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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 (=T, > 2500 °C), mean of absolute minimum temperatures (T,;,> -35 °C), length of the frost-free period
(Lg< 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 FF. Davitaya, with the exception of
T nins 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
withT_. >-26°Cand T _. > -35°C were considered. On average for European Russia, in 1980-2019, there was an

min min
increase in 3T, T,y @nd Lgand a decrease in HTC. However, in the same period showed a tendency toward

ST T
decreasing at1§ nLTnl'?ber of points at latitudes lower than 55° N. The increase in hemaI'P 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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IIporHo3s 30HBI BO3Ie/IbIBaHIS BMHOIpaga Ha eBPOHeﬁCKOﬁ
TEPpPpUTOPUN Poccun B VYCIOBUAX M3MEHEHNMA KIIVMMaTa

A.JO. HoBukosa ®, T1.B. Osepckuit

DepepanbHbli CCefoBaTENbCKUI LLEHTP BCepoCcuincknin MUHCTUTYT reHeTUYeCKrX pecypcoB pacTeHuii um. H./. Basunosa (BUP), CaHkT-MeTtepbypr, Poccus
® l.novikova@vir.nw.ru

AHHoTayusa. MNoTenneHne KNMMaTa 0Kas3anocb CyLeCcTBeHHbIM GaKTOpOM ANA BUHOTrpaAapcTBa v BUHOAENNA BCeX
BMHOMPagapcKmnx panoHoB Myupa. MHorne ctpaHbl paccmMaTpurBaloT NPOABUXKEHME BYHOMPaAapcTBa Ha ceBep 1 B
ropHble ParoHbl Kak BO3MOXHbIV MyTb agantaumm K notennexuio. QakTopbl, NMMUTAPYIOLME 30HY BUHOTrpaaap-
ctBa B Poccun, onpepeneHbl coBeTckuM yuyeHbim O.0. [laBrTtan B 1948 1. 1 akTyanbHbl 4O CMX NOP. ITO CyMMa aKTUB-
HbIX Temnepatyp Bbiwwe 10 °C (£, > 2500 °C), cpeiHU 13 abCONOTHBIX MUHUMYMOB Temnepatypbi (T, . > =35 °C),
MPOAOCIIKUTENBHOCTb 6e3MOpO3HOro Nepuopa (Lg< 150 cyT) n rugpoTepmudecknii kKoadduureHT (0.5 < IMK < 2.5).
3HayeHnA IMMUTUPYIOLNX GaKTOPOB COBPEMEHHON 30HbI MPOMbILLIEHHOTO BUHOTrpagapcTaa (3MB) cooTBeTCTBYIOT
onpegeneHHbim O.O. laButaa guanasoHam, 3a UCKIOYEHEM T nine KOTOpPaA B coBpemeHHo 3B Ha eBponelickomn
TeppuTopun Poccum Bespe Boilwe -26 °C. Llenbio nccneposaHmsa 6bi10 onpefeneHne BO3MOXHOCTI NMPOABUKEHNA
Ha ceBep rpaHuL, 30HbI MPOMbILIEHHOTO BUHOTPaAapPCTBa B COBPEMEHHbIX Y MPOrHO3UPYEMbIX KIIMMaTUYECKNX YC-
noBuAX eBponerickon Tepputopun Poccun. Mo cytouHbim AaHHbIM 1980-2019 rr. ana 150 meTteoctaHumn Pocrugpo-
MeTa paccUUTany CpefHEMHOMONETHIE 3HAUEHUA, TPEHABI 1 TPOrHO3bI K 2050 I, 3HaYeHWI NMMUTUPYIOLLMX GaKTO-
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MporHo3 30HbI BO3AEeNbIBaHNA BUHOrPaja Ha eBPOrericKon
TeppuTopumn Poccum B yCnoBrsAX M3MEHeHWs KnmMaTa

pos 3M1B, onpegenunu Toukn, nexawye B JOMYCTMMOM ANiIA BUHOrpajapcTBa AuanasoHe. B nporpamme QGIS
HaHeC/ I TOYKM Ha KapTy eBponenckon Tepputopumn Poccum, onpefenunu npefenbHyto WupoTy. beinm paccmo-
TpeHbl BapnaHTtbl ¢ T, . > -26°Cn T . > -35°C. B 1980-2019 rr. B cpeaHem Ha eBpornenckoi Tepputopum Poccni
Habntoganca poct 2T, 00 Trminy Leg v cHKeHMe TTK. OpHako toxkHee 55° N B pafie Touek npocexnBanacb TeHAeHL A
K cHuxeHuto T ... PocT TennoobecneyeHHOCTU BereTauMOHHOTO Neprofa Ha eBponeiickon Tepputopumn Poccun
co3faeT NpefnocbIKN NPOABUKEHUA MPOMbILLIEHHOIO BUHOTPaAapCTBa K CeBepy OT COBPEMEHHON NpefenbHON
LWpoTbl 46.6° o 51.8° B TeKywmux ycnosusx, a k 2050 r. — o 60.7° N. Kpome Toro, y»e cenyac BUHOrpafapCTBO BO3-
MOXHO B parioHe KanuHuHrpaga (54° N, 20° E). Mpy 4ononHUTeNbHbIX Mepax No YKPbITHIO Ha 3uMy o —-35 °C BUHo-
rpagapcTBo BO3MOXHO A0 53.3° N B Tekywux ycnosuax n o 60.7° N — B nporHosupyembix. Bo3amo>kHoe cHukeHne
MUHVIMasbHOW TemnepaTypbl 3VMbl Ha tore eBponenckon Tepputopumn Poccun notpebyeTt JONOMAHUTENBbHBIX Mep
3aLYMTbI 3UMOVA, a MOBbILIEHWE 3aCyLUNIMBOCTU KNMaTa Ha CeBepo-3arnaaHom nobepexbe Kacnuiickoro mops byger
YMeHbLUaTb M0oLWaamM Noj HeopoLLIaeMbIM/ BUHOTPagHUKaMMU.

KnioueBble cnosa: BMHOIpagapcTeBo; IMMUTUPYOLWNE KanmaTnyeckme d)aKTOpr,' N3MEHEHNA KNnuMmaTa; TPpeHAObl;
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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
etal., 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; Vrsi¢, 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
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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 (XT',) 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 °C, or 17-19 °C
for high-quality wine production; the length of the frost-
free period (Lg) was at least 150 days; the mean of absolute
minimum temperatures (7, ) 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;
Wojtowicz M., Wojtowicz 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 7, , 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 T, > —35 °C, then X7, and L 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, 27, Ly, T,.;,,» 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 3.22.0. 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 X7, T,;,» Ly 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 X7, Ly, T, 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 7. < =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 X7,
T ., and Ly, and a decrease in HTC. The average trend for
150 stations was: AXT, = 11.52 °C/year, AT, ; =0.02 °C/year,
ALg=0.31 days/year, and AHTC = —0.01 units/year (see the
Table).

2T, 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 X7 and latitude was = —0.51. The L, T,
and HTC trends had both positive and negative values (see
the Table, Fig. 1).

With the average tendency for the studied stations to
increase 7. . the trend was zero or negative at 48 points.

min®

T 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).
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There were only 8 statistically significant T\ ; trends, and
two of them were negative. The T\, trend increased with the
latitude (= 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).

Ly 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, @), including one point in Kali-
ningrad Province (Baltiysk, in 1980-2019: X7 ,= 2567 °C,
Ly=229days, T’ . =—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 °C,
then the number of points will increase to 58 (see Fig. 2, ¢).
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: X7,,= 2772 °C, T, =—18 °C,
Lg=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 (Jdgermeyr 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
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Fig. 1. Trends of the limiting factors for viticulture recorded at 150 weather stations in European Russia: a, the sum of temperatures above 10 °C; b, the
absolute minimum of temperature; ¢, 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.

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

Indicator Average

Mean ................. Mm .......
Sumofactive temperatures sbove 10°C 25338 3651
Absolute minimum of emperature C 274 402
Lengthofthefostreeperiod, days 1567 797
HTc12 ...................... 03 ........

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
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Trend, units/year

Max Mean Min Max
.............. 43331”520622501
.............. _46002_016019
.............. 2953031_057”9
.............. 37_001_002001

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 °C
increased (by 170 °C/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
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0.5 °C/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 °C and
lower (Mishchenko, 2009; Naumova, Novikova, 2015), the
ZCV in ER is limited to temperature sums of 2500 °C, 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 °C 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: L;> 150 days, the sum of effec-
tive April-to-October temperatures above 10 °C are DD, >
900 °C, T,;,> —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 7, >-35°C and T, > 26 °C cor-
respond to different degrees of risk and economic efficiency
of viticulture. The boundary of 7, > —35 °C, reported by
F.F. Davitaya, possibly corresponds to amateur viticulture.

The ongoing climate change affects all grapevine traits
(Vrsi¢, 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; Toth, Végrari,
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
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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 Orduiia, 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 °C 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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