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Abstract. Climate warming has turned out to be a significant factor in viticulture and winemaking in all grape-
growing areas of the world. Many countries consider the advance of viticulture to the north and to mountainous 
areas as a possible way to adapt to warming. The factors limiting the zone of viticulture in Russia have been identified 
by Soviet scientist F.F. Davitaya in 1948, and they are still relevant. They are the sum of active temperatures above 
10 °C (ΣT10 > 2500 °C), mean of absolute minimum temperatures (Tmin > –35 °C), length of the frost-free period 
(Lff < 150 days), and hydrothermal coefficient (0.5 < HTC < 2.5). The values of these limiting factors in the present-
day zone of commercial viticulture (ZCV) correspond to the ranges defined by F.F. Davitaya, with the exception of 
Tmin, which in the modern ZCV in European Russia is above –26 °C everywhere. The objective of this work was to 
assess the possibility of moving the boundaries of the ZCV to the north under the existing and predicted climate 
conditions in European Russia. The 1980–2019 daily data from 150  weather stations of the Federal Service for 
Hydrometeorology and Environmental Monitoring were used to calculate mean long-term values, trends and 
forecasts for 2050 for the ZCV limiting factors and locate the points lying in the range acceptable for viticulture. The 
QGIS program was applied to plot the points on the European Russia map and mark the terminal latitude. Versions 
with Tmin > –26 °C and Tmin > –35 °C were considered. On average for European Russia, in 1980–2019, there was an 
increase in ΣT10 , Tmin, and Lff and a decrease in HTC. However, in the same period, Tmin showed a tendency toward 
decreasing at a number of points at latitudes lower than 55° N. The increase in heat supply during the growing 
season in European Russia implies a possibility of expanding the ZCV northward, beyond the present-day terminal 
latitude of 46.6° N, to 51.8° N under the existing conditions, and up to 60.7° N by 2050. In addition, even under the 
current conditions viticulture is possible in the area of Kaliningrad (54° N, 20° E). Using extra protective measures in 
winters not colder than –35 °C would make it possible to grow grapes at up to 53.3° N under the current conditions 
and at up to 60.7° N under the prognosticated ones. At the same time, a possible decrease in the minimum winter 
temperature at the south of European Russia will require additional protective measures in winter, while an increase 
in the aridity of the climate on the northwest coast of the Caspian Sea will reduce the area under non-irrigated 
vineyards. 
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Аннотация. Потепление климата оказалось существенным фактором для виноградарства и виноделия всех 
виноградарских районов мира. Многие страны рассматривают продвижение виноградарства на север и в 
горные районы как возможный путь адаптации к потеплению. Факторы, лимитирующие зону виноградар-
ства в России, определены советским ученым Ф.Ф. Давитая в 1948 г. и актуальны до сих пор. Это сумма актив-
ных температур выше 10 °С (ΣT10 > 2500 °C), средний из абсолютных минимумов температуры (Tmin > –35 °C), 
продолжительность безморозного периода (Lff < 150 сут) и гидротермический коэффициент (0.5 < ГТК < 2.5). 
Значения лимитирующих факторов современной зоны промышленного виноградарства (ЗПВ) соответствуют 
определенным Ф.Ф. Давитая диапазонам, за исключением Тmin, которая в современной ЗПВ на европейской 
территории России везде выше –26 °C. Целью исследования было определение возможности продвижения 
на север границ зоны промышленного виноградарства в современных и прогнозируемых климатических ус-
ловиях европейской территории России. По суточным данным 1980–2019 гг. для 150 метеостанций Росгидро-
мета рассчитали среднемноголетние значения, тренды и прогнозы к 2050 г. значений лимитирующих факто-
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Introduction
Climate zones suited for high-quality viticulture and wine-
making are narrow and greatly depend on the effect of climate 
change (Hannah et al., 2013; Mozell, Thach, 2014; Santos et 
al., 2020). A more than 1 °C temperature rise during the small 
climatic optimum in the 8th–13th centuries led to the advance 
of the viticulture border in Western and Central Europe to the 
north by 3–4° N, but from the 15th century the grape-growing 
area shifted southward (Barash, 1989; Khromov, Petrosyants, 
2012). At present, the area under viticulture in the Northern 
hemisphere is confined between 30° and 50° N, corresponding 
to the limits of the mean April-to-October temperature of 
12–22 °C, or 13–21 °C for high-quality wine production 
(Schultz, Jones, 2010; Jones, 2012).

According to forecasts, future warming, on the one hand, 
will produce a beneficial effect on viticulture as a result of the 
inclusion of new areas, but, on the other hand, will generate 
serious problems in the areas of traditional viticulture (Roy 
et al., 2017; Hewer, Brunette, 2020; Vyshkvarkova, Rybalko, 
2021). By 2050, the area suitable for viticulture in main 
winemaking regions is expected to decrease by 19–62 %, as 
predicted by the RCP 4.5 global climate change scenario, or 
by 25–73 % according to the RCP 8.5 scenario (Hannah et al., 
2013). Contemporary climate change initiates the shift of the 
zone of commercial viticulture to the north and to mountainous 
regions (Jones, 2012; Vršič, Vodovnik, 2012; Hannah et al., 
2013; Mozell, Thach, 2014; Quénol et al., 2014). Russia 
is among the countries that may face expressly significant 
consequences of climate warming (Houtan et al., 2021).

To predict the impact of climate change on the efficiency 
of viticulture in grape-growing regions, their climate 
resources are assessed using various indicators, such as 
the sums of active and effective temperatures, biologically 
active sums of effective temperatures, Winkler index, mean 
April-to-October temperatures, spring frost risk index, aridity 
index, cold index, Huglin and Branas heliothermal indices, 
Selyaninov’s hydrothermal coefficient, etc. (Lorenzo et al., 
2013; Blanco-Ward et al., 2019; Rybalko, 2020; Pipan et al., 
2021; Vyshkvarkova, Rybalko, 2021). The limiting factors 
in viticulture are not the same under different environmental 
and geographic conditions. The most important requirements 
for grapevine cultivation are temperature and light during 

ров ЗПВ, определили точки, лежащие в допустимом для виноградарства диапазоне. В программе QGIS 
нанесли точки на карту европейской территории России, определили предельную широту. Были рассмо-
трены варианты с Тmin > –26 °C и Tmin > –35 °C. В 1980–2019 гг. в среднем на европейской территории России 
наблюдался рост ΣT10, Tmin, Lff и снижение ГТК. Однако южнее 55° N в ряде точек прослеживалась тенденция 
к снижению Tmin . Рост теплообеспеченности вегетационного периода на европейской территории России 
создает предпосылки продвижения промышленного виноградарства к северу от современной предельной 
широты 46.6° до 51.8° в текущих условиях, а к 2050 г. – до 60.7° N. Кроме того, уже сейчас виноградарство воз-
можно в районе Калининграда (54° N, 20° E). При дополнительных мерах по укрытию на зиму до –35 °С вино-
градарство возможно до 53.3° N в текущих условиях и до 60.7° N – в прогнозируемых. Возможное снижение 
минимальной температуры зимы на юге европейской территории России потребует дополнительных мер 
защиты зимой, а повышение засушливости климата на северо-западном побережье Каспийского моря будет 
уменьшать площади под неорошаемыми виноградниками. 
Ключевые слова: виноградарство; лимитирующие климатические факторы; изменения климата; тренды; 
прогнозы; ГИС.

the active growing season. In arid regions, rainfall becomes 
a limiting factor, so irrigation is introduced. Close to the 
northern boundaries of commercial viticulture, it is limited by 
winter conditions (Likhovskoi et al., 2016; Roy et al., 2017).

F.F. Davitaya (Davitaya, 1948) analyzed the world’s 
viticulture zones in the first third of the 20th century and 
made a comprehensive assessment of the range of climatic 
requirements for grapes, highlighting the characteristics 
that were relevant for the USSR: the temperature in the 
beginning and end of the growing season was 10 °C; the 
sum of temperatures above 10 °C during the growing 
season (ΣT10) was higher than 2500 °C; the inhibitory high 
temperature was 35–40 °C; the required minimum mean 
temperature of the warmest month was 16–18 °С, or 17–19 °С 
for high-quality wine production; the length of the frost-
free period (Lff) was at least 150 days; the mean of absolute 
minimum temperatures (Tmin) for uncovered grapevine 
cultivation was not lower than –15 °C or, with conventional 
ways of protection from the cold, –35 °C; and Selyaninov’s 
hydrothermal coefficient (HTC) was within the range from 
0.5 to 1.5–2.5 (Davitaya, 1948, p. 172–174). This system of 
indicators is still valid (Mishchenko, 2009; Roy et al., 2017; 
Hewer, Brunette, 2020).

Geographic areas with a climate that is currently suitable 
for growing certain crops or may become so in the future 
are visualized using GIS techniques (Hannah et al., 2013; 
Nesbitt et al., 2018). Such approach also makes it possible to 
identify and adjust the parameters of the climatic niche for 
a species, i. e., the range of agroclimatic parameters under 
which its development is possible. For this purpose, data 
from definite geographic points where this species occurs are 
analyzed (Soberon, Nakamura, 2009; Peterson et al., 2015; 
Wójtowicz M., Wójtowicz A., 2020).

In Russia, the zone of commercial viticulture (ZCV) is 
located between the Black, Azov and Caspian seas and in the 
Crimea at the latitudes of 41.6–46.6° N and the longitudes 
of 32.5–48.5° E (AgroAtlas, 2008) (Fig. 1). The range of 
climate characteristics for the ZCV in European Russia (ER) 
in the early 21st century has mostly remained within the limits 
outlined by F.F. Davitaya (1948), significantly deviating from 
them in only one indicator – the minimum winter temperature, 
which in the present-day ZCV zone does not fall below –26 °C 
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(Chistyakov, Novikova, 2020). The main limitation for the 
advance of grapevine cultivation to the north is Tmin, and it 
is low HTC that limits its shift to the northwestern coast of 
the Caspian Sea. If we accept the possibility of cultivation 
at Tmin > –35 °C, then ΣT10 and Lff would become limiting 
factors in the north.

Our subject of interest is the advance of grapevine to the 
north, so the limitations imposed by temperatures above 
35–40 °C are not discussed (Leewen et al., 2013). July 
temperatures above 16 °C are observed in ER to the south of 
60–63° N; this factor is also not limiting and is not considered 
below. Thus, ΣT10, Lff , Tmin, and HTC are the limiting factors 
for the ZCV in ER when viticulture is moving northward. 
A deficit in moisture supply (the requirement is HTC > 0.5) 
limits non-irrigated viticulture on the northeastern coast of 
the Caspian Sea. 

The objective of this work was to assess the possibility 
of moving the boundaries of the ZCV to the north under the 
existing and predicted climate conditions in ER.

Material and method
Conventionally, the ER territory is regarded here as limited 
by 63° N and 60° E. The software product applied was 
QGIS 3.22.01. The analysis of the climate in ER was performed 
pointwise, according to the data of 150 weather stations of the 
Federal Service for Hydrometeorology and Environmental 
Monitoring, with more than 20 years of observations in the 
period of 1980–2019. We used daily data from an open web 
source (RIHMI – World Data Center, 2020)2. The VITIS TIME 
SERIES program (Novikova, Lebedeva, 2019) was used to 
calculate the values of ΣT10, Tmin, Lff  and HTC for each point 
for each year and their trends for the period of 1980–2019.

Values average for 1980–2019 were attributed to 2000, 
individual ΣT10, Lff , Tmin and HTC forecasts for 2050 were 
calculated for each point, and points where grapevine 
cultivation is possible were identified according to the set of 
requirements proposed by F.F. Davitaya (1948) for protected 
viticulture and taking into account specific features of the 
modern Russian viticulture with Tmin < –26 °C. The study 
adopted a significance level of 5 %.

Results
Changes of climatic factors important for viticulture  
in ER during 1980–2019
In 1980–2019, on average, ER showed an increase in ΣT10, 
Tmin and Lff , and a decrease in HTC. The average trend for 
150 stations was: ΔΣT10 = 11.52 °С/year, ΔTmin= 0.02 °С/year, 
ΔLff = 0.31 days/year, and ΔHTC = –0.01 units/year (see the 
Table).

ΣT10 increased at all examined points: in 144 out of 150 lo-
cations it was significant. On average, the intensity of summer 
warming decreased with the latitude: the correlation between 
the growth rate ΣТ10 and latitude was r = –0.51. The Lff , Tmin 
and HTC trends had both positive and negative values (see 
the Table, Fig. 1).

With the average tendency for the studied stations to 
increase Tmin, the trend was zero or negative at 48 points. 
1 QGIS. A Free and Open Source Geographic Information System. https://qgis.
org/ru/site (Accessed August 20, 2021).
2 RIHMI – World Data Center. http://www.meteo.ru (Accessed June 7, 2020).

There were only 8 statistically significant Tmin trends, and 
two of them were negative. The Tmin trend increased with the 
latitude (r = 0.52), i. e., warming in winter was more intense 
in the north of ER; out of 61 points located to the north of 
55° N, a negative trend was observed only at three points 
(see Fig. 1, b).

Lff increased on average; however, negative trends were 
observed at 25 points out of 150 studied. There were only 
40 significant trends, and positive values were registered in 
39 of them.

With the average tendency toward a decrease in HTC, 
induced by an active increase in temperatures and, on average, 
the absence of a tendency toward changes in rainfall, the 
HTC values increased at 8 points. The HTC trends were 
significant at 20 points, all of them being negative.

Potential zone of commercial viticulture
Under the present-day climate conditions, defined as the aver-
age values of the limiting factors for the period of 1980–2019, 
grapevine cultivation without irrigation and with usual protec-
tive measures for the winter season is possible at 36 points 
out of 150 studied (Fig. 2, a), including one point in Kali-
ningrad Province (Baltiysk, in 1980–2019: ΣT10 = 2567 °C, 
Lff = 229 days, Tmin = –15 °C, HTC = 1.2). If we add the points 
where insufficient moisture (HTC < 0.5) can be compensated 
by irrigation, then their number will reach 41 (see Fig. 2, b). If 
we add areas with winter temperature minima reaching –35 °С, 
then the number of points will increase to 58 (see Fig. 2, c). 
The heat supply during the growing season in ER implies 
a possibility to move grapevine cultivation to the north of the 
current terminal latitude of the ZCV (46.6° N) up to 51.8° N 
even now. With additional sheltering measures for the winter 
season with temperatures down to –35 °C, it can be moved 
to 53.3° N.

By 2050, wintering conditions are expected to worsen in the 
south of ER, i. e., in a number of places the minimum winter 
temperature will drop below –26 °C. However, due to the 
movement of heat to the north, the number of points suitable 
for commercial grapevine cultivation will increase to 43. 
Additional viticultural practice measures will increase this 
number even more – up to 56, with the inclusion of irrigated 
vineyards (see Fig. 2, e), and up to 95, with the inclusion of 
points with temperatures in winter above –35 °C (see Fig. 2, f). 
The increase of heat supply during the growing season creates 
the prerequisites for the advance of viticulture to 60.7° N by 
2050. St. Petersburg may enter the zone of viticulture: by 2050, 
the forecasts for the area are: ΣT10 = 2772 °C, Tmin = –18 °C, 
Lff = 191 days, and HTC = 1.4. Without the Baltic Sea coast, 
the northernmost point among the forecasted ones is located 
on the latitude of 58.1° N.

Discussion
The pace of climate change and anomalies in the harvests 
of the world’s staple crops are on the rise (Jägermeyr et al., 
2021). However, the changes in agroclimatic indicators have 
regional specificities (Sirotenko et al., 2013; Hewer, Brunette, 
2020), which was confirmed in the process of this study. 
Since the 1970s, the sums of active temperatures have been 
increasing in all ER regions, and more actively in the south; 
however, the January temperature increases faster in northern 

https://qgis.org/ru/site/
https://qgis.org/ru/site/
http://www.meteo.ru
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latitudes. Total rainfalls have both positive and negative ten-
dencies (Sirotenko et al., 2013). Changes accelerated in the 
early 21st century: for example, from 1975 to 2004 the HTC 
reduced in most of ER, with the exception of several regions, 
and in 1980–2019 we observed that the forecasts concerning 
the growth of aridity throughout ER came true (Sirotenko, 
Pavlova, 2009). Warming is accompanied by intensification 
of climate instability. In 2007, a decrease in the number of 
winters with threatening drops in air temperature was predicted 
(The Economics of Climate Change, 2006), but according 
to the data of 1980–2019 the minimum temperature and the 
number of dangerous frosts in winter did not decrease despite 

the rise of the mean winter temperature. The tendency toward 
an increase in the frequency of extreme events and a decrease 
in the absolute minimum of annual temperature was observed 
in many regions of the world under global warming (Bucur 
et al., 2019). 

The study of climate change near the northern border of 
ER’s zone of commercial viticulture – at the Don Ampelo-
graphic Collection named after Y.P. Potapenko – also showed 
that in 1981–2017 the sum of temperatures above 10 °С 
increased (by 170 °С/10 years), the total rainfall during the 
period of active growth decreased (by 21 mm/10 years), the 
mean temperature of the winter dormancy period grew (by 

Trends of the limiting factors in the zone of commercial viticulture at 150 weather stations in ER in 1980–2019

Indicator Average Trend, units/year

Mean Min Max Mean Min Max

Sum of active temperatures above 10 °С 2533.8 365.1 4333.1 11.52 0.62 25.01

Absolute minimum of temperature, °С –27.4 –40.2 –4.6 0.02 –0.16 0.19

Length of the frost-free period, days 156.7 79.7 295.3 0.31 –0.57 1.19

HTC 1.2 0.3 3.7 –0.01 –0.02 0.01

Fig. 1. Trends of the limiting factors for viticulture recorded at 150 weather stations in European Russia: a, the sum of temperatures above 10 °С; b, the 
absolute minimum of temperature; c, the length of the frost-free period; d, HTC.
Red dots are positive trends, and blue dots are zero or negative trends. The zone of commercial viticulture in the early 21st century is shaded. The ZCV map was 
taken from the AgroAtlas resource (AgroAtlas, 2008) and modified.
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0.5 °С/10 years), the length of the frost-free period extended 
(by 0.7 days/year), while the number of winter days with tem-
peratures below –20 °C and the minimum winter temperature 
did not change (Novikova, Naumova, 2018, 2019). 

Assessments of the climatic requirements of grapes, made 
by F.F. Davitaya in the 1930s on the basis of the world’s 
experience in viticulture, turned out to be relevant for ER in 
the early 21st century. Despite the fact that there are grape-
vine varieties with temperature requirements of 2100 °С and 
lower (Mishchenko, 2009; Naumova, Novikova, 2015), the 
ZCV in ER is limited to temperature sums of 2500 °С, which 
is explained by the need to have 80–90 % of years with the 
sums of temperatures necessary for profitable commercial 
cultivation of a variety (Losev, Zhurina, 2004). There is also 
concordance between the ranges of other climatic factors, 
with the exception of the minimum winter temperature: in the 
contemporary ZCV in ER it is –26 °C versus –35 °С reported 
by F.F. Davitaya. Values of the limiting factors for the zone of 
viticulture in the Canadian province of Quebec are also close 
to F.F. Davitaya’s estimates: Lff > 150 days, the sum of effec-
tive April-to-October temperatures above 10 °С are DD10 > 
900 °С, Tmin > –34 °C, and the annual number of very cold 
days (T < –22 °C) is less than 30 (Roy et al., 2017). Canadian 
researchers (Hewer, Brunette, 2020) rank the territories ac-
cording to the minimum winter temperatures reflecting the 
degree of suitability for viticulture: –34…–30 °C means poorly 
suitable conditions; –30…–27 °C medium; –27…–22 °C 
good, and >–22 °C very good. Thus, the considered options 
with temperature limits Tmin > –35 °С and Tmin > –26 °С cor-
respond to different degrees of risk and economic efficiency 
of viticulture. The boundary of Tmin > –35 °C, reported by 
F.F. Davitaya, possibly corresponds to amateur viticulture.

The ongoing climate change affects all grapevine traits 
(Vršič, Vodovnik, 2012; Novikova, Naumova, 2019, 2020) 
and requires adaptation of viticulture and winemaking in all 
viticultural regions of the world (White et al., 2006; Schultz, 
Jones, 2010; Jones, 2012; Hannah et al., 2013; Quénol et 
al., 2014; Bardaji, Iraizoz, 2015). Many countries regard 
moving northward and into mountainous areas as a possible 
way for viticulture to adapt to warming (White et al., 2006; 
Hannah et al., 2013; Schultze et al., 2016; Tóth, Végrári, 
2016; Roy et al., 2017; Vyshkvarkova, Rybalko, 2021). 
Our calculations have shown that a significant advance of 
viticulture in ER to the north from the current latitude of 
46.6° N is possible: even under the existing climate conditions 
grapevine cultivation could be extended to Kaliningrad and by 
2050 to Leningrad Province. During the maximum warming 
in the 12–13th centuries, well-developed viticulture was 
underway on the Baltic coast as well as in England (Khromov, 
Petrosyants, 2012).

However, the trends of 1980–2019 show a decrease in the 
minimum winter temperature in the southern regions of ER, 
which may make viticulture less profitable there due to the 
need for additional winter sheltering measures.

For the main viticulture regions of the world, a decrease 
in rainfall and an increase in high temperatures (Biasi et al., 
2019; Santos et al., 2020) become risk factors and enhance the 
need for irrigation (Hall et al., 2016; Chrysargyris et al., 2020). 
The HTC decrease throughout ER is limiting non-irrigated 
viticulture to the north of the Caspian Sea, where climate 

aridity will grow. For the rest of ER, moisture conditions 
remain favorable. A study conducted by Crimean colleagues 
confirms that viticulture in the vicinity of Sevastopol in the 
21st century will be possible without irrigation, but grapevines 
may experience moisture deficiency (Vyshkvarkova et al., 
2021).

Short-term adaptation measures should focus on specific 
threats, mainly changes in crop management practices (e. g., 
irrigation, sunscreens to protect leaves, etc.). Further, the 
change in the composition and taste of grapes and wine will 
cause regional changes in the assortment of varieties and style 
of winemaking (Mira de Orduña, 2010; Fraga, Santos, 2017) 
and stimulate the advance of viticulture to the northern and 
mountainous regions.

We did not consider the negative effect of rising high 
temperatures, since the southern boundary of the ZCV in 
Russia lies at the latitude of 41.6° N, higher than the southern 
boundary of the world’s viticulture (30° N). However, the 
threat of excessively high temperatures in the south of the 
ZCV will remain in the future. In addition, the most important 
issue of matching the quality of soils in ER to the needs of 
viticulture has not been considered. These aspects require 
further research.

Conclusion
The increase of heat supply during the growing season in ER 
implies a possibility to expand the zone of commercial viti-
culture northward from the current terminal latitude (46.6° N) 
up to 51.8° N and by 2050 to 60.7° N. Besides, even under the 
existing conditions it is possible to develop viticulture in the 
area of Kaliningrad (54° N, 20° E). Additional winter shelter-
ing measures at temperatures down to –35 °С would make it 
possible to cultivate grapevine up to 53.3° N under the current 
conditions and up to 60.7° N under the predicted conditions. 
The increasing aridity of the climate on the northwestern coast 
of the Caspian Sea will reduce the area under non-irrigated 
vineyards. A possible drop of the minimum winter temperature 
in the south of ER will require additional protective measures 
during the winter season. 
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