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RETROSPECTIVE ANALYSIS AND FORECAST
OF THE MAIN ABIOTIC FACTORS
OF THE ENVIRONMENTAL CONDITIONS OF ICHTYOFAUNA
OF THE DNIPRO-BUH ESTUARY ECOSYSTEM

Kutishchev P. S., Korzhov Ye. I., Honcharova O. V.

INTRODUCTION

Modern data of the main abiotic factors of functioning of the Dnipro-
Buh estuarial ecosystem are presented. The abiotic parameters for long-
term periods are compared: before the regulation of the lower reaches of
the Dnipro River (1877-1970), after the regulation (1948-1970), the
period of the run-off formation (1986-2013) and the indicators of the
modern period (2010-2020). The forecast of the main ecologically
significant factors of the environment in the research region is made. The
obtained results can be used in the formation of the long-term forecasts
of the leading abiotic parameters, the state of the ichthyofauna
environment, the indicators of biological productivity, fish productivity
and determination of the rate of production and destruction processes and
eutrophication.

1. The problem’s prerequisites emergence
and the problem’s formulation
Ecologically significant abiotic components of the Dnipro-Buh estuary
system along with the progressive reduction of the river run-off,
ecologically unjustified mode of operation of reservoirs of the Dnipro
cascade, water abstraction for industrial and domestic needs, fields
irrigation, increase in irreversible water loss due to vaporization of the
reservoirs surfaces, transpiration, climate change, water upsurge and down
surge from the Black Sea negatively affect the ecological condition of the
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aquatories and the condition of existence of ichthyofaunal?345¢ The
reduction of Dnipro run-off, as a result of hydraulic engineering and use
of freshwater run-off for industrial and farming needs, led to significant
changes in hydrological and, as a consequence, hydro chemical regimes
of the Dnipro-Buh estuary, which is complicated by the increasing of total
anthropogenic load”® Most of reservoirs were created for agro-industrial
needs and irrigation, gaining special importance in arid areas of Ukraine,
especially in the south, the most risky natural and climatic zone for
agriculture. Irrigation creates many environmental problems®. As a result
of anthropogenic changes, the ichthyofauna suffers first of all, migration
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routes of fish and coastal ecosystems change, biodiversity decreases, the
rate of eutrophication increases, and the pathways for the invasion of alien
species open uplo' 11,12, 13, 14.

In the processes of transformation of natural river run-off, negative
changes took place, which significantly worsened the living conditions of
ichthyofauna of the Dnipro-Buh estuary ecosystem. Process of
construction and formation of the run-off took place until the end of 70s.
The results of the long-term construction of the cascade of reservoirs led
to significant water consumption in the lower reaches on the Dnipro,
which continue to this day® ¢ 1718 19 |n the study, we used data on the
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main abiotic factors of the aquatic environment of the research region for
a long-term period (1825-2020020: 2L 22.23.24.25 \Methods of ecological and
hydrological researches were used, the basic factors of hydrological
conditions are studied in detail, and the climatic characteristic of the region
is carried out. The forecasting methods via Microsoft Excel — 2019
software using the Statistica 10 statistical analysis were being used.

2. Research results and discussion

The flow of the Dnipro is more than 94% of the total inflow of the river
waters and hydrophysical processes, both in the coastal section of the river
and in the Dnipro and Buh estuaries, depend on its value, in most cases.
The annual volume of the run-off of the Southern Buh is insignificant and
does not exceed 2.0 km® in the modern period?® 2" The long-term
fluctuations of the Dnipro run-off depend on the climatic aspects of the
year, which is due to the amount of precipitation in the catchment area of
the river system. High-water years alternate with average-water and low-
water years, and this significantly limits the possibility of forecasting for
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a long period by standard methods?®. After the construction of the Dnipro
HPP, the natural run-off of the Dnipro decreased by 11.5%, and before the
beginning of mass hydraulic engineering during 1933-1955, it averaged
by 49.5 km® per year. After the construction of Kakhovka and other
hydroelectric power plants, there was a further reduction in the run-off.
During 1956-1964, it averaged 42.7 km? per year, which approximately
24% lower than before the beginning of the hydraulic engineering®®, *.
The reduction of total run-off is related to the removal of significant
amounts of fresh water for the needs of industrial, domestic and
agricultural complexes. As a result, there was tendency in reduction of the
run-off, which directly or indirectly affected the hydrological and
hydrochemical regime, and this reflected on deterioration of the aquatic
organisms’ habitat quality. It is important to emphasize that such
tendencies are typical also for today®" %> 33 3% The Dnipro-Buh estuarine
ecosystem includes the lower reaches of the Dnipro, the Southern Buh and
the Dnipro-Buh estuary, and is the one whole water area bounded in the
riverside by the Kakhovka and Oleksandrivka HPP dams and the Black
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Sea near the Kinburn Spit. The total water surface area within these
boundaries is about 1,100 km? ®, The Buh estuary is an integral, the most
productive and the most polluted part of the Dnipro -Buh estuarine
ecosystem and has a significant impact on the overall condition of the
adjoining systems® 37. 38, 39.

Modern climate change, which is characterized by the global warming,
is the subject of research by many scientists both around the world and in
Ukraine particularly?®® 41 42.43.44.45 The climate of the Black Sea region is
relatively continental with mild winters, long hot and dry summers. It is
formed under the action of cold continental air masses of Scandinavia and
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Asia, as well as warm subtropical air masses of Mediterranean and
Atlantic Ocean. The annual amount of precipitation varies in the range of
350-470 mm with a change in absolute values in the range of 140-650 mm.
Daily maximum of precipitation often reaches 30-40 mm, and in some
cases precipitation up to 120 mm per day were recorded. Also, the studied
area is characterized by long rainless periods of 50-60 days*®. The average
long-term annual precipitation amount of the lowlands is 395 mm, yet in
recent decades their amount has increased and exceeded the norm by 50
mm. The largest number of days with precipitation accrues to the period
from November to February (12-14 days), the smallest — to August —
September (6-7 days)*’.

The thermal regime of the territory is characterized by mild winters
(the average temperatures of winter months are —1°...-3°C) and hot
summers (the average temperatures are +22°...+23°, the maximum is
more than 40°C). Absolute values of air temperatures within the region
range from —24° to +43°. The average annual temperature in the last 5
years ranges from 11.4°-11.7° and has a steady tendency to increase®.
Modern climatic conditions, which are characterized by general warming
along with anthropogenic impact in the transformed water areas, are of
accelerated nature. Changes in the environment affect the functioning of
the ecosystem and the development of human economic activity,
therefore, the analysis of the climatic conditions, and the study of the
anthropogenic impact on the environment, as an impact on the
development of the fishing industry, is essential*® . In this regard, it is
important to determine changes in climatic conditions over a long-term
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period, indicate the degree of their expression, and the impact on the water
area of the Dnipro-Buh estuary ecosystem. The retrospective analysis
conducted over the years clearly reflects the tendency to increase the
average annual air temperature, which in 2019 was at the point of 12.2°,
and in 2020 — 12,5°C. We analyzed a number of average annual air
temperatures, covering 130 years (Fig. 1).
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Fig. 1. The long-term dynamics
of average annual air temperature (t)% 5253

The average annual air temperature until the 1940s did not exceed the
point of 9.8°, maintaining this rate until 1980. By 2000, it had risen by
only 9.9°. Yet a surge rise in average annual temperature has been
observed namely in recent decades. Thus, in 2000-2010, the temperature
had risen rapidly by almost 1°C, amounting to 11.0°, and as of 2020, the
average annual rate increased by 1.35° to an average 11.3°.

Abnormally warm years at the beginning of the XXI century, according
to this indicator, were 2007 with an annual air temperature of 12.2°,2019 —
12.2° and 2020 — 12.5°C. The indicators above the mark of 11.0°C
significantly affected the overall increase of temperature, almost over a
200-year period, making the indicator of general global warming in
Kherson region by 1.45°. The statistical analysis of frequency series

51 KjiMatMuHi JaHi 0O CTaHIISIM 1 mHOCTam VYkpaimu.  URL:

http://www.pogodaiklimat.ru

52 Kmimatnuni nami mo crammism  Ykpaimu. URL:  https://meteo.gov.ua/
ua/33345/climate/climate_stations

53 PerionanbHa JONOBiJL NPO CTAH HABKOJMIIHLOTO CEPENOBMINA XEPCOHCHKOI
obmacti y  2001-2014 pp. URL: http://www.ecology.ks.ua/index.php?
module=page&id=11
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reflects the modal groups of the average annual air temperature, the most
distinctive of which are temperatures in the range of 10-11° (Fig. 2).

t°c

Fig. 2. Histogram of absolute frequencies and integral curve
of average annual air temperatures within the Dnipro-Buh estuarine
ecosystem (1825-2020). On the diagram: n — number of cases.
Distribution parameters: average — 10.1; Standard error —0.1;
Standard deviation — 0.97; Minimum — 7.5; Maximum — 12.5;
Variation level —9.7.

In the Table 1, the results of the calculation of the determination
coefficient (R?) of the absolute values of air temperatures in the study
region for many years period are presented. The results show an increase
in average and maximum air temperatures that is closely related to the
general increase in the climate.

Table 1
The value of the determination coefficient (R?) of the absolute values
of thermal indicators in Kherson region (1825-2020)

M'“;ir:‘”m Reliability of | Maximum air | Reliability of
Period temperature correlation at | temperature | correlation at
R) P =95 99,9%, (R?) P =99,9%,
1825-1940 0,042 0,85 0,204 0,99
1941-1980 0,065 0,86 0,171 0,86
1981-2000 0,125 0,82 0,125 0,99
2001-2020 0,013 0,87 0,181 0,99
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These data show that global warming is more closely associated with
an increase in the absolute values of maximum temperatures in the region
than with changes of the background of the absolute minimum
temperatures.

The annual precipitation amounts are characterized by significant
variability and intensity during the year, while on average in Kherson
region there is a slight tendency to its increase (Fig. 3).

Fig. 3. The dynamics of the annual precipitation sums
on the territory of the Dnipro-Buh estuarine ecosystem
over a long period, mm?>4 55,56, 57

The annual sum of precipitation has not increased significantly
compared to previous years. The average annual indicator for the long-
term studied period was 409.3 mm (1825-2020). The analysis of data by
periods is more illustrative, which clearly shows a weak tendency to
increase precipitation in the region. Thus, for the period 1885-1950, the
average amount of precipitation was 378 mm/year, in the period 1971-
1990 it has reached maximum values — 453.6 mm, and during 1990-2020

5 Babuuenko B. H. Kinumatnueckue ycnoBus. Pecypchl MOBEPXHOCTHBIX BOJI.
1971. Ne 6. Beim. 2. C. 54-77.

%5 Besconor €. M., Anapees B. 1. 3aGesneuenns exonoriunoi 6e3neku I1iBaeHHOro
Byry B KOHTekcTi cramoro po3BUTKY M. MukomaiB. HaykoBi mparmi: HayKoBO-
MeToauIHUH xKypHai. Bum. 276. T. 288. Exonoris. Mukonais: Bun-so UHY im. ITerpa
Morwmm, 2016. 128 c.

%6 I'pe6inb B. B. CydacHi 3MiHM OKPEMHX XapaKTEPHCTHK JONIOBUX MABOJKIB Ha
piukax VYkpaiuu. [igposoris, rimpoximis, rigpoexosnoris. Hayk. 36ipHuk. Binrm.
penaxrop B. K. Xinsuescokuii. K.: O6pii, 2010. T.2. C. 74-86.

5 Knimaruuni gani no cranmism VYkpaimm. URL: https://meteo.gov.ua/ua/
33345/climate/climate_stations
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it was 441.8 mm. The statistical analysis of frequency series revealed
fluctuations in precipitation from 206 to 685 mm with an average value
for many years at the level of 409.3 mm (Fig. 4).
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Fig. 4. Histogram of absolute frequencies and integral curve
of annual precipitation sums (R) within the Dnipro-Buh estuarine
ecosystem (1885-2020). On the diagram: n — number of cases.
Distribution parameters: average — 409.3; Standard error —9.1;
Standard deviation — 88.4; Minimum — 206; Maximum — 685;
Variation level — 24.3

Thus, according to the long-term data, the highest amount of
precipitation accrues on July, the lowest — in February-March.
A distinctive feature is the almost directly proportional increase in
maximum fluctuations and peak precipitation points during the year from
92.0 to 166.0 mm, except for October and November (96-134 mm). The
water content of the Dnipro, as noted earlier, is one of the main water
balance characteristics of fresh water run-off of the Dnipro-Buh estuary
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ecosystem, which is confirmed by a number of our works®®: 59 €0. 61,62, 63.
Studies of the modern period show a tendency to reduce the run-off of the
Dnipro, which is directly related to the transition of the river to the low-
water phase of the water content in the centuries-long cycle, which began
in the 40s of the last century, as well as the climatic changes on the
territory of Ukraine, which took place in the early 80s of the XIX century
and continue to this day®* . The dynamics of the long-term run-off of the
Dnipro at its mouth area is presented in Fig. 5.

%8 Kopxos €. 1. AHTpONOreHHHMiI BILIMB Ha €KOCHCTEMY HOHM33a JlHimpa Ta
MOXJIUBI IILIAXH Horo mocnabieHHs. HaykoBi mpami YKpaiHCBKOTO HayKOBO-
JOCIIITHOTO Tigpomereoposoriynoro iHctutyty. Bum. 267. K.: Hika-Ilentp, 2015.
C. 102-108.

% Kopxor €. I, Ionmuapoa O. B. ®opMyBaHHA pEXHMY COJOHOCTI BOJ
JIHinpoBchK0-by3bK01 TUpI0BOi 00J1aCTi HiJl BIUIMBOM KJIIMAaTHYHUX 3MiH y Cy4acHHH
nepiox. Actual problems of natural sciences: modern scientific discussions: Collective
monograph. Riga: Izdevnieciba «Baltija Publishingy», 2020. P. 315-330.

80 Kopxos €. I., Kyrimes II. C., I'onuaposa O. B., Jdsuenxo B. B. Omuinka
MOJJIUBHX HETaTWBHUX €KOJIOTTYHHMX HACHIIKIB CKOPOYEHHs 00’€MiB HAJXOIKEHHS
npicHEX BoX 10 JHinpoBcbko-bBy3pkoro nuMany. BomHi exocuctemMu Ta 30epeskeHHS
ix GiopizHOMaHITTS: 30ipHMK HaykoBHX Hpans. XKutomup: ITHY, 2020. C. 13-15.

61 KOp)KOB E. U. HeKOTOpLIe OKOJIOTUYECKH 3HAYUMBIE aCTI€KTBI BOAHOI'O PEKUMaA
Hwxuero uenpa. Haykosi yumanus npuceaueni /Jnio nayku. Bun.3: 36. Hayk. mp.
Xepcown, Buza-so: T Bumemupcskuii B.C., 2010. C. 4-9.

62 Korzhov Ye. Analysis of possible negative environmental and socio-economic
consequences of freshwater drain reduction to the Dnieper-Bug mouth region.
Perspectives of world science and education. Abstracts of the 8th International
scientific and practical conference. CPN Publishing Group. Osaka, Japan, 2020.
P. 84-90.

63 Korzhov Ye. I. Kutishchev P. S., Honcharova O. V. Influence of water balance
elements change on the salinity regime of the Dnieper-Bug estuary. Innovative
development of science and education. Abstracts of the 3rd International scientific and
practical conference. ISGT Publishing House. Athens, Greece, 2020. P. 225-231.

64 Kopskos E. Y. HekoTOpbIE 5KOIOTMYECKH 3HAYUMBIE ACTIEKThI BOJHOTO PEXUMa
Hwxnero lnenpa. HaykoBi untanus npucssiueHi [Juro Hayku. Bum.3: 36. Hayk. mp.
Xepcon, Bun-so: III1 Bumemupcrkuii B.C., 2010. C. 4-9.

8 Korzhov Ye. I. Kutishchev P. S., Honcharova O. V. Influence of water balance
elements change on the salinity regime of the Dnieper-Bug estuary. Innovative
development of science and education. Abstracts of the 3rd International scientific and
practical conference. ISGT Publishing House. Athens, Greece, 2020. P. 225-231.
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W, km3

Fig. 5. The long-term distribution of annual flow volume (W, km?)
at the mouth of the Dnipro® 67

The high-water and low-water phases with different durations change
sequentially there. The trend line is expressed by the equation:

W=-0.1014 T + 245.12

and points to a gradual reduction of the Dnipro run-off over the years
(T) on its mouth area®®

According to histogram of the absolute frequencies constructed by us
for a long period (Fig. 6), the highest frequency of occurrence is in the
volume of the run-off in the diapason of 40-50 and 50-60 km?®/year.

It should be noted that due to the presence of different periods of
regulation of the Dnipro run-off by the cascade of HPPs, the only features
that will be considered for certain periods related to hydraulic engineering
are characteristic for assessing the dynamics of this indicator. Local
researchers distinguish three such periods’:

66 Kopskos E. Y. HekoTOpEIE 5KONOTMYECKH 3HAYUMBIE ACTIEKTHI BOJHOTO PEXKUMA
Hwxuero [uenpa. Haykoei uumanns npuceaueni /nio nayku. Bun.3: 30. Hayk. mp.
Xepcon, Bun-so: I Bumemupcrkuii B.C., 2010. C. 4-9.

67 Ileenm I'. M. MmHoropekoBas M3MEHYMBOCTH cToka JlHempa. M.
I'mapomereounsaar, 1979 r. 84 c.

% I'pe6inp B. B. CyuyacHi 3MiHH OKPEMMX XapaKTEPUCTUK JOIIOBUX MABOJKIB Ha
piukax VYxkpainu. [igpororisa, riapoximis, riapoekosoria. Hayk. 36ipHuK. Bimm.
penakrop B. K. Xinsuescrkuii. K.: O6pii, 2010. T.2. C. 74-86.

69 Kopsxon E. Y. HekoTOpbIE 9KONOTHYECKH 3HATMMEIE ACTIEKTHI BOJHOTO PEKAMA
Hwxuero Jlnenpa. HaykoBi untanus npucssideHi JHio Hayku. Bum.3: 36. Hayk. mp.
Xepcon, Bun-so: I Bumemupcrkuii B.C., 2010. C. 4-9.

0 Kopxos E. Y. HekOTOpBIE 5KOJIOTMYECKH 3HAYMMBIE ACTIEKThI BOJHOTO PEXUMA
Hwxuaero J{unenpa. Haykosi untanns npucssdeHi J{uio Hayku. Bum.3: 36. Hayk. mp.
Xepcon, Bun-so: I1I1 Bumemupcrkuii B.C., 2010. C. 4-9.
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Fig. 6. Histogram of absolute frequencies and integral curve
of annual volumes of the Dnipro run-off (1818-2020). On the
diagram: n — number of cases. Distribution parameters: average —
51.1; Standard error — 1.1; Standard deviation — 14.7; Minimum —
22.6; Maximum - 95.9; Variation level — 28.9

1) The period before regulation (1818-1946);

I1) The period of the run-off formation (the formation of a cascade of
reservoirs) — 1947-1976:

I11) The period of the run-off stabilization — from 1977 to the present.

The average long-term value of the Dnipro run-off in the period
before the regulation was 55.2 km®/year, in the period of the run-off
formation — 42.9 km®/year, and in the period of the run-off stabilization —
39.0 km®/year™. During the first period, the change in the run-off volume
averaged 2-3 % of the long-term norm (1.0-1.5 km?®). During the period
of the run-off formation, its average value as for 2020 decreased by
16.2 km?3 72,

Based on the existing dynamics of changes in the main abiotic factors
which determine the conditions of existence of the ichthyofauna of the
Dnipro-Buh estuarine ecosystem, its statistical parameters and
characteristics, by mathematical modeling, using the Fourier series, we
made a forecast for the period of 2020-2030 on the indicators of annual

I Kopwxos €. 1., Tomuapopa O. B. ®OpMyBaHHS pPEKHMY COJIOHOCTI BOJ
JlHinpoBchKo-By3bK01 rupiIoBoi 001acTi IMij| BINIMBOM KJIIMAaTHYHUX 3MiH Y CydacHHI
nepioz. Actual problems of natural sciences: modern scientific discussions: Collective
monograph. Riga: Izdevnieciba «Baltija Publishing», 2020. P. 315-330.

2 Kopxos E. Y. HekoTOpBIE 5KOJIOTMYECKH 3HAYMMBIE ACTIEKThI BOJHOTO PEXUMA
Hwxnero duenpa. Haykoei uumanusa npuceéaueni /[nio nayku. Bun.3: 36. Hayk. mp.
Xepcon, Bun-so: I1I1 Bumemupcrkuii B.C., 2010. C. 4-9.
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volume of the Dnipro run-off, air temperature and annual precipitation
sums (Figures 7, 8 and 9, respectively).

According to the obtained forecast data, the Dnipro run-off has a stable
tendency to decrease. As a result of the analysis of time series of the
Dnipro run-off volumes at its estuary area, the water content of the river
is expected to decrease to the values of 28-35 km? per year. Forecasted
values of the average annual air temperature tend to increase in the coming
years from the average 11.8° in 2021 to 13.1° in 2030. However, it should
be noted that such increase will be justified by a constant dynamics of
global warming in the region. With cyclical climate change, the proposed
dynamics can be leveled.

Fig. 7. The results of mathematical modeling of the dynamics
of the volume of the Dnipro run-off in its estuary in 2020-2030.
On the chart: 1 — actual indicators; 2 — variation (fact-forecast);
3 —forecast

The dynamics of annual precipitation sums, as opposed to the directly
proportional trend to decrease in the river run-off and an increase in air
temperature over the current decade, has not shown a tendency to increase
or decrease. The values of precipitation sums, according to the forecast till
2030, are expected to fluctuate between 425 and 479 mm/year, without
having a unidirectional tendency.
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Fig. 8. The results of mathematical modeling of air temperature
within the Dnipro-Buh estuarine ecosystem in 2020-2030. On the
chart: 1 — actual indicators; 2 — variation (fact-forecast); 3 — forecast
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Fig. 9. The results of mathematical modeling of annual precipitation
sums within the Dnipro-Buh estuarine ecosystem in 2020-2030.
On the chart: 1 — actual indicators; 2 — variation (fact-forecast);

3 —forecast

491



CONCLUSIONS

The general warming of the climate by air temperature in Kherson
region for 200-year period has increased by 1.45°. The coefficients of
determination (R?) of the climatic parameters at the level of 0.87-0.99
indicate an increase in the average maximum air temperature in close
connection with the general increase in temperature. The annual
precipitation sum has not increased significantly compared to previous
years; the average annual indicator for the long-term period was 409.3 mm
(1825-2020). There is a tendency to reduce in the freshwater run-off in the
centuries-long cycle, which characterizes these changes with the transition
to the centuries-long low-water phase of the Dnipro and the climate
change in the territory of Ukraine.

According to the obtained forecast data, the Dnipro run-off has a stable
tendency to decrease. By 2030, the water content of the river is expected
to decrease to the points of 28-35 km®/year. The forecast of average annual
air temperature values, under the condition that the trend of global
warming in the region with the same intensity as at the beginning of the
XXI century would maintain, showed an increase in its value to the level
of 13.1° by 2030. The values of precipitation sums are expected to
fluctuate between 425 and 479 mm/year by 2030, without having a
unidirectional tendency.

SUMMARY

The general warming of the climate in Kherson region was defined at
the point of 1.45°C. The annual amount of precipitation for the long-term
period was at the level of 409.3 mm (1825-2020). A tendency to reduce
the river run-off in the centuries-long cycle, which characterizes these
changes with the transition to the low-water phase of the Dnipro, was
defined. The average diapason of the river run-off ranged from 40 to
60 km®/year in the main modal groups. The modeling of the forecast by
time series of the run-off volumes of the lower Dnipro has a steady
tendency to reduce the river run-off to values of 28-35 km?®/year. The
forecast air temperatures tend to increase during the coming years from an
average annual 11.8°C in 2021 to 13.1°C in 2030, yet such an increase
will be justified by the constant dynamics of temperatures. In cyclical
climate change, the proposed dynamics can be leveled for all predicted
values. The annual precipitation amounts do not tend to increase or
decrease. The level of precipitation volume, at the forecast by 2030, will
fluctuate between 425-479 mm without having a unidirectional character.
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