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Abstract. The territories of Polissia and Forest-Steppe are of great importance to Ukraine, offering significant
potential for the advancement of agriculture and forestry. In light of the pressing issue of global climate
change, it is imperative that the active economic utilisation of these territories be guided by a commitment
to the maintenance of ecological systems and the sustenance of ecosystem functions. The objective of this
article was to ascertain the patterns of both spatial and temporal precipitation variability and to establish the
impact of anthropogenic land transformation as a consequence of agricultural production. Within the study
area, the average precipitation level was 625 %68 mm and ranged from 535 to 1,160 mm. During the study
period (1960-2023), there was a trend of increasing and decreasing precipitation. The southeast of the region
was characterised by a decreasing trend in precipitation, while in the northwest and north, the time trend
showed an increase in precipitation. Precipitation in the Carpathian region is much higher than in other parts
of the territory. The presence of an oscillatory regularity in precipitation rhythm allows for consideration of two
practical aspects: the possibility of forecasting future precipitation dynamics based on available information
from previous years, and accounting for the fluctuating precipitation dynamics when recommending optimal
crop rotations and selecting the most suitable range of crop varieties for cultivation
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INTRODUCTION

Increasing crop yields is a critical requirement to en-
sure food security in the face of a steadily growing
global population. Climate change is increasing the
frequency and intensity of extreme weather events,
such as droughts, floods, storms, and forest fires, all of
which can affect agricultural production. The loss of ag-
ricultural production is expected to progress in most
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European territories during the 21t century as a result
of heatwaves, droughts, and an increased risk of wa-
ter shortages. The water is the most important factor
for growing various crops. Crop water requirements are
highly vulnerable to the impacts of climate change.
Water availability significantly affects all physiological
and ecological processes in the plant world. The study
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of the spatial and temporal variability of precipitation,
to ensure the conditions for sustainable agricultural
production, represents a significant scientific challenge.

Precipitation is a critical factor in climate and hy-
drometeorology, and a major driver of hydrological
processes, as well as the structure and function of ter-
restrial ecosystems, which determine the conditions
for agricultural production, as discussed by M. Hernan-
dez-Rodriguez et al. (2023). Precipitation patterns are
highly variable, with significant differences in frequen-
¢y, duration, intensity, and overall trends over time, di-
rectly influencing the rhythm of water use by humans
and ecosystems. Changes in precipitation significantly
affect the hydrological cycle and human life, potentially
leading to floods, droughts, biodiversity loss, reduced
agricultural productivity, and soil erosion. According to
T.T. Nguyen et al. (2019), an increase in extreme pre-
cipitation events will lead to a higher risk of flooding,
especially with the rapid pace of urbanisation. High
temperatures have a negative impact on yields due to
heat stress and soil moisture deficits, and similarly, low
precipitation leads to stomatal closure, reduced carbon
uptake,and lower yields, as highlighted by E.P.Hendri &
S.Fadhlia (2024). Modern statistical procedures provide
powerful tools for predicting crop yields under global
climate change, even when the model is based solely
on climate variables such as temperature and precipi-
tation (Leng & Hall, 2020).

According to S. Benziane (2024), precipitation fore-
casting is the process of using a range of models and
data sources to accurately predict the amount and tim-
ing of precipitation, such as rain or snow, in a given
area. Subsequent forecasts are based on historical data
regarding precipitation dynamics. The author also ex-
plains that mathematical and statistical methods al-
low for the accurate prediction of future precipitation
trends, enabling the identification of patterns, chang-
es, and relationships in the data. Y-F. Sang et al. (2020)
highlight that the most common statistical methods are
trend analysis, frequency or spatial analysis, regression
models, and time series models. Additionally, they em-
phasise that identifying periodic rainfall fluctuations
is the most important aspect of rainfall modelling and
forecasting. According to O. Lobachevska & L. Karpin-
ets (2024), the seasonality of the precipitation regime
and the amount of precipitation allow for the identifi-
cation of clear spatial structures, which have significant
implications for livestock producers and future climate
change assessments.

Precipitation is a distinct field of study within cli-
matology and meteorology. However, precipitation con-
stitutes an aspect of climate that affects biological sys-
tems and is therefore a climatope (Kyyak et al., 2023).
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A climatope is a specific climatic regime that allows
for the formation of a spatially regular fragment of
landscape cover. Together with the edaphotope, it
forms an ecotope. It must be emphasised that, just as
an edaphic environment is not equivalent to soil, a
climatological environment is not equivalent to cli-
mate. An edaphotope is how living organisms perceive
soil. Similarly, the climatope is an aspect of how living
organisms perceive climate. The system is becoming
more complex. It is no longer sufficient to consider
only the climatic component; the biotic component
must also be taken into account. Conversely, a specif-
ic list of purely climatic issues recedes into the back-
ground. For example, this approach does not require
an explanation of the mechanisms and processes of
the dynamics of climatic phenomena. Climate can be
considered purely phenomenologically or formally.
This approach can be interpreted as ecological with-
in the framework of ecological climatology. Thus, this
study aimed to test the hypothesis that the climate of
the area under investigation exhibits spatial and tem-
poral regularity, which is hierarchically ordered. This
enables the prediction of the state of the climate in
the coming decades.

LITERATURE REVIEW

Effective water management is crucial for maximising
crop yields, particularly in areas with varying rainfall
patterns. Different crops have specific water require-
ments that are vital for their growth, with some being
more drought-resistant, such as rye, and others requir-
ing more moisture during key growth stages, such as
potatoes and rapeseed. Understanding these seasonal
water needs helps optimise crop production, as evi-
denced by the varying water demands across crops like
soybeans, sugar beet, and sunflower.

The article by G. Bodner et al. (2015) suggests
that seasonal crop water needs are essential for crop
management, especially in dry years. For maximum
tuber yield, potatoes require 500-700 mm of water
per season. Rapeseed evaporates a large amount of
water, with its transpiration coefficient in the range
of 500-700 mm, and it needs 400-500 mm of rain-
fall during the growing season. High humidity dur-
ing flowering is necessary for high yields. Excessive
rainfall and low temperatures during the reproductive
stage are unfavourable, as they reduce the number
of flowers, the number and size of the capsules, and
the seeds inside them (Moteva et al., 2018). Rye grows
well with annual rainfall of 600 to 1,000 mm and is
relatively drought-resistant: it can tolerate dry condi-
tions with annual rainfall as low as 400 mm (Basche et
al., 2016). Soybeans are water-efficient, depending
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on the weather and soil type, they use 400-700 mm
of water, either from rainfall, irrigation, or the soil,
to produce sufficient yields (Tacarindua et al., 2013).
Water is essential for many vital functions of sugar
beet, which has a relatively low water consumption of
between 500 and 800 mm, making it a suitable crop
for regions with limited water resources. Sunflower
is cultivated in a multitude of geographical regions
worldwide, whether as a rain-fed, arid, or irrigated
crop (Sposaro et al., 2010). Sunflower requires about
500-670 mm of water during the growing season. Ac-
cording to FAO (Food and Agriculture Organization),
guidelines for crop water requirements and drought
sensitivity indicate that cabbage, walnut, and onion
require 350-500 mm of water and are moderately sen-
sitive to drought. Tomatoes require 400-800 mm of
water and are moderately sensitive to drought, while
peppers require 600-900 mm of water and are also
moderately sensitive to drought. The quantity of water
required by wheat varies depending on several factors,
including the climate, the length of the growing sea-
son, soil conditions, and irrigation. In general, wheat

Ukraine
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requires between 400 and 650 mm of water for opti-
mum yield (Tripathi & Mishra, 1986).

The regions of Polissia and Forest-Steppe represent
significant areas of Ukraine with considerable potential
for the advancement of agricultural and forestry activi-
ties. The active economic utilisation of these territories
must be undertaken in a manner that ensures the sus-
tainability of ecological systems and the maintenance
of ecosystem functions. The issue of evaluating the im-
pact of precipitation dynamics on crop yields at the re-
gional level remains unresolved. Accordingly, the objec-
tive of this study was to identify patterns of spatial and
temporal variability in precipitation and to ascertain
the influence of anthropogenic landscape modification
resulting from agricultural production.

MATERIALS AND METHODS
The spatial variability of annual precipitation within
10 administrative regions in the north and northwest
of Ukraine between 1960 and 2023 was investigated
(Fig. 1). The region encompasses both Polissia and For-
est-Steppe geographical zones.

ic steppe
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Figure 1. The study area with the administrative regions of the country covered

Source: authors’ development

Prior to the 2015-2022 reform of Ukraine’s admin-
istrative and territorial structure, the environmental
characteristics were averaged across administrative
districts. This is due to the fact that the area of “tradi-
tional” rayons is smaller and more ecologically homo-
geneous than that of the new administrative units. Fur-
thermore, data on crop yields have been collected over
an extended period within the “old” administrative dis-
tricts, which is crucial for elucidating the relationship
between productive potential and climatic conditions.
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The historical data on the spatial variability of precipi-
tation were obtained from the WorldClim (n.d.) website.
A principal component analysis, Bartlett’s test of sphe-
ricity, and the Monte Carlo test were conducted using
the library stats (The R Project..., n.d.). The suitability
of the precipitation data for the principal component
analysis was evaluated using the Kaiser-Meyer-Olkin
(KMO) test (Kaiser, 1974), with the assistance of the
KMOS function from the REdaS library (Maier, 2022)
within the R computing environment. J.L. Horn’s (1965)
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technique for evaluating the components in a princi-
pal component analysis was implemented through the
paran function from the Paran library (Dinno, 2024).The
spatial database was created in ArcGIS 10.0. Descriptive
statistics, as well as cluster and cluster analysis, were
performed in StatSoft 12.0.

RESULTS

Spatial and temporal dynamics of precipitation. The av-
erage precipitation level within the study area from
1960 to 2023 was 625 £ 68 mm, ranging from 535 to
1,160 mm. The lowest amount of precipitation was ob-
served in 2005, amounting to 488 £ 59 mm, while the
highest was recorded in 1980, with 803 £ 85 mm. The
lowest precipitation level was recorded for the Chyhy-
ryn District (53579 mm), and the highest in the Skole
District (1,160% 151 mm).

A zone of local maximum precipitation is observed
within the study region, extending diagonally from the
northeast to the southwest (Fig. 2). Consequently, areas
of local minima are located in the southeast and north-
west of the region. The zone of highest precipitation
levels is situated in the southwest and corresponds to
the Precarpathian Upland. Precipitation levels in this
zone range from 658 to 1,160 mm per year. Addition-
ally, the central region exhibits elevated precipitation
levels. The lowest precipitation levels are observed in
the southeast, within the Forest-Steppe zone, where an
average of 535-573 mm of precipitation falls per year.
During the study period, a discernible trend of both in-
creasing and decreasing precipitation was noted. The
southeastern region exhibited a declining trend, where-
as the northwestern and northern regions demonstrat-
ed an increasing trend.
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I 09--08[  |-06--05 [ -03--02 M o1-05T

Figure 2. Spatial variation of mean annual precipitation (mm, 1960-2023) (a)
and temporal trend of precipitation variability (b)

Source: authors’ development

Global principal component analysis. Linear regres-
sion can explain some of the variance in precipita-
tion over time. Further analysis uses the residuals of
the regression model of precipitation versus time. The
variability of these residuals is also likely to be com-
plex in nature. The variation in the residuals of a line-
ar regression model contains random noise associated
with inherent errors in the original data. Additionally, a

component associated with regular factors that may
have environmental effects can be expected in the re-
gression residuals. Bartlett’s test of sphericity (P<0.05)
indicates that principal component analysis can be ap-
plied to such data. Global principal component analysis
identified six statistically significant principal compo-
nents, which together explained 84.8% of the variation
in the detrended precipitation data (Table 1).

Table 1. Results of the global principal component analysis

Principal component Adjusted eigenvalue* Eigenvalue
1 20.35 21.66
2 14.54 15.73
3 9.06 10.16
4 4.47 5.49
5 2.40 3.35
6 1.37 2.26

Notes: * - according to J.L. Horn (1965)
Source: authors’ development

Standard deviation

Explained variation

1.31 33.84 4.64
1.19 24.57 3.96
1.10 15.87 3.18
1.02 8.58 2.34
0.95 5.24 1.83
0.89 3.53 1.50
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Years of research into the principal component distinct spatial structure. Principal Component 1 ac-
space have revealed certain patterns. The properties  counts for 33.8% of the variation in precipitation and
of the principal components can be better understood is the most sensitive to fluctuations in precipitation,
by presenting their variability in both time (Fig. 3)  with autocorrelation lags of 5 and 9 years. Spatially,
and space (Fig. 4). Each principal component con- this principal component contrasts the precipitation
trasts a particular sequence of years with anoth- rhythm in the eastern part of the region with that of
er sequence in terms of precipitation, which has a  the western part.
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Figure 3. Time variation of the loadings of principal components 1-6

Notes: a - Principal Component 1 (autocorrelation: -0.13+0.11 for lag 5, 0.13+0.11 for lag 9, and 0.90 % 0.08 for lag
12); b - Principal Component 2 (autocorrelation: -0.22*0.12 for lag 3,0.12+0.09 for lag 4, and -0.15*0.12 for lag 11);
¢ - Principal Component 3 (autocorrelation: -0.26 £0.12 for lag 8, 0.19=0.09 for lag 13); d - Principal Component 4
(autocorrelation: -0.18 *0.09 for lag 12,-0.26 £0.09 for lag 15); e - Principal Component 5 (autocorrelation:-0.39+0.12
forlag 1,0.22%0.12 for lag 2, and -0.26 £0.12 for lag 3); f - Principal Component 6 (autocorrelation:-0.25%0.12 for lag
5,-0.20%0.12 for lag 7,and 0.21£0.12 for lag 12)

Source: authors’ development
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Figure 4. Spatial variability of the principal component scores 1-6
Notes: a - Principal Component 1 (L=20.35, 33.84% of the explained variation); b - Principal Component 2 (A=14.54,
24.57% of the explained variation); ¢ - Principal Component 3 (1.=9.06,15.87% of the explained variation); d - Principal
Component 4 (A=4.47,8.58% of the explained variation); e - Principal Component 5 (.=2.40, 5.24% of the explained
variation); f - Principal Component 6 (.=1.37,3.53% of the explained variation)

Source: authors’ development

Principal Component 1 is not statistically sig-
nificantly correlated with soil properties (Table 2).
The values of this principal component are higher
in landscapes where the proportion of broadleaf
and mixed forests and meadows is greater, and the
proportion of agricultural areas is smaller. Principal
Component 2 accounted for 25.6% of the variabili-
ty in precipitation and is sensitive to the variability
components with autocorrelation lags of 3, 4, and

11 years. This principal component differentiates the
southwestern part of the region from other areas.
Principal Component 2 is positively correlated with
soil organic matter and sand but negatively correlat-
ed with clay and silt. Higher values of this principal
component are found in landscapes with a greater
proportion of coniferous, broadleaved, or mixed for-
ests, and a smaller proportion of agricultural areas
or sparse vegetation.

Table 2. Correlation between principal components and ecological properties
of the territories (correlation coefficients are statistically significant for P < 0.05)

Variables

Principal components

Soil properties

Organic matter (OM)
Clay

PC1 PC2 PC3 PC4 PC5 PC6
- 0.41 019 -0.24 -0.23 -
= -0.74 051 = = =

Ukrainian Black Sea Region Agrarian Science, 28(4), 54-67
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Variables

Sand
Silt

Table 2, Continued
Principal components

Types of landscape cover (GlobCover)

Rainfed croplands

Mosaic croplands (50-70%) / Vegetation (grassland/shrubland/forest) (20-50%)
Mosaic vegetation (grassland/shrubland/forest) (50-70%) / Cropland (20-50%)

Closed (>40%) broadleaved deciduous forest (>5m)
Closed (>40%) needle-leaved evergreen forest (>5m)

Open (15-40%) needle-leaved deciduous or evergreen forest (>5m) -
Closed to open (>15%) mixed broadleaved and needle-leaved forest (>5m)
Mosaic grassland (50-70%) / Forest or shrubland (20-50%)

Closed to open (>15%) herbaceous vegetation
(grassland, savannas, or lichens/mosses)

Sparse (<15%) vegetation

Closed to open (>15%) grassland or woody vegetation on regularly flooded

or waterlogged soil - fresh, brackish or saline water

PC1 PC2 PC3 PC4 PC5 PCé

- 071 -041 - 018 -0.15

- -060 028 020 -025 024
015 064 023 -027 -014 -
-038 -025 -018 -  -035 -
023 -027 053 033 - -
044 049 - - - -
- 030 -035 015 028 -

049 -033 023 T
014 050 -038 - 029 -
047 - 044 030 - -
0.28 - 035 024 021 -

029 048 017 021 -  -0.29
- 019 - - -

Artificial surfaces and associated areas (urban areas >50%) - - - - - -

Source: authors’ development

Principal Component 3 accounted for 15.9% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 8 and 13
years. It contrasts the dynamics of oscillatory processes
in the northern region with those in the central part of
the area. Principal Component 3 is positively correlated
with soil organic carbon, clay, and silt content, and neg-
atively correlated with sand content. Higher values of
this principal component are found in landscapes with
a greater proportion of meadow and shrub vegetation
and a smaller proportion of agricultural land, conifer-
ous, or mixed forests.

Principal Component 4 accounted for 8.6% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 12 and 15
years. It contrasts the dynamics of oscillatory processes
along a diagonal from the northeast to the southwest,
compared with those in the northwest and southeast.
Principal Component 4 is positively correlated with silt
content and negatively correlated with organic carbon
content. It is negatively correlated with the proportion
of rainfed land or sparse vegetation cover and positive-
ly correlated with the proportion of meadows, conifer-
ous, or mixed forests.

Principal Component 5 accounted for 5.4% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 1, 2,and 3
years. It contrasts the dynamics of oscillatory processes
in the centre of the region with those in other areas.
Principal Component 5 is negatively correlated with
organic carbon and silt content but positively corre-
lated with sand content. This component is negatively
correlated with the proportion of agricultural land but

Ukrainian Black Sea Region Agrarian Science, 28(4), 54-67

positively correlated with the proportion of coniferous
forests, mixed forests, and herbaceous vegetation.

Principal Component 6 accounted for 3.5% of the
variability in precipitation and was sensitive to varia-
bility components with autocorrelation lags of 5 and 7
years. It contrasts the dynamics of oscillatory process-
es in the centre of the region with the rhythm of pro-
cesses in the north and south. Principal Component 6 is
negatively correlated with sand content and positively
correlated with silt content in the soil. This component
is negatively correlated with the proportion of mixed
forests and sparse vegetation.

Geographically weighted principal component anal-
ysis (GWPCA). The Monte Carlo test was conducted to
determine whether the eigenvalues of the data matrix
are characterised by a spatial component of variation.
The P-value for testing the standard deviation of the
local eigenvalues based on the GWPCA results is 0.01.
This value indicates that the hypothesis of spatial in-
variance of local eigenvalues can be statistically sig-
nificantly rejected; in other words, there is a high level
of spatial non-stationarity represented in the data on
the precipitation erosion factor. Before determining the
optimal pass-through window, it is necessary to decide
how many principal components to retain (Harris et
al.,2011; Gollini et al., 2015). The results of the prelimi-
nary global principal components analysis indicate that
the first two components together account for 58.4%
of the variation in the data structure. Accordingly, it is
reasonable to retain these two components for the sub-
sequent GWPCA procedure. In the process of adaptive
window selection, an optimal window of 220 nearest
neighbours was established for performing the GWPCA
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procedure. To obtain the corresponding results of the
global principal component analysis, only the first two
principal components, GWPC 1 and GWPC 2 were inter-
preted for comparison purposes.

The results of the GWPCA procedure can be visual-
ised and interpreted by focusing on two key aspects:
firstly, how the dimensionality of the data varies spa-
tially, and secondly, how the original variables influ-
ence the principal components. The proportion of
spatial variation in the total variation exhibits a nota-
ble degree of variability, with spatially homogeneous
clusters emerging in the meridional direction (Fig. 5).
In comparison to global principal component analysis,

PV, % 24°0'0"E 26°00°E

28°0'0"E
1

GWPCA has been demonstrated to be an effective and
efficient method for analysing spatial patterns of re-
gional precipitation variability, through the mapping of
the spatial variability of principal components. The first
two principal components extracted from the global
principal component analysis were found to be capa-
ble of explaining 58.4% of the variability in precipita-
tion. The GWPCA explained between 60.7 and 69.2%
of the precipitation variability. The nearest neighbours
were selected for the GWPCA procedure. To facilitate
comparison with the results of the global principal
component analysis, only the first two principal com-
ponents, GWPC 1 and GWPC 2, were interpreted.

30°0'0"E

32°0'0"E
1

I 60.7 - 62.2
I 62.3-63.5
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49°0'0"N=
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Figure 5. Spatial variation of the percentage of total variation of the first two principal components

Notes: PTV - percentage of total variation
Source: authors’ development

The application of cluster analysis to the admin-
istrative districts based on the GWPC 1 factor load-
ings enabled the identification of two distinct clusters
(Fig. 6). The aforementioned clusters bisect the study
area along the median meridian, delineating the east-
ern and western regions. The oscillatory process of
precipitation variability within Cluster 1 exhibits auto-
correlation lags of 1 and 6, whereas precipitation var-
iability within Cluster 2 follows an oscillatory process

Cluster
I
W

-
| 2

with autocorrelation lags of 3 and 10 (Fig. 7). The pri-
mary distinction between the oscillatory processes ob-
served in the two clusters is the presence of three dom-
inant oscillation periods in the density spectrum of the
oscillatory process within Cluster 1, in contrast to the
two most prominent periods observed in the spectrum
of the oscillatory process in Cluster 2. Furthermore, the
oscillatory processes of precipitation variability in Clus-
ters 1 and 2 occur with a phase shift.

Cluster

Figure 6. The spatial location of clusters obtained based on factor loadings GWPC 1 (a) and GWPC 2 (b)

Source: authors’ development

Ukrainian Black Sea Region Agrarian Science, 28(4), 54-67

61



62 Oscillatory spatial and temporal variability of precipitation in Polissia...

0.3

0.1

Cluster 1

-01 |

-0.3
a 1960 1968 1976 1984 1992 2000 2008 2016

1.3 B
015 |

0.05 |

Cluster 2

-0.05 |

-0.15 |

025
c 1960 1968 1976 1984 1992 2000 2008 2016

Phase Spectrum
o

05 10 15 20 25 30 35 40 45
e Log Period

0.07
0.06 |
0.05
0.04
0.03
0.02
0.01

0.00
05 10 15 20 25 30 35 40 45

Log Period

Spectral Density

0.06

0.03

Spectral Density

0.00 ! . . . . . .
05 10 15 20 25 30 35 40 45

d Log Period

Phase Spectrum

05 10 15 20 25 30 35 40 45

f Log Period

Figure 7. Time variation of the loadings of the principal component GWPC 1 for Clusters 1 and 2
Notes: a - Cluster 1 (autocorrelation: -0.14+0.09 for lag 1,0.12+0.08 for lag 6, and -0.19+0.11 for lag 8); b - Spectral
Density of the oscillatory process for Cluster 1; ¢ - Cluster 2 (autocorrelation: -0. 22*0.11 for lag 3,0.10+0.07 for lag 10,
and -0.21*0.11 for lag 14); d - Spectral Density of the oscillatory process for Cluster 2; e - Phase Spectrum of oscillatory
processes within Cluster 1 and 2; f - Phase Spectrum of oscillatory processes with a shift of 3 lags between them

Source: authors’ development

The application of cluster analysis to the ad-
ministrative districts, based on the values of the
GWPC 2 factor loadings, enabled the identifica-
tion of two distinct clusters. The aforementioned
clusters delineate the study area along the medi-
an meridian, resulting in the division of the area

Ukrainian Black Sea Region Agrarian Science, 28(4), 54-67

into eastern and western sections. The oscillatory
process of precipitation variability within Cluster 1
exhibits autocorrelation lags of 4 and 11, whereas
precipitation variability within Cluster 2 follows an
oscillatory process with autocorrelation lags of 4, 5,
and 9 (Fig. 8).
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Figure 8. Time variation of the GWPC 2 principal component loadings for Clusters 1 and 2
Notes: a - Cluster 1 (autocorrelation: 0.17%0.09 for lag 4,-0.21£0.08 for lag 11 and 0.27+0.11 for lag 13); b - Spectral
Density of the oscillatory process for Cluster 1; ¢ - Cluster 2 (autocorrelation: 0.11£0.07 for lag 4,-0.16 £ 0.07 for lag 5,
and 0.18%0.11 for lag 9); d - Spectral Density of the oscillatory process for Cluster 2; e - Phase Spectrum of oscillatory

processes within Clusters 1 and 2
Source: authors’ development

The primary distinction between the oscillatory
processes observed in the two clusters is that the den-
sity spectrum of the oscillatory process within Cluster
1 encompasses the three most prominent oscillation
periods, whereas the lags of these oscillatory process-
es are shifted to the left in the spectrum of the os-
cillatory process observed in Cluster 2. Furthermore,
the oscillatory processes of precipitation variability in
Clusters 1 and 2 occur with a phase shift.

DISCUSSION
The distribution of total precipitation in the area un-
der study is the result of a combination of processes
that reflect the patterns of geographical and altitudinal
zonation, as well as geographical sectorality (meridi-
onal zonation). The Forest-Steppe zone is characterised
by a naturally lower level of precipitation compared to
Polissia. The Carpathian region exhibits considerably
higher precipitation levels than other areas within the
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territory. Polissia displays a contrast in moisture con-
ditions, ranging from regionally high to regionally low
levels. In the central part of the region, from the north
to the centre and southwest, a zone of increased precip-
itation is formed, exhibiting signs of sectoral variability.
The Forest-Steppe fraction of the study area is included
in the sub-zone of sufficient moisture, with an average
annual precipitation of 570 to 600 mm.

The phenomenon of climate change is impacting
the global water cycle, with implications for both the
total amount of precipitation and extreme precipita-
tion events. It is expected that total precipitation will
increase by approximately 2-3% for each degree Celsi-
us of global warming. Additionally, estimates indicate
that extreme precipitation may become more intense
by approximately 7% for each degree Celsius of warm-
ing (Allen & Ingram, 2002). It is anticipated that the
projected changes in daily temperature, precipitation,
wind, relative humidity, and global radiation will result
in a decline in maize yields in Europe, with an estimat-
ed reduction of between 1 and 22% by 2050. Further-
more, wheat yields in Southern Europe are anticipated
to decline by 49%. Nevertheless, in Northern Europe,
some of the adverse effects of climate change on yields
may be mitigated by elevated CO, concentrations in the
atmosphere and alterations in precipitation patterns
(Hristov et al., 2020). A decline in total annual precipi-
tation has been observed in the Forest-Steppe zone of
Ukraine, with a reduction from 616 to 584 mm from
1990 to 2010. An evaluation of water losses due to
evaporation demonstrates that even with annual pre-
cipitation exceeding 500 mm, a moisture deficit can oc-
cur. This phenomenon is observed in the Forest-Steppe
zone with a frequency of approximately 60% of the
cases studied (Petrychenko et al., 2018). These findings
align with the temporal precipitation trends previous-
ly identified in the Forest-Steppe segment of the study
area. It should be noted, however, that this trend does
not extend across the entire territory. In contrast, the
Polissia segment of the region exhibits a reversal in the
trend of precipitation variability over time. In particu-
lar, the northwest region exhibits a pronounced trend
of increasing precipitation. It is also noteworthy that
the diagonal zone within the study area represents the
boundary between the opposing trends in precipitation
over time. Consequently, this zone can be considered to
exhibit a relatively constant temporal trend.

The findings highlight an additional dimension of
precipitation variability that extends beyond a mere di-
rectional trend over time. Precipitation dynamics over
time exhibit several distinct spatial patterns, which are
identified by principal components that are statistically
independent of one another. This indicates that dispa-
rate spatial and temporal patterns of precipitation arise
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as a consequence of the influence of different factors.
It is also important to note that the contribution of the
respective patterns to the overall precipitation rhythm
decreases in the corresponding principal component
series. Consequently, their direct impact on ecological
processes and agricultural production conditions also
diminishes. If the “first” principal components are the
result of geographical factors that are regular in space
and time, then the subsequent factors in their genesis
can be considered to be generated by factors of local
environmental and landscape character.

Principal Component 1 reflects the meridional
sectoral variability of precipitation rhythms. An in-
crease in precipitation in the eastern region is accom-
panied by a decrease in precipitation in the western
region, and vice versa. Therefore, the remote sensing
data reveal a distinct meridional zonation of the ma-
rine ecosystem structure, with a markedly higher den-
sity of phytoplankton in coastal and Atlantic waters.
This structure correlates well with the complex hydro-
graphic circulation observed in the region (Mitchell et
al., 1991). The meridional zonation of phytoplankton
productivity characteristics was identified through an
analysis of the spatial distribution of primary produc-
tion in the world ocean. The latitudinal zonation of
vegetation is complemented by a meridional zonation,
which should be taken into account when identify-
ing biogeographic regions. The results demonstrate
a distinct form of zonation, characterised by rhythmic
patterns.Zonation can be defined as a sequence of ge-
ographically ordered areas of the Earth’s surface that
are quantitatively distinct in terms of specific proper-
ties. In this instance, the focus is on the cyclical vari-
ability of properties over time, which is characterised
by a sectoral spatial organisation. Principal Compo-
nents 2 and 3 show a spatial organisation that closely
resembles geographic zonation, albeit with a cyclical
rather than modal spatial pattern.

Principal Components 4-6 account for a decreasing
proportion of the variability in precipitation; yet, they
reflect more spatially detailed patterns of variability
that do not align with the patterns of geographic zo-
nation. These components are significantly correlated
with both soil properties and vegetation cover.To gain a
deeper understanding of the correlation between veg-
etation cover and precipitation variability, it is essen-
tial to distinguish between areas covered by crops and
those covered by natural or distinct vegetation types. It
can be posited that the natural variability of precipita-
tion is related to the organisation of landscape cover,
which, in turn, determines the distribution of suitable
and unsuitable areas for agricultural production. Fur-
thermore, it can be postulated that anthropogenic al-
terations to the landscape may influence precipitation



patterns and contribute to the emergence of significant
spatial and temporal patterns.

A more comprehensive examination of the hypoth-
esis that anthropogenic transformation influences the
trajectory of climate processes could potentially yield
insights that inform strategies for climate change ad-
aptation. W. Lahmer et al. (2001) emphasise that the
impact of global changes on the regional water cycle,
caused by either climate change or land-use changes,
represents a significant scientific issue. C. Stephens &
A. Ngari (2024) note that the most important sources
and drivers of global climate change are known to be
at the regional level. N\W. Arnell et al. (2019) highlight
that temperature and precipitation show significant
regional variability in the context of global climate
change. According to PS. Roy et al. (2022), transforma-
tions in land use or land cover represent a human-in-
duced systemic disturbance that exerts an influence,
either direct or indirect, on a multitude of hydrological
processes. PA. Dirmeyer et al. (2010) also point out that
the climatic features of the region exert a pivotal in-
fluence on the consequences of land-use modification.
Thus, the results allow for a reasonable assumption
that a significant oscillatory component of precipita-
tion variability in the studied region can be induced
by both natural landscape heterogeneity and anthro-
pogenic landscape transformation, primarily through
agricultural activities.

The oscillatory regularity observed in precipitation
rhythms allows for two practical considerations to be
made. This enables the forecasting of future precip-
itation dynamics based on data from previous years,
as well as the consideration of fluctuating precipita-
tion dynamics to recommend optimal crop rotations
and select the most suitable range of crop varieties
for cultivation. The established regularities provide a
basis for formulating empirical rules for the selection
of crops in crop rotation. It is well documented that
the cultivation of soybeans as a predecessor to winter
wheat in the sub-zone of sufficient moisture in For-
est-Steppe is an inherently risky venture. The crop is
highly susceptible to fluctuations in temperature and
moisture levels throughout the growing season. How-
ever, the awareness of crop characteristics is of limit-
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dation for climate forecasts and the development of
optimal crop rotations. The cultivation of sugar beet is
adversely affected by the overlap of crops in the crop
rotation, which can also be attributed to a discrepancy
between the rhythm of climatic processes and the re-
quirements of the crop.

CONCLUSIONS

The distribution of total precipitation in the study area
results from a superposition of processes that reflect
the patterns of geographical and altitudinal zonation, as
well as geographical sectorality (meridional zonation).
The mean precipitation level within the study area for
the period between 1960 and 2023 was 62568 mm,
with a range spanning from 535 to 1,160 mm. During
the study period, there was a discernible trend towards
both increasing and decreasing precipitation. The
southeastern region exhibited a declining precipitation
trend, whereas the northwest and north demonstrat-
ed an increasing precipitation trend over time. A global
principal component analysis identified six statistical-
ly significant principal components, which collective-
ly explained 84.8% of the variation in the detrended
precipitation data. The principal components exhibited
particular spatial patterns of variability and spectral
features of time variation. The established spatial and
temporal patterns of precipitation are formed as a re-
sult of the influence of various factors. Principal Com-
ponents 1-3 result from geographical factors that are
regular in both space and time. Principal Component
1 is indicative of the meridional sectoral variability of
precipitation rhythms. Principal Components 2 and 3
exhibit a spatial organisation that closely corresponds
to geographic zonation, albeit with a cyclical rather
than modal spatial pattern. Principal Components 4-6
are the result of local ecological and landscape factors.
The anthropogenic transformation of the landscape can
also impact precipitation rhythms and contribute to the
formation of relevant spatial and temporal patterns. For
future research, it is essential to determine the impact
of spatial and temporal dynamics of precipitation on
the yield of key agricultural crops in the region.
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Anorauis. Teputopii lNoniccs Ta Jlicocteny MatoTb BeNMKe 3HAYEHHS A5 YKpaiHW, NPONOHYKYM 3HAYHWUIA NOTeHLian
ON19 pO3BMTKY CifIbCbKOro Ta NiCOBOro rocnoaapctsa. Y CBiT/i HaranbHoi Nnpobnemu rnobanbHOi 3MiHKW KNiMaTy BKpam
BaX/IMBO, W00 aKTMBHE rOCMOAAPCbKE BMKOPUCTAHHSA UMX TEpUTOpPIM BigOyBanocsa 3 ypaxyBaHHAM 3000B93aHb
woa0 36epexxeHHs eKONOMiYHUX CUCTEM Ta NiATPUMAHHSI €KOCUMCTEMHUX PYHKLIiN. MeToto Ui€i cTaTTi 6yno 3acyBatu
3aKOHOMIPHOCTI NMPOCTOPOBOI Ta YaCOBOi MiHAMBOCTI ONaAiB i BCTAHOBMTM BMAMB aHTPOMOreHHOi TpaHcpopmauii
3eMe/lb BHACNiAOK CiNbCbKOroCnofapCbKoro BUPOOHMLTBA. Ha mocnigkyBaHin TepuTopii cepefHii piBeHb onagis
cTaHoBMB 625 % 68 MM i konuBaBeca Big 535 no 1160 mm. MNpotarom gocnigxyeaHoro nepiogy (1960-2023 pp.)
cnoctepiranacs TeHAeHUis gK A0 36inblieHHs, Tak i A0 3MEHLIEeHHs KinbKOCTi onagis. [MiBAEHHUIM CXig perioHy
XapaKTepu3yBaBCs TEHAEHLIEN A0 3MEHLLEHHS KiIbKOCTi ONaAiB, TOAi K HA MiBHIYHOMY 3ax0f4i Ta NiBHOYi YaCOBMM
TpeHA, NoKasyBaB 36ibLeHHS KinbkocTi onaais. KinbkicTb onaais y KapnaTtcbKoMy perioHi 3Ha4HO BULLA, HiXK B iHLIMX
YyacTuHax TepuTopii. HasBHICTb KONMBANbHOI 3aKOHOMIPHOCTI B pUTMi ONafiB A03BONSE PO3MNSAATU ABA MPAKTUYHI
acneKT: MOX/IMBICTb MPOrHO3yBaHHS MalbOyTHbOI AMHAMIKM OMaAiB HA OCHOBI HasiBHOI iHdOpPMaLii 3a nonepegHi
POKM Ta BPaxXyBaHHS KOMMBaNbHOT AUHAMIKM OMAfiB NpY peKOMeHAaLisX ONTUManbHUX CiBO3MiH i nigbopi Hanbinbw
NPUAATHOIO ACOPTUMEHTY COPTIB CilbCbKOrOCMOAAPCHKMUX KY/bTYP 415 BUPOLLYBAHHS

KntouoBi cnoBa: kiiMaT; NpoCTopoBa CTPYKTYpa; YacoBa AMHAMIKA; NaHAWAdTHE Pi3HOMAHITTS; POC/IMHHUI NOKPUB
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