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ASSESSMENT OF CLIMATE CHANGE IMPACT ON PARAMETERS
OF FRESHWATER BALANCE IN LAGOONS OF NORTH-WESTERN
BLACK SEA COAST

Yurii Tuchkovenko, Sc.D., Prof., Valeriy Khokhlov, Sc.D., Prof., and
Nataliia Loboda, Sc.D., Prof.

Odessa State Environmental University, Ukraine

The study has been aimed to assess quantitatively the impact of regional
climate change that occurred and expected in the near future on the freshwater
balance of "choked" lagoons in the north-western Black Sea coast. These lagoons
have no constant connection with the sea and are sporadically connected to the
sea by artificially created channels or other waterworks. The ecosystems of the
lagoons are the most sensitive and vulnerable to climate change. These include
the Tylihulskyi, Dofinovskyi, Khadzhibeiskyi, Kuialnytskyi, Budakskyi limans,
Tuzla lagoon group, and the Sasyk reservoir, which should be renaturalized in the
future by restoring contact with the sea.

The incoming components of the freshwater balance for these "choked"
lagoons include precipitation falling on the water surface of lagoons and the
freshwater inflow from small and medium rivers, and the evaporation from the
water surface of the lagoons is the component of expense. If during the year the
amount of incoming components is less than the ones of the expense, then a deficit
of annual water balance is observed. This deficit should be compensated by water
from other external sources in order to prevent shallowing and salinization of a
lagoon, deterioration of its water quality, ensuring the sustainable functioning of
the ecosystem.

The climate changes of meteorological parameters in the north-western
Black Sea coast, which determine the components of the lagoons’ water balance,
were assessed for the current period 2000-2018 and the near future 2021-2050,
compared with the period 1961-1990 (according to the Climate Cadastre of
Ukraine). Expected climatic conditions in the near future were determined by the
results of the Euro-CORDEX project for two climate change scenarios RCP4.5
and RCP8.5. The ‘best’ run by the regional climate model CLMcom-CCLM4-8-
17 was selected from the ensemble of 14 runs. This run provided the near-future
monthly precipitation and evaporation from the lagoon water surface calculated
by the data on temperature and relative humidity.

Using the changes in the meteorological parameters, it was revealed that
from the beginning of the 21% century: (i) the air temperature is gradually
increasing - the annual air temperature for 2000-2018 is 11-14% higher than for
1961-1990, and the expected temperature for 2021-2050 is 26- 28% higher; (ii)
the relative humidity for 2021-2050 is reducing by 11-18%, (iii) the annual
evaporation from the lagoons’ water surface is increasing by 13-15% in 2000-
2018 along the northern coast and by 7-9% along the west coast of the
northwestern part of the Black Sea; the annual evaporation is increasing in 2021-
2050 by 16-20% due to the rising air temperature only and by 33-56% considering
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also the expected decrease in relative humidity; (iv) the annual precipitation is
increasing by about 3% in 2000-2018 and is decreasing by 5% (up to 15% in the
southern part) in 2021-2050 for the scenarios RCP4.5 and RCP8.5 as compared
with 1961-1990.

The expected freshwater inflow from rivers into the lagoons in natural and
disturbed water management conditions was estimated using the “climate-runoff”
model using meteorological data of scenarios RCP4.5 and RCP8.5. It was
revealed that in 2021-2050 as compared to the reference period 1990s, on average,
the volume of freshwater inflow into the lagoons under natural conditions of
runoff formation will decrease by 30% under the RCP4.5 scenario and by 49%
under the RCP8.5 scenario.

These estimates indicate that climatic changes, which have already occurred
and will be expected in the 21% century, are resulting in an increase in the deficit
of the annual freshwater balance of “"choked™ lagoons in the north-western Black
Sea coast; moreover, some lagoons can disappear (see Figure). According to the
vulnerability to climate change due to a significant annual deficit of freshwater
balance in the absence of other sources of water (e.g. from the Black Sea), the
lagoons are ranked in the following order: Kuialnytskyi, Dofinovskyi, Budakskyi
(in the absence of water from the Dniester estuary), Tuzla lagoon group, Sasyk,
Tylihulskyi, Khadzhibeiskyi (in the absence of anthropogenic runoff). This
requires the development of new strategies for their water and environmental
management.

An effective solution to the problem of stabilizing the hydro-ecological
regime of "choked" lagoons in the north-western Black Sea coast under the
increasing deficit of freshwater balance due to climate change is to ensure
constant year-round many-directional water exchange with the sea through
artificial connecting channels with morphometric characteristics preventing
salinization of lagoons in the long-term perspective.

100
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50 (] u m 2000-2018

40
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20
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Fig. 1. Percentage of annual deficit of freshwater balance from the average annual volume of
water in the "choked" lagoons in the north-western Black Sea coast
under RCP8.5 scenario (1 - Tylihulskyi, 2 - Dofinovskyi, 3 - Khadzhibeiskyi,
4 - Kuialnytskyi, 5 - Budakskyi limans, 6 - Tuzla group, 7 - Sasyk).
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