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Abstract – According to the scenarios estimating climate
change, the annual mean air temperatures could rise from
the current by 3°C to 4°C in the Helsinki area, and the
growing season will become 30 to 40 days longer by the year
2100. The purpose of this study was to establish how much
the annual mean air temperature between the years 2005
2
to
2014 have risen in the Helsinki area and how much the
growing season has been extended in comparison to the mean
in the years from 1971 to 2000. The results indicate that in
the Helsinki region, the annual mean air temperature has
risen by 1.1°C, and
d growing season has extended by 27 days
between the years 2005 and 2014, as compared to the 1971 to
2000 levels. Over the past ten-year
year period, the climatic
temperature and the length of the growing season during the
summer months in the southernmost Finland
Fin
have moved
closer to the climate and growing season of Central Europe,
and thanks to this, it is possible to grow a harvestable
grapevine in the southernmost regions of Finland.
Finland
Keywords – Air Temperature, Climate Change, Growing
Degree Days, Growing Season, Nordic Grapevine Growing.
Growing

I. INTRODUCTION
The
he increasing levels of greenhouse gasses have caused
the raise of earth’s surface temperatures in the
world.During
During the past 100 years, the annual mean air
temperature in the southernmost parts of Finland (60°N;
24°E) has risen by 1°C [1]. The current ever-increasing
ever
usage of fossil fuels has increased the global carbon
dioxide concentration which has accelerated global
warming together with the increase in the water vapour
concentration in the air caused by this warming [2].
According to the Rosby Centre's regional climate model,
these greenhouse gases are predicted to raise the mean
yearly temperatures of the Northern
rthern European climate by
+4°C by the year 2100. This increases in temperatures at
its greatest during the winter months in particular [3]. The
scenarios of the IPCC (Intergovernmental Panel on
Climate Change) for the years from 1996 to 2013 predict

Community
Herlisheim-prés-Colmar
Freyburg, Unstrut
Neubrandenburg
Helsinki region

similar changes, if carbon-dioxide
dioxide emissions are not
greatly reduced.
In Finland, a warming of the climate has been detectable
since the years 1971 - 2000 as an increase in the annual
mean air temperatures and an extension of growing season
[4]. At the same time,
e, there has been a significant increase
in temperature sums of growing degree days +5°C and
+10°C [5]. This has introduced to the southern regions of
Finland and the other Nordic countries some new
cultivated plant species for experimentation, such as corn
cor
and grapevine. In these regions, interest towards wine
growing has increased year by year. The total wine
growing area in the Nordic Countries is estimated to be
300 to 500 hectares.Sweden and Denmark are already
listed as EU wine-producing
producing countries, and
an in Finland will
also become a wine-producing
producing country in the coming
years.
The purpose of this study was to examine how much the
climate and grapevine growing conditions, start of growth,
and harvest ripening in Helsinki region differ from the
growing conditions
nditions and growth cycle in Central Europe at
the present time.

II. MATERIAL AND METHODS
The study was undertaken in three locations in Central
and in one location in Northern Europe (Table 1). It
studied the changes in the climatic temperature and
growing season length in the Helsinki region over the past
15 years. In addition, a comparison was made of the air
and soil temperatures in the Helsinki region from May to
October with the temperatures of the three Central
European areas, and the development of grapevine sprouts
and blossoms was observed in these areas based on
phenological observations
ions (12 leaves separated,
inflorescence well developed, single flowers separated; EE
L number 17) [6], and harvest maturing was observed by
measuring total grape sugar concentrations.

Table 1: Observation locations and grape varieties
va
Country
Location
Above sea
Distance toHerrlisheimtoHerrlisheim
level (m)
prés-Colmar
Colmar (km)
France
48°01ʼN, 07°19ʼE
242
0
Germany 51°13ʼN, 11°46ʼE
110
360
Germany 53°33ʼN, 13°16ʼE
53
550
Finland
60°24ʼN, 25°01ʼE
63
1390

Observations on air temperatures were based on the
statistical data of the Finnish Meteorological Institute and
Meteorological ServisForeca (www.foreca.com). Soil

Grape
variety
Pinot Noir
Regent
Regent
Rondo

temperature measurements were taken at depths of 20 cm
and 40 cm using digital thermometers that
t
recorded
maximum and minimum temperatures (Waterproof In-Out
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Door Max-Min
Min Thermometer with Hygrometer, Shenzhen
Hong Tong Yuan Technology Ltd, China, Shenzhen). The
total sugar content of the grapes (°Bx) was measured using
a Brix refractometer (HR-180,, Optika, Ponteranica, Italy).
̅̅

A statistical treatment was completed with a t-test:
t
t = /.

As part of the t-test, X̅ was the mean value of the
variables, and Y̅ was the mean value of the other variables,
variables
and V an estimate of the variance of random error. P<0.05
was used to estimate statistical significance

III. RESULTS AND DISCUSSION
The average temperature of the globe varies yearly
approximately by a tenth of a degree. Disregarding this

variation, the average temperature of the Earth has risen
since 1880s approximately by 0.85°C [7]. This has
occurred in the northern parts of the Europe as well. The
temperature of the Finnish climate over an observation
period of 160 years has increased in the 21st century by
0.6°C in comparison to the mean of 160 years, and this
increase has been most obvious during spring [7]. Tables
Table 2
and 3 show that the yearly averages of the temperatures of
the ten-year
year periods between 1971 to 2010 have constantly
risen, and that the temperature averages of single years
during the last ten-year
year period (2005 to 2014) have risen
by 1.1°C in comparison
on to the average of years 1971 to
2000; this supports the results published by Tuomenvirta
[8].

Table 2: Mean values of air temperatures in the Helsinki region over a 40-year
40 year period (1971 – 2010) and the ten-year
period (2005 – 2014)
Periods of ten years
Mean air temperatures (°C)
Years 2005 – 2014
Mean air temperatures (°C)
1971 – 2010
1971 – 1980
5.0
2005
6.6
1981 – 1990
5.3
2006
6.7
1991 – 2000
5.4
2007
7.0
2001 – 2010
6.0
2008
7.6
2011 – 20201)
6.5
2009
6.2
2021 – 20301)
6.8
2010
5.1
2031 – 20401)
7.2
2011
7.2
2041 – 20501)
7.5
2012
6.2
2070 – 20801)
8.0
2013
6.6
2090 – 21001)
8.8
2014
7.4
Finland is the northernmost agricultural country in the
world, and due to its northern location, average
temperatures in Finland vary more from one year and one
decade to the next, than the global average
temperatures.One reason for this are the low pressure
variations coming from the North Atlantic. The low
pressure areas that come to Finland via the northern route
will raise the yearly temperature, but the low pressures
arriving to the southern parts are replaced by easterly
winds bringing cold air, which cause the temperature to
drop [7]. The noticeable increase by 1.1°C in the Table 3
was apparentlyy caused by a large deviation, and was not
statistically significant (P>0.05).
The temperature of the Finnish climate is predicted to
rise by 2°C by the year 2050, and by 3°C by the year
2080, at the same time as rainfall increases up to 30% [8].
Such a significant
gnificant warming of the climate will allow for

the profitable cultivation of plants thriving in mild
climates, such as the grapevine, in southern Finland. Even
today, a few hybrid vines will have time to ripen well in
the Helsinki area [10].Should the yearly
yea
average
temperature of southern Finnish climate rise 2°C by the
year 2050, the yearly mean temperature of the Helsinki
region will reach 8°C to 9°C in 40 years, i.e., close to the
temperatures of the current wine growing regions of
Central Europe. Then it will be possible to grow regular
fast ripening varieties, such as Chardonnay and Pinot noir
[11].In the new growth condition, - thanks to the long
day, humus-rich
rich soil, and sufficient rainfall - the grapevine
could produce even more abundant and superior
super
quality
crops than in the current wine--growing areas, where heat
and drought would, according to forecasts, increase and
hamper farming.

Table 3: Changes of air temperatures and lengths of growing seasons in the Helsinki region
region during the ten-year
ten
period
(2005 – 2014) compared to the 30-year
30
period (1971 – 2000).
Mean air temperature
Mean air temperature
Difference of mean
Statistical significance
1971 – 2000; 5.6±0.4 (°C)
2005 – 2014; 6.7±0.7 (°C)
values; 1.1 (°C)
t=1.5607; P>0.05
Mean length of growing
Mean length of growing season
Diffference of
Statistical significance
season 2005 - 2014
1971 - 2000
meanvalues
198±18days
171±15 days
27 days
t=5.5214; P<0.05
In this study, the lengthening of the growing season in
the Helsinki region was demonstrated more clearly than
the increase in climatic temperature. In comparison to the

lengths of the growing seasons between 1971 and 2000,
the growing periods’ mean values during the past ten-year
period have lengthened by 27 days, which is statistically
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significant (P<0.05). The lengthening of the growing
period has manifested itself in earlier springs [7]).
According to Bauer [12], the grapevine requires,
depending on variety,
iety, a growing season of approximately
200 days. Table 3 shows that the mean growing season
Locality
Helsinki
Herrlisheim
Freyburg
Neubrandenburg

May
10.9±4.2
14.3±2.9
12.5±3.6
12.1±3.4

length in the Helsinki region has been 198 days in the
years 2005 to 2014, in 6 of these years it has been over
200 days [5], which should suffice for cultivating some
Central-European Vitisvinifera varieties.

Table 4: Mean monthly air temperatures
June
July
August
13.9±4.6
19.8±3.0
17.2±3.9
18.6±3.2
20.2±2.5
17.7±2.7
16.6±4.1
20.0±2.8
16.9±2.9
15.7±3.1
20.0±2.6
16.7±2.9

Tables 4 and 5 compare the six-month
month temperatures of
the Helsinki region growing season to the temperatures of
the three Central European comparison regions. It shows
that the mean monthly temperatures in July and August in
the Helsinki region are statistically
cally not significantly
different from those of the comparison regions (P>0.05).
During other months, the differences between the
temperatures of the Helsinki region and other regions are

Setember
12.1±3.3
15.1±2.4
15.8±2.6
15.1±2.4

October
5.7±4.3
12.5±2.9
12.6±2.8
11.6±2.6

statistically significant, with the exception of northern
Neubrandenburg,
burg, where wine growing is being restarted.
In 2014, June was exceptionally cold in southern Finland,
but July and August were sweltering, as usual. During July
and August, there were 44 days of hot weather, when the
highest temperature of the day exceeded
exceede 25°C and of
which in 22 days temperatures exceeded 35°C [13].

Table 5: Statistical significance of mean air temperatures between localities during three midsummer months
Month
n
Helsinki ><Herrlisheim
Helsinki><Freyburg
Helsinki><Neubrandenburg
June
30
t=4.5988;P<0.05
t=2.4107;P<0.05
t=1.7822;P>0.05
July
31
t=0.5714; P>0.05
t=0.2702; P>0.05
t=0.2857; P>0.05
August
31
t=0.6849;P>0.05
t=0.3448; P>0.05
t=0.6579; P>0.05
n = number of days
In late May, early June of 2014 (25 May to 3 June), soil
temperatures measured in Herrlisheim-prés-Colmar
Herrlisheim
at
depths of 20 cm and 40 cm were at least 2.5°C higher than
in other regions, due to the earlier spring and shorter
duration or lacking of snow coverage.
age. Moving northward,
the temperatures of soil were lowerdue to the later than

usual spring and warming of air temperature. In Helsinki
region, the soil temperatures were clearly lower, even on 3
June than in other regions. Compared with the soil
temperatures
ures in Neubrandenburg, the differences at 20 cm
and 40 cm depths were clearly the lowest as compared
with others, i.e., 0.6°C to 1.2°C (Table 6).

Table 6: Mean soil temperatures at the depths of 20 cm and 40 cm, grapevine growing
growing stage (Eichhorn-Lorenz),
(Eichhorn
total
sugar content of grapes (°Bx) and measurement dates
Locality
Depthof 20
Depth of 40
Dates for
Eichhorn(°Bx)
Dates for (°Bx)
(cm); (°C)
(cm);(°C)
temperatures
Lorenz: 17
Helsinki
13.6
12.0
3 June
4 June
16.6±0.5
2 October
Herrlisheim
17.0
16.6
25 May
26 May
17.9±1.0
7 September
Freyburg
14.5
13.8
30 May
1 June
13.1±0.8
9 September
Neubrandenburg
14.2
13.2
1 June
1 June
13.0±1.3
9 September
Grapevine growth stage 17 [6] (Eichhorn and Lorenz usual summers, ripening of grapes may be delayed to even
1977), which is equivalent to the BBCH scale 55 [14], was later date.
reached in the Helsinki region 9 days later than in
During the last 40 years, the temperatures of the
Herrlisheim, and just 3 days later than in Freyburg and Helsinki region have risen over 1°C which is the
Neubrandenburg. Although during the vines’
vin
sprouting equivalent of a lengthening of the growing season by 10 to
and inflorescence stages producing red wine grapes the 11 days [2]. The temperature
ature increase has been most
regional differences were only 3 to 7 days, at the obvious during the past 10 years. By the end of the
harvesting stage they were several weeks, based on the century, and with the realisation of the IPCC A1B
grape total sugar level (°Bx), ; this may be due at least in scenario, thermal growing seasons will get longer during
part to both climatic
ic differences and different grape the autumn and spring in the whole of Finland by a total of
varieties (Tables 1 and 6).Based on observations, only a 3 35 to 40 days [15]. When at the same time snow coverage
to 4 days late blooming in the spring may delay even will diminish, the climates of southern parts of Finland
during a normal summer the ripening and harvesting of the and the other Nordic countries will change to resemble the
grapes by 1 to 2 weeks in the autumn. During colder than current climate in central Europe [16].
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IV. CONCLUSIONS
In Finland, a significant warming of the climate has
been observed during the last decades. This has
encouraged to try out some new cultivated species as
grapevine, in the southernmost Finland in the Helsinki
region. Also the results of this study show that in
i the
Helsinki region (and Baltic
ic Sea coast) the annual mean air
temperature has risen and the growing season has
continually extended. The mean air temperature for two
summer months (July and August) did not differ
significantly (p>0.05), but the soil temperatures were
lower when compared
red to traditional winegrowing areas of
central Europe. Deduced from the measured sugar content
of grapes (°Bx), the grapes were harvest ripe in the
Helsinki region several weeks later than in the other
localities. The climate differences between northern and
southern localities will probably decrease according to
numerous climate scenarios. The existing climate in the
southernmost parts of Finland does not prevent grapevines
from survival from climate-induced
induced stress, nor viticulture
from using suitable varieties,
ieties, and if the climate continues
to warm up, as predicted, the grapevine may become a
cultivated plant in the southern Finland already by the year
2040.

AUTHOR'S PROFILE
Dr. Juha Karvonen
has completed his M.Sc. (hortic.) studies from
Faculty of Agriculture and Forestry, University of
Helsinki in 2009 and started doctoral studies in 2013.
Juha Karvonen has published a book on Nordic
viticulture in 2004.

REFERENCES
[1]

[2]
[3]

[4]
[5]
[6]
[7]

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

H. Tietäväinen, H. Tuomenvirta, and A. Venäläinen, “Annual
and seasonal mean temperatures in Finland during the last 160
years based on gridded temperature data,” International Journal
of Climatology,, vol. 30(15), 2010, pp. 2247-2256.
2247
IPCC, “The Physical Science Basis. Summary for
Policymakers,” Working group I, 2007.
P. Samuelsson, C. G. Jones, U. Willen, A. Ullerstig, S. Gollvik,
U. Hansson, C. Jansson,
on, E. Kjellsröm, G. Nikulin, and K. Wyser,
“The Rossby Centre Regional Climate model RCA3: model
description and performance,” Tellus 63A,, vol. 63, 2011, pp. 1-3.
1
Finnish Meteorological Institute, Newsletter Archive,
Archive 2010.
J. Karvonen,”The annual growth cycle of grapevines in Southern
Finland,” Vitis, vol. 53(4), 2014, pp.175-180.
180.
K. W. Eichhorn, and D. H. Lorenz, “Phänologis Entwicklung
der
Rebe,”
Nachrichtenblatten
en
des
Deutschen
Pflanzenschutzdienstes,, vol. 21, 1977, pp. 119-120.
119 120.
T. D. Stoker, D. Qin, G.-K.
K. Plattner, M. Tigor, S. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex, and P. Midgley, “Climate
Change 2013: The Physical Science Basis,” Cambridge
University Press, 2013, p. 1535.
H. Tuomenvirta, “Reliable estimation of climatic variation in
Finland,” PhD thesis,, University of Helsinki, Helsinki, Finland,
2004.
IPCC, “Impacts, Adaptation and vulnerability,” Working group
II, 2010.
J. Karvonen, “Vitis cv. Zilga is a vine for the northern temperate
– climate, Short communication,” Horticultural
Science
(Prague), vol. 41(3), 2014, pp.147-151.
J. Robinson, The Oxford Companion to Wine,
Wine 3rd edition, Oxford
University Press, 2006, pp. 317-324.
324.
K. Bauer, “Standortansprüche”, in Weinbau , 7th edition,
ÖsterreichischerAgrarverlag, 2002, pp. 124-127.
124
Finnish Meteorological Institute, Statistics, 2014.
U. Maier, “Growth
wth stages of mono and dicotyledonous plants”,
in BBCH Monograph,, Federal Biological Research Centre for
Agriculture and Forestry, Berlin, Germany, 2001.
L. Neitiniemi-Urpola,
Urpola, “Climate change, threat or opportunity”, in
Climate Seminar, Kajaani, Finland, Finnish Meteorological
Institute, 2010.
IPCC, “Climate change,” Summary for policymakers,
policymakers 2014.

Copyright © 2015
201 IJAIR, All right reserved
204

