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Goal and objectives

* Based on the spatio-temporal analysis of meteorological parameters
for the period from 1901 to 2021, present evidence of dramatic
changes of climatic conditions over the territory of Ukraine.

* The following metrics of meteorological and water balance
parameters was analyzed: temperature, precipitation, Aridity Index,
Potential and Actual evapotranspiration (ET), Standard Precipitation
Index (SPI), and Standard Precipitation Evapotranspiration Index
(SPEI).

* Hierarchical and Principal Component Analysis (PCA) clustering for
periods prior and post temporal structural breaks/breakthroughs
were used for mapping and zonation of the territory of Ukraine.



According to the Koppen-Geiger classification, climate of Ukraine
is mostly humid continental with hot summer

Koppen-Geiger Climate Classification, 1991-2020

Tropical rainforest climate  Tropical Rainfor
A est
Cwa Monsoon-influenced Temperate Dry Hot summer
humid subtropical climate winter
Cwb  Subtropical highland Temperate Dry Warm summer
climate or temperate winter
oceanic climate with dry
winters
Y Cwc Cold subtropical highland  Temperate Dry Cold summer
climate or subpolar oceanic winter
. climate with dry winters
o Dfa Hot-summer humid Cold Withou Hot summer
continental climate (continental)  tdry
season




Data sources and methods

* Data were downloaded from the Climate Change Knowledge Portal
https://climateknowledgeportal.worldbank.org/country/ukraine/climate-data-historical

* Historical data at a resolution of 0.5°x0.5° (50km x 50km) were produced by the Climatic
Research Unit (CRU) of University of East Anglia

* 25 regions of Ukraine were analyzed

 Calculations were conducted with the application of the Rstudio platform
using libraries:

* 700, xts. caTools, HydroTSM, pals, anytime, SPEI, dplyr, strucchange, ecdfHT,
factoextra, maps, hydroTools,


https://climateknowledgeportal.worldbank.org/country/ukraine/climate-data-historical
https://www.uea.ac.uk/groups-and-centres/climatic-research-unit
https://www.uea.ac.uk/groups-and-centres/climatic-research-unit
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Time series of yearly temperature (black lines) and 30—year averaged

temperature (blue lines
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/-score of temperature indicates that climate warming began in 1940s,
and the “hot” phase of climate changes started in 1979-1994
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Temporal
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Temperature increased more significantly in winter and
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Hierarchical and PCA clustering of Ukraine based on temperature
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Comparison of clusters of temperature for different regions
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Time series of yearly precipitation (black lines) and 30—year averaged
temperature (blue lines

T(oC)

T (0C)

T (0C)

T (0C)

T (oC)

800

400

800

400

800

400

800

400

800

400

Crimea Cherkasy Chernigiv Chernivtsy Dnipro
1 nE 8- - =B
. ' g RN 3 Ly 8" |
- - - -
. 8 4 8 - 8 - 8 -
- ~ - -

I 1 T 1 T I T T 1 T T T I 1 T I T T 1 T T 1 I ] I 1 T I 1 T T T I 1 T
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Donetsk Iv_Frankivsk Kharkiv Kherson Khmelnitsk
b= =3 (=3 f=3
- Q= S - - =
B 2 4 g o 2 4 e 4
-1 Q - - Q - Q -

- «t - -

I I I 1 I I I I I I I I I I I I I I 1 I 1 | I 1 I I I I I | I I I 1 I
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Kirovograd Kyiv Lugansk Lviv Mykolaiv
b= =3 f=3 (=

- Qo - < - < - o -
: S Wbl 2 ity
. s 4 g - s 4 e 4
= b= = =1 k= (=] b= [=3
-1 S - < = o -
- -t - -

I 1 I 1 I 1 I I 1 I I 1 I 1 I I I I 1 I 1 1 I 1 I ] I 1 i I I 1 I 1 I
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Odessa Poltava Rivne Sumy Ternopil
b= =1 (=3 f=3

-1 sl Sy g — L P - ey gy - S
Q® Q. Q™ %
. IHHAMM & 4 & 4 KR e 4
) T8 W g~ Wliww o .MH“ IWHMH
- o - < - = o -
< ~t - -

LI 1 |l 1 T 1 I T 1 LI LI I LI LI I 1 1 1 1 1 T 1 T T 1 a8 LI I
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Vinnytsia Volyn Zakarpatska Zaporizhzhia Zhitomir

1 g § g g -
Q 5} ) )
B 2 4 2 ; e 4 e 4 i
2 F g <
I 1 I |l I T I I T I I 1 I 1 I I 1 I 1 I I 1 1 | I T I I I I I 1 I 1 I
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020

Precipitation change (mm)

100

50

-50

-100

Annual precipitation change since 1901

AP_Krym
Cherkasy
Chernigiv
Chemivetska
Dnipropetrovska
Donetska
Iv_Frankivska

Kharkiv
Kherson
Khmelnitska
Kirovogradska
Kyivska
Luganska
Lviv

Mykolaivska
Odeska
Poltavska
Rivenska
Sumska
Ternopilska
Vinnitska

Volynska

Zakarpatska
Zaporizhzhia

Zhitomir

T
1900

T
1920

1940

T
1960

T
1980

T
2000

T
2020




z_score
0

-2

1.0

z_score
-20 05

2

1

z_score
0

2

1.5

z_score
00

-1.5

z-score of precipitation vs. time

Crimea Cherkasy Chernigiv Chernivtsy Dnipro

~N - 2 N o -

2= [P [ Pl
" §° - §,_ §° §o E
_ N N N'—I N

o C
- o o o
L L | A B L LB | L . L O B | LG L L )
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Donetsk Iv_Frankivsk Kharkiv Kherson Khmelnitsk
- ~N j o~ - -
7] g [ g,
— §|° n §l° §,
-1 N - N N
" o S 5 o
1 I I I I 1 1 1 1 U | I I I ! I I I 1 1 I I I I I I 1 1 1
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Kirovograd Kyiv Lugansk Lviv Mykolaiv
=]

. @ 2 e |

(=N —
. § § "
N N N N
. N A : .

1 I I I I I 1 1 1 I I I I I I I I 1 1 I I I I I I 1 1 1
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Odessa Poltava Rivne Sumy Ternopil

- e‘_ —
3 go -
. N =
& o
1 I I I I I 1 I I I I 1 1 1
1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020 1900 1940 1980 2020
Vinnytsia Volyn Zakarpatska Zaporizhzhia Zhitomir
~N
—¢ o N
- Qe #
] ©™ @ @~ '
5 &9 5 5
1 3 ) 23 8
_ N N N N _|
Wi 0 '
e w
. v 2 o

| L R L L

1900 1940 1980 2020

T
1900

A I UL 5L

1940 1980 2020

| L L L

1900 1940 1980 2020

| I L P O A

1900 1940 1980 2020

| P PR O A I |
1900 1940 1980 2020

Z-score

Z-score of precipitation is practically
the same as Stanézlard Precipitation
Index




Temporal gradient of precipitation decreases during the hot
phase of warming
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Relationship between temperature vs precipitation changes with time

Prior to “hot” phase:
mostly precipitation
increases as temperature
increases
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Hierarchical and PCA clustering and zonation of Ukraine based on

precipitation
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Hierarchical and PCA clustering of Ukraine based on SPE|
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ET/P vs Aridity index plotted on the SOB curve
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Infiltration/groundwater recharge+surface runoff decreased during

the “hot” phase
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Mapping/zonation of Ukraine based on SPE|

Segment 1: 1901-1986
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Conclusions

* Based on the statistical analysis of 25 regions of Ukraine, the country
has been experiencing spatio-temporal changes of climatic conditions
since the 1940s, with a drastic increase (‘hot” phase) since the
1980s.

e Z-score and temporal gradient time series can be used as statistical
tools to identify the temporal trends of climatic conditions of Ukraine.

* Clustering/zonation of the territory of Ukraine is different for the
periods prior and during the ‘hot’ phase of the climatic changes, and
it is different for temperature, precipitation and SPEI. The SPEl is an
integrated climatic index to be used for the zonation and mapping of
Ukraine.

* However, the obtained 2D spatio-temporal data are insufficient to
explain the impact of climatic processes on land-atmosphere
processes in Ukraine.



Examples of directions of future research

Hypothesis: an extension of the FLUXNET global
network of eddy covariance towers over the
territory of Ukraine will help construct reliable
3D climatic models and explain the impact of
observed climatic changes on water cycle in
Ukraine and surrounding European regions.

Compare meteorological parameters of
Ukraine and other European coutries
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Examples of directions of future research

Compare meteorological
parameters of Ukraine and Europe
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