2.5.1 Worldwide
For Margalit (2004) the measurement of the must density will reflect quite accurately the total
concentrations of sugars in the must since sugars consist of about 95% soluble solid content in
grape juice. Baumé is used as a measuring index, indicating approximately the potential alcohol of
the wine if fermented to dryness (Robinson 2006). Since Baumé is used by all Naoussa producers,
this paper cites it, for all research measuring must sugars.

According to the Gay-Lussac equation, 1 molecule sugar yields 2 molecules of ethanol and carbon
dioxide. This means that 180g sugar is converted theoretically into 92g ethanol and 88g CO2
(Fugelsang and Edwards 2007). However, this can only be achieved if there is no yeast growth and
ethanol is not lost as vapour. In practice, observed ethanol yields are 90 to 95% of their theoretical
levels (www.wineindustrynetwork.com).
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According to the same source, the quantity of alcohol formed from sugar varies with fermentation
temperature, extent of aeration and Yeast Assimilable Nitrogen (YAN) levels. As an example when
individual yeast strains were studied under low and high YAN levels, the sugar to alcohol
conversion rate was not consistent, with some yeast strains having higher conversion rates at the
low YAN level, while other strains had higher conversion rates at the high YAN level.

Moreover, (Peyrot des Gachons et al., 2005) argue that in Sauvignon Blanc vines grown in
unirrigated soils, total nitrogen concentrations in the grape juice were further increased by water
deficits and were thus greatest on the driest site. Elevated concentrations of YAN in this study were
often associated with lower yields and/ or smaller berries. However, Wade et al., (2004) showed
that, in Shiraz vines, fruit yield, berry size and concentrations of an important component of YAN in
grape juice were reduced by regulated deficit irrigation or partial root drying relative to fully
irrigated controls.

It can therefore been suggested that the relationships between water availability, fruit composition
and grape juice YAN status require further investigation.

Fermentation temperature is another factor that can influence the alcohol levels. Torija et al., (2003)
argue that it affects directly the yeasts’ biochemical reactions. In general, lower temperatures result
in higher alcohol yields (partly due to reduced losses in evaporation) as shown in the same study
with 20 Saccharomyces strains. More specifically, ethanol yields were 47.51, 47.23, 45.68, 45.48,
40.36 (g L-1 X 100/initial sugars g L-1 ) at 15, 20, 25, 30 and 35°C fermentation temperatures
respectively.

The same paper also examines the effect on ethanol production of the ratio of fermentation surface
to volume (www.wineindustrynetwork.com).
15
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Tank type and design have also been indicated as important factors, with open top fermenters
reported to give lower alcohol concentrations after fermentation due to evaporation of alcohol.
Nonetheless, the degree to which these factors modify alcohol levels and wine flavour is yet to be
scientifically determined. (AWRI 2013).

2.5.2 Greece and Naoussa
No scientific research into these topics specifically related to Naoussa has been produced so far.

2.6 Other factors (market trends, influence of wine critics on wine styles, etc.).
The rise of alcohol in wine has a strong commercial impact on the wine industry. Some consumers
appreciate wines made from riper fruit, while others are looking for lower alcohol levels. More
importantly, higher alcohol wines have begun to raise strong health concerns.

The influence of certain wine critics, magazines, websites and blogs greatly informs consumers'
preferences and thus, both style and price of wine. Such an example is the Wine Advocate magazine
by Robert Parker. As Smith (2010) alleges, delicacy went out of style due to Parker's apparent
fondness for size, and the success of the ultra-ripe wines of Helen Turley created a whole generation
of winemakers hanging high on ripeness.

Very recently there are signs that this trend may finally be reversing. Robinson (2013) describes her
surprise at how rapidly Wine Australia was turning to a fresher style, reaching the conclusion that
there has definitely been a change which she attributes to the fact that the majority of the world’s
winemakers are now making wines that they themselves would like to drink.
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Although Greece was not included among the top priorities of Wine Advocate, a flow of reviews
has been noted the last few years by respected wine critics like Tim Atkin MW, Jancis Robinson
MW and Mark Squires as reported for the latter by Stoltz (2010). But, even with this upswing in
reviews, the rise in alcohol in Naoussa wines can hardly be associated with critic’s views,
comments Lazarakis (2015)2 although he argues for a possible link due to market or even peer
pressure.

Nonetheless, at least one producer from the region had a notably favourable review by Wine
Spectator magazine that partly attributed to increased exports by 25%. (Wine Spectator 2013;
Voyiatzis 20153)

2.7 Summary: Aim
Climatic conditions in Naoussa have been well documented over the twenty year period covered by
this research period. Viticultural practices in the region have also been well researched with a view
to improving them, especially in the early 2000’s. Winemaking in Greece has generally been
improved although it has not been documented with specific reference to Naoussa.

This paper will offer evidence that alcohol levels have risen by 1.1% abv. It will draw on the
concerns and possible causes suggested by the world wide literature review in order to assess the
impact of each one and its relative importance to the issue.

2
3

Interview with K.Lazarakis MW, April 28, 2015
Interview with Y.Voyiatzis, March 13, 2015
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3.Μust sugar, wine alcohol, harvest dates and climatic data analysis
First, this section will assess the rise of must weight and alcohol content in the wines in Naoussa
PDO region during the last 20 years, i.e. from 1994 to 2013. Second, it will present the trends of
must weight, alcohol, alcohol conversion rates, climatic data (growing season temperature, relative
humidity, precipitation and sunshine hours) and harvest dates. Finally, it will examine the
correlation between must weight, alcohol and climatic data.

3.1 Methodology of data collection
Must sugars, alcohol and harvest date data were collected from producers' archives. For the analysis
a database of 15 out of a total 19 producers has been used. These 15 were able to provide a
minimum of 10 years’ worth of record. Their PDO vineyards cover 308 ha and represent 95% of the
PDO surface area. All 19 producers provided vineyard data4.

Additional information about the producers, their vineyards and production numbers are shown in
Appendix 2 (Distribution of producers and characteristics of respondents).

Climatic data were collected from the Naoussa Pomology Institute weather station located in the
centre of the Naoussa vine growing area. These data include the growing season's mean, maximum
and minimum temperatures, relative humidity, precipitation and sunshine hours. Geographical
coordinates and exact location of the Pomology Institute are shown in Appendix 3.

4

In order to examine any possible trends in the time series of climate parameters, a two-tailed Student’s t -test, with
95% level of significance, was applied to the slope of the regression lines. The relationships between climate variables
and key vine parameters were explored using linear regression and potential significant relationships were assessed by
estimation of the Pearson’s correlation coefficient (r).
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3.2 Alcohol and must weight rise trend
3.2.1 Alcohol rise trend
Figures 1 and 2 report the trends in wine alcohol for a 20 year period in the Naoussa PDO.
According to both figures, wine alcohol presents a linear and significant increasing trend (r2=0.78)
starting at approximately 12.6% to reach 13.7% abv during the study period in reference to the
observed trend as shown in Figure 2 (lowest record in 1995 and highest in 2007), with a drop in
2002 due to a particular humid and cold vintage. Overall the rise in alcohol levels since 1994 is
approximately 1.1% abv; the increasing trends are more obvious from 2003 onwards.

Figure 1. Time series of alcohol by volume

Figure 2. Trend of alcohol by volume
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3.2.2 Baumé rise trend
Figures 3 and 4 demonstrate the trends in Baumé levels at harvest for the same time series, 19942013. Baumé levels also present a linear and significant increasing trend (r2=0.63) starting at
approximately 12.4% to reach 13% during the study period in reference to the observed trend as
shown in Figure 4 (lowest record in 2002 and highest in 2012). Overall the rise in Baumé levels
since 1994 is approximately 0.6%; the increasing trends are more obvious from 2003 onwards.

Figure 3. Time series of Baumé levels

Figure 4. Trend of Baumé levels)

It can be seen that the rise in alcohol levels has been higher than the rise in Baumé levels suggesting
that climate change cannot be entirely responsible for the rise in alcohol levels.
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3.3 Alcohol conversion rates
This paper will go on to examine changes in winemaking techniques in more detail later on.
However, figure 5 presents the results of researching whether the alcohol conversion rate was
increased over the years due to more efficient yeasts. It starts with the 12 producers that
continuously employ commercial yeasts demonstrating a positive trend (r2=0.35). The same positive
trend is displayed for the 2 producers that were using commercial yeasts until 2009 before starting
to adopt indigenous yeast fermentation (r2=0.66).

For all spontaneous fermentations no significant trend was observed.

Figure 5. Alcohol conversion rates
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3.4 Climatic trends
Figure 6 presents mean, maximum and minimum temperatures for the Naoussa region. A significant
positive trend was observed only for minimum temperature (r2=0.56). The approximate increase
over a 20 year period is 2.7º C5.

These detailed findings are partly consistent with the results of Koufos et al., (2013) who recorded
positive trends over 30 years in both mean and minimum temperatures but agree that there were not
significant changes in maximum temperatures.

Figure 6. Mean, max and minimum growing season temperature trends

5

All temperatures given relate to growing season (April 1 st – Sept 31th)
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Figure 7 presents the trends in mean relative humidity, precipitation and sunshine hours6. Relative
humidity (r2=0.57) shows a positive trend while a negative trend was observed for sunshine hours
(r2=-0.34). No significant trend was recorded for precipitation. This data suggest a trend towards
more humid and cloudy conditions in the recent years compared to past conditions.

Figure 7. Mean relative humidity, precipitation and sunshine hours per month of the growing season trends

6

Data for sunshine hours were available until 2010
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3.5 Harvest dates analysis
Figure 8 shows the trend in harvest dates of Xinomavro during the time series 1994-2013.
Beginning of harvest is signalled by the Ministry of Agriculture who provides a harvest window of
average 2-3 weeks. Duration of harvest is usually 2-3 days for each producer. The window is
determined by analysis of the producers’ grape samples submitted over the preceding weeks. In
reality the producers inform the Ministry when they are ready to harvest and Ministry gives its
permission offering them a high level of flexibility.

Although the upward trend is weaker than that for alcohol and Baumé trends respectively, a positive
trend (r2=0.29) is still observed suggesting that harvest starts 6 days later than in the past. This
means that harvest now starts on about the 270th day (Sept 27) compared to the 264th (Sept 21) of

Harvest date (Day of year)

twenty years ago.

276
274
272
270
268
266
264
262
260
1990

y = 0,3238x - 381,68
R² = 0,2992
1995

2000

2005

2010

2015

Year
Figure 8. Harvest dates (day of year harvest begins) trends
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3.6 Trends and correlations

In Naoussa PDO a strong correlation was found between must sugar content and alcohol content on
one hand, and growing season temperatures on the other.

In particular, alcohol showed a significant correlation with minimum temperature (r2=0.43) while
for mean and maximum temperatures no significant correlation was recorded (r2=0.16 and 0.02
respectively) as shown in Figure 9.

Figure 9. Correlations between mean, max and min temperature and alcohol by volume
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Similarly, Baumé levels presented a significant positive correlation with both minimum (r2=0.45)
and mean temperature (r2=0.25), as shown in Figure 10. For maximum temperature no significant
correlation was recorded (r2=0.07).

Figure 10. Correlations between mean, max and min temperature and Baume levels
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Comparing harvest dates with growing season temperatures as shown in figure 11 a positive
correlation (r2=0.22) was recorded only in reference to minimum temperature. No significant trend
was noted for mean and maximum temperatures.

Figure 11. Correlations between mean, max and min temperature and harvest dates

Based on the above data, the observed rise in must Baumé and therefore wine alcohol could be
partly attributed to the rise in temperature (mostly minimum and mean temperature) possibly caused
by the increase in cloud cover as explained in Section 2. However, the possible influence of the
trend towards later harvest dates cannot be excluded. It should be noted that if the rise was
attributed solely to climate change a trend towards an earlier harvest should have been detected.

On this basis, it can be suggested that the rise in must weights and alcohol is the cumulative result
of climate change and producers’ decisions. This issue will be further discussed in the next section.
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4. Analysis of possible causes of alcohol rise other than climate change

This section will investigate the possible reasons, other than climate change, for the changes in
Baumé levels during the relevant research period, 1994 to 2013.
First, it will examine the changes in harvest criteria and vineyard management techniques.
Second, it will assess the effect of reducing yields mainly by green harvesting.
Third, changes in vinification, including protocols regarding yeasts, the use of open-top
fermenters and selection tables will be evaluated.
Finally, the impact of the demand for fuller, softer, riper red wine styles on the trend towards
higher alcohol levels will be considered.

4.1 Evaluation procedure
In order to evaluate the causes of the trend in the rise of alcohol, interviews with the producers and
winemakers were conducted.

First, a semi structured interview was conducted mainly aiming to identify which producers had not
modified their vineyard management, i.e. canopy management, vine densities, clones and
rootstocks, pruning etc. during the relevant period of research (full layout of the Questionnaire in
Appendix 4).

Thereafter, these findings were compared with the ones coming from producers who had modified
their vineyard management methods over the relevant period of research.

Second, a semi closed/semi open question format of questionnaires followed. The underlying
objective was first to retrieve quantitative and easily measurable data from the closed format
questions, and second to enable the producers to explain the rationale behind their management
decisions through the open-ended questions.
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Each questionnaire was divided into three sections, comprising 6 open-ended and 26 closed-ended
questions in total.

This evaluation procedure focuses on:
A. gaining an in-depth understanding of the potential factors that could contribute to the
rising levels in alcohol;
B. identifying the changes in viticulture techniques;
C. assessing the impact of other relevant factors such as vinification techniques, market
trends and the influence of the wine industry's leading figures.

Producers were assured of confidentiality and that no response would be attributed directly to them.
All respondents were happy to participate based on these conditions.

4.2 Factors leading to a rise in Baumé
Since any change in Baumé directly influences the alcohol rise the following factors were taken into
account:
A: Changes in harvest criteria that could directly influence Baumé levels.
B: Changes in vineyard management such as vine densities, clones and rootstocks, canopy
management, pruning and training system
C: Green harvest and yields data.
D: Comparison between producers who changed their vineyard management and those who
did not.
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4.3 Questionnaires analysis
4.3.1 Harvest criteria
According to the questionnaire results, the three most important criteria for determining harvest
time are:
A: Baumé levels;
B: phenolic ripeness;
C: flavour ripeness; the last two promoting later picking.
Out of the eight factors requested to be assessed for their importance in the questionnaire, Baumé
levels appeared as the most significant factor with phenolic ripeness following closely afterwards.

Analysis of harvest criteria's importance is shown in Figure 12.

Figure 12. Harvest criteria assessment as very important

Since 1994, the majority of Naoussa's producers, i.e. 8 out of 15, have knowingly modified their
harvest criteria. They now put more emphasis on phenolic ripeness. For the majority of these wine
producers, i.e. 6 out of 8, the critical period when they started to pay more attention to phenolic
ripeness was between 2004 and 2008. These findings show a close correlation with the graphs in
Figures 3 and 4.
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More emphasis on phenolic ripeness is consistent with the answers given in the questionnaire about
which criteria were the most important in determining harvest dates. Although only 6 producers are
aware of having changed their criteria in this way between 2004 and 2008, given that 13 out of 15,
assess phenolic ripeness as one of the two most important parameters it is likely that they too
modified their behaviour in a similar way. However, the 5 out of the 13 producers who did not
report changing their harvest criteria believe that they have always considered ripeness to be
important according to the responses to the questionnaires.

4.3.2 Changes in vineyard management
The questionnaire aimed to discover whether the viticultural techniques had changed during the
researched period and, if so, how. The majority of the wine producers identified an increase in
canopy height as the major change together with the introduction of new Xinomavro clones and an
increase in vine densities. Producers currently note changes in the following order of importance as
shown in Figure 13. The 3 most important criteria are discussed below.

Figure 13. Changes in viticultural parameters
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8 producers increased their canopy heights by 30-40cm on average starting from 2000, thus
increasing the effective leaf area per fruit weight thereby improving ripening conditions.

Where vineyards needed replantings, X3 and X6 Xinomavro clones were planted after 2004 and
until 2010. These clones demonstrate improved ripening characteristics promoting sugar
accumulation. Rootstock changes were also reported. Rootstocks of lower vigour in comparison to
110R were planted, such as 161-49C, 3309, 101-14 (Skelton 2007). These rootstocks are likely to
help to curb Xinomavro’s growth and thus promote berry ripening leading to higher sugar in the
must. However, the percentage of vineyard replanted (discussed below) during that time appears to
be related only to normal renewal rates which are relatively low.

Questionnaires looked at percentages of young (<5 years old), medium (5-20 years old) and old
(>20 years old) vines. 73% of the PDO area has old vines, 21% has medium age and the remaining
6% has young vines. The low percentage of young vines suggests that vine age has not changed
significantly by replantings during the research period. The association with the natural yield
reduction from older vines that promotes ripeness is likely to be retained. The average age of the
younger vines is 10 years old, of the older 36 and the median 28 years old.

Vine densities have also changed significantly during the research period. Out of the 6 producers
that modified the number of plants per hectare, 4 increased them by more than 1000 vines per
hectare (i.e. from 2300 to 3400 v/ha; from 3330 to 4700 v/ha; from 4000 to 7000 v/ha and from
6000 to 9000 v/ha) with these plantings covering approximately 26% of the total PDO area.
However, the remaining 2 producers slightly reduced densities in order to facilitate machinery
passing throughout the vineyard. The latter cover approximately 7% of the total PDO area leaving a
net 19% showing an increase.
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As, according to Skelton (2007), higher density plantings are usually associated with better fruit
ripening, it can be suggested that the increase in vine densities may have contributed to the rise of
Baumé levels in Naoussa region.

Although 4 producers assessed irrigation as a contributing factor to the increase in Baumé levels
analysis of the questionnaires showed that there are no major changes in irrigation regime, therefore
irrigation cannot be considered as a contributing factor. All producers stated that they irrigate only
to relieve water stress for quality related reasons during prolonged dry spells.

Canopy management techniques were examined as well; 14 out of 15 producers stated that they
practice shoot thinning every year, early in the growing season by removing unwanted shoots
arising from the vine's head. This is performed to create a better environment for the grapes by
reducing canopy density and avoiding leaf congestion later in the season, promoting ripening.
However, since this has always been a standard procedure it cannot be considered to be a
contributing factor in must sugar rise. The same applies for leaf removal, a technique practiced
annually by 4 producers.
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4.3.3 Decreasing yields/Green harvesting
Producers were also asked to give their assessment of the significance of contributing factors to the
Baumé rise. Notably 13 out of 15 producers reported lower yields and green harvesting as the most
important factors, followed by climate change and changes in canopy management. (Figure 14).

Figure 14. Producers’ assessment of contributing factors to rise in Baume levels

Green harvest (i.e. bunch thinning) is another vineyard management decision that can help to
advance ripening. 7 out of 15 of the wine producers adopted this method during the research period,
removing unripe bunches shortly after véraison to increase the fruit-to-leaf area ratio and enhance
grape ripening as well as quality by lowering yields. It is noteworthy that a further 6 producers who
have not adopted this technique also list it as a prime factor in contributing to the increase in Baumé
levels.
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With or without green harvesting, yield data gathered for the 1994-2013 period shows a steady
decline (Figure 15). Yields were higher in the early 90's, dropping below 1000 kilos/0.1ha in 1998
and thereafter underwent a steady decline, reaching 750 kilos/0.1ha in 2013. According to (Bravdo
et al., 1985) lowering the yields to 750 kilos/0.1ha should yield better balanced grapes that are
naturally hardier.

Figure 15. Time series of yields
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4.3.4 Comparison between producers who changed their vineyard management and
those who did not.
Baumé levels from 10 wine producers who modified their vineyard management were compared
with those of the 5 wine producers who did not. As indicated in Figure 16, both groups show a
significant rise, but the trend in Baumé rise was more significant for the producers who modified
their vineyard management, (r2 of 0.62 against 0.42 respectively).

Figure 16. Trend in Baumé rise for producers that did not modify their vineyard management versus those that did
modify

It is relevant to point out that 8 out of 15 producers identified climate change as a major
contributing factor as seen in Figure 14. Based on the previously examined climatic data, a rise in
minimum temperature of approximately 2.7°C and a rise in mean temperature of approximately 1ºC
were observed, as shown in Figure 5. These figures show some correlation with the rise in Baumé
levels (Figure 3); however, this effect may be mitigated by the decrease in sunshine hours as shown
in Figure 6.

4.3.5 Summary
The analysis above illustrates the following points:
Anecdotally, climate change has been thought to be the major contributing factor causing alcohol
levels to rise significantly in Naoussa over the last 20 years. It has been demonstrated that there is a
possibly significant correlation between the minimum average growing season temperatures,
probably caused by increased cloud cover leading to warmer night time temperatures, and these
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increased alcohol levels. However, further evidence from the growers themselves suggests that
there are more important factors, especially those linked to viticulture.

Producers’ attitudes into determining ripeness criteria have been changing particularly since 20042008. Phenolic ripeness now rivals Baumé levels as one of the two most important criteria for
harvest time, thereby leading to later picking of grapes compared than in the past.

The results of the harvest dates trend are consistent with the findings of (Koufos et al., 2013) which
also recorded a trend to later harvest dates. Although an earlier set of harvest dates would normally
be expected as a response to the temperature changes, in more temperate regions like Naoussa
(and/or with late ripening varieties like Xinomavro) where grapes traditionally struggled to reach
optimum ripeness before harvest, warming would improve Baumé at harvest without causing a shift
in harvest time.

The modification of vineyard management practices appears to be closely linked to the rise in
Baumé levels, as evidenced by the comparison of trends in Baumé levels between those producers
who have varied their management and those who did not. Questionnaire results suggest that major
modifications in viticultural techniques such as alteration of the canopy height, planting of new
clones and rootstocks, and the increase of planting densities, introduced in the early 2000's, almost
certainly contributed to the rising trend of must sugars. This echoes the very sharp upward trend in
Baumé levels in the early 2000’s as seen in Figure 3.

The effort to decrease yields during the last twenty years but especially over the last decade was
possibly the most crucial vineyard decision leading to the observed rise of must weight.
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4.4 Winemaking influence
Viticultural decisions and climate change may have been largely responsible for the rise in must
weight as measured by Baumé. However, the sharper rise of alcohol levels when compared with
Baumé levels is more likely to be explained in the winery.

Nonetheless, it would be unreliable to suggest the exact extent of the influence of the winery
methods since Baumé figures rise in a nonlinear way and are only an approximate indication of
potential alcohol.

Effects on rise of alcohol of changes in winemaking methods are listed in order of importance:
A: Yeasts: Analysis of alcohol conversion rate that shows a positive trend over the years as
presented in Figure 5 confirms that more effective yeast conversion – when commercial yeasts are
used- is a contributing factor to alcohol rise. In addition producers were asked if they had noticed
that the efficiency of sugar conversion to alcohol was modified during the last decades. They were
asked if they select strains of yeasts based on their efficiency. Results showed that out of 12
producers that use commercial yeasts, 10 producers admitted that they have been noticing higher
yeast efficiency, whereas none of them reported a decrease. 8 of them admitted that when choosing
yeast strain they do take into consideration high yeast efficiency especially for high Baumé musts.

Moreover 12 out of 15 producers stated that they now use yeast nutrients such as diammonium
phosphate and vitamins to feed the yeasts resulting in more efficient fermentations.
B: Fermentation temperature protocols. The effect of adopting different fermentation
temperature protocols was also examined. Based on the prevailing literature, lower fermentation
temperatures result in higher alcohol yields partly due to reduced losses through evaporation. Based
upon the questionnaire responses, 4 producers reported no changes, 2 who also use spontaneous
fermentation techniques, have shifted into higher temperatures and the remaining 9 reported a
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decrease in fermentation temperatures.

The 9 producers who now use lower ferment temperatures all reported that the upper limit of the
current fermentation temperature range was the lower limit of the previous range (i.e. they have
shifted from 27-30°C to 23-27°C). Most of these changes occurred after 2008 with one producers
adopting a different protocol as from 2003.

Literature suggests that this would contribute to the increased difference between Baumé rise and
alcohol rise. However, it also suggests that this difference could well be insignificant given the
temperature ranges.
C: Selection tables: 4 wineries have been using fruit selection tables since 2005 resulting in
the use of riper and more homogeneous fruit. The introduction of selection tables could therefore be
considered as a contributing factor to the alcohol rise.
D: Use of open top fermenters: Literature suggests that evaporation during the process of
fermentation could contribute to a decrease in alcohol. However, only 2 wineries have had open top
fermenters in the Naoussa PDO region since 1999 suggesting only a minor negative influence on
the overall trend. Stainless steel tanks were introduced in the region in 19777.
E: Use of native/wild yeast: Only one winery has continuously used native yeasts
throughout the 20 years and 2 more wineries have started to do so since 2009. Therefore, the use of
native/wild yeasts seems not to have influenced the trend. Alcohol conversion rates over the 20 year
period show no significant trend although the graph relating to the 2 recent producers to convert
shows a slight downward path.
F: Enrichment: No increase in Baumé levels through must enrichment was carried out in
Naoussa PDO wines. This fact in conjunction with the lack of any must dilution or dealcoholisation suggests that Baumé numbers remained unaffected.

7

Personal communication with Boutari’s chief oenologist Yiannis Voyiatzis, May 18, 2015
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4.5 Commercial and market influences on styles
Although climate change appears to have had a role to play in the rise in alcohol, changes made by
the growers themselves to obtain a riper, denser style appear to have been more significant.
Therefore it would be incomplete not to look a little closer at the reasons that caused them to make
these changes.

Growers were asked if they had intentionally tried to change the style of their wines to show more
ripeness and concentration. All producers were also asked what criteria influenced their grape and
wine handling choices. Results are shown in Figure 17.

Figure 17. Assessment of criteria shaping wine style in Naoussa PDO

7 out of 15 producers stated that that since 2004, they had been doing so. In addition to practices
that may have affected alcohol levels, they also variously used cold soak pre-ferment maceration,
prolonged post ferment maceration and seeds removal.

40
© Institute of Masters of Wine 2015

For the majority of the wine producers, i.e. 11 out of 15, consumer preferences and exports are the
most crucial criteria influencing their strategic choices. Therefore, given that most consumers drink
wine within 24 hours of purchase, rather than aging it, as presented by Williams (2013), producers’
search for softer, more accessible tannin structures will evidently result in their using riper grapes
that will ferment to higher alcohol levels.

Another criterion was stated to be the winemakers’ personal taste. 9 producers alleged that they
shape their wine according to their personal preference. Such an attitude, though instinctive, has a
great impact within the narrow limits of a small PDO.

Lastly, 7 out of 15 wine producers take notice of critics' opinion. This may be a factor to consider
when shaping the style of their wine.
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5. Conclusions
Baumé and alcohol levels in Naoussa PDO have risen by 0.6% and 1.1% respectively over a 20
year period, starting from 1994 with most of the increase occurring from 2003 onwards.

5.1 Climate change
The climate has certainly changed in the region during the time under review. There was a rising
trend in minimum temperature during the growing season of 2.7º C. At the same time, sunshine
hours decreased significantly suggesting that cloud cover has increased. This may have been also
true overnight, contributing to the overall increase of mean and minimum temperatures allowing
less heat dissipation from the soil. There is certainly a positive correlation of Baumé levels with
both minimum and mean growth season temperatures which certainly suggest that climate change
has contributed significantly to the rise in Baumé levels.

However the effect of climate change may be more subtle than it appears. Interestingly, harvest
th

dates in Naoussa PDO are now later. The current trend is to harvest on the 270 day (i.e. every 27th
of September) compared to the 264th (i.e. every 21st of September), as in the previous decades.
This observation demonstrates that climate change is not the sole factor of the rising Baumé trend,
as a trend towards an earlier harvest would have been expected and did not occur. Nevertheless it
appears to have contributed to Xinomavro’s ability to achieve a more satisfactory level of maturity.

This is because the combination of higher Baumé levels at harvest without necessarily shifting to an
earlier date may also be related to growing particularly late ripening varieties of which Xinomavro
is one (ripens four weeks later compared to Merlot in the region).
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5.2 Viticulture-Vinification
It is reasonable to state that changes in viticulture and winemaking practices have had at least as
great an effect. These appear to have been introduced either consciously or subconsciously as a
result of producers’ will to adapt the style of their wines, especially the tannin structure to the
market place rather than as a reaction to climate change criteria.

The main reason for the later harvest dates appears to have been because the majority of Naoussa's
producers were pursuing more phenolic ripeness. A side effect of this rise was more alcoholic
wines. Statistics show a sharp and sustained increase from 2003 onwards.

Other factors that have influenced the rise in sugar musts were found first among viticultural
practices. Five basic modifications in viticultural practices were identified as important contributing
factors:

A: And probably the most important modification: decreasing average yields from more
than 1000 kilos per 0.1 ha to 750 kilos in the recent vintages.

B: An average increase of trellis height by 30-40 cm from 2000 onwards, resulting in
increased effective leaf area per fruit weight thereby improving ripening conditions.

C: Introduction of clones X3 and X6 which have improved ripening characteristics, thus
promoting sugar accumulation from 2000 onwards.

D: Rootstock changes: with the introduction of rootstocks of lower vigour in comparison to
110R that had been commonly planted. These rootstocks should have reduced Xinomavro’s high
vigour. Such a reduction would promote berry ripening, possibly leading to higher sugar in the
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must.

E: A net increase in vine density coupled with lower yield per vine might have contributed to
the rise of Baumé levels.

Observing the increased efficiency of fermentation shown by the faster rise in alcohol levels
compared to Baumé levels led to an analysis of vinification methods. The following conclusions
can be drawn:

A: During the last decades commercial yeasts’ efficiency has increased, as evidenced by the
positive trend in the alcohol conversion rate.

B: The introduction of selection tables since 2005, promoting the use of only riper and more
homogeneous fruit might be another contributing factor.

C: From 2008 onwards, a significant decrease in fermentation temperatures was observed.
This decrease might be an additional parameter to consider for alcohol rise in the final wine but is
unlikely to be very significant.

To date, it can be suggested that the rise in alcohol noted in Naoussa is not yet a factor of concern
for the producers since the average is still well under 14%, considered modest for a Mediterranean
climate country producing red wines.
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APPENDIX 1-NAOUSSA AND XINOMAVRO SUMMARY

Historical data
Viticulture in Naoussa and Naoussa wines have a tradition lost in the mists of time. Based on
unpublished documents in the National Library of Bulgaria in Sofia that describe farmland in the
Ottoman Empire in Central and Western Macedonia, in 1528, the region of Naoussa appears as the
wine territory of the local administrator. The French Consul of Napoleon writes in his book
‘’Voyage de la Grèce’’ (1826) that Naoussa wine is one of the best in Macedonia being acidic,
tannic and best consumed 4-5 years after the vintage (Spinthiropoulou et al., 2005).

Naoussa today
The Naoussa region is one of the most important areas of viticulture in Greece. Its PDO vineyards
are situated in Central Macedonia at 40.6° N latitude, 22.17°E longitude, at altitudes that range from
80m to 350m. There, the indigenous variety, Xinomavro is cultivated for the production of the PDO
Naoussa wine.

By government decree signed in 1971, the region acquired Appellation of Origin status for dry red
wines produced from Xinomavro grapes. In 1995 an amendment to the decree recognized the semisweet style as AOC as well (www.minagric.gr.)

The climate of the region is characterised on the Koeppen scale, as temperate Mediterranean with
semi-continental tendencies. Most of the precipitation is falling during winter and spring. The
presence of Mount Vermion to the north of Naoussa area protects it from the cold northern winds
leaving the southern part more vulnerable.

The first systematic attempt to document scientifically the various ecosystems within the Naoussa
area began in 1987 when the Interdisciplinary Association of Naoussa requested the assistance of
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the Wine Institute. It was the first time that scientific research a) revealed the presence of different
ecosystems within the Naoussa zone, b) identified how the qualitative characteristics of the variety
deviates in different ecosystems and c) clearly recorded some of the factors (soil, water status,
rootstock) that influence their formation and emergence.

This effort was continued from 1992 to 1996 and then in 2005 a complete set of research papers by
Spinthiropoulou et al was published.

Soils vary greatly from red schist and blue granite in the south to heavier clays and volcanic patches
with limestone in the north of the region. Organic matter is generally sufficient in surface horizons
and decreases going deeper. No nitrogen fertilization is usually required. Regarding soil minerals
iron is found in sufficient quantities, magnesium and manganese is satisfactory to high, zinc is
generally low, and boron occurs at low to high levels depending on the profile.

A study of soil characteristics together with climatic details and a systematic and comparative
inventory of existing analytical and sensory data in grapes and wines allowed the consolidation of
13 subregions: 1. Fyteia 2. Trilofos 3. North of Trilofos-Stenimachos-Paliokalias 4. South of
Trilofos 5. Kamara 6. Gastra 7. Mademi 8. Strantza 9. Marina 10. Ramnista 11. Yiannakohori 12.
Karaouli 13. Polla Nera. This reasoning validates the approach taken to PDO Naoussa as a whole in
this Research Paper.

The Xinomavro grape
Xinomavro is considered to be the finest variety in Northern Greece. Its name means acid-black. It
is a variety that shows a great variability and can become very vigorous and productive. It is
moderately sensitive to pests, very sensitive to drought and is late harvested. It used to be mainly
grafted on 110 R and 41B rootstock while most of the vineyards are irrigated. The double-Royat
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training system is used with leaf walls varying from 80-150 cm. Density of plantation varies from
2500 to 4000 plants/ha.

Budbreak starts in the first fortnight of April; grapes ripen late, after September 20. Each fruiting
cane bears 2 to 3 moderate to large bunches that weigh up to 400 grams each. Berries are of
moderate size with a typical diameter of 2.2 cm and thick skins. Berry analysis has shown that the
typical composition is 84% pulp, 13.5% skins and 2.5% seeds.

Clonal selection was initiated in 1995; 20 different Xinomavro clones were identified for their
unique characteristics and in 1997, 10 of them were retained and sustained until today. Currently, 5
out of the retained clones, (i.e. X1, X2, X3, X6 and X11) managed to succeed to pass all the tests
and went on to be identified as healthy Xinomavro clones.

Naoussa wines are characterised by a savoury aromatic profile with a red fruit and vegetal
dimension. The main characteristics on the palate are the firm structure provided by robust tannins
and the high acidity. In this respect it is often compared to Nebbiolo and Nerello Mascalese. In hot
and dry vintages this acidic character fades while in rainy conditions acidity increases.
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(Graphs show budbreak, flowering and veraison for Xinomavro compared to other varieties, Van Leeuwen et al, 2008Heat requirements for grapevine varieties is essential information to adapt plant material in a changing climate.)
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APPENDIX 2-CHARACTERISTICS OF PRODUCERS

Figure 18. (Production numbers)

Figure 19. (Area coverage)
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Figure 20. (Number of employees)

Figure 21. (Year of incorporation)
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APPENDIX 3-WINERY AND POMOLOGY INSTITUTE LOCATIONS

Naoussa view and wineries southern part

Naoussa view and wineries northern part
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Pomology Institute location
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APPENDIX 4
(SEMI-STRUCTURED INTERVIEWS FORMAT)
1. Have you observed changes in the climatic conditions (average temp and rainfall) in the previous
10-20 years since 1994?
YES

LIKELY YES

LIKELY NO

NO

DON’T KNOW

2. Please specify which of the following have you changed in 10-20 years period:
YES

NO

Clones /rootstocks
Training system
Pruning
Vine densities
Height of leaf wall
Please specify what and when were the changes:

3. Please specify which (one or more) viticultural parameters have changed in your vineyard during
the last 10-20 years, since 1994.

4. If you produce more than one style of Naoussa PDO what is the main difference you were
intending to achieve?

5. Have you actively tried to change the style of your wine to a riper and more concentrated style? If
so since when and what steps did you take?

6. Please place in order of importance the factors that have contributed to a change in Baume
harvest levels for your grapes.
Climate change
Lower yields/green harvest
Using different clones
Changes in irrigation regime
Changes in pest management
Changes in pruning/canopy management
Other
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(SEMI/OPEN-SEMI CLOSED FORMAT)
1. Before answering the questions please fill in your personal and winery information.
Your answers to this questionnaire will be kept confidential and will not be directly attributed to
you in the Research Paper.
Name:

Winery:

1.1 Total production in bottles
1.2 Area coverage for Xinomavro PDO vines in hectares
1.3 Number of employees
1.4 Year of incorporation

PART ONE

2. Please assess the following criteria that you use to determine the exact harvest time using the
following scale (1 extremely important, 2 very important, 3 important, 4 slightly important, 5 not
important)

2.1 Sugar ripeness (Baumé)
2.2 Tannin ripeness
2.3 Seed ripeness
2.4 Taste
2.5 Absence of vegetal flavours
2.6 Sugars and pH relationship
2.7 Fruit flavour intensity
2.8 Colour intensity
2.9 Others (specify)

3. Within the last 10-20 years, have you changed your criteria for harvest time determination?
Yes
No

1
2

4. If you answered YES in question 3 please specify
4.1 The changes and
4.2 The time of the changes
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5. Have you noticed changes in climatic conditions during the last 10-20 years?
Changes

Yes

Likely Likely No
yes
no

I do
not
know

5.1. In mean temperature

1

2

3

5

5.2. In precipitation

1

2

3

5

6. Please specify the following:
6.1 Older vines' age
6.2 Younger vines' age
6.3 Average vine's age
6.4 Percentage of new plantings
6.5 Years of replantings

7. Please specify which of the following have changed over a 10-20 years period:

YES(1)

NO(2)

7.1 Clones/Rootstocks
7.2 Training system
7.3 Pruning
7.4 Vine densities
7.5 Trellis height
7.6 Others (please specify)

8. Please specify

8.1 The changes and
8.2 The time of the changes
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9. Please specify which of the following have you changed over a 10-20 years old period:
YES(1)

NO(2)

Soil Management
Pest/disease Management

10. Please specify:
10.1 the changes and
10.2 the time of the changes

11. Please specify the average yields per vintage year over the last 10-20 years (kilos per 0.1 ha):
YIELD 1994
S

1995

1996

1997

1998

1999

2000

2001

2002

2003

YIELD 2004
S

2005

2006

2007

2008

2009

2010

2011

2012

2013

12. Please specify which of the following have been changed in your vineyard during the last 10-20
years:
Increased Likely
(1)
increased (2)

No change
(3)

Likely
decreased (4)

Decreased (5)

12.1 Yields
12.2 Irrigation
12.3 Fertilization

13. Please specify:
13.1 The changes and
13.2 The time of the changes
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14. Are you deliberately trying to take out unripe bunches to improve grape ripeness?

Yes
No

1
2

15.1 If YES at which point of the ripening period?

Before veraison
During veraison
After veraison

1
2
3

15.2 In which vintages have you Green Harvested?

16. Please assess the following factors with respect to their contribution to the rise of Baumé levels
using the following scale (1 extremely important, 2 very important, 3 important, 4 slightly
important, 5 not important)

16.1 Climate change
16.2 Lower yields/green harvest
16.3 Planting new clones
16.4 Changes in irrigation
16.5 Changes in pest management
16.6 Changes in canopy management
16.7 Other

PART 2

17. Please specify if you ever increased Baumé of the must (enrichment) during the last 10-20 years

Yes
No

1
2
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18. If YES please state the vintages

19. Do you use open-top fermentors in a way that encourages alcohol evaporation during alcoholic
fermentation?

Yes
No

1
2

20. If YES please state since when

21. Do you use sorting tables in order to get riper and more homogeneous fruit?

Yes
No

1
2

22. If YES please state since when

23. Have you always used commercial yeasts over the years?

Yes
No

1
2

24. If not when did you start?

25. If you use natural yeasts do you use a pied de cuve or you wait until fermentation starts?
Pied de cuve
Wait until fermentation starts

1
2
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26. Do you find that sugar conversion to alcohol efficiency has changed over the last two decades?

Increased
Constant
Decreased

1
2
3

27. Is the efficient conversion of sugar to alcohol a parameter when selecting a yeast strain?

Yes
No

1
2

28. Have fermentation temperatures been altered during the last decades?

Yes
No

1
2

29. If YES when did they change and how much?

PART 3

30. Have you intentionally tried to change the style of your wine to a riper and more concentrated
style?

Yes
No

1
2

31. If so
31.1 since when and
32.2 what steps did you take?

32. In case you produce more than a single Naoussa PDO what are specifically seeking to achieve?
33. Please assess the following factors that shape the character of your wines in terms of importance
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using the following scale (1 extremely important, 2 very important, 3 important, 4 slightly
important, 5 not important)
33.1 Critics and wine writers
33.2 Preference of consumers
33.3 Export markets
33.4 Personal taste
33.5 Distributors
33.6 Visitors in the winery
33.7 Other

Thank you for your participation
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2014-2015 Research Paper Proposal
Candidate Number: 17500
Date: 28-12-2014
Proposed Title: Reasons for the rise in alcohol levels in Naoussa PDO wines
Define the subject of your Research Paper and specify the research questions you plan to
pursue: (approximately 150 words)
A. Subject
The average alcohol in Naoussa PDO wines has risen significantly over the last twenty years. A
preliminary assessment shows an increase of 0.5% abv on average over the last decade
compared to the previous one. Although this increase is not yet a major concern, it could
become one, as it may fundamentally change the style of Naoussa PDO wines.

B. Questions
1. To define and describe the trend in the rise of alcohol in Naoussa PDO wines;
2. To investigate the possible reasons for this increase focusing on climate change, viticultural,
and vinification issues;

C. Main factors (including topics shown in brackets)
1. Climate change (temperature, rainfall);
2. Viticultural issues (yields, clonal selection, rootstocks, age of vines, canopy management,
pest and disease management, green harvest, etc);
3. Vinification issues (sorting tables, yeasts, fermentation temperature, etc);
4. Other factors (market trends, influence of wine critics on wine styles, etc).

Background and Context:
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Explain what is currently known about the topic and address why this topic requires/offers
opportunities for further research. (approximately 200 words)

Alcohol is a major structural element influencing the balance of wine, its body, its freshness
and overall style. Thus, rising levels of alcohol in wine, as observed during the last two
decades, are a great concern for both winemakers and consumers.

Concurrently, the impact of climate change (i.e. rise in the average global air temperature) has
been noted in viticultural areas. This change is believed to have affected vine physiology
including its annual cycle and grape ripening.

Naoussa is one of the two best known and loved Greek red wine PDO's. It is situated in NW
Greece and enjoys a milder continental climate compared to the average climatic conditions of
Greece. Nonetheless, alcohol levels have risen steadily during the past twenty years, with the
increase being anecdotally attributed to climate change, viticultural and vinification methods or
even as a response to changes in consumer preferences.

No research has yet analysed the reasons for such a rise. As Naoussa's Xinomavro wine is an
Icon for the Greek wine industry at home and abroad, it is very important to explore the factors
responsible for the observed increase.

Sources:
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Identify the nature of your source materials (official documents, books, articles, other studies,
etc.) and give principle sources if appropriate. (approximately 100 words)

A. Sources
Literature (published articles in scientific journals, book chapters, press articles) and data from
the producers' archives and interviews.

B. Literature includes:
Climate change: Climate as a terroir component (Van Leeuwen)

Climate change and viticulture: Climate change and the Wine Industry: Current Research
Themes and New Directions (Holland & Smit), Climate change: observations, projections, and
general implications (Jones), Climate change, wine, and conservation (Hannah et al)

Climate change in Greece: Viticulture – climate relationships in Greece: the impacts of recent
climate trends on harvest date variation (Koufos et al)

Naousa-Xinomavro: Study about Naoussa (Producers of N.Greece), Greek wines (Lazarakis)

Research Methodology:
Please detail how you will identify and gather the material or information necessary to answer
the question(s) and discuss what techniques you will use to analyse this information.
(approximately 350 words
A. Publicly available sources
Review of written and web-based relevant literature in relation to climate change, climate
change impact on viticulture and grape & wine composition with focus on the rise of alcohol,
Naoussa region specificities and Xinomavro variety.
B. Original data
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Source: abv and Baumé levels data provided by Naoussa's wine producers.
Naoussa PDO encompasses an area of 350ha with 19 active producers. 14 have a more than 10
year track record covering more than 80% of surface area. They include one co-operative
cellar. Data examining their natural sugar levels during harvest (Baumé) and the abv in
finished wines will be collected. Relevant data such as harvest dates or must titratable acidity
will be also collected where available.

Αnalysis: The climate and abv trends and their possible relationships will be investigated using
a Statistic Package (SPSS Inc., IL, USA). The contribution of climate change will be assessed
by means of linear regression analysis. Findings will determine to what extent climate trends
affected abv of Naoussa wines. The relationship between Baumé and abv in wines will also be
explored.

C. Interviews-Questionnaires
Source: A series of interviews under semi-structured format with all major wine producers of
the area will be conducted at first. The aim is to identify which producers' vineyard
management was not modified over the study period and compare their results with those
whose were, to reflect the significance of the results.

Questionnaires will follow, formatted as multiple choice or "yes or no" questions, to obtain
quantitative and easily measurable data, and as open-ended questions, enabling the producers
to explain the rationale behind management decisions.

The aim of this evaluation procedure is to gain in-depth understanding of other factors possibly
affecting the abv trend, emphasizing changes in viticulture techniques but also examining
vinification and other relevant issues.
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In particular, the questionnaires will focus on a series of contributing factors including:
1. viticulture: clones and rootstocks used, age of vines, canopy and pest management
interventions, application of green harvest, irrigation and fertilization, etc;
2. vinification: sorting tables, choice of yeast strains, fermentation conditions, etc;
3. non-vineyard factors: market trends, consumer preferences, wine critics etc.

Analysis: Findings will be presented in tables/charts/graphs where appropriate. They will then
be considered to determine to what extent viticulture, vinification and/or other factors impact
the observed trend in the Naoussa wines' abv.

Potential to Contribute to the Body of Knowledge on Wine:
Explain how this Research Paper will add to the current body of knowledge on this subject.
(approximately 100 words)

The rise of alcohol is among the most significant trends with strong commercial importance for
the wine industry; many consumers are still seduced by high levels of ripeness, while others
pursue lower alcohol levels. In addition, rising alcohol in wines adds to related health issues.

By analysing the rising trend of alcohol in Naoussa this Research Paper aims to gain a deeper
understanding of the role and relationship between its contributing factors.

Proposed Time Schedule/Programme:
This section should provide a summary of the time schedule for the research, analysis and
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write-up of the Research Paper and should indicate approximate dates with key deliverables.
(approximately 100 words)

Task

Time frame

Literature Review

Completed by November 2014

Structuring Questionnaires and format Completed by November 2014
of interviews
Research Paper structure, planning of Completed by December 2014
interviews
Mailing questionnaires, interviews

Completed by January 2015

Research findings and writing out, Completed by end of February-early
analysis
March 2015
Conclusions and finalising the paper

Completed by late April-early May
2015

Proof reading of paper

Completed May 2015
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