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The aim of the research was to evaluate the changes of climate factors in Central Polissya, which can contribute to Scots
pine vulnerability to bark beetle attacks and increase of their population density. In 2005-2018 an average annual and
growing season air temperature increased, especially in the southern part of the region. On temperature conditions until
2009, multivoltine bark beetles were possible to develop only one full generation. Thermal conditions in Scots pine
stands in the vicinity of 5 meteorological stations in 2010, three meteorological stations in 2012, two meteorological
stations in 2015, one meteorological station in 2016, and five meteorological stations in 2018 were favorable for the
development two bark beetle generations. Average growing season precipitation for 2005-2018 was inferior to the
long-term data for all analyzed meteorological stations, except Olevsk. Average G. T. Selyaninov hydrothermal index
value fell to the Forest-steppe “standard” in 2005 and 2009 and to the Steppe “standard” in 2015. Such a decrease is
unfavorable for forest trees, which are adapted to the high humidity of air and soil.
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Introduction. Climatic conditions of Central Polissya, in general, are favorable for Scots pine
(Pinus sylvestris L.). However, pine stands decline is progressing in the region since the beginning
of this decade (Borodavka et al. 2016, Meshkova & Borysenko 2017, 2018, Andreieva et al. 2018,
Andreieva & Goychuk 2018, Vyshnevskyi & Turko 2018).

Similar processes are recorded in other regions of Europe (Siitonen 2014, Lieutier et al. 2016,
Pineau et al. 2017). They are often explained by climate change (Balabukh et al. 2013, Getmanchuk
et al. 2017, Shvydenko et al. 2018) and considerable anthropogenic impact (Meshkova &
Borysenko 2018, Sazonov et al. 2017).

Climatic factors have a direct and indirect impact on forest tree species distribution, growth
(Vorobyov 1953), and their vulnerability to different unfavorable abiotic and biotic factors,
including insect pests (Meshkova 2009). Therefore, the increase of bark beetle foci area is
connected with an increase of forest susceptibility and tolerance to damage, change in a
microclimate of some plots due to anthropogenic influence, as well as an acceleration of insects’
seasonal development (Meshkova et al. 2017). At the same time, the spread of pine forest decline is
not homogeneous even within the same region, which is connected both with relief, climate and soil
diversity (Dibrov 1969), as well as with different availability of preferable forest plots for
colonization (Meshkova & Borysenko 2018).

In declining Scots pine stands of Central Polissya engraver beetle Ips acuminatus (Gyllenhal,
1827) and six-toothed bark beetle Ips sexdentatus (Boerner, 1767) (Curculionidae, Scolytinae) are
the most spread, due to their ability to develop in several generations per year depending on weather
conditions (Andreieva et al. 2018).

The aim of the research was to evaluate the changes of climate factors in Central Polissya,
which can contribute to Scots pine vulnerability to bark beetle attacks and increase of their
population density.

Materials and Methods. Investigations included a statistical and comparative analysis of
climate indices, which were evaluated using long-term values of air temperature and precipitation
from database https:/climate-data.org and respective values for 2005-2018 from http://rp5.ua.

Six meteorological stations were chosen for analysis: Olevsk, Ovruch, Korosten, Teteriv,
Novograd-Volynskij, and Zhytomyr (Table 1).

Annual air temperature, growing season temperature, the sum of positive temperatures for
growing season, growing season precipitation and G. T. Selyaninov hydrothermal index (HT1) were
evaluated for long-term data and data for 2005-2018.
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G. T. Selyaninov hydrothermal index (Selyaninov 1937) was calculated by the formula (1):
P
HTI =10 x %t : 1)
where XP is precipitation for a period with mean month air temperature over 10°C, mm;
>t is the sum of daily air temperature for the same period, °C.

Table 1
Meteorological stations selected for analysis

Metestt)ggi)c:]glcal Latitude, N Longitude, E Nearest Forest Enterprises

Olevsk 51°19' 28°46' Olevske FE; Bilokorovitske FE
Ovruch 51°19' 28°48' Ovrutske FE; Narodytske FE; Slovechanske FE
Korosten 50°57" 28°38' Korostenske FE; Lugynske
Teteriv 50°41" 29°36' Malynske FE; Radomyshlske FHE

. ot o Baranivske FHE; Gorodnytrske FE;
Novograd-Volynskij >0°34 2731 Emilchinske FE; Novograd-Volynske EFHE
Zhytomyr 50°15' 28°39' Zhytomyrske FE; Korostyshivske FE

Notes: meteorological stations are arranged in order of decreasing latitude; FE — Forest Economy; FHE — Forest &
Hunting Economy; EFHE — Experimental Forest & Hunting Economy.

Descriptive statistics and correlation analyses were performed with the help of MS Excel
(Atramentova & Utevskaya 2008).

Results and Discussion. In the last 14 years, the average annual air temperature has increased
in all parts of the region (Fig. 1).
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Fig. 1 — Average annual air temperature for 2005-2018 and by long-term data
(meteorological stations of Zhytomyr Polissya in order of decreasing latitude)

Such growth was 1.1-1.3°C (15.3-18.6 %) in the northern part of the region, and it reached
1.6-1.7°C (21.9-23.9 %) in the southern part (Table 2). Minimal annual air temperature exceeded
long-term values in all analyzed meteorological points, except Korosten, and respective differences
with long-term data are the highest in Novograd-Volynskij and Teteriv (8.6 and 8.3°C, or 22.5 and
23.9 %, respectively).

Average air temperature for the growing season also increased more in the southern part of the
region, with the highest difference for Teteriv — 2.46°C, or 17.3 %, respectively (Fig. 2).

However, the minimal value of growing season air temperature was inferior to long-term data
in Ovruch and Korosten and was the highest also for Teteriv (1.31°C, or 9.2 %).
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Differences between long-term air temperature and air temperature for 2005-2018

by different meteorological stations of Zhytomyr Polissya

Table 2

Difference in annual temperature Difference in growing season temperature

Meteorological station M1 - Al - M1 - Al- | M2-L2, | A2- M2- | A2-L2,
L1,°C | L1,°C L1, % | L1, % °C L2,°C | L2,% %
Olevsk 0.41 1.30 5.8 18.6 0.38 1.04 2.6 7.1
Ovruch 0.04 1.10 0.6 15.5 -0.58 0.79 -3.9 5.2
Korosten -0.23 1.10 -3.1 15.3 -0.90 0.80 -6.0 5.3
Teteriv 0.59 1.70 8.3 23.9 1.31 2.46 9.2 17.3
Novograd-Volynskij 0.61 1.60 8.6 22.5 0.70 1.58 4.7 10.7
Zhytomyr 0.54 1.60 7.4 21.9 0.68 1.65 4.5 10.9

Notes: meteorological stations are arranged in order of decreasing latitude; A1 — average annual air temperature
for 2005-2018; M1 — minimal annual air temperature for 2005-2018; L1 — long-term annual air temperature; A2 —
average growing season air temperature for 2005-2018; M2 — minimal growing season air temperature for 2005-2018;
L2 — long-term growing season air temperature.
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Fig. 2 — Average growing season air temperature for 2005- 2018 and by long-term data
(meteorological stations of Zhytomyr Polissya in order of decreasing latitude)

For Olevsk, Ovruch and Korosten the long-term air temperature was exceeded by current data
(2005-2018) more for the whole year, than for growing season. For Teteriv exceeding of the long-
term data was greater for growing season air temperature, and for Novograd-Volynskij and
Zhytomyr, the exceeding of annual and growing season temperature was the same.

For 14 year dynamics of annual air temperature, significant correlation was evaluated for
almost all pairs of meteorological stations, except Korosten, which had significant correlation only
with Olevsk (Table 3).

Dynamics of annual air temperature for Olevsk significantly correlates with those of all other
analyzed meteorological stations, but significance level is lower for neighboring Ovruch and
Korosten than for distant Novograd-Volynskij and Zhytomyr. This may be connected with relief
features, particularly Ovruch Ridge, which modifies the weather in the surround area (Dibrov
1969).

For dynamics of growing season air temperature, a significant correlation was evaluated for all
pairs of meteorological stations, except Ovruch, which had any significant correlation (Table 4).
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Sum of positive air temperatures for growing season for 2005-2018 (Fig. 3) was proportional

to the average growing season air temperature (see Fig. 2).

Table 3
Correlation of annual air temperature dynamics by different meteorological stations
of Zhytomyr Polissya for 2005-2018
Meteorqloglcal Olevsk Ovruch Korosten Novogra(_j_- Teteriv
station Volynskij
Olevsk 1 - - - -
0.58 + 0.234
Ovruch (t = 2.49)* 1 - - -
Korosten 0.52 + 0.246 0.24 +0.281 1 B B
(t=2.13)* (t=0.84)
Novograd- 0.94 + 0.096 0.57 £ 0.236 0.47 £ 0.255 1 _
Volynskij (t=9.77)** (t=2.43)* (t=1.83)
Teteriv 0.75+ 0.209 0.53 + 0.269 0.25 + 0.306 0.76 £ 0.206 1
(t=3.60)** (t=1.96)* (t=0.80) (t=3.68)**
Zhytomyr 0.90 + 0.127 0.60 + 0.230 0.40 + 0.264 097+0.071 | 0.79+0.193
y (t = 7.04)** (t=2.63)* (t=152) (t=13.65)** | (t=4.00)**
Notes: * — italic, significant at P < 0.05; ** — bold, significant at P < 0.01.
Table 4
Correlation of growing season air temperature dynamics by different meteorological stations
of Zhytomyr Polissya for 2005-2018
Meteorqloglcal Olevsk Ovruch Korosten Novogra(_j_- Teteriv
station Volynskij
Olevsk 1 - - - -
0.06 + 0.288
Ovruch (t= 0.20) 1 - - -
Korosten 0.89+0.130 0.06 + 0.288 1 B 3
(t=6.88)** (t=0.21)
Novograd- 0.94 +0.102 0.12 £ 0.287 0.82+0.164 1 B
Volynskij (t=9.18)** (t=0.41) (t=5.01)**
Teteriv 0.88 + 0.150 0.14 +0.313 0.81+0.186 0.91+0.130 1
(t=5.86)** (t=0.46) (t=4.36)** (t=7.01)**
Zhytomyr 0.92+0.114 0.15 + 0.286 0.74 £ 0.193 0.95+0.093 | 0.94+0.108
y (t = 8.04)** (t=0.51) (t = 3.85)** (t=10.23)** (t = 8.70)**
Notes: * — italic, significant at P < 0.05; ** — bold, significant at P < 0.01.
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Fig. 3 — Average sum of positive air temperatures for growing season of 2005-2018 and long-term data
(meteorological stations of Zhytomyr Polissya in order of decreasing latitude)
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Sum of positive air temperatures for growing season was used for prediction the number of
generation for multivoltine bark beetles. As the most abundant in the region Ips acuminatus and Ips
sexdentatus demand not more than 1560°C for full development (Meshkova et al. 2015), it is
possible to evaluate the maximal number of generations per each year. The calculation shows that at
the beginning of the analyzed period the sum of positive air temperatures for growing season was
enough only for one full generation of bark beetles (Fig. 4).
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Fig. 4 — Possible number of bark beetle generations evaluated by sum of positive temperatures for 2005- 2018
growing seasons (meteorological stations of Zhytomyr Polissya)

However, in 2010 development of two bark beetle generations became possible in all analyzed
parts of the region, except Olevsk. The opportunity of two bark beetle generations development in
Olevsk appeared only in 2018. It never since 2010 appeared in Ovruch and only twice for this
period (in 2010 and 2018) appeared in Korosten. In Novograd-Volynskij development of two full
generations of multivoltine bark beetles was possible in 2010, 2012 and 2018, in Teteriv in 2010,
2012, 2015 and 2018, and in Zhytomyr in 2010, 2012, 2015, 2016 and 2018. The years favorable
for two bark beetle generations development often coincided for several parts of the region: there
were favorable in vicinity of 5 meteorological stations in 2010, three meteorological stations in
2012, two meteorological stations in 2015, one meteorological station in 2016, and five
meteorological stations in 2018 (see Fig. 4). In 2018 there is a trend of increasing the sum of
positive air temperature for most meteorological stations (and respective increase of bark beetle
generation number), except Ovruch with a decrease of growing season air temperature (see Fig. 4).
The growth of the bark beetles number which successfully completed their development was
registered in outbreak years in the field researches.

Average precipitation for growing season 2005-2018 was inferior to the long-term data for all
analyzed meteorological stations (Fig. 5).
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Fig. 5 — Average precipitation for growing season of 2005- 2018 and long-term data
(meteorological stations of Zhytomyr Polissya in order of decreasing latitude)
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However, in Olevsk current precipitation exceeded the long-term data by 2.8 mm (0.7 %)
(Table 5).
Table 5
Differences between long-term precipitation for growing season and hydrothermal index and respective values
for 2005-2018 by different meteorological stations of Zhytomyr Polissya

Difference in precipitation Difference in hydrothermal index

Meteorological station M1-L1, Al - M1 - Al - M2 — A2 - M2—- | A2-
mm LL,mm | L1,% | L1, % L2 L2 L2,% | L2,%

Olevsk 73.0 2.8 17.6 0.7 0.09 -0.28 5.8 -26.2
Ovruch 85.0 -69.0 21.3 -17.3 0.17 -0.33 115 | -22.7
Korosten 42.0 -43.1 10.3 -10.6 0.11 -0.24 7.8 -16.5
Teteriv 34.0 -47.7 9.1 -12.8 -0.11 -0.38 -7.9 -26.7
Novograd-Volynskij 76.0 -43.9 17.5 -10.1 0.03 -0.33 2.0 -20.8
Zhytomyr 89.0 -57.8 21.5 -14.0 0.14 -0.33 9.6 -22.1

Notes: meteorological stations are arranged in order of decreasing latitude; Al — precipitation for growing season
for 2005-2018; M1 — maximal precipitation for growing season for 2005-2018; L1 — long-term precipitation for
growing season; A2 — HTI for growing season for 2005-2018; M2 — maximal HTI for growing season for 2005—2018;
L2 — long-term HTI for growing season.

Maximal precipitation for 2005-2018 exceeded long-term data in all meteorological stations by
42-89 mm (9.1-21.5 %). Decrease of precipitation and increase of air temperature brought to
decrease of average hydrothermal index value by 0.2-0.4 (by 16.5-26.7 %) (Fig. 6, see Table 5).
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Fig. 6 — Hydrothermal index for growing season of 2005— 2018 and long-term data
(meteorological stations of Zhytomyr Polissya in order of decreasing latitude)

The range of hydrothermal index for Polissya was previously evaluated as 1.3-1.6
(Selyaninov 1937). However, only maximal values for 2005-2018 fell into this interval. Average
HTI values for this period fell into Forest-steppe “standard” (1-1.3), although the values for Olevsk,
Korosten and Novograd-Volynskij are closer to “standard” for Polissya. All minimal values of HTI
fell into “standard” for Steppe (0.7-1.0).

Maximal value of the hydrothermal index for 2005-2018 exceeded long-term data by 0.03
(2 %) in Novograd-Volynskij and by 0.09-0.17 (by 5.8-11.5 %) in Olevsk, Ovruch, Korosten, and
Zhytomyr. However, the maximal value of the hydrothermal index for 2005-2018 growing season
was inferior to the long-term data for Teteriv by 0.11 (7.9 %) (see Table 5).
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Unlike air temperature, precipitation for individual meteorological stations was absent in the
database for some years. Therefore, before analyzing the dynamics of the hydrothermal index, we
evaluated correlation coefficients between its values in particular meteorological stations (Table 6).

Table 6
Correlation of hydrothermal index dynamics by different meteorological stations
of Zhytomyr Polissya for 2005-2018
Meteorological Novograd- .
station Olevsk Ovruch Korosten Volynskij Teteriv

Olevsk 1 - - - -

0.96 + 0.077
Ovruch (t= 12.5)%* 1 - - -
Korosten 0.17 +0.285 0.53+0.245 1 B B

(t=0.59) (t=2.18)*

Novograd- 0.34+0.271 0.50 + 0.250 0.89+0.133 1 B
Volynskij (t=1.25) (t=2.00) (t = 6.65)**
Teteriv 0.98 + 0.055 0.96 + 0.088 -0.03+0.316 | 0.29+0.303 1

(t=17.9)** (t=10.97)** (t=0.09) (t=0.95)
Zhytomyr 0.89+0.131 0.77+0.184 0.42 +0.262 0.58+0.235 | 0.92+0.127

y (t=9.81)** (t=4.17)** (t=1.60) (t=247)* (t=7.21)**

Notes: * — italic, significant at P < 0.05; ** — bold, significant at P < 0.01.

The correlation was significant at P < 0.01 for epy hydrothermal index in Olevsk with those in
Ovruch, Teteriv, and Zhytomyr. Novograd-Volynskij and Korosten was another pair of
meteorological stations with significant correlation (see Table 6). Precipitation data for some years
were missed in the databases of the last two meteorological stations. Therefore, the values of the
hydrothermal index for 2005-2018 were averaged for Olevsk, Ovruch, Teteriv, and Zhytomyr

(Fig. 7).
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Fig. 7 — Hydrothermal index dynamics for 2005— 2018 growing seasons
(averaged for four meteorological stations of Zhytomyr Polissya — Olevsk, Ovruch, Teteriv and Zhytomyr)

Three minimums of the hydrothermal index can be seen for recent 14 years (in 2005, 2009 and
2015), and every next minimum is less than the previous one (Fig. 7). After the first minimum in
2005 (HTI = 1.01), hydrothermal index value returned to “standard” for Polissya for 2006—2008.
After the second minimum in 2009 (HTI = 0.94), this index stayed on the level for Forest-steppe
“standard” for two years and for the next three years was in the lower level of “standard” for
Polissya (1.38-1.41) followed by drastically fell in 2015 to the HTI value below “standard” for
Forest-steppe (HTI = 0.64). Despite the increase the HTI value in subsequent years, it remained at
the Steppe “standard” level up to now (see Fig. 7). Such decrease in HTI in Polissya is unfavorable
for forest trees, which are adapted to the high humidity of air and soil (Vorobyov 1953).
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Conclusions. In 2005-2018 an average annual and growing season air temperature has
increased in all parts of the Central Polissya. Such growth was greater in the southern part of the
region. For 2005-2008 significant correlation of annual and growing season air temperature was
proved for most of the meteorological stations.

At temperature conditions until 2009, multivoltine bark beetles were possible to develop only
one full generation. Two bark beetle generations development was possible in the vicinity of 5
meteorological stations in 2010, three meteorological stations in 2012, two meteorological stations
in 2015, one meteorological station in 2016, and five meteorological stations in 2018.

Decrease of precipitation and increase of air temperature brought to decrease an average
hydrothermal index value, which fell to the Forest-steppe “standard” in 2005 and 2009 and to the
Steppe “standard” in 2015. Such a decrease is unfavorable for forest trees, which are adapted to the
high humidity of air and soil.
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Amngpeesa O. 0.

KJIIMATHUYHI YUHHUKU, 1110 BIUIMBAIOTh HA YPA3JIMBICTh COCHHU 3BUYAMHOI 10 HATIAJIIB
KOPOI/IIB ¥ LIEHTPAJILHOMY TIOJIICCI

Kumomupcovruii HaYioHATbHUL A2POeKON02IYHUL YHIGepcumem

MerToro nociiKeHb 0YyJI0 OIIHUTH 3MiHU KIIMAaTHYHAX YUHHUKIB y LlenTpansaomy [lomicci, SKi MOXKYTH CTIPUSTH
MIABHUIICHHIO YPA3IMBOCTI COCHU 3BUYANHOI 10 HAIA/IiB KOPOIMiB Ta 301IbIICHHIO IIITLHOCTI IXHIX momysiiit. Y 2005—
2018 pp. 30UIBIIMIIACS CEpPEeIHS TEMIIEpaTypa MOBITPS 3a PIiK 1 BereTamidHui mepiod, 0COOIMBO y MIBICHHIA YaCTHHI
periony. 3a TemneparypHuMu ymoBamMu 110 2009 p. MyJIbTHBOJBTHHHI KOPOiAW OYJM CIIPOMOXKHI 3aBEPLIMTH JIMIIIE
OJIHy TIOBHY TeHepallito. TeMmrepaTypHi YMOBH B HAaCa/DKCHHSIX COCHU 3BHYAlHOI B paiioni 5 mereoctanuiii y 2010 p.,
TpboX MereocTaHuiid y 2012 p., nBox mereoctanuiii y 2015 p., onniel Mmereocranuii B 2016 p. Ta ’ATH METEOCTAHLIH Y
2018 p. Oyau COPHUATIMBHMH I PO3BUTKY JIBOX MOKOJNiIHB Kopoima. CepeiHs KUIBKICTh OMAiB 3a BEreTalliitHUi
nepiox 2005-2018 pp. moctymanmacs OaraTOpiyHHM MaHWUM YCiX TPOaHANi30BaHMX METEOCTaHIil, kpiM OeBchKa.
Cepenne 3HaueHHA rigporepmigroro koedimienra (I'TK) 3a I'. T. CensHiHOBHM 3MeHIIIIIOCS 10 «HOpMEY» JlicocTemy y
2005 12009 pp. Ta mo «HOpMEI» CTemy y 2015 p. Take 3MEHIICHHS HE € CIPHUATINBUM IS JTICOBHX TIOPIiJ, aJallTOBAHUX
JI0 BUCOKOI BOJIOTOCTI IOBITPS Ta IPYHTY.

KniwodgoBi cmoBa: BcHXaHHS JCy, KOPOinW, TeMIlepaTypa IMoBIiTps, onaau, rigporepmiunmii koedimient (I'TK)
3al. T. CensiHiHOBUM.

Anppeesa E. 10.

KIIMMATUYECKUE ®AKTOPHI, BJIMAIOIIME HA VSI3BHMOCTh COCHBI OBbIKHOBEHHOI K
HATTAJEHWIO KOPOEZIOB B IEHTPAJIBHOM ITOJIECBE

Kumomupcruii HaYUOHATLHBIN A2POIKOIOSUYECKULL YHUBEpCUMEm

Lenbro ucciienoBanmii OBUIO OLIEHWTh M3MEHEHUS KIMMaTHdeckuX (aktopoB B LlenTpansHom Ilomeche, KoTOpbIE
MOTYT CIIOCOOCTBOBAaTh IOBBIIMICHUIO YS3BMMOCTH COCHBI OOBIKHOBEHHOW K HAIAJCHHUIO KOPOEIOB M YBEIHUCHHIO
wioTHocTH ux nonyssiuid. Y 2005-2018 Bo3pocia cpefHss TeMiiepaTypa BO3AyXa 3a TOJl M BEereTal[HOHHbBIH MepHoI,
0COOEHHO B I0XHOI yacTH pernoHa. [lo temmeparypHsiM ycinoBusaM 10 2009 r. MynbTHBOJIBTHHHBIE KOPOEIbI OBLTH
CcrocoOHBI 3aBEPUINTH Pa3BUTHE JIUIIE OJTHON MOJHOM reHepaly. TemnepaTypHbIe YCIOBHSA B COCHOBBIX HACAXKICHUAX
B OKPECTHOCTAX 5 Mmereopojorudeckux cranmuid B 2010 r., Tpex Mereoposormueckux ctanumii B 2012 1., mByx
MeTeoponorndeckux cranmuit B 2015 r., ogHO#M MeTeoposoruyeckoil cTaniuu B 2016 . ¥ MATH METEOPOJIOTHYECKIX
crarnuit B 2018 r. ObUIH OIAaTONPUATHBIMHE JUTS PA3BUTHS ABYX MTOKOJICHUH KopoenoB. CpenHee KOJHIECTBO OCAIKOB 32
BeretaroHHbIH nepuoa 2005-2018 rr. ObIIO MEHBITNM, YeM TI0 MHOTOJICTHHM IAaHHBIM BCEX MPOAHAJIH3HPOBAHHBIX
MeTeocTaHIui, kpome OneBcka. Cpennee 3HaueHHe ruaporepmudeckoro kodddumuenra (I'TK) mo I'. T. CensauHOBY
yMeHbIIMI0Ch 10 «HOpMBDY Jlecoctenu B 2005 u 2009 rr. u go «Hopmb» Crenu B 2015 r. Takoe ymeHblueHUE
HeOJIaronpusATHO JUIsl JIECHBIX MTOPOJ, aJallTAPOBAHHBIX K BEICOKOH BIa)KHOCTH BO3/1yXa U TIOYBBI.

KnioueBble cmoBa: YyChIXaHHE Jieca, KOPOEABI, TeMIlepaTypa BO3AyXa, OCAAKH, THIAPOTEPMHUCCKHUN
koadrmuent (I'TK) mo I'. T. CenstauHOBY.

Ooeporcano peoxoneciero 08.10.2018
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