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COVERAGE OF CLIMATE CHANGE TRENDS
INZHYTOMYR OVER A 19-YEAR PERIOD

Herasymchuk L. O., Valerko R. A.

INTRODUCTION

Climate change has been one of the main problems at the international
level since 1980s, and it is the major challenge to government authorities and
society at large. The Sustainable Development Goals of Ukraine until 2030,
the Strategy of the State Environmental Policy until 2030 and the Concept of
Its Implementation’ recognize climate change as one of the main problems in
the world development; it is a challenge for the fulfillment of tasks of the
global economy and international security, since it directly affects energy
security, food and water supply, sustainability of ecosystems, occurrence of
emergency situations, risks to people’s lives and health.

According to the information available in the reports
Intergovernmental Panel on Climate Change that was established in 1988 and
deals with assessment of climate change, its consequences, future risks and
possible response options'', the average air temperature is increasing in all
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regions of the world. The reason for this is anthropogenic effect on the
climatic system.

According to World Meteorological Organization'?, 2015-2018 were four
warmest years since observations began. This is an indication of a long-
lasting climate change, which is associated with the peak concentration of
greenhouse gases in the atmosphere.

The analysis of WMO data showed that the global average surface
temperature in 2018 was by about 1°C higher than the pre-industrial basic
level (1850—1900). This year was ranked 4th among the warmest years since
observations began'.

In Ukraine, little attention is given to the issues of climate change at the
state level despite the fact that a number of international documents in this
field have been signed and ratified and climate change has been recognized as
one of the main problems of the world development. At the same time, issues
of climate change and its consequences for all life spheres are constantly
emphasized in the EU countries. At present, all state efforts in Ukraine are
focused on defensive capacity, power industry and economic development'.
However, consequences of climate change are observed at all levels (local,
regional, national and global) and should be definitely taken into account
when the state policy is shaped and implemented.

Climate change (over the past 100 years, average annual air temperature in
Ukraine has increased by 0.6+0.2 °C, while the amount of precipitation by
5-7%") affects all economic sectors and will lead to the increase of
temperature regime'®'’, growing amount of abnormal temperatures and
atmospheric precipitation'®, negative consequences for agriculture'” *°, up to
climatic upheaval®'.
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The issues of climate change have been reflected in the papers of
Ukrainian® > ** *> % and foreign scientists > ** 2 *°. However, despite the
significant amount of available data there is a lack of studies related to the
climate change in Ukrainian cities, including the Zhytomyr region, which was
the reason for this study. In addition, consequences of climate change are
more noticeable at the local level.

Thus, the purpose of the study was to assess the manifestations of climate
change in Zhytomyr during 2000-2018.

The informational basis for the study was the data on average annual and
monthly air temperature and amount of precipitation in Zhytomyr, which was
received from the Zhytomyr Regional Centre for Hydrometeorology.

The coefficient of deviation essentiality (CDE) of air temperature and
precipitation amount from the average values was calculated using the
methodology presented in the work of Pedia D.A.*". It was calculated in the
context of years and months under investigation. The statistical processing of
the obtained data was carried out using Microsoft Excel and Statistica 6.0.

19 [poxonenko K.O., Ymosa JI.O. Cinbcbke rocrmomapcTBO YKpaiHW: BHKIMKH 1 MUIIXH PO3BUTKY B
yMOBax 3MiHH KIiMaty. Exonomika i npoeno3syeanns. 2017. Ne 1. C. 92—-107. DOI: https://doi.org/10.15407/
eip2017.01.092.

20 Xpomsk B.M., Hanusatiko B.B. Pusuku BeneHHs: pocTMHHAITBA B yMoBax [liBHiuHO-cXimHOTO CTeIy
B 3B’A3Ky 31 3MiHOWO KiiMaty. Bichux aepaproi nayku. Bepecens 2016. C. 17-24. DOI: https://doi.org/
10.31073/agrovisnyk201609-03.

! I'pebentox H.II. XapakTepucTHKa MOBTOPIOBAHOCTI CHIBHHX 3/IMB Ha TEpUTOpii YKpaiHH B yMOBax
CydacHHX 3MiH KiiMmary. [idponoeis, eiopoximia i eciopoexonocis. 2014, T. 1. C. 96-101. URL:
http://nbuv.gov.ua/UJRN/glghge 2014 1 13.

*? Bamabyx B.O. PerionanbHi nposBy r100amsHOi 3MiHE KitiMaTy B TepHOMIIbChKIH 06MacTi Ta MOKIMBI
ix 3Mminn go cepenunu XXI cr. Haykosi 3anucku TephoniibCbk020 HAYIOHANLHOZO NeQa202iuH020
yuieepcumemy imeni Bonooumupa ['namioxka. Cep. [eoepaghia. 2014. Ne 1. C. 43-54. URL:
http://nbuv.gov.ua/UJRN/NZTNPUg 2014 1 9.

» Banepko P.A. Exosoriuna ominka 3MiH ki1iMary Ha Tepuropii M. Kopoctens Kuromupceskoi o6macri.
Bicnux ZKHAEY. 2015. Ne 2 (50), 1. 1. C. 46-54.

# Tepacumuyk JI.O., Bamepko P.A., Mapreniok I'M. Temumenmii 3Mminm KiiMary Ha TepuTOpii
M. HoBorpan-Bommacekuit JKutomupcrkoi obnacti. Haykosi eopuzonmu. 2018. Ne 2 (65). C. 42-50. URL:
http://ir.znau.edu.ua/handle/123456789/9497.

» Kupunenko B.B., Bonomyxk C.I., Jly6osux H.C., Brusuiok B.B. PeTpocriekTHBHMiT aHaIi3 TOTOIHAX
YMOB Y 30Hi JislIbHOCTI MUPOHIBCHKOTO IHCTUTYTY MIeHUI. Muponiscokuil gichux. 2016. Bur. 2. C. 87-97.
DOI: https://doi.org/10.21498/2518-7910.0.2016.119548.

% Terpmamuyk AL, Kuummok O.B., Boiitiox B.IL, Bopomaska B.O. PerioHanbi 3wvinm Kmimary sk
NpPUYMHA TOCTPUX BCHUXaHb COCHsKIB Bommncwekoro Ilomicest. Hayxoeuii eicnux HJITY Yipainu. 2017.
Vol. 27, Ne 1. P. 120-124. DOI: https://doi.org/10.15421/40270127.

7 CrapoBatoB A.A. HekoTopble acreKThl H3MeHeHHs KiIuMaTa 3emian. Web of Scholar. 2018. Ne 6(24),
T.2. C. 52-54. DOI: 10.31435/rsglobal _wos/12062018/5754.

* Ho E.H., Budescu D.V. Climate uncertainty communication. Nat. Clim. Chang. 2019. Ne 9.
P. 802-803. DOI:10.1038/s41558-019-0606-6.

¥ Jerry M. Melillo et al. (eds.). Highlights of Climate Change Impacts in the United States: The Third
National Climate Assessment, USGCRP (Washington, DC: U.S. Government Printing Office, 2014). URL:
http://www.globalchange.gov/sites/globalchange/files/NCA3_Highlights LowRes-small-

FINAL posting.pdf.

% Massimiliano Pasqui, Edmondo Di Giuseppe. Climate change, future warming, and adaptation in
Europe. Animal Frontiers. 2019. Vol. 9, Ne 1. P. 6-11. https://doi.org/10.1093/af/vty036.

' Hens J.A. O mnokasatene 3acyxu M M30bITOUHOTO yBnaxueHus. Ipyowr Tuopomemyenmpa CCCP.
1975. Boin. 156. C. 19-38.

87



1. Trends in the change of air temperature in the city

Changes in the values of average air temperature characterize the intensity
of change in the temperature regime. It has been found that average
temperature during all months over 2000-2018 differed from the norm by 0.8
(in October) — 2.6°C (in July). As for other months of the year, over
2008-2018 January became warmer on average by 2.5, March by 2.4,
December and August by 2.3, April by 2.2, February by 2.0, November by
1.7, May by 1.6, June by 1.5, September by 1.2 °C (Fig. 1).

Fig. 1. Dynamics in the changes of average annual air temperature
on the territory of Zhytomyr during 2000-2018

Table 1
Statistical parameters of average annual temperature in Zhytomyr
over 2000-2018
Years Xep min max S* V, %
2000-2010 8.6 7.78(2004) 9.58(2002) 0.20 2.36
2011-2018 9.12 8.44(2012) 10.08(2015) 0.18 1.93

*S — standard error; V — coefficient of variation

In the context of years under investigation, the deviation from the climatic
norm was in the range from 0.9 (2004) to 3.2 (2015) °C (Fig. 1). Thus, 2015
was the warmest year over the period of observations, while the highest
temperature increase occurred in the first half of the year.

On average, over 20002018 the air temperature increased by 1.9°C
compared to climatic norm (during 2000-2010 the temperature rise was 1.7°C,
while during 2011-2018 it was 2.2°C). During the winter season in 2000—
2018, the value of average monthly temperature rose by 2.3°C, during spring
and summer season by 2.1°C, during autumn season by 1.2°C. In the context
of the months, the temperature rise is as follows: July (by 2.6°C) > September
(by 2.5°C) > March (by 2.4°C) > August and December (by 2.3°C) > April
(by 2.2°C) > February > (by 2.0°C) > November (by 1.7°C) > May (by 1.6°C)
> June (by 1.5°C) > September (by 1.2°C) > October (by 0.8°C) (Fig. 2).
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k) )
Fig. 2. (Continued)

Over 2000-2018, average monthly temperature in January deviated from
the norm by 0.7 (2004) — 8.0 (2007) °C towards rise (climatic norm for
January in Zhytomyr is 6.0°C) (Fig. 2a), in February by 0.6 (2018) —
7.7 (2002)°C (Fig. 2b), in March by 1.3 (2011) — 6.7 (2014) °C (Fig. 2¢), in
April by 0.3 (2004) — 5.9 (2018) °C (Fig. 2d), in May by 0.1 (2009) —
4.3 (2003 and 2018) °C (Fig. 2e), in June by 0.1 (2005 and 2006) —
3.4 (2016) °C (Fig. 2f), in July by 1.2 (2004) — 4.7 (2010) °C (Fig. 2g), in
August by 0.8 (2003) — 5.0 (2010) °C (Fig. 2h), in September by
0.3 (2001 and 2008) — 4.0 (2015) °C (Fig. 2i), in October by 0.2 (2014) —
3.6 (2008) °C (Fig. 2j), in November by 0.5 (2011) — 5.7 (2010) °C (Fig. 2k),
in December by 0.1 (2009) — 9.7 (2003) °C (Fig. 2)).

It should be noted that only 1.3% of values of average monthly temperature
met the climatic norms (in May 2008, in June 2000 and in November 2001).
Over 20002018 only 16.2% of values of average monthly temperature were
lower than the norm of average monthly temperature: in January 2006 and
2010 (Fig. 2a), in February 2003, 2005, 2006, 2011 and 2012 (Fig. 2b), in
March 2003, 2005, 2006, 2013 and 2018 (Fig. 2¢), in April 2003 (Fig. 2d), in
May 2001, 2004 and 2006 (Fig. 2¢), in June 2001 and 2004 (Fig. 2f), in July
2000 (Fig. 2g), in September 2000, 2002, 2003, 2004 and 2013 (Fig. 2i), in
October 2002, 2003, 2010, 2011, 2015 and 2016 (Fig. 2j), in November 2005,
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2007, 2014, 2016 and 2018 (Fig. 2k), in December 2001, 2010 and 2012
(Fig. 2)).

Generally it can be concluded that Zhytomyr is characterized by the trend
of rising average annual and monthly temperature, which indicates climate
change towards warming. The consequences of the rise in air temperature
compared to the climatic norm are extreme natural phenomena, changes of the
yield capacity of agricultural crops, changes in biodiversity, and risks to
human health, etc.

2. Trends in the change of precipitation amount in the city

Data on the dynamics of precipitation amount, just as air temperature,
indicate climate change. Data on the precipitation amount and its distribution
during the year is especially important for farming [1; 2].

Over 2000-2018, the distribution of precipitation in Zhytomyr was uneven:
maximum amounts of precipitation, which was 120-130% of the norm,
occurred in 2001, 2007, 2012 and 2013, minimum amounts, 79-84% of the
norm, occurred in 2003, 2011 and 2015 (Fig. 3).

a) b)

Fig. 3. Dynamics of deviation of average annual precipitation amount
from the norm in Zhytomyr during 2000-2018 in the context
of years (%) (a) and months (mm) (b)

During the period under investigation 2000-2018, average annual
precipitation amount was 612.3 mm (climatic norm is 607 mm).

Table 2

Statistical parameters of average annual precipitation amount
in Zhytomyr over 2000-2018
Years Xep min max S* V, %
2000-2010 | 611.48 | 508.1(2003) | 737.7(2007) | 23.47 3.84
2011-2018 | 613.51 | 481.3(2015) | 791.0(2013) | 40.08 6.53

*S — standard error; V — coefficient of variation
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During the period under investigation, the amount of precipitation in
Zhytomyr was uneven. Over 2000-2018, minimum amount of precipitation —
4.1 and 6.4% of the norm — occurred during the autumn season: in October
2000 and in November 2011. 10% of the precipitation of the norm was
observed in August 2009 and 2015. September 2016 (13.7%), June 2008
(14.1%), July 2005 (15.4%) and 2006 (19.5%), September 2014 (15.9%) and
2009 (16.7%), October 2014 (17.6%) were characterized by an insignificant
amount of precipitation — from 10 to 20% of the norm. 20-30% of the norm
of precipitation was observed in August 2016 (20%), in May 2003 (20.5%), in
September 2005 (21%), in December 2006 (21.1%), in August (22,3%) and in
June (23,7%) 2000, in June 2010 (25.8%), in April 2016 (27,3%), in May
2018 (27.6%) and in October 2013 (28.5%) (which amounted to 4.4% of
precipitation). During the period of observations, 30—40% of the precipitation
norm occurred in 3.1% of cases (March 2011 (30.6%), June 2016 (31.6%) and
2017 (39.5%), February 2014 (33.2%), May 2012 (37.6%), July 2015
(37.8%), April 2018 (38.6%); 40-50% of the precipitation norm occurred
only in 8.3% of cases (April 2009, 2010 (41.8%) and 2004 (46.4%), July
2002 (42.1%), September 2011 (42.4%), January 2006 (43.8%), August 2001
(44.3%), 2003 (48.1%), 2008 (48.4%) and 2010 (47.5%), March 2010
(48.4%), October 2008 (49.1%), November 2009 (49.3%), May 2002 (48.8%)
and 2017 (49.9%)); 50-60% of the precipitation norm occurred in 8.8% of
cases (July 2008 (50.4%), 2013 (52.7%) and 2001 (58.5%), April 2013
(50.7%) and 2003 (53.2%), November 2008 (50.9%), 2018 (54.5%) and 2006
(57.3%), December 2013 (52.1%) and 2004 (55.0%), August 2018 (53.3%)
and 2014 (54.9%), March 2007 (54.8%), 2014 (55.2%) and 2002 (55.8%),
June 2014 (55.4%), May 2011 (55.5%), February 2008 (57.5%), October
2007 (57.9%), January 2011 (60.0%)); 60—70% of the precipitation norm
occurred in 6.6% of cases (January 2002 (61.3%), September 2012 (62.0%)
and 2015 (64.3%), August 2017 (61.3%) and 2011 (68.8%), May 2013
(63.8%) and 2007 (64.0%), October 2001 (64.1%), December 2011 (64.2%)
and 2007 (65.3%), April 2007, 2011 (66.6%) and 2015 (69.3%), July 2012
(68.1%), November 2003 (68.2%)); 70-80% of the precipitation norm
occurred in 7.02% of cases (November 2002 (71.6%), 2005 (73.2%) and 2014
(80.0%), June 2007 (71.7%) and 2005 (72.2%), April 2017 (72.7%), July
2017 (74.0%) and 2016 (77.1%), May 2001 (74.5%) and 2000 (75.7%),
December 2003 (75.8%), 2008 (76.3%), 2001 (78.4%) and 2000 (78.9%),
January 2009 (77.5%), February 2015 (80.0%)); 80—90% of the precipitation
norm occurred in 4.8% of cases (December 2015 (81.6%), July 2009 (81.9%)
and 2010 (89.0%), September 2003 (82.0%) and 2006 (83.7%), March 2016
(83.9%), 2012 (87.4%) and 2004 (89.0%), May 2009 (84.0%), February 2006
(84.6%), October 2011 (86.5%)); 90—100% of the precipitation norm occurred
in 3.9% of cases (July 2004 (91.3%) and 2000 (94.3%), April 2002 (92.7%)
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and 2006 (97.0%), March 2003 (92.9%), February 2003 (95.7%), May 2004
(97.8%), November 2004 (98.9%), January 2018 (100.0%)) (Fig. 4).

Maximum precipitation — 393.9 and 374.2% of the norm — occurred in
March and September 2013.

Fig. 4. Distribution of precipitation amount which occurred
in Zhytomyr during the period of observations

There were certain changes in the precipitation amount in the context of
months in Zhytomyr over 2000-2018 (Fig. 5).

c) d)
Fig. 5. Changes in the precipitation amount in the context of months
in Zhytomyr during 2000 — 2018
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Over a 19-year period under investigation, there is a trend towards
precipitation enhancement in winter months (Fig.5 a, b, [), in March (Fig. 5¢),
May (Fig. 5d), July (Fig. Se), October (Fig. 5/) and November (Fig. 5k). It
should be noted, though, that despite this trend, average amount of
precipitation in May over 2000-2018 was 95.3% (Fig. Se), in July 82.2%
(Fig. 5g), in November 99.4% of the norm (Fig. 5k).

April (Fig. 5d) and the period from June to August (Fig. 5 f, g, h) were
characterized by a clear trend towards precipitation reduction. On average,
during this period precipitation amount was 87.1, 92.7, 82.2 and 75.8% of the
precipitation norm.

Despite the trend towards precipitation reduction, on average precipitation
amount in February was 139.4% of the norm (Fig. 5b), in March 144.5% of
the norm (Fig. 3.5¢), in September 115.6 % of the norm (Fig. 5i).

It should be pointed out that the highest coefficients of variation were
peculiar to precipitation in autumn and summer seasons — 67.8% and 66.8%,
respectively. In the context of months, they were peculiar to September —
83.7%.

3. Assessment of deviation essentiality for air temperature
and precipitation amount from average annual values

The deviation essentiality from average annual values was assessed for air
temperature and precipitation amount based on calculation and analysis of
relevant coefficients — CDEr (Coefficient of deviation essentiality for air
temperature) and CDE; (for precipitation amount).

A third of the years under investigation was characterized by the
temperature conditions that differed significantly from the average annual
values and were approximate to extreme ones (Fig. 6, 7).

In terms of CDEr values, there were significant deviations from the
average annual values in 2002. (|[CDE¢| = 1.29), 2007 (|CDEq| = 1.22), 2008
(|ICDEf| = 1.26), and also since 2015 (2015 was characterized by the
maximum value |[CDEy| — 1.53) (Fig. 6a).

Over a 19-year period under investigation, months form the following order
series (Fig. 6b): conditions similar to usual ones: April (73.7%) > May, July,
October and November (68.4%) > January, March, August, September and
December (63.2%) > February (57.9%) > June (52.6%); conditions that
significantly differ from the average: June (47.4%) > February (42.1%) >
March and August (36.8%) > January, May, July, September and December
(31.6%) > October and November (26.3%) > April (21.1%).

In 2.6% of cases (Fig. 6b, 7), the conditions were approximate to
uncommon (extreme). These were the months when the record air
temperature was observed: January 2007 (average monthly temperature was
2.0 °C, while the norm is 6°C), April 2018 (average monthly temperature was
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13.6 °C, which exceeded the norm by 5.9°C), September 2015 (average
monthly temperature exceeded the norm by 4°C), October 2008 (average
monthly temperature exceeded the norm by 3.6°C), November 2010 (average
monthly temperature exceeded the norm by 4.2 times) and December 2003
(average monthly temperature was 7.0°C, while the norm is 2.7°C).

31.6% of years under investigation were characterized by conditions that
significantly differed from the average annual values (the value of |CDEp| was
within 1-2): 2001 (|CDEp| = 1.3), 2003 (|CDEg| = 1.1), 2007, 2011 and 2015
(|CDEg| = 1.4), and also 2012 (|CDEp| = 1.5). Conditions close to extreme
(|CDEp| > 2) were observed in 2013 (|CDEp| = 2.01) (Fig. 6,).
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Fig. 6. Coefficients of deviation essentiality for air temperature (CDEy)
and precipitation amount (CDEp) from annual values
during 2000-2018 and in the context of months

The coefficient of deviation essentiality for the amount of precipitation in
terms of months during 2000-2018 also varied (Fig. 6d). September is
characterized by the greatest share of conditions that are close to usual ones
(84.2%). 78.9% of conditions close to usual ones were observed in October
and November, 73.7% in March, April, June and December, 68.4% in
February and August, 63.2% in January, May and July.
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Fig. 7. Share of months according to the coefficients
of deviation essentiality for air temperature (CDEy)
and precipitation amount (CDEy) for 2000-2018

As for conditions that differed from the annual data significantly (value of
|CDER| within the range 1-2), their share in January and July was 36.8%, in
May and August 31.6%, in February 26.3%, in May, April, June and November
21.1%, in October and December 15.8%, in September 10.5% (Fig. 6d).

Conditions approximate to uncommon (extreme) ones occurred only in
3.9% of cases (Fig. 6d, 7). In December extreme conditions occurred only in
2012 and 2017 (average precipitation amount exceeded the norm by almost
3 times), in February 2012 (the amount of precipitation during a month was
66.7 mm, while the norm is 28.0 mm), in March 2013 (the amount of
precipitation exceeded the norm by 3.7 times), in April 2008 (the amount of
precipitation was 280% of the monthly norm), in May 2014 (221.5% of the
norm was observed), in June 2006 (the amount of precipitation during a
month was 197.8 mm, while the norm is 76.0 mm), in September 2013 (the
amount of precipitation was 393.9% of the monthly norm) and October 2003
(the amount of precipitation was 311.5% of the norm).

Given the fact that the consequences of climate change are most noticeable
at the local level, measures aimed at adaptation to climate change should also
be taken at the local level. Thus, the issues of climate change should be
considered as essential local issues, which will be an important step in
overcoming the lack of awareness at the local level, especially for those
groups of population that are at risk.

CONCLUSIONS
Zhytomyr is characterized by a trend towards change of air temperature and

precipitation amount. During 20002018 air temperature increased by 1.9°C
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compared to the climatic norm (over 2000-2010 air temperature increased by
1.7°C, while over 2011-2018 by 2.2°C). 2015 was the warmest year over the
period of investigation, while the highest temperature rise occurred in the first
part of the year. In the context of 2000-2018, the deviation from the norm
ranged from 0.9 (2004) to 3.2 (2015)°C. Average monthly temperature for all
months during 2000-2018 exceeded the norm by 0.8 (October) — 2.6 (July) °C.
The values of average monthly temperature during winter season over 2000—
2018 increased by 2.3°C, during spring and summer seasons by 2.1°C, and
during autumn season by 1.2°C. Only 1.3% of values of average monthly
temperature met the climatic norm (May 2008, June 2000 and November 2001).

Over the period under investigation 2000-2018, average amount of
precipitation was 612.3 mm (climatic norm is 607 mm). Over a 19-year
period under investigation, there was a trend towards precipitation
enhancement in relation to the norm for winter months, March and October.
A clear trend towards precipitation reduction was observed for April and
period from June to August, when the amount of precipitation was 87.1, 92.7,
82.2 and 75.8% of the norm. Over the past 19 years, the minimum amount of
precipitation — 1.4 mm — was observed in October 2000, while the maximum
amount — 200.9 mm — in September 2013.

Using the coefficient of deviation essentiality it has been found that
temperature climatic condition were close to usual ones in 64.5% of cases,
32.9% differed significantly, 2.6% were approximate to uncommon (extreme).
In terms of coefficient of deviation essentiality for the precipitation amount, it
has been established that climatic conditions were close to usual ones in 71.9%
of cases, 24.1% differed significantly, and 3.9% were approximate to
uncommon (extreme) conditions.

Given the fact that the consequences of climate change are most noticeable
at the local level, measures aimed at adaptation to climate change should also
be taken at the local level.

SUMMARY

The article covers the trends in the manifestations of climate change in
Zhytomyr during 2000-2018 based on the calculation of coefficients of
deviation essentiality. It has been found that during 2000 — 2018 the city was
characterized by a trend towards temperature rise (by 1.9 °C compared to the
climatic norm). 2015 was the warmest year over the period of investigation.
Average monthly temperature for all months exceeded the norm by 0.8
(October) — 2.6 (July) °C. 1.3% of values of average monthly temperature met
the climatic norm. Average precipitation amount during the period under
investigation was 612.3 mm (the norm is 607 mm). Over a 19-year period under
investigation, there was a trend towards precipitation enhancement in relation to
the norm for winter months, March and October, while a trend towards
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precipitation reduction was observed for April and period from June to August.
The minimum amount of precipitation — 1.4 mm — was observed in October
2000, whereas the maximum amount — 200.9 mm — in September 2013.
Temperature climatic conditions and precipitation amount were close to usual
ones in 64.5% and 71.9% of cases, 32.9% and 24.1% differed significantly,
while 2.6% and 3.9% were approximate to uncommon (extreme) conditions.
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