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Abstract. Meteorological measurements, that aim to monitor weather and climate conditions to aid research in changing forest
ecosystems, have been conducted in the Warsaw University of Life Sciences' experimental forests in Rogow since 1924. Based on
the long-term air temperature measurements, it can be demonstrated that in the years 19242015, anomalously cold months have
occurred less often (ca. 3.2%) than anomalously warm months (ca. 4.5%). During the last 20 years, only two anomalously cold
months were recorded (November 1998, December 2010), whereas anomalously warm months occurred frequently (May 2002,
July 1999, 2002, 2006, 2010, 2012, 2014, August 2002, 2015, September 1999, 2006, October 2000, 2001). We hypothesised
that the more frequent anomalously warm months would constitute a trend in increasing the air temperature for particular months
between 19242015, but surprisingly, a statistically significant trend was observed for all winter (XII-II) and spring months (III-
IV) as well as the end of summer (VIII).
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*The theses posed in this article were presented at the III National Conference entitled ‘Climatic determinants of the life of forests’
organised by the Warsaw University of Life Sciences — SGGW, Faculty of Forestry at the Centre for Nature and Forest Education
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1. Introduction

An increase in air temperature is one of the basic mani-
festations of contemporary climate change. Global warming
intensified especially in the second half of the 20" century
and at the beginning of the 21% century, the temperature in-
crease in 1981-2005 was 2.4 times higher than in 1906-2005
(Kundzewicz 2011). However, in individual months and
locations, the changes in thermal conditions may be signifi-
cantly below or above the general trend (Kundzewicz 2011).
The increase in temperature is accompanied by an increase in
the frequency of extreme events. One of the manifestations
of climate change is the more frequent occurrence of peri-
ods with extremely high air temperature — heat waves, and a
decrease in the frequency of periods with low temperature —
cold waves (Marosz et al. 2011; Kossowska-Cezak; Twardosz
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2017). Similar regularities were also observed in the frequen-
cy of the occurrence of hot and cold days (Kundzewicz 2016).
The response of forest ecosystems to climate change is de-
layed due to the longevity of forest stands (Zajaczkowski et
al. 2013). Climate change can lead to a reduction in forest sta-
bility, as well as the reduced availability of environmental re-
sources, ecosystem services and the production and protective
functions of forests (WS 2013). The species composition of
forest stands will change, that is, species with higher moisture
requirements, such as alder, ash and spruce, will give way to
others as sites become drier (Brzeziecki et al. 2012). Irrespec-
tive of the adopted models of climate change, more diverse
stands in terms of initial composition will most likely exhibit
an initial decline of biomass, followed by an increase, leading
to the reconstruction of the earlier state (Dale et al. 2010).
In addition to changing the production characteristics of tree
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stands, specific non-production functions will also change,
the value of which may be higher than the economic value of
the wood (Kedziora et al. 2014).

In light of the changes taking place in forest ecosystems
(Dale et al. 2010; Brzeziecki et al. 2012; Zajaczkowski et al.
2013), monitoring the factors that may affect observed forest
dynamics is an important research issue. Thermal and humidity
conditions are among the basic abiotic factors affecting forest
habitats. As part of a study of the climate in the area of £.odz
— at the SGGW Experimental Forest in Rogéw — thermal and
pluvial conditions were found to influence the radial growth
of some species of forest trees (Chojnacka-Ozga, Ozga 2012;
Bijak 2013). Analysing the long-term course of precipitation,
no statistically significant changes were found (Chojnacka-Oz-
ga, Ozga 2015). The lack of clear trends in precipitation with
clearly visible positive trends in air temperature (Kozuchowski,
Zmudzka 2003; Zmudzka 2009; Kossowska-Cezak 2010) may
lead to serious changes in forest ecosystems.

The aim of this study is to determine the anomalous aver-
age monthly values of air temperature in the SGGW Exper-
imental Forests in Rogow and their changes in 1924-2015.
The application objective is to determine the direction of the
change in air temperature for the studied years and its size.
The following study hypotheses were formulated:

* The number of anomalously warm months increases,
while the anomalously cold ones decrease.

» Thermal anomalies occur in the months with the stron-
gest trends of change in air temperature.

2. Study site and methods

In 1923, the meteorological station was established at the
SGGW Experimental Forests in Rogow (51°40°N, 19°55’E,
h = 194 m above sea level). Only precipitation measurements
were made in 1923, while in 1924, measurements and observa-
tions of other meteorological phenomena were gradually in-
troduced. After World War II (until 1993), measurements were
also performed at a forest (under the canopy) meteorological
station. During the entire measurement and observation period,
three climatological measurement periods were in force at the
station. The research material consisted of average monthly air
temperature values calculated and compiled in climatological
logs and monthly record of meteorological observations.

The anomalously warm or anomalously cold months
were determined for the course of many years, assuming as
the criterion, according to the Lorenc (1994) classification,
a deviation from the mean by + 2SD (standard deviations).
The direction and significance of the trends of changes in air
temperature were calculated by determining the linear trend
equations (significance of the trend was determined using F
statistics) and the Mann-Kendall test.

3. Study results

The average annual air temperature from 1924-2015 was
7.5°C and varied from 5.3°C (1940) to 9.6°C (2015). It was
characterised by a statistically significant upward trend of
0.13°C/decade.

In the winter months (XII-II), a positive thermal ano-
maly occurred only in December 2015. Negative anomalies
occurred more frequently: in December 1927, 1933, 1969,
2010, in January 1940, 1942, 1963 and 1987, and in Febru-
ary 1929, 1940, 1947, 1956, 1985 and 1986 (Figure 1). Par-
ticularly noteworthy is February 1929, when the minimum
temperature dropped below -30.0°C three times, and on Fe-
bruary 9, 1929, when the daily amplitude was 23.0°C.

The air temperature in the winter months of 1924-2015
was characterised by a statistically significant positive trend
(Figure 1).

In the spring months (III-V) in March, an anomaly occu-
rred only once (negative in 1942), with anomalies occurring
more frequently in the remaining months (negative in April
1929 and 1955 and in May 1965 and 1980, whereas positive
in April 2000, and in May 1931, 1937, 2002).

The air temperature in March and April in the analysed
multi-year period was characterised by a statistically signifi-
cant positive trend, while in May, the upward trend was not
significant (Figure 2).

In the summer (June—August), there were no negative
anomalies, while positive anomalies were found 4 times in
June (1940, 1954, 1964, 1979), 9 times in July (1932, 1959,
1994, 1999, 2006, 2002, 2010, 2012, 2014) and 7 times in
August (1938, 1939, 1942, 1951, 1992, 2002, 2015).

In the summer months of the surveyed years, a statisti-
cally significant positive trend in air temperature was found
only for August (Figure 3).

In autumn (September—November), positive anomalies
occurred less frequently and negative ones more often (Fi-
gure 4). In September, there were only positive anomalies
(1931, 1942, 1947, 1967, 1999, 2006), October had positive
(1967, 2000, 2001) and negative (1936, 1946) anomalies,
and in November, there were less positive anomalies (1926,
1946) than negative ones (1941, 1956, 1965, 1993, 1998).

In 1924-2015, air temperature in the autumn months was
characterised by trends that were not statistically significant:
a decline in September, with increases in October and No-
vember (Figure 4).

In particular decades of the analysed period, the number
of months with an anomalously low or high average tem-
perature fluctuated (Table 1).

The least number of anomalous months occurred in
1966-1985. The number of months with abnormally low air
temperatures in the analysed multi-year period decreased.
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Figure 1. Mean air temperature in Warsaw University of Life Sciences Experimental Forests in Rogéw in winter months in 1924-2015

The turn of the 21% century is marked by more frequent
occurrences of anomalously warm months (Table 1). Ano-
malously cold months occurred mainly in winter and ano-

malously warm months in summer. Anomalous monthly
average air temperature values occurred more frequently in
autumn than in spring (Table 2).
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Figure 2. Mean air temperature in Warsaw University of Life Sciences Experimental Forests in Rogdéw in spring months in 1924-2015

4. Discussion L6dz calculated by Ilnicki et al. (2015). On the other hand,
the trends of average monthly values of air temperature in
Rogow (a station located in a non-urbanised area) are general-
ly lower than the corresponding values calculated for a shorter

The upward trend in the mean annual air temperature in
Rogow (0.13°C/decade) is slightly higher than the trend for
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Figure 3. Mean air temperature in Warsaw University of Life Sciences Experimental Forests in Rogow in summer months in 1924-2015

measurement period in Warsaw (Majewski et al. 2012). The 2006 in April, May, June, August, October and November in
regularities indicated by Marosz et al. (2011) on the relative- 1.6dZ (Podstawczynska 2010) were confirmed in Rogow only
ly weak trends of air temperature changes in autumn months for April and August. In the remaining months, it was only a
were confirmed. Statistically significant trends from 1904— trend in a similar direction as that shown for £.6dz.



42

L. Chojnacka-Ozga, W. Ozga / Le$ne Prace Badawcze, 2018, Vol. 79 (1): 3744

[°c] September
16 -
_____________ N e g
14 + o+
cocle | efoa,
d
sel*e e T\ ‘. .-.'.. o*
'.."'. '..'.-".. RN .'-"..-.0' o P
12 AN ol
g
y = -0.0025x + 12.951
R?=0.0024
D2 2 e e e e e e e
T LW OO N WO ANT OO NST OO NT OO ANTOVUNVNONTOVOVNONTTONVONI OO N
N AN ANOO O OO N ST T T T T OO O OO WOWONNNNNOOOGOOWONWOWONOO DO OO0 OO o oo
[e)Ie) B« ) e ) Mo ) Bie ) M@ ) B ) M@ ) B «) B e ) B @) B @) B e ) B @ ) Wi @) B e ) W@ ) B @ ) B )} [e)] [e) ) I« o) I« ) I I e ) I ) N e )@ ) Bie) @) B @) ) o o O O O o
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AN AN AN ANANANANAN
average = ==-12SD ¢+« 1l-year moving average trend line
[°C] October
12 +
______________________________ g [ T
10 ~
LY
o,
8 A B A S Y coe  Jotloes = . e .-.
. . L4 ....l
YA X R AN ®lefo oo
6,
________ decccccddecccccccccccccccccticcccccccccccccccccccccccccca=
4 4
y =0.0071x + 7.4517
R?=0.0153
7 o e o o e e B e e e e A e e e e e |
<t O WO NS VOV ONSS VWO NS OVOWONSOVNOANTSTOVWVNOANTOVNONT OO NI O o N <
N AN N O OO NN ST T T TDLWOLDLL LN OO OO ONNNNMNOOWOGWOBWONWOGN NN DO OO0 O O o dH o
[e) I« )M« ) M« ) W< ) Mo ) i< ) '« ) I« ) N« ) M@ ) Ne ) W@ ) Be ) Ne ) SIS ) B< ) B e ) B« ) N« ) B < M B < ) I < M I« ) B« ) B« ) W o ) B o ) B o ) I o ) I o ) I o ) B o ) i o ) Bl o) Wi 0 ) Bl 0 ) Bl o) I = = s e e o o N =)
™ = A A Ao A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A NN NN NN NN
average = ==-%2SD « e+« 1ll-year moving average trend line
8,
[Og]_J\lov.emheL ________ decccccccccc e e e e e e e ccccc e e e e e e e e e ——-
4 Sl oo
o
o0 ® '..... o o/ ..'l.. - o .'.. ..‘........ A ...'
5 [y RV St bl el
| 4
[ e T TR S L 0 AT AR T NN L L O O B LA A L U S S L A S L B B 1 L S O A N B R B S T R
________________________________________________ El il addadaaaas
_2,
y = 0,0064x +2,8016
A R?=0,0075
T OOV ONTTORONT OVONTT OVONT ONVNONTOUVNOANTOVNONT OO NT OO N I
N AN AN OO OO NS T T T TN O OO OONNNNNOOWOGNONWOWOOONDONDNDNNDO OO0 OO oo
(<)« )« I« ) I« Be ) B« ) N e ) B« ) N @) B« ) B @) B o) B @) B e ) B @) I e ) I @) I e ) I @) I e ) B @) I @ ) B @ ) B e ) B @) Il e ) B )} OO OO OO OO O O OO OO oo
™ A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AN AN AN NNNNAN
$rednia / average = = =+12SD « ¢ « « $rednia ruchoma 11-letnia / 11-year moving average linia trendu / trend line

Figure 4. Mean air temperature in Warsaw University of Life Sciences Experimental Forests in Rogéw in autumn months in 1924-2015

Based on the same study period, we can conclude that
the anomalous air temperature values characterising particu-
lar months also occurred at other meteorological stations in
Poland (Uscka-Kowalkowska, Kejna 2009; Filipiuk 2011;

Lorenc 2016). However, the anomalously high air tempera-
ture values of April 2009 and 2011 that occurred in Warsaw
were not observed in Rogow. An anomalously warm July
2010 was recorded in Rogéw and Warsaw, but not in Lublin.
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Table 1. Number (n) and percentage (%) of months with anomalously low (AC) and anomalously high (AW) average air temperature in

Rogéw in 19262015

1926-35 1936-45 1946-55 1956-65 1966-75 1976-85 1986-95 1996-05 2006-15
AC n 4 6 3 5 1 2 3 1 1
% 33 5.0 2.5 42 0.8 1.7 2.5 0.8 0.8
AW N 4 5 4 2 2 1 2 8 7
% 33 42 33 1.7 1.7 0.8 1.7 6.7 5.8
Table 2. Number of months anomaly cold (AC) and anomaly warm (AW) in Rogéw in 1924-2015
Season Winter Spring Summer Autumn
Months XII I I I v A% VI VII VIII IX X XI
AC 4 4 6 1 2 2 0 0 0 0 2 5
14 (53.8%) 5(19.2%) 0 7 (26.9%)
AW 1 0 0 0 1 3 4 9 7 6 3 2
1(2.8%) 4 (11.1%) 20 (55.5%) 11 (30.6%)

Similarly, an anomalously warm August 2002 was not found
in Lublin, but occurred in Rogdéw, Warsaw and Koniczyn-
ka near Torun. These discrepancies can be confirmed by the
spatial distribution of thermal anomalies presented by Kos-
sowska-Cezak and Twardosz (2017).

The increase in anomalously warm months shown in recent
years in the growing season affects a change in the water re-
gime of forest habitats, and thus, gradual structural changes in
forest stands (Zajaczkowski et al. 2013). At the same time, the
occurrence of months with anomalous air temperature values
converges in many cases with the periods that are decisive for
the annual growth of particular tree species (Chojnacka-Ozga,
Ozga 2012; Bijak 2013). Thus, the frequency of occurrence
of months with anomalous average values of air temperature,
as one of the manifestations of climate change, can affect the
functioning of forest ecosystems.

5. Conclusions

In 1924-2015, anomalously cold months in the Experi-
mental Forests in Rogéw occurred less frequently (about
3.2%) than the anomalously warm ones (about 4.5%).

In 1924-1955, the number of anomalously warm and
cool months was similar and gradually decreased. Since the
1990s, the number of anomalously warm months has incre-
ased significantly.

Anomalously cold months have been rare in the last 20
years (only in December 2010), while anomalously warm

ones have occurred much more often during this period
(May 2002; July 1999, 2002, 2006, 2010, 2012, 2014; Au-
gust 2002, 2015; September 1999, 2006, October 2000,
2001, December 2015).

In individual months of 1924-2015 (except for Septem-
ber), the air temperature was observed to have an increasing
trend or increasing tendency. A statistically significant air
temperature trend occurred in the winter months (XII-II),
spring (III-IV) and at the end of summer (VIII).

Based on the conducted analyses, we cannot confirm the
more frequent occurrence of thermal anomalies in the mon-
ths with the strongest trends of changes in air temperature.
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