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INTRODUCTION 

 

The cultivation of vines is influenced by three main factors, namely by climate, 

soil and variety (Blij, 1983). These factors affect the style of wine that is 
produced by a given wine region. (White et al., 2009). On the other hand, the 

year-on-year variability of wine quality is mainly the result of short-term climate 

variability, such as average temperatures during the growing season of the vine 
(Lorenzo et al., 2013). 

The vine is highly sensitive to climate. Too many sunny days during the growing 

season cause the accumulation of excess sugar and the subsequent production of 
alcoholic and heavy wines. Jones et al. (2005) state that most wine-growing 

areas are located in places where average temperatures range from 12°C to 22°C 

during the growing season. The recommended average temperatures for the 
growing season for different varieties are given by Pavloušek (2009). Jones and 

Webb (2010) state that the effects of climate change will not be the same in all 

varieties and regions. These effects are likely to be related to climate thresholds. 
If the region has an average temperature of 15°C during the growing season and 

this temperature increases by 1°C, then this area is more climate-friendly for the 

maturation of selected varieties, while it becomes less suitable for others. If the 

magnitude of warming is 2°C or greater, then the area may potentially shift to 

another type of climatic maturity. For example, it is recommended that the 

varieties Riesling or Gewürztraminer be grown in areas where temperatures range 
between 15-17°C during the growing season. Thus, shifting climatic conditions 

can potentially affect the wine industry (Mozell and Thach, 2014). 

Information on climate change is utilised in marketing and it specifically 
influences awareness of the wine quality produced in a given year. The 

perception of wine quality depends on individual evaluation, which is influenced 

by the complexity of the information provided. This information is becoming a 
major factor influencing consumer shopping behaviour. As Lockshin (2012) 

mentions, the consumer perception of the quality of wine is given both by the 
point evaluation of its quality and by its price. Information on the climate of a 

given year, wine quality and price are becoming fundamental determinants that 

influence consumers' shopping behaviour. 
The influence of climate on the wine quality has been dealt with in many papers 

(Jones and Storchmann, 2001; Storchmann, 2005; Lorenzo et al., 2013; 

Almaraz, 2015; Pořízka and Diviš, 2017). However, the vast majority of them 
have not addressed specific varieties. In all cases, the authors conclude that 

climate fluctuations have an impact on the quality of wine, as well as on the 

organoleptic properties of grapes. 
Ashenfelter (2010) found that the temperatures of the growing season and 

precipitation during the harvest period significantly affect the quality of wines 

produced in the Bordeaux region. Jones and Storchmann (2001) came to the 
conclusion that dry summers result in high sugar and low acid levels in grapes at 

harvest which in turn lead to higher quality of wines. Soar et al. (2008) used a 

chi-squared test to investigate climatic influences on long-term records of vintage 
scores from four climatically contrasting wine growing regions of Australia. 

Baciocco et al. (2014) analysed the key climatic factors, derived for the entire 

growing season and for critical phenological stages, which distinguish between 

high- and low-ranked vintages for both red and white wines in Bordeaux, France. 

Van Leeuwen et al. (2009) determined the impact of water deficit stress on 

grapevine shoot growth, berry weight, grape composition and overall vintage 
quality; the specific factors were investigated in Bordeaux vineyards. Salinger et 

al. (2015) examined climatic factors and weather type frequencies affecting 

Tuscany to discriminate between vintages ranked into the upper- and lower-
quartile years as a consensus from six rating sources of Chianti wine during the 

period 1980 to 2011. Lorenzo et al. (2013) researched the influence of several 

climatic variables, on grape production in the different phenological stages and 
on wine quality in Rı´as Baixas. Almaraz (2015), for data from the Bordeaux 
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wine region, developed a time-varying coefficients regression approach that is 
capable of partitioning the temporal effects of temperature on wine quality across 

sequential grape growing seasons, accounting for wine-rating uncertainty. 

The aim of this study is to evaluate the influence of selected climatic variables 
such as air temperature, total precipitation and the North Atlantic Oscillation 

Index on wine quality. This effect is monitored in individual phenological stages 

of grapevine plant and separately for each of the selected varieties. The following 
varieties were subjected to monitoring:  Pinot Gris (PG), Riesling (R), 

Welschriesling (WR), Pinot Blanc (PB) and Müller Thurgau (MT) from the 

Slovacko wine subregion of the Czech Republic. The long-term trend in climate 
development is also analysed through two bioclimatic indices. 

 

MATERIAL AND METHODS 

 

The impacts of climatic changes in temperature and precipitation on wine quality 
were monitored within the Slovacko wine subregion. This subarea is considered 

one of the four subregions of the Moravian wine growing region. The Slovacko 

subregion covers 4,514 hectares of vineyards and includes 24.1% of the 
vineyards in the Czech Republic. The subregion has very heterogeneous natural 

vine growing conditions. According to climatological studies, drought at the 

beginning and end of the growing season is typical for most of the area. 
However, drought in summer is no exception (Rožnovský et al., 2010). 

Wine quality can be defined as the average rating assigned by wine experts to a 

vintage. We use the results of point organoleptic evaluation of wine samples 
during the period 2002 to 2019. The growing season of the analysed wines covers 

the period from 2001 to 2018. The evaluation is based on a one-off tasting of 

individual varieties by a group of expert evaluators. A 100-point rating system, 
which classifies wines into five categories, from excellent wine (90< points) to 

below-average wines (<61 points), was used. 

Climatic data were related to individual phenological phases of the grapevine. 
The onset periods of the individual phenological phases were adjusted with 

respect to the analysed wine subregion (Zahradníček, 2008): 

 
1. Start of pruning - it occurs when the bushes are restored after the winter 

season. During the first half of the spring period (end of March, April) the 

vegetation activity of the grapevine is restored. 
2. Emergence of buds and blossom - the process of leaf development; looking 

at the leaf face from above, you can already see most of the petiole and the 

entire area of the leaf blade. This stage occurs in May. 
3. General flowering - at this stage, when looking at the flower from the side, 

the threads of the stamens or at least the lower part of them are visible. First, 

the flowers in the lower part of the lath bloom can be seen in this way and 
then the bloom continues towards its top. This stage occurs in June. 

4. Hanging grapes – this is the stage when the grape has taken a more or less 

vertical position. The phase occurs in the second half of June and covers the 
period until harvest. 

 

Daily climatic data from 2001 to 2018 were obtained from the Czech 
Meteorological Institute (https://www.chmi.cz/historicka-data/pocasi/denni-

data/Denni-data-dle-z.-123-1998-Sb). We chose two stations located in the 

Slovacko subregion (Strážnice and Ždánice). The average, maximum and 
minimum daily temperatures and daily precipitations for each phenological stage 

were used. In addition, the effect of atmospheric circulation on wine quality was 

monitored. The intensity of the atmospheric circulation can be measured by 

means of the zonal circulation index (Elektronický meteorologický slovník, 

2017). The most prominent model of circulation in Europe is North Atlantic 

Oscillation (NAO). We use North Atlantic Oscillation index (NAOI). When the 
NAOI is well above normal value, there is an increased chance that seasonal 

temperatures will be higher than the normal ones in Europe. When the NAO 

index is well below normal, the tendencies are generally opposite (Martineau et 

al., 2020). Monthly values of NAOI from 2001 to 2018 were obtained from 

Climate Prediction Center (http://www.cpc.ncep.noaa.gov/index.php). NAOI 

values were determined for each phenological stage. 
Furthermore, in order to analyse the long-term trend of climate development, two 

bioclimatic indices were calculated. They provide the information about climate 
changes impact on viticulture (Malheiro et al., 2010). The bioclimatic indices 

are also commonly used in vineyard zoning. One of the most widely used indices 

is temperature based Winkler index (WI), using a growing degree base of 10°C to 
place viticulture in the context of climate suitability (Winkler et al., 1974). 

 

𝑊𝐼 = ∑ max (
𝑇𝑚𝑎𝑥+𝑇𝑚𝑖𝑛−20

2
, 0)31 𝑜𝑐𝑡𝑜𝑏𝑒𝑟

1 𝐴𝑝𝑟𝑖𝑙   (1) 

where 𝑇𝑚𝑖𝑛 is minimum daily temperature, 𝑇𝑚𝑎𝑥 is maximum daily temperature.  
The Hydrothermic Index of Branas, Bernon and Levadoux (BBL) measures the 
influence of temperature and precipitation on wine quality (Branas et al., 1946). 

 

𝐵𝐵𝐿 = ∑ 𝑇𝑚𝑃𝑚
31 𝐴𝑢𝑔𝑢𝑠𝑡
1 𝐴𝑝𝑟𝑖𝑙    (2) 

where 𝑇𝑚 is average monthly temperature, 𝑃𝑚 is monthly accumulated 
precipitation (mm). 
All variables used were first analysed for the presence of a trend using the Mann-

Kendall nonparametric test (Mann, 1945; Kendall, 1970). The variables with a 

statically significant trend were linearly detrended. For such adjusted variables, a 
linear relationship was found between climate change and wine quality based on 

calculations implemented. For this purpose, the Pearson correlation coefficient 

was used. Statistical significance of correlation was assessed by Student’s t-test. 
In order to further specify the relationship between the climatic (independent) 

variable and the quality of the wine (dependent variable), a linear regression 

model was used. After the model is estimated, several diagnostic tests have to be 
done (Maltloff, 2017). These diagnostic tests are used to check for the 

specification of the model, as well as for the possible problems of 

heteroscedasticity, autocorrelation and linearity confirmation in the estimated 
regression model. For that purpose, we employed Ramsey RESET (Ramsey, 

1969), Ljung-Box Serial Correlation (LB) test (Ljung and Box, 1978), Breusch-

Pagan Heteroscedasticity (BP) test (Breusch and Pagan, 1979), Shapiro-Wilk 
normality (SW) test of the model residuals (Shapiro and Wilk, 1965). 

The analysis of the development trend of bioclimatic indices was performed 

through the identification of structural breaks that represent unexpected changes 

over time in the parameters of regression models. We employed Chow (1960) 

test that examines agreement between sets of coefficients in two long regressions. 
 

RESULTS  

 

Table 1 shows the correlation coefficients for the relationships between wine 
quality and each of the climatic variables. We considered the four main 

phenological periods of start of pruning, emergence of buds and blossom, general 

flowering and hanging grapes. For each of the varieties, the t-test showed 
statistically significant dependencies. The data indicate that the influence of 

climatic variables on wine quality varies for the monitored varieties. For 

example, most varieties are positively affected by temperatures in the second, 
third and fourth phenological stages, while the effect of temperatures is negative 

during the first phenological stage. 

In order to verify the found statistically significant relationships, a linear 
regression model was used. For this purpose, 17 linear regression models were 

estimated. Specifically, seven models for the MT variety, four models for the WR 

variety, one model for the PG variety, three models for the PB variety and two 
models for the R variety. The linear specification of all models was not rejected 

(at the 5% significance level) by the Ramsey RESET test. Using the Ljung-Box 

test, the null hypothesis of no autocorrelation was not rejected at the 5% 
significance level for all models. Homoskedasticity of all models was not rejected 

at the 5% significance level by the Breusch–Pagan test. The residue normality of 

all models was not rejected at the 5% significance level by the Shapiro-Wilk test. 
 

Table 2 presents statistically significant results for the MT variety. The table 

shows that in the first phenological stage, the values of minimum and average 
temperatures had a negative effect on the wine quality. The above result is 

probably due to the fact that the temperatures can significantly affect the future 
development of plants at the beginning of pruning stage. In particular, low 

temperatures may limit the future development of assimilation in leaves. Within 

the first stage, there is also a statistically significant positive correlation between 
the wine quality and amount of precipitation. The probable reason is that ample 

rainfall conditions cause a faster onset of green matter. This result indicates the 

importance of precipitations during the first phenological stage for the MT 
variety. 

 

Due to climate variability, there are changes in the spatial and temporal 
distribution of temperatures, precipitation and other climatic variables. For this 

reason, the North Atlantic Oscillation Index (NAOI) was also analysed. Positive 

NAOI values are caused by the positive phase of the North Atlantic Oscillation, 
which is associated with higher temperatures in Central Europe. In the case of 

negative values, the opposite applies. Values of NAOI for each of the 

phenological stages are presented in Figure 1. Based on the above figures, the 
predominance of the positive NAOI values  is apparent in first phenological 

stage, while for the other phenological phases negative values prevail. For the 

MT variety, NAOI during the emergence of buds and blossom stage has a 
positive influence on wine quality. 

Both average and maximum temperatures during the general flowering stage 

show a positive effect on the wine quality for MT variety, which occurs probably 
due to the fact that higher temperatures for this stage have a positive effect on 

both amount and flow of inflorescences. The amount of precipitation during 

general flowering stage had a negative effect on wine quality for the MT variety. 
In contrast, for the second, the third and the fourth phenological stages, negative 

NAOI values prevailed during the observed period; they are the cause of colder 

weather. 
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Table 1 Correlation coefficients for the relationships between wine quality and each of the climatic 
variables 

Variable Stage MT R WR PG PB 

Tmin 

1 -0.58*** -0.3 -0.44** 0.26 0.02 

2 -0.28 -0.11 0.2 -0.36 -0.21 

3 0.13 0.05 -0.14 0.32 0.05 
4 -0.33 0.02 -0.03 0.29 0.18 

Tave 

1 -0.58*** -0.48** -0.12 -0.02 -0.22 

2 0.03 -0.19 0.33 -0.13 0.08 

3 0.58*** -0.14 0.25 0.35 -0.05 

4 -0.06 -0.39 0.62*** 0.21 -0.35 

Tmax 

1 0.08 -0.64*** 0.2 -0.09 -0.41 

2 -0.12 0.28 0.16 -0.1 0.5** 

3 0.53** 0.36 0.18 -0.33 0.22 

4 -0.32 -0.34 0.12 0.34 0.48** 

NAOI 

1 0.05 -0.23 0.02 0.49** -0.42 

2 -0.48** -0.33 0.25 -0.22 -0.33 

3 0.07 0.01 0.22 -0.24 -0.47** 

4 -0.19 -0.11 -0.19 -0.26 -0.15 

P 

1 0.58*** 0.04 -0.3 0.28 0.03 
2 0.07 0 -0.59*** -0.04 -0.13 

3 -0.44** -0.07 -0.28 -0.39 0.18 

4 -0.1 0.16 -0.71*** 0.24 0.25 

Note: We use ** to indicate significance at the 5% (p-value ranges from 0.05 to 0.01), *** to indicate 

significance at the 1% (p-value<0.01). Tmin: minimum temperature, Tave: average temperature, Tmax: 

maximum temperature, NAOI: index of North Atlantic oscillation, P: accumulated precipitation, Stage: 
phenological stage of grapevine plant, Pinot Gris (PG), Riesling (R), Welschriesling (WR), Pinot Blanc 

(PN) and Müller Thurgau (MT). 

 
Table 2 Results for Müller-Thurgau variety. 

Wine MT 

Variable Tmin Tave P NAOI Tave Tmax P 

Stage 1 1 1 2 3 3 3 

Correlation -0.58*** -0.58*** 0.58*** -0.48** 0.58*** 0.53** -0.44** 

Rams. (p-value) 0.15 0.79 0.33 0.65 0.21 0.41 0.28 

LB (p-value) 0.81 0.55 0.88 0.69 0.52 0.8 0.81 

BP (p-value) 0.13 0.01 0.11 0.12 0.13 0.22 0.16 
SW (p-value) 0.91 0.41 0.13 0.23 0.47 0.24 0.19 

Note: We use ** to indicate significance at the 5% (p-value 0.05 to 0.01), *** to indicate significance at the 1% (p-

value<0.01). Tmin: minimum temperature, Tave: average temperature, Tmax: maximum temperature, NAOI: index of 
North Atlantic oscillation, P: accumulated precipitation, Stage: phenological stage of grapevine plant, Rams. (p-value): p-

value of Ramsey RESET test, LB (p-value): p-value of Ljung-Box test, BP (p-value):p-value of Breusch-Pagan test, SW (p-

value): p-value of Shapiro-Wilk test 

 

 
Figure 1 Time series of NAOI for the period from 2001 to 2018 during all phenological stages. 

 
Table 3 presents the results relating to the Welschriesling variety. The negative 
effect of minimum temperatures during the start of pruning stage is evident. ;it 

results from the fact that auxins begin to form in the winter eye during the first 

phenological stage. Auxins play a cardinal role in coordination of growth and are 

essential for plant body development. At the same time, the concentration of 
abscisic acid acting as a growth inhibitor decreases. 

Precipitation showed the negative correlation with quality of the WR wine during 

the emergence of buds and blossom and in the hanging grapes stages. Significant 
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rains, especially for the fourth stage, can cause the grapes to crack with 
subsequent rot. This can adversely affect the fermentation process. 

 
Table 3 Results for the WR variety 

Wine WR 

Variable Tmin P Tave P 

Stage 1 2 4 4 

correlation -0.44** -0.59*** 0.62*** -0.71*** 

Rams. (p-value) 0.9 0.91 0.61 0.79 

LB (p-value) 0.8 0.21 0.48 0.23 

BP (p-value) 0.95 0.44 0.88 0.59 

SW (p-value) 0.83 0.55 0.09 0.57 

Note: We use ** to indicate significance at the 5% (p-value 0.05 to 0.01), *** to 

indicate significance at the 1% (p-value<0.01). Tmin: minimum temperature, 
Tave: average temperature, P: accumulated precipitation, Stage: phenological 

stage of grapevine plant, Rams. (p-value): p-value of Ramsey RESET test, LB (p-

value): p-value of Ljung-Box test, BP (p-value: p-value of Breusch-Pagan test, 
SW (p-value): p-value of Shapiro-Wilk test. 

 

Table 4 shows the results for the three varieties (PB, PG and R). Quality of the 
PG variety is positively influenced by the development values of NAOI during 

the start of pruning stage. This result is based on the predominant positive values 

of this index for the first phenological stage. The quality of PB variety is 
positively influenced by occurrence of maximum temperatures during the 

emergence of buds and blossom stage. During the general flowering stage, NAOI 

demonstrates a positive correlation with wine quality of the PB variety. Due to 
the negative values of NAOI during the above stage, this negativity is probably 

caused by lower temperatures. For the hanging grapes stage, the positive effect of 

maximum temperatures on wine quality of PB is evident. Wine quality of the R 
variety is statistically significantly affected by climate change only during the 

start of pruning stage. Specifically, a negative effect of average and maximum 
temperatures is shown in the stage. 

Global warming leads to rising temperatures. Rising temperatures could, in the 

long term, demonstrate changes in the vine varieties that are suitable for 
cultivation in these areas. Regarding strategic planning, it is very important for 

winemakers to know the trends, not only of temperatures but also of 

precipitation. For this purpose, the developments of two bioclimatic indices are 
presented, namely of the Winkler (WI) and the hydrothermic index (BBL) for the 

period from 1961 to 2018, see figure 2. The figure also shows the growth trend 

for both indices over last 57 years. 
In order to determine the impact of climatic change, the growth trends of the both 

indices were analysed. The data show a slight increase in the values of the 
Winkler index, demonstrating a statistically significant trend, at the 1% level of 

significance, which is due to the positive development of temperatures. To 

provide a detailed trend analysis, we identify structural changes in the trend using 
linear regression. The explanatory variable in this case is constant and it shows a 

trend. The research focuses on structural changes in the trend slope during the 

above period. The results show a statistically significant (at 7% level of 
significance), positive structural break in 1988. Specifically, until 1988, the 

growth trend had not been statistically significant. In 1988, there was a positive 

change in the trend slope. Noticeably, but statistically significantly, the growing 
trend of the Winkler index indicates a continuation of temperature rise. Thus, in 

the future, there could be problems with growing selected white varieties in this 

area. 
The development of the BBL index shows a significant variance due to irregular 

precipitation. Furthermore, for specific time periods, this index reaches relatively 

high values. It means that vineyards in this area may be exposed to fungal 
diseases. The growth trend of BBL index is statistically insignificant. Due to the 

fact that the BBL index is formed by changing temperatures and precipitation, the 

statistical insignificance of the trend may be caused by a gradual decreasing in 
amount of precipitation in the monitored area. 

 

Table 4 Results for the PB, PG and R varieties 

Wine PG PB R 

Variable NAO Tmax NAOI Tmax Tave Tmax 

Stage 1 2 3 4 1 1 

correlation 0.49** 0.50** -0.47** 0.48** -0.48** -0.64*** 

Rams. (p-value) 0.80 0.8 0.49 0.19 0.39 0.28 

LB (p-value) 0.25 0.21 0.58 0.36 0.42 0.59 

BP (p-value) 0.34 0.64 0.77 0.85 0.56 0.79 

SW (p-value) 0.47 0.75 0.78 0.85 0.57 0.96 
Note: We use ** to indicate significance at the 5% (p-value 0.05 to 0.01), *** to indicate 

significance at the 1% (p-value<0.01). Tave: average temperature, Stage: phenological 

stage of grapevine plant, Rams. (p-value): p-value of Ramsey RESET test, LB (p-value): p-
value of Ljung-Box test, BP (p-value): p-value of Breusch-Pagan test, SW (p-value): p-value 

of Shapiro-Wilk test. 

 

 
 

Figure 2 Time series and trends for Winkler index (WI) and hydrothermic index (BBL) for the period from 1961 to 2018. 

 

DISCUSSION AND SUMMARY 

 

The aim of this study was to evaluate the influence of selected climatic variables 

such as air temperature, total precipitation and the North Atlantic Oscillation 
Index on wine quality. This effect was monitored in individual phenological 

stages of grapevine plants separately for each of the selected varieties. The 

following varieties were subjected to evaluation: Pinot Gris (PG), Riesling (R), 
Welschriesling (WR), Pinot Blanc (PB) and Müller Thurgau (MT) from the 

Slovacko wine subregion of the Czech Republic. The long-term trend in climate 

development was also analysed through two bioclimatic indices. 
The results show that the quality of all varieties is statistically significantly 

affected by at least some of the climatic variables. The individual phenological 

stages were found to show major differences. For example, if there is a 
statistically significant effect of the development of air temperatures on the wine 

quality during the first phenological stage, then this effect is negative. In 
particular, the negative effect of the development of minimum, average and 

maximum temperatures during the start of pruning stage was evident for the MT, 

WR and R varieties. The above finding results probably from the fact that the 
temperatures can significantly affect the future development of plants in the start 

of pruning stage. In particular, low temperatures may limit the future assimilation 

in leaves. In the case of the other three phenological stages, either no or a 
statistically significant positive effect on the wine quality is evident. This result 

was expected for all varieties. The vine is a thermophilic tree and, as stated by 

Kraus and Kraus (2012), at average vegetation temperatures below 10 ° C, the 
so-called vegetation zero, the vine plant does not sprout or grow. 

The results are in line with most studies focused on European wine regions. 

Nemani et al. (2001) show that higher quality over the last 50 years has been 
influenced by a reduction in the incidence of frost. Lorenzo et al. (2013) found 
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significant positive correlations between temperature and wine quality. In the 
case of the effect of precipitation, the situation is similar and depends on the 

variety of wine. The negative effect of precipitation on quality prevails, which is 

in line with results reported by Lorenzo et al. (2013), Baciocco et al. (2014), 

Mika et al. (2017). Our results show that the quality of the MT variety is 

negatively affected by precipitation during the general flowering stage. For the 

quality of the RV variety, precipitation has a negative effect during the general 
flowering and the hanging grapes stages. The reason is that significant rains, 

especially for the fourth stage, can cause the grapes to crack with subsequent rot. 

However, for the MT variety, the results show a significantly positive correlation 
between wine quality and precipitation during the start of pruning stage. The 

probable reason is that ample rainfall conditions cause a faster onset of green 
matter. This result indicates the importance of precipitation during the first 

phenological stage for the MT variety. 

According to Beranová and Huth (2012), the North Atlantic Oscillation (NAO) 
has a significant effect on the weather in the Czech Republic. Our results show a 

different influence during various phenological stages. During the first 

phenological stage, the effect of NAOI on wine quality is positive, while during 
the other three phenological stages, this effect is negative. The above finding 

results from the prevailing positive values of NAOI in the first phenological 

stage; it brings warmer weather to Central Europe. In contrast, in the second to 
fourth phenological phases, negative NAOI values prevailed during the observed 

period, which is the cause of colder weather. 

The results for bioclimatic indices are consistent with Navrátilová et al. (2021). 
Our findings show a slight, statistically significant, growth trend of the Winkler 

index. This trend indicates a continuing rise in temperatures. Thus, in the future 

there may be problems with growing selected white wine varieties in the analysed 
area. The hydrothermic index shows a significant variance due to irregular 

precipitation. Despite the rise of temperature, the growth trend of this index is 

statistically insignificant; the above occurs probably due to the gradual decrease 
in precipitation. 

In terms of practical use, the results obtained cover three key factors. The first 

factor influences the system of work in the vineyard, especially in terms of 
designing the optimal time for treatment of vines and green work. The second 

factor optimizes the grape harvest with maximum use of knowledge of climatic 

conditions. The third factor represents the processing; it controls processes during 
the fermentation of the must, together with the system of its treatment. These 

three factors can partially eliminate possible negative climate impacts in a given 

year. Climate analysis and the ability to use the information obtained can become 
basic marketing prerequisites for the economic evaluation of wine production in 

individual years in the area. Due to climate change, quality of grapes will 

gradually reach the limits of the climatic area. Results of future research may 
indicate a possible exceedance of the climate threshold. Climate change will 

modify both the quality of the grapes required for the existing varieties and the 

wine-growing styles. These changes may force wine producers in selected 
regions to optimize the portfolio of varieties to be grown. Climate change is 

mirrored and will be reflected in the marketing and economic behaviour of wine 

producers. 
 

CONCLUSION 

 
Although the development of climate and its changes is uncertain, the climate 

also has a significant impact on the viability of wine production. It is thus very 

likely that climate change will bring about changes in the suitability of planted 

vine varieties. These changes will have a major impact on regional wine styles 

and cultures. Wine growers must learn to use climate change predictions in them 

of integrating them into harvest planning strategies. It will also be important to 
update practices in "basement technology", which can to some extent eliminate 

adverse climatic effects. Thus, precise meteorological analysis will play an 

increasingly important role in facilitating planning and adaptation to climate 
change in the future. 

Our results show statistically significant effects of climate change on wine 

quality during various phenological stages in the Slovacko wine subregion. The 
effect of air temperatures on wine quality during the first phenological stage 

proved to be either negative (for the Müller Thurgau, Welschriesling and Riesling 
varieties) or statistically insignificant (for the Pinot Gris and Pinot Blanc 

varieties). For the second, third, and fourth phenological stages, the effect of air 

temperatures was positive for most of the analysed varieties. The statistically 
significant effect of precipitation on wine quality was confirmed for both Müller 

Thurgau and Riesling. During the first phenological stage, this effect proved to be 

positive, while for the other phenological stages the elevated precipitation had a 
negative influence on the wine quality. The effect of the North Atlantic 

Oscillation Index (NAOI) was positive for the Pinot Gris variety during the first 

phenological stage. For the second and third phenological stages, the negative 
influence of the NAOI on the wine quality was confirmed for both Müller 

Thurgau and Pinot Blanc. Furthermore, the results show a noticeable, statistically 

significant, growth trend of the Winkler index. The growth trend of the 
hydrothermal index is statistically insignificant, which is probably due to the 

decrease in precipitation. 
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