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Abstract. This paper presents the results of systematic monitoring in Ukraine for manifestations of
aridity according to the method of summarizing spring, summer, and autumn droughts conducted
by I. Ye. Buchynskyi for 1872-1969 and authors’ meteorological generalizations according to weather
types (1951-1984) and clearly expressed zonal climate changes (1985-2006) and statistical and local
signs of climate aridization at the meteorological station in the northern part of the Forest Steppe
(“Chabany”) - 2006-2020, covering a total of 150 years of historical time. According to the spatial
distribution of droughts, determined according to a unified methodology, starting from 1872 and
ending in the late 1960s, the defining indicator is the gradual spatial distribution of seasonal local
droughts with the recurrence of spring droughts after 2 years, summer droughts after 4 years, and
autumn droughts, mainly in the south of Ukraine, after 2 years The number of moderate and large
droughts since the beginning of the 20th century (11-30% of the distribution area) are typical for the
summer period, and they are repeated in the south after 4-5 years. Abnormal droughts (over 50%) are
inherent in large areas for every tenth year, which, starting from the last quarter of the 19th century
and until the 1950s, ended with famine for the population (especially the droughts of 1891, 1921, and
1947). Subsequent droughts of 1963 and 1968 were determined by abnormal weather conditions, but
without the manifestation of a food crisis, which is associated with the beginning of chemicalization
and an increase in agricultural culture. Meteorological indicators of six stations in diverse natural
and climatic zones for 1951-1981 and 1985-2008 indicate a zonal systematic increase in positive air
temperatures with a decrease in precipitation, the deficit of which is compensated by a farming
system with a moderate saturation of organic and mineral fertilizers, which have a stabilizing effect
in extreme years. Since the last quarter of the 20th century, climate changes have been identified
that are associated not only with the greenhouse effect, but also with a periodicity that depends
on the ecliptic of the globe. Climate changes in recent decades are particularly noticeable, which
is accompanied by a systematic increase in air temperature and an increase in climate aridity and
requires new technical and technological solutions from humanity

Keywords: seasonal droughts; air temperature; precipitation; agriculture; fertilizers; productivity,
systematicity

RELEVANCE

The term “arid climate” (from Latin - dry) refers
to the climate of semideserts and deserts with
a small amount of precipitation (100-150 mm
per year) with sharp fluctuations in day and
night temperatures. Climate aridization is de-
termined by human influence on nature, es-
pecially in the era of global warming with the
transformation of large areas into steppes,
semideserts, and deserts.

The process of climate change, which has
become noticeable since the last quarter of the
20% century, is associated exclusively with the
anthropogenic factor, mainly with the green-
house effect, as a result of industrial emissions
of carbon dioxide (CO,), methane (CH,), nitro-
gen oxide (N,0), ozone (0,) and water vapour.
If the concentration of greenhouse gases in
the atmosphere doubles, the average glob-
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al temperature will likely increase from 1.5 to
45°C. Other causes of warming were as fol-
lows: changes in solar activity, increasing trop-
ospheric ozone concentration, atmospheric
electricity that depends on solar activity, etc.
The results of instrumental observations and
the materials of paleogeographical reconstruc-
tions indicate that the global climate is chang-
ing, and these changes are accompanied by ad-
verse consequences for the economy and living
conditions of humankind (M.I. Budyko, 1980;
Lipinskii, 2003; VF. Martizanova, O.K. Ivanova,
2010; 0.0. Vrublevska, H.P. Katerusha, 2005;
R.L. William et al., 2010). This is attributed to an
increase in air temperature of 1°C per centu-
ry, whereas previously this happened in 1,000
years. This simplified approach to planetary
changes is predictable but does not reveal the
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underlying nature of these changes. The planet
Earth is not a stationary system, but one that is
in constant motion and changes its ecliptic rel-
ative to the sun, and solar activity also has its
patterns. As a result of the influence of cosmic
factors in the Cenozoic era, ice ages occur with
systematic periodicity, lasting an average of 100
thousand years, and the warming time between
them is on average 10 thousand years; at the same
time, the onset, and disappearance of a glacier
occurs rapidly - over hundreds of years. The last
Valdai (Wiirm) glaciation began 110,000 years ago,
preparing for the planet the Holocene period - an
interglacial period with an optimum tempera-
ture regime of air and humidity, which ensured
the flourishing of the green world, and with it
the fauna and human civilization. Presently, the
post-Holocene period has arrived, which marks
the approach of a new ice age, which must come
after the maximum warming, which will bring it
closer due to the cooling of oceanic warm currents
and the change of the Earth’s ecliptic to the Sun. In
nature, everything happens naturally, according
to the established cosmic and planetary cycles.
The climate changes that occur are not uni-
form in time and space, and therefore it is nec-
essary to investigate climate fluctuations in var-
ious regions, considering the characteristics of
a particular region and the dependence of these
fluctuations on atmospheric circulation.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Planetary climate changeis the most pressingis-
sue of modern times, attracting the attention of
the scientific and public community. They pose
threats to environmental security, require fore-
casting and feedback on the prevention of real
threats, especially for agriculture as an open-air
workshop. Famous works on climate change by
US scientists, namely Fred Kempe, Berry Pavel
(US Atlantic Council), Brent Scowcroft, David
Mitchell, English scientists of the Royal Institute
of International Relations - Bernes Lee, Jona-
than Parris and many others (Shevchenko, 2017).

Considerable attention in foreign literature
is paid to the dynamics of human development
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in conditions of climate change (Bondarenko
et al., 2018; Parri, 2019; Snakin, 2019;), adapta-
tion of farming to climate change (Brouder &
Volenec, 2008; Sanderson et al., 2018), problems
of microbiology in these conditions (Hutchins
et al, 2019) and preservation of soil fertility
(Haasnoot et al.,, 2018; Pikovska, 2020); threats
to natural biodiversity and natural ecosystems
(Pugnaire et al.,, 2019; Turner et al., 2020).

A considerable contribution to the the-
ory and practice of climate change has been
made by Ukrainian scientists, the results of
which are presented in publications of pro-
fessional journals and materials of numerous
conferences covering this topical issue (Baliuk
et al, 2018, Vozhegova & Kokovikhin, 2018;
Zatula & Zatula, 2020; Dehodiuk and Dehodiuk,
2008; Petrychenko et al., 2018; Pysarenko et al.,
2019; Polovyi et al., 2017, Kholiavchuk & Shkaieva,
2021; Loboda et al., 2010).

The purpose of this study was to generalize
a 150-year period of the distribution patterns
of seasonal and zonal droughts on the territory
of Ukraine, to systematize their recurrence, the
causes of catastrophic droughts and climate
changes since the last quarter of the 20™ cen-
tury, to determine the decisive role of agricul-
ture and fertilization systems in stabilizing crop
yields under extreme weather conditions.

MATERIALS AND METHODS

During systematization of spatial, zonal, and lo-
cal climatic conditions over the past 150 years
in Ukraine, the methods adopted in meteorol-
ogy and agrochemistry were applied - mono-
graphic and systematic analysis, statistical, sta-
tistical-logical, graphic methods regarding the
patterns of distribution of extreme weather con-
ditions and climate changes in Ukraine based on
monographic generalizations and own research.

RESULTS AND DISCUSSION

Monitoring of spatial droughts in Ukraine in
1872-1969 It is known that the Holocene had an
amplitude of oscillation from warming to small
ice ages (13™-19% centuries). According to the in-
formation of I.Ye. Buchynskyi (1970), according to
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literary sources, in the 10™-11* centuries, 14 dry
years were registered on the territory of modern
Ukraine, in the 14% century - 10 droughts, in the
15%-17%h centuries - 17 anomalous phenomena,
of which a third with an onrush of locusts, dur-
ing the 18" century there were 28 dry years, of
which 9 were marked by an onrush of locusts.
According to I.Ye. Buchynskyi (1970), the year
1872, when the meteorological service was in-
troduced on the territory of Ukraine, should be
considered the starting point of the modern me-
teorological era. Almost 100 years of monitoring
(1872-1969) determined, using a single method,
the spatial distribution of spring, summer, and
autumn droughts according to the characteristics
oflocal (1-10% of the covered territory), moderate
(10-20%), large (21-30%), massive (31-50%) and
catastrophic (> 50% of the territory of Ukraine).
The authors of this study conducted a quan-
titative analysis of the drought phenomena
identified by 1.Ye. Buchynskyi, indicating that
during almost a century of observation, abso-
lutely favourable weather conditions throughout
the territory of Ukraine during spring droughts
amounted to 16 years, summer droughts - 11
years, and autumn droughts - 17 years. Or, on
average, it can be assumed that approximately
85% of growing seasons were extreme for ag-
riculture in a certain way. In the spring and au-
tumn periods, local droughts were most com-
mon (61% and 57%) of the total number, and in
the summer - half as many. The proportion of
moderate droughts is almost evenly distribut-
ed between seasons - 17% each in spring and
autumn, and 23% in summer. Large and mas-
sive droughts accounted for 19% in spring, 43%
in summer, and 26% in autumn, indicating that
the threat of summer droughts is twice as high
as that of other growing seasons. The largest
spring droughts in the 19% century occurred in
1872 (40% of the territory), in the 20™ century —
1934 (80%), 1946 (60%), 1957 (33%), 1968 (52%).
The most noticeable are the summer droughts,
which covered 50-55% of the territory for 8 years
(1876, 1895, 1900, 1903, 1904, 1923, 1952, 1953)
and over 60% of the affected territory for 3 years

Plant and Soil Science, (12) 4

(1874,1890, 1909). Therefore, over a period of al-
most a hundred years, 10% falls on an unfavour-
able type of weather, of which the coincidence
of spring and summer droughts is particularly
dangerous, which caused the complete death
of crops and hunger among the population.
Abnormal drought was recorded in 1891, which
covered 40% of the territory of the east and
south of Ukraine, then the amount of precipita-
tion at the weather station in Kherson city was
21 mm, or 4 times less than normal, and at the
Odesa station - 18 mm. Severe droughts in 1921
engulfed the South, Centre, and part of territo-
ry in the east of Ukraine. Then in the southern
regions for 6 months (X-XII, I-11I) less than 10%
of precipitation fell compared to the norm, and
the air temperature in May and June was 31.5°C
and 34.5°C, respectively, at the norm up to 20°C.
Spring droughts in 1932 and 1933 were not re-
corded, the summer drought in 1932 was at the
level of moderate distribution (16.2% of the ter-
ritory), and in 1933 - local (4.5%). The drought of
1947 covered 46% of the territory of Ukraine, ex-
cept for parts of the centre and northwest, when
the air temperature in the south exceeded the
norm in May and June by 3.3°C and 5.1°C, respec-
tively, and the amount of precipitation was 6 mm
above the norm of 72 mm.

Subsequent droughts of 1950 (21%), 1952
(53%), 1953 (52.3%), 1962 (43.1%), 1963 (36.1%),
1967 (55%) were severe but not as damaging as
previous ones. The explanation for this liesin the
weakening of spring droughts and the fact that
with the growth of technical equipment with
the use of fertilizers, the stability of agriculture
against adverse conditions of the growing sea-
sons increased.

The spread of autumn droughts was mostly
local in nature, intensifying the effects of subse-
quent or previous droughts in certain periods.
The largest of them were defined in 1883 - 46.9%
of the territory of Ukraine, 1942 - 27.9%, 1949 -
42.5%,1963 - 38.8%, 1967 — 38.1%. Local autumn
droughts for almost a hundred years covered
57% of the territory of Ukraine, moderate and
severe - 17% each, and very severe - 10% (Fig. 1).
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Figure 1. Summary data of age-related changes in seasonal aridity of climate
on the territory of Ukraine for 1872-1969 (according to I.Ye. Buchinskyi, 1970)

The age-old amplitude of dry phenome-
na in Ukraine is associated with the invasion of
Ukrainian territory by cold air from the north,
northwest, and west, and the formation of a
powerful anticyclone behind the cold front, in
which high pressure, weak wind, and sunny
weather with high dryness and heat are formed
in summer. Anticyclones move slowly, some-
times almost without movement, sometimes re-
placing each other. They move clockwise, while
the northern ones move along the southern pe-
riphery to the eastern and south-eastern ones,
creating an impression of the desert origin of
droughts (I.Ye. Buchinskyi, 1970).

Zonal features of weather conditions forma-
tion in 1951-1984 The authors of this study mon-
itored the amount of precipitation and air tem-
perature during the specified period according
to the data of weather stations located in char-
acteristic points of the soil and climate zones of
Ukraine - Polissia (Chernobyl, Teteriv, Makariv

00 545

Precipitation, mm

Favourable Arid

period

672

Overmoistened
and cold

weather stations); Prykarpattia (Ternopil);
Western Forest-Steppe (Khmelnytskyi) and
Central Forest-Steppe (Bila Tserkva); Eastern
(Kirovohrad (currently Kropyvnytskyi)); Steppe
(Bashtanka, Mykolaiv region).

The systematization of meteorological in-
dicators determined during this time three
types of weather - favourable, dry, overmois-
tened, and cold (E. H. Dehodiuk, 1993). Accord-
ing to the amount of precipitation in favourable
years up to 585 mm, the difference between
the northern and southern meteorological sta-
tions was 85 mm and 52 mm, respectively, in
dry years — 416 mm and 61-95 mm, respectively.
In wet and cold growing seasons, the average
amount of precipitation at 6 weather stations
was 462 m with a deviation of 30 mm at the Ter-
nopil weather station and 101 mm at the Bash-
tanka weather station, which indicates a high
differentiation of moisture depending on the
type of weather (Figs. 2, 3).

Vegetation period

560

B year
B vegetation period

O May-June

Average

Figure 2. Precipitation on average according to 6 observation stations in the main soil and climatic
zones of Ukraine for 1951-1984 (according to E.H. Dehodiuk, 1993)
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Figure 3. Average air temperature according to data from 6 observation stations in the main soil
and climate zones of Ukraine for 1951-1984 (according to E.H. Dehodiuk, 1993)

The average air temperature for the year
came close to the average statistical values -
7.3°C, but in dry years its temperature increased
by 11%, and in wet and cold years it also de-
creased by 11%. On a zonal level, the annual tem-
perature difference between the south and the
north reached 23% in favourable years, 34% in
dry years, and 21% in wet and cold years.

During the monitoring period, the number
of favourable years in the Polissia zone was 52%,

60% - in the Forest-Steppe and 46% - in the
Steppe, 24% and 25% of dry and overmoistened
years in the Polissia and Forest-Steppe, respec-
tively, and 44% - in the Steppe zone.

During monitoring, the authors of this study
summarized over 40 field experiments with fer-
tilizers conducted in the research network of
Ukraine on crops — winter wheat, maize, barley in
variants without fertilizers and with their appli-
cation in optimal doses and for each crop (Table 1).

Table 1. Yield of agricultural crops and their increments under dry weather in the main zones of
Ukraine, average for 1965-1984, t/ha

Polissia Forest-Steppe Steppe
Average
Crop fertilizer Harvest | Increment Harvest | Increment Harvest | Increment
doses without from % without from % without from %
fertilizers | fertilizers fertilizers | fertilizers fertilizers | fertilizers
. Manure
Winter
wheat "’(‘gtsetrfh%it 213 158 74 225 12 53 216 061 |28
(grain)
N7OP70K7O
Spring Manure
barley a(‘sftoeiflgcf 104 15 144 | 309 129 | 48| 128 012 9
(grain)
N60P80K7O
Grain Manure
maize 30t/ha+ 271 193 71 3.29 179 54 292 0.36 12
NSOPSOKSS
Maize
for Manure
silage, 20t/ha+ 180 17.8 98 276 12.2 44 16.5 145 87
green N14OP9OK100
mass
Mean 97 50 34

Plant and Soil Science, (12) 4
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In dry summers during 1965-1984, with the
application of fertilizers, the stabilization effect
on these crops, compared to the control without
fertilizers, in Polissia ranged from 71% to 144%
(an average of 97%), in the Forest-Steppe zone -
26-53% (an average of 50%), and in the Steppe
by grain group - 34%, which indicates the im-
portance of irrigation in this zone. The average
amount of precipitation for May-June for 1951-
1984 here was 83 mm, or 65% of the average an-
nual norm, which noticeably stabilized the har-
vest in those years.

Monitoring of weather conditions for climate
change in the post-Chernobyl period. The next

1

Increment, %

Polissia Forest-S epp

zones

zonal monitoring was conducted within the pre-
vious 6 weather stations for 1985-2006, conven-
tionally named as “post-Chernobyl”, which covers
21years(1985-2006)andis defined asthe period of
the beginning of climate changes (S.E. Dehodiuk,
E.H. Dehodiuk, 2008). This is evidenced by a com-
parison of the temperature regime and precipita-
tion with the previous period (1951-1984). During
this period, decisive is the onset of a new type of
weather that did not exist before - mixed, when
overmoisturization and cooling occur in one
growing season, changing to aridity - heat and
rainlessness. And all this against the background
of increasing air temperatures (Fig. 4, 5).

Period

®over a year

Eover vegetation
period

Oover May-June

Figure 4. Temperature increment for the second round of observations (1985-2006) compared to
the previous period (1954-1984), % (Dehodiuk § Dehodiuk, 2008)

18

\° 153 Increment
e
- 15
g 12 B over a year
5 9
s 6 Bover vegetation
period
3
0 Bover May-June
Polissia Forest-Steppe Steppe Average
zones

Figure 5. Precipitation increment for the second round of observations (1985-2006) compared to
the previous period (1954-1984), mm (Dehodiuk & Dehodiuk, 2008)
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On average for the year during the second
stage of observations, the greatest warming
was determined in the Polissia zone - +8.2%
compared to the previous period, in the For-
est Steppe - +6.1%, and in the Steppe - +4.3%.
In May, the average temperature in the For-
est-Steppe was 2.6% lower compared to the pre-
vious study period. A tendency to increase the
average annual temperature regime up to 9.5%,
during the growing season — up to +2.5%, upon
signs of cooling in May (-1.1%), upon an increase
in the average annual amount of precipitation -
by +5%, during the growing season — +10% and in
May-June — up to +6%. This shows that in a his-
torically short period of time within the 54-year
cycle from the second part of it, trends emerged
that are not explained by changes in the distri-
bution of weather between cyclones and anticy-
clones (Figs. 4, 5). After all, a considerable part of
Polissia has acquired the characteristics of a for-
est-steppe in terms of temperature, and the hu-

midification of the northern part of the Steppe
has approached the Forest-Steppe in terms of
precipitation, while the regions of the southern
Steppe experienced aridization.

Local monitoring of climate changes on the
model of the Chabany weather station (NSC “In-
stitute of Agriculture of the National Academy of
Agrarian Sciences”) for 2006-2020. The progres-
sive increase in air temperature over the past
decades has increased the evaporation of water
from the world’s oceans and the disturbance of
air masses, which expand arid zones in some
places, while in others an excess of atmospheric
moisture leads to weather anomalies.

The monitoring carried out at the Chaba-
ny weather station indicates that over the past
15 years, with each five-year period, there has
been a progressive increase in temperature lo-
cally with a one-time decrease in the amount of
precipitation, in contrast to the 1985-2006 peri-
od (Table 2).

Table 2. Dynamics of changes in air temperature and precipitation at the Chabany weather station
for 2006-2020

Air temperature, °C Precipitation, mm
Period, years Per year During vegetation Peryear During vegetation
o % to o % to % to % to
C C mm mm
normal normal normal normal
2006-2010 94 21 173 101 629 95 60 95
2011-2015 97 24 17.8 133 657 99 50 79
2016-2020 112 32 183 16.5 153 70 35 56

Note: the long-term average annual air temperature is 7.8°C, during vegetation - 157°C, the average annual
precipitation is 659 mm, during the growing season - 63 mm per month

The progressive increase in annual air tem-
perature from 21% to 32% per year and from
10% to 16.5% during vegetation, with the aver-
age annual temperature for 2016-2020 - 11.1°C,
indicates that the thermal regime of Kyiv is ap-
proaching that of Odesa in the middle of the 20t
century with the sign of the steppe zone with the
amount of precipitation for 2019, 2020, 399 and
389 mm, respectively. In 2006-2010, the amount
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of precipitation was 95%, the next period - 79%,
and the last five years - 56% of normal. It is
characteristic that during local monitoring in
May-June, an average of 68 mm of precipitation
fell, compared to the norm of 88 mm, or 72% of
it. Such a situation necessitates the adaptation
of agricultural technologies to climate variabil-
ity, where not only fertilization systems play a
stabilizing role in agriculture, but also there is a
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need for purposeful selection work, agricultur-
al techniques for soil cultivation, adaptation of
crop rotations to stressful conditions, and opti-
mization of fertilization systems. Therefore, to
obtain planned yields and scientifically sound
placement of agricultural crops, along with a
detailed assessment of agroclimatic resources,
it is necessary to investigate the temporal var-
iability of yields in different agroclimatic zones
(Adamenko, 2004; Polovyi, 2005, 2007).

Another feature of this period is the absence
of such a type of weather as “cold and overmois-
tened”. After all, for 15 years, the air temperature
during the growing season exceeded the norm
by an average of 13%, and the amount of precip-
itation in 2008 and 2013 alone was higher than
700 mm compared to the average annual norm
of 659 mm, and in 11 years out of 15 it was less
than the norm (from 3% to 40%). This gives rea-
son to define these years as dry-mixed, which
ensured the formation of non-critical crop lev-
els even during the dry growing seasons of 2015,

2019, and 2020, when the amount of precipita-
tion was below 400 mm.

In 2016-2020, there was an increase in air
temperature by 18.3% and a decrease in pre-
cipitation to 56%, compared to the norm of the
growing season, which created unfavourable
conditions for the growth and development of
agricultural crops The results of field studies in
a short-term 5-field crop rotation (winter wheat,
maize over grain, spring barley, buckwheat,
peas) planted on Alfisols found that, compared
with extensive crop rotation (without fertilizers),
the greatest stabilization effect was obtained
with organic-mineral fertilizer system - 70%,
with an organic system, due to limited resourc-
es - 37%, with the introduction of straw with a
biodestructor — 11%. It is promising to use a new
generation of organic-mineral bioactive fertiliz-
ers (OMBF), which provided an increase in yield
compared to the control without fertilizers when
applying 1t/ha of 4-4-4 OMBF at 57%, and 2 t/ha
of 0-0-0 (organic farming) - at 44% (Table 3).

Table 3. Productivity of crops of 5-field crop rotation in a long-term experiment on Alfisols of
the NSC “Institute of Agriculture of the National Academy of Agrarian Sciences” under different
fertilization systems in the conditions of an arid-mixed climate for 2016-2020

Fertilizers
s Productivity | Increment
Fertilizer Manure Straw Mineral resources, kg/ha %
systems
t/ha N P K t/ha
Without
fertilizers - - - - - 3.05 - -
(control 1)
Straw - 3 - - - 323 018 6
(control 2) " ’
12 3 - - - 442 119 37
Organic 3+
) biodestructor ) ) ) 36 037 n
- - 40 60 60 4.80 178 53
Mineral
- - 60 90 90 493 191 63
Organic- 12 - 40 60 60 513 211 70
mineral 6 - 40 60 60 397 095 31
OMBF 4-4-4 0.5 - 40 - - 475 173 57
OMBF 0-0-0 20 3 - - - 4.66 143 44

D
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Therefore, in the context of climate change,
it is necessary to abandon the unsystematic
management of agriculture and bring it clos-
er to a scientifically sound direction with clear
observance of crop rotation, water-saving sys-
tems of soil cultivation, fertilization and plant
protection, which will be accompanied by na-
ture-restoring measures in the basins of small
rivers with cultural and technical works, agro-,
chemo-, bio-, and phytomeliorations.

CONCLUSIONS

Data of meteorological observations for 150
years (1872-2020) with manifestations of sea-
sonal dry phenomena were systematized and
the beginning of climate changes from the last
quarter of the 20™ century, which continue to
this day, were recorded. During the 100-year pe-
riod (1872-1969), it was found that only 16 years
of spring droughts had favourable growing sea-
son conditions in all territories of Ukraine, 11
years of summer droughts, and 17 years of au-
tumn droughts.

Local droughts are most inherent in spring
and summer droughts - 72% and 61%. Large
and massive droughts (21-30% and 31-50%) pre-
vailed in the summer and covered 43% of the
territory of Ukraine. Abnormal droughts (50% of
the territory) occurred due to the coincidence of
autumn, spring, and summer droughts with an
average frequency of 10 years.

The droughts of 1891, 1922, and 1947 ended
in crop failure without recurrence in the future
due to the disappearance of spring droughts and
the improvement of agriculture.

The zonal monitoring of weather condi-
tions for 1954-1984 was determined by 4 types
of weather - favourable, dry, overmoistened,
and cold with a noticeable increase in temper-
ature in summer by 0.6°C, in winter - up to 2°C,
and an increase in the amount of precipitation -
per year up to 4.6 mm, during the growing sea-
son — up to 11 mm. Repeated monitoring of zonal
weather conditions for 1986-2006 determined
an added mixed type of weather, with a further
noticeable increase in the temperature regime
and a slight increase in the amount of precipi-
tation.

Local weather monitoring at the weather
station of the National Scientific Centre “Insti-
tute of Agriculture of the National Academy of
Agrarian Sciences” established a constant in-
crease in the annual air temperature to 20-21%
per year and 10-17% during the growing season
with a decrease in the amount of precipitation
from 95% to 50% during vegetation, which indi-
cates an increase in climate aridity.

The study established the stabilization ef-
fect in the formation of the productivity of ag-
ricultural crops due to the improvement of the
technical equipment of agriculture and the use
of fertilizers.
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TpuBanum MOHITOPUHI apuansauii B 3eMnepo6ceTBi
00 3MiH i 3a 3MiH KniMmaTy B YKpaiHi

AHoTauia. HaBefieHO pe3ynbTaTd CUCTEMATWYHOIO MOHITOPUHIY B VKpaiHi 3a mnposBaMu
TIOCYIUIMBOCTI METONOM y3arajbHeHHS BEeCHAHMX, JITHIX 1 OCIHHIX IOCyX, IIpOBeIeHUX
L.€. ByY”uHCBHKUM 3a 1872-1969 pp. Ta HAIIMX MEeTeOPOJIOTIUHMX y3arajJbHeHb 3a TUIIaMU ITI0TOLU
(1951-1984 pp.) i 4iTRO BUpa)KeHUX 30HAIBHUX 3MiH KiiMary (1985-2006 pp.) Ta CTATUCTUYHO-
JIOKaJIPHUX O3HAK apujam3allii KjiiMary 10 MeTeOpOJIOTiuHiM CTaHIlil B MiBHIYHINM YacTUHI
Jlicoctemny («9abanHu») — 2006-2020 pp., OXOIIIIOIOYY 3arajioM iCTOPUYHUI POMIKOK Yacy B 150
POKIiB. 3a IPOCTOPOBUM IOLINPEHHAM I10CyX, BUSHaUYeHUX 3a €AMHOI0 METOLUKOIO, TIOUNHAI0UN
i3 1982 p. i go KiHug 60-X pp. XX CT.,, BU3HAYAJIbHUM IIOKa3HHWKOM € IIOCTYIIOBE IIPOCTOPOBE
TOIIMPEHHA Ce30HHUX JIOKAJIbHUX ITOCYX i3 TTOBTOPEHHAM BECHAHUX Yepes3 2 POKY, JITHIX —
4depes 4 i OCiHHIX, IIepeBa)XHO Ha MiBAHI YKpalHY, yepe3 2 poKU. KiJIbKiCTh ITOMIPHUX I BEJIUKUX
rocyx i3 mouaTky XX cT. (11-30 % muioli MoIMpeHH ), XapaKTepHi [JIg JIITHhOTO Mepiofy i BOHU
[TOBTOPIOIOTHCA HA IMiBIOHI Yepes 4-5 pokiB. AHOMaIbHI mocyxu (rmoHam 50 %) xapakTepHi mia
BEJIMKUX TEPUTOPIH JJI KOKHOTO JeCsTOTO POKY, fKi, TOUMHAI0YN 3 0CTaHHbOI uBepTi XIX CT. i 1o
50-x pp. XX CT. 3aKiHYyBaJIUCS TOJIOZOM i HaceneHHs (ocobnuBo mocyxu 1891, 1921, 1947 pp.).
HactymHi nocyxu 1963, 1968 pp. BU3HAYa/IMCh aHOMAJbHUMU TIOTOAHUMU YMOBaMHu, aje 6e3
IIPOSABY ITPOZJOBOJIBYOI KPU3H, IO ITOB'A3aHO 3 [TOYATKOM XiMi3alil M MigBUINEHHS KyJIbTypU
3eMJyiepo6cTBa. MeTeoIIOKasHUKY IMeCTU CTaHIiM y Pi3HUX HPUPOAHO-KIIMaTUYHUX 30HAaX
3a 1951-1981 i 1985-2008 pp. BKasyOTb Ha 30HaJIbHe CHUCTeMaTU4YHe HapOCTaHHS ITO3UTUBHUX
TeMIIepaTyp MOBITPs 3i 3MeHIIeHHAM KiJIbKOCTI OI1aJliB, e PiIlUT IKUX KOMIIEHCYETBCA CUCTEMOIO
3eMyiepo6CTBA 3 MOMIDHUM HACHYEHHSM OpPraHiUHMMM M MiHepalbHUMH Zo6puBaMy, fKi
MaloTh CTabii3younii epeKT B eKCTpeMasbHi pOKU. 3 OCTaHHBOI YBepTi XX CT. BUSHAYEHO 3MiHU
KJIIMAaTy, SKi OB's13aHi He TiJIbKY 3 TapHUKOBUM ePEeKTOM, a U i3 mepioguYHiCTIo, 10 3aJI€3KUTh
BiJl eKJIINTUKY 3eMHOI Kyli. Oco6JIMBO MOMITHI KIiMaTW4YHi 3MiHM OCTaHHIX AECATHIITH, L0
CYIIPOBOZIJKYETBCS CHUCTEMATUYHUM IMiABUIIEHHAM TeMIlepaTypu IHOBITpA M HapOCTaHHAM
apUAHOCTI KJIiMaTy i BUMarae Bif, JIIOACTBA HOBHUX TEXHIUYHUX 1 TEXHOJIOTIYHUX pillleHb

KniouoBi cnoBa: ce30HHI TOCyxy; TeMIlepaTypa IIOBITpS; OIazy; 3eMJIepo6CTBO; HOGPUBA;
MIPOAYKTUBHICTh; CUCTEMATUYHICTh
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