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Abstract: The purpose of this paper was to determine long-range and spatial variability of the start and end da-
tes of a period of intense vegetation in Poland in 1966-2015. The article is based on average monthly air tem-
perature values acquired for 20 Polish stations for 1966-2015, made available by the Institute of Meteorology
and Water Management — the National Research Institute. Based on the obtained data, the dates of the begin-
ning and end of the intense vegetation period were determined. In this study, the intense vegetation period
was defined as one with an average daily air temperature >10°C. The mathematical formulas proposed by
Guminski (1948) were used to determine the dates of the beginning and end of the period.

A period of intense vegetation in Poland in the years 1966-2015 has extended. The dates of the beginning
of the period of intense vegetation changed in the latitudinal system from the south to the north while the
intensity of changes in the date of the beginning in the studied area was characterized by longitudinal distribu-
tion — the most prominent in the west of Poland. The end of the intense vegetation period occurs earliest in the
north-east of Poland, and latest in the west and the south. The end date changes were less significant than the
start date changes. The length of the intense vegetation period ranges from the north-east to the south-west of
Poland, and the most dramatic changes occurred in the west and the south-east of Poland.
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INTRODUCTION

The climate warming as we know it today is unquestionable, and the years
of 1983—-2012 are considered the warmest 30-year period in the last 1,400 years
(IPCC 2013). Numerous studies from both Poland and Europe have shown
that progressive warming has translated into extension of the vegetation period
(Menzel and Fabian 1999; Chmielewski and Rétzer 2001;Chmielewski et al.
2004; Tomczyk and Szyga-Pluta 2016). The length of the vegetation season is
essential for the selection and conditions for the development of crop plants, and
thus affects the yield of plant production (Mager and Kope¢ 2010). Stages of
crop growth change while optimum results of field works depend largely on the
time when the growing season starts (Wegrzyn 2007).

Tomczyk and Szyga-Pluta (2018) showed an increase in air temperature dur-
ing the growing season in Poland, which was most intense in the southern regions
of the country. The increase in air temperature did not improve the conditions
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of plant growth because in period in question was accompanied by a decrease
in the total rainfall in almost all regions of the country. Climate warming also
adversely affects agriculture by reducing yield of some crops as a result of hot
stress and the deteriorating water balance (Nierébca 2009). The increase in air
temperature can promote development of heat-loving weeds, pests and an emer-
gence of new plant diseases.

Detailed forecasts of changes in the air temperature in the next decades in
Poland indicate its further increase (Piniewski et al. 2017). In the light of these
facts, the forecasted changes in the length of the growing season in Poland be-
come increasingly realistic (Nierobca et al. 2013). Some scholars indicate that
by 2030, the growing season in central Poland may be longer in comparison with
the reference period of 1971-2000 by 10-14 days and, by 2050 it will be 18-27
days longer, while in the south-western Poland by 11-17 days and 22-30 days,
respectively. In accordance with the agro-climatic conditions scenarios in the
2050 perspective, constructed by Szwejkowski and others (2008), the expected
shortest periods of intense growth can last as many days as now while the ex-
pected maximum duration may exceed today’s maximum by almost two months.
The aim of this study was to determine the long-range and spatial variability of
the start and end dates of a period of intense vegetation and its length in Poland
in 1966-2015. This research is a continuation of research conducted in north-
western Poland (Tomczyk and Szyga-Pluta 2017).

DATA AND RESEARCH METHODS

The basis for the study was the average monthly air temperature in 1966—
2015 from 20 stations located in Poland (Figure 1). The data have been provided
by the Institute of Meteorology and Water Management — the National Research
Institute.

Based on the obtained data, the start and end dates of an intense vegetation
period were determined. In this study, the time was defined as a period of an
average daily air temperature >10°C. The adopted definition was commonly
used in earlier studies by other authors (Szwejkowski et al. 2008; Kope¢ 2009;
Zarski et al. 2012; Zmudzka 2012). The period with the average daily tempera-
ture above 10°C is also referred to as the forest growing season (Durlo 2010).
The temperature of 10°C is decisive for the vegetative and, above all, for the
generative development of trees (Rubner 1960).

The mathematical formulas proposed by R. Guminski (1948) were used to
determine the start and end dates of the above mentioned period. In this method,
the following assumptions are made: the monthly average temperature falls on
the 15" day of a month, each month has 30 days, and the monthly temperature
changes are evenly distributed. The following formulas were used:
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Fig. 1. Location of the weather stations

x = 30 [(tp-t1)/(t2-t1)]
x = 30 [(t1-tp)/(t1-2)]

where:

tp — threshold temperature;

t1 — average temperature in the month preceding the threshold temperature;

t2 — average temperature in the month following the threshold temperature;

x — number of days between the day with the threshold temperature and the 15%
day of the preceding month.

The aforementioned method is commonly adopted in the determination of
thermal periods (Skowera and Kope¢ 2008, Szyga-Pluta 2011ab, Kepinska-
Kasprzak and Mager 2015, Tomczyk and Szyga-Pluta 2018).

Next, the length of the determined periods in the specific years was cal-
culated together with the potential length in the examined multi-year period,
i.e. the time between the earliest start and the latest ending of this period. The
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mean values, standard deviation and line trends were calculated for the above-
mentioned characteristics. In order to assess the nature of the changes, the linear
regression model was used. On the other hand, evaluation of the statistical sig-
nificance of the directional coefficient was made on the basis of Student‘s t-test
at the level of p <0.05.

RESULTS

In the years 19662015, the period of intense vegetation started on average
on 27 April. Its earliest beginning was recorded in central and southern Poland,
while the latest in the north (Fig. 2A). In individual stations, the average start
date of the intense vegetation period varied from 22 April in Raciborz and
Wroctaw to 11 May in Leba. In most stations, the earliest beginning of the pe-
riod was recorded in 2000 (typically the first decade of April), while the latest in
1980 (typically the second decade of May). The extreme dates of the beginning
of the intense vegetation period fluctuated between 4 April in Wroctaw and
Zielona Gora to 29 May in Leba. The above mentioned dates show that the po-
tential time of the beginning of an intense vegetation period in Poland amounted
to 56 days. In the investigated years, an increasingly early beginning of an in-
tense vegetation period was identified. The observed changes, apart from
Biatystok, were statistically significant. The intensity of the changes in the stud-
ied area was characterized by longitudinal distribution (Fig. 2B). The smallest
changes were identified in the eastern regions (Biatystok -1.3 days/10 years)
while the largest in the west of the country (Wroctaw -3.6 days/10 years).

The end of an intense vegetation period in Poland was recorded on average
on 4 October. The period ended earliest in north-eastern Poland and latest in
western and southern Poland and on the coast (Fig. 3A). In individual stations,
the average end date of an intense vegetation period changed from 25 September
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Figure 2. Average date (A) and changes in the beginning date of the period (B) of intense
vegetation in Poland in 1966-2015.
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in Suwaiki to 12 October in Swinouj $cie. In half of the stations, the period ended
earliest in 1972 while in the other stations it was recorded in 1976, 1977, 1978,
1986 or 1996. In a vast majority of stations, the latest ending of the period oc-
curred in 2000. Extreme dates of the ending of an intense vegetation period
fluctuated from 9 September in Suwatki to 1 November in Raciborz. These dates
show that the potential time of the ending of intense vegetation in Poland
amounted to 54 days. In the considered multi-year period, the end of an intense
vegetation period was found to be increasingly late, although these changes were
not statistically significant (Figure 3B).

The average length of intense vegetation in Poland was 162 days; the period
increased from the north-east to the south-west (Figure 4A). In individual sta-
tions, the average length of the period ranged from 146 days in Suwatki to 172
days in Raciborz and Wroclaw. The variability of the length of the period in the
country was similar, as indicated by the values of standard deviation which fluc-
tuated at a similar level of 11-13 days. In the considered multi-year period, in a
majority of stations the shortest period of intense vegetation occurred in 1980,
while the longest in 2000. The study showed an increase in the duration of the
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Fig. 3. Average date (A) and changes to the ending date of (B) intense vegetation in Poland
in 1966-2015

days/10 years
[ e

[ ]2630
3135
[ 3640
B >40

[ <154
[ ] 154-158
[ 159-163
I 164-168
| BE

Fig. 4. The average length of intense vegetation (A) and its changes (B) in Poland in 1966-2015.
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growing season, statistically significant in all stations (except for Bialystok). As
was the case of the changes in the beginning of the period, longitudinal distribu-
tion was identified in the changes in the duration of the period (Figure 4B). The
most intense increase in the length of intense vegetation was recorded in the
western regions with the maximum recorded in Wroctaw (4.9 days/10 years).
As indicated above, the shortest period of intense vegetation in most stations
was recorded in 1980. The length of this period ranged from 124 days in Suwatki
to 148 days in Gorzow Wielkopolski. In the entire examined area, this period
was shorter than average in the analysed 50-year period, and deviations from the
average value ranged from 18 days in Chojnice and Swinoujscie to 28 days in
Lublin. The shortening of the period in the analysed year was mainly attributed
to its later beginning which fluctuated between 12 May in Gorzéw Wielkopolski
and 27 May in Leba (Figure 5A). In individual stations, the delay in the begin-
ning of the period ranged from 16 days in Leba and Swinoujscie to 25 days in
Lublin. On the other hand, the end of the period ranged from 24 September in
Suwatki to 10 October in Swinoujscie (Figure 5B). As for the end of the period,
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Fig. 5. Start (A) and end (B) dates of intense vegetation in 1980 (line) and deviations from the
average long-range date (bars).
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deviations from the average value in the multi-year period were insignificant or
non-existent.

However, the longest period of intense vegetation in a majority of the re-
search area was recorded in 2000. The length of this period ranged from 158 days
in Suwalki to 209 days in Raciborz. In all the stations, this period was longer
than average in the analysed multi-year period by 12 days in Suwatki and 42 days
in Chojnice. The extended growing season in 2000 was caused by a coinciding
early start and later ending (apart from Suwalki). The beginning of the period
ranged from 5 April in Wroctaw and 16 April in Leba (Figure 6A) while the end-
ing from 15 September in Suwatki and 1 November in Raciborz (Figure 6B).
In the individual stations, the advancement of the beginning of the period in rela-
tion to the average date from the multi-year period ranged from 15 days in
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Fig. 6. Start (A) and end (B) dates of intense vegetation in 2000 (line) and deviations from the
average long-range date (bars).
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Raciborz and Rzeszow to 25 days teba, and the delay in the ending from 14
days in Swinoujscie to 22 days in Krakow and Raciborz. Only in Suwatki, the
end of the period occurred 10 days earlier.

DISCUSSION AND SUMMARY

In the years 1966-2015, the period of intense vegetation in Poland on av-
erage began on 27 April and ended on 4 October. The average length of the
analysed period was 162 days. The spatial differentiation of the duration of
the period with the temperature above 10°C, as in the case of the other ther-
mal periods, was very clear — the duration increased from the north-east to
the south-west of the country. This differentiation characterized the spatial
distribution of the duration and the start and end dates of the intense vegeta-
tion period both in the years with the shortest and the longest periods. The
beginning of the intense vegetation period took place earliest in central and
southern Poland, latest on the coast. The period’s earliest ending took place in
north-eastern Poland while the latest in western and southern Poland. In the
analysed period, an intense plant growth period started increasingly early. The
biggest changes took place in western Poland (Wroctaw -3.6 days/10 years)
and the smallest in the east (Biatystok -1.3 days/10 years). By contrast, the
end of the analysed period came later. The reason why the period of intense
vegetation in Poland extended were primarily the increasingly early dates of
the season’s beginning. The increase in the length of intense growth is most
pronounced in western Poland (Wroctaw 4.9 days/10 years) and on the south-
eastern fringe. The extension of this period was already in line with the results
obtained for various regions in Poland by other authors like Olechnowicz-
Bobrowska and Wojkowski (2006), Skowera and Kope¢ (2008) and Zmudzka
(2012). According to Zmudzka (2012), in 1950-2006 in the lowland part of
Poland, the period of intense vegetation was extended and the number of days
with an average temperature of at least 10°C increased at the rate of ~ 0.3
days per year, which was also associated with a significant increase in ther-
mal resources in the period in mind. In the Lublin region, the time variation
of the end dates of the growing season is smaller compared to the start dates,
as shown by Wegrzyn (2007ab). A period of intense vegetation got longer in
this area (Wegrzyn et al. 2017). According to Skowera and Kopec¢ (2008), in
south-eastern Poland the period of intense vegetation was extended, mainly
due to an earlier start by 69 days in 1971-2000 compared with 1951-1980.
According to Kope¢ (2009), the average duration of intense vegetation for
1971-2000 amounted to 163 days in south-eastern Poland while in 1971-
2000, it extended by 3 days and amounted to 166 days. However, studies by
Zarski et al. (2012) revealed no significant trends in the changes of indicators



THE PERIOD OF INTENSE VEGETATION IN POLAND 247

characterizing the agricultural thermal periods in the region of Bydgoszcz

between 1981 and 2010. The extension of the period’s time variability with

temperature of above 10°C in 1996-2010 in relation with the previous 15-year
period (1981-1995) in Bydgoszcz may, as the authors conclude, be interpret-
ed as an indication of the observed climate change.

According to Wegrzyn et al. (2017), the documented variability of the start
and end dates coupled with the length of agricultural thermal periods in the Lu-
blin region in the subsequent decades (1981-2010) as well as the tendencies to
their extension reflect the rate of temperature increase.

In summary, it can be concluded that:

1. The period of intense vegetation in Poland in 1966-2015 was extended.

The start dates of intense vegetation change in the latitudinal system from the

south to the north, while the intensity of changes in the start dates in the stu-

died area was characterized by a meridional distribution — the most dramatic
changes in the date occurred in the west of Poland.

3. The end of intense vegetation occurs earliest in the north-eastern part of Po-
land, and latest in the west and south. End date changes are less significant
than the start dates.

4. The length of intense vegetation increases from the north-east to the south-
-west of Poland, and the biggest changes occurred in the west and the south-
-east of Poland.
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