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Abstract. The quantitative indicators of land growth in the Ukrainian part of the
Danube delta are considered. Comparison of Landsat satellite images in three key
areas of the delta showed that for the period 1975-2020 the area of wetlands at the
mouth of the Chilia channel increased by 1448 hectares due to the accumulation of
sediments between the Starostambul and Limba branches and their overgrowth with
vegetation. In the area of the Bystroe channel, the area of new lands increased by 1037
hectares due to the artificial deepening of this channel for the Ukrainian ships passage
into the Danube River and the deposition of sediments along the coast. A slightly
smaller increase in land cover (797 ha) was found in the northern part of the coast of
the Ukrainian part of the delta, where saline and carbonate soils are formed. In the
future, active land growth is expected in the Musura bay between the mouths of the
Starostambul and Sulina branches, ie at the contact of Ukraine and Romania. Some
changes in these parameters are expected after a powerful flood in 2021, which will
become known after the establishment of a relative equilibrium between the processes
of accumulation and erosion after this extreme event.
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Introduction. In last century a
powerful process of large rivers flow
regulation and intensive water resources
use has covered most of our planet [2, 3].
High dams began to block rivers, to
create huge reservoirs, accumulate in
them both river water and sediments.
With such a deep transformation of
water and solid runoff in rivers,
geomorphological processes in their
deltas have changed significantly. The
formation of new morpho-elements of
deltas has slowed down, deltaic
landscapes have begun to dry up, often -
to be subject to salinization, degradation,
and in arid regions — even desertification
[4, 5]. And the sea edge of many deltas
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began to erode due to reduced sediment
inflow, waves, currents, etc. Such a fate
did not bypass our main Ukrainian
rivers —the Dnieper, the Dniester, as well
as the large cross-border river Danube,
part of the delta of which belongs to
Ukraine.

Under such conditions, the long-
term growth of "wetlands” in the deltas
of the Dnieper and Dniester, which are
formed in large estuaries, has slowed
down. However, a controversial
situation exists in the Danube Delta,
which is washed by the Black Sea. This
huge delta is formed by three channels
(courses), of which the largest northern
(Chilia) channel forms the Ukrainian
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part of the delta, and the central (Sulina)

and southern (St. George) - the
Romanian part (Fig. 1 and 2).
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Fig.2. Digital me{p of the Dnue Delta

In the past, most of the water and
sediments runoff in the Danube delta
flowed into the Chilia channel, ie in the
Ukrainian part of the delta. Accordingly,
the increase in the land area of the Chilia

Chilia course

Sulina course

St. George
course

part of the delta was the largest. In recent
decades, part of the river flow along the
Chilia channel has been gradually
declining due to the water resources use
and even the construction of a special
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stone spur at the top of delta to

redistribute runoff in favor of the Sulina
branch.

According to [1], all water runoff
in the Danube river was 194 km?in 1840-
1920, but 212 km® in 2003-2016.
However, sediment runoff decreased
from 62.8 till 24.9 million ton for that
period. And Ukrainian part of the water
and sediment becomes less.

Research methods. Delta changes
were monitored by analyzing Landsat 2,
4-5, and 8 space images over a long
period from 1975 to 2020. In the
Ukrainian part of the delta, 3 key
sections were selected in the north (key
4 in the area of the Ochakiv course), in
the middle (key 3 in the area of the
Bystre course) and in the south between
the Ukrainian and Romanian parts of the
delta (key 1 between Chilia and Sulina
channels). Another 4 keys were selected
in typical areas of the Romanian part of
the delta [7], but they are not analyzed in
this article.

Analysis of results. Our field
research in 2012 [5-7] showed that the
runoff along the Chilia channel is still
predominant so far. And the analysis of
space images in 2020 confirmed that
today the growth of land resources in the
Ukrainian part of the delta continues [8].
At the same time, in the some south-
eastern parts of the Romanian part of the
delta, erosion processes and a decrease
in the area of the wetlands predominate.
The calculation of areas in key plots of
the Ukrainian part of the delta showed
that in the mouth of the Chilia channel (
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called below the village of Vilkovo as
the Starostambul branch) the increase of
wetlands for the period 1975-2020
amounted to 1448 hectares due to
sediment accumulation and development
of  hydrophytic and hygrophytic
vegetation. New wetlands are formed
there mostly along the northern part of
the Musura bay, where territory between
the Starostambul and Limba branches
belongs to Ukraine. At the same time,
formation of the spit "New Earth"
between the mouth of the Starostambul
and Sulina branches promotes the
intensification of accumulation
processes and the formation of new
wetlands (Fig. 3). Slightly less (1037 ha)
of new lands were formed in the area of
the Bystre branch, where the riverbed
deepened for the passage of Ukrainian
vessels into the Danube and sediments
accumulated along the coast (Fig. 4).
Silty-sandy  material is deposited
between the Bystroe and Vostochnoye
branches and slowly begin to overgrow
with vegetation. The rock-fill spur near
the Bystre channel also contributed to
the accumulation of sediments along the
coast between the Podennoye and
Bystroe channels [1] due to alongshore
currents.
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Fig. 3. Increase in the area of wetlands at the mouth of the Chilia channel

(key 1)

Fig. 4. Increase in the land area near the Bystre channel (key 3)

About 797 ha of new wetlands were
formed in the north of the delta in the
Jebriyanska bay. They are formed by
sediments of active and dying channels
of the Ochakivsky branch system,
deposits of sand and shell fragments
brought by sea waves and currents, as
well as organic matter of dying
vegetation, especially in the western part
of the bay. So called “Salt Kut” (“Salt
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Corner”) gradually turned there into an
isolated  lake, and  salt-resistant
vegetation (herbaceous and shrubby) is
formed on its banks (Fig. 5). In the
easternmost part of this territory (Prorva,
Potapovsky and Gneushev branches),
the processes of accumulation and
erosion alternate, leading to the
displacement of shoals (spits) in their
mouthes.
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Fig. 5. Land growth in the area of t Ochakiv branch (key 4)

Conclusion. In general, the
Ukrainian part of the Danube Delta
(within the named large key areas)
increased by 3,282 hectares between
1975 and 2020, despite a decrease in the
inflow of water and sediments along the
Chilia course over the years. In addition,
there is a noticeable reduction in
flooding of wetlands, especially in
Zhebriyivsky floodplains. Landsat-8
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space images also show areas of alluvial
deposits more clearly, which indicates a
certain drying of these areas. When
evaluating the obtained results, it should
be borne in mind that the authors do not
know the exact passage of the state
border of Ukraine and Romania through
the newly created spit "New Land"
between the Chilia and Sulina riverbeds.
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Our aim was to estimate the

general trend of land cover change in the
Ukrainian part of the delta. Much more
detailed quantitative investigation of
land cover change in 2001-2016 has
been made by Russian scientists [1].
According to them, in this century
Ukrainian part of the delta increase with
average rate 88.2 hectare per year.

It is worth noting that strong and
prolonged rains this summer in Europe
have noticeably increased the runoff of
water and sediments (Fig. 6). So they can
make some changes in the specified
parameters of the increase in the land
surface in Ukrainian part of the delta.
However, the quantitative indicators of
this process can be estimated after the so-

Fig. 6. Ukrainian part of the delta in 20 r srong rains in Europe.
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IMPUPICT 3EMEJIb B YKPATHCBHKI YACTHHI JEJBTH JYHAIO
B. M. Crapoayoues, M. M. Jlaguka

Anomauia. Po3zenanymi KilbKiCHI NOKA3HUKU NPpUpocmy 3emenv 8 YKpaiucoKiu
yacmuni denvmu J[ynaro. Ilopisuanuns 300padcenv cynymuukie Jlanocam na mpvox
BENIUKUX KIIOUOBUX OLIAHKAX Oelbmu NoKa3ano, wjo 3a nepioo 1975-2020 pp. niowa
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HOBOCMBOPEHUX Nnepe38onodcenux 3emenv 6 ycmi Kiniticokoeo pycna [lyunaro
30inbwunace Ha 1448 ea 3a60axu  akymynayii  HAHOCI8 MIdC NPOMOKAMU
Cmapocmambynvcoka ma Jlimba i ix nocmynogomy 3apocmanHio pociunHicmio. Y
pationi pycira bucmpe nnowa noeux 3zemenv 30invuunace ma 1037 ea eumacnioox
Yinb06020 no2nubNeHHs: Ybo2o pycia OJisi NPoXody YKPAiHCbKux cyoen y [[yHati ma
BIOKIAOAHHS HAKONUYEHUX NPU YbOMY HAHOCIE Y3008dic y30epedicaca. [lewjo meHwui
npupicm 3emenvHo20 nokpugy (797 ea) Oy10 6UAGIEHO Y NIBHIYHIU YACMUHI
V30epedrcorcs YKpaincbKoi yacmunu 0eibmu, 0e popmy1omscs 3acoieti i KapOoHamHi
epyHmu. ¥V nepcnexmugi akmusHuu npupicm 3emenb ouikyemvca 6 zamoyi Mycypa
midie yemamu npomok Cmapocmamoynvcovka i Cynina, mobmo Ha Konmakmi Ykpainu
ma Pymynii. [legni 3minu 6xazanux napamempis makoH#c MONCIUGL NIC/IsI NOMYHCHOTL
noeeni Ha [{ynai enimky 2021 poky, ane 60Hu cmanyms 6i00MUMU NICI BCMAHOBNIEHHS
gionocnoi pisnosacu (“time lag*) wmixc excmpemanvholo nodicio (noginmnio) i
npoyecamu akymyaayii u epo3sii 8 ycmsx npomox.

Kniouosi cnosa: oenvma, 3emenvHull NOKpUs, piuko8Uuil CMiK, KOCMIYHULL 3HIMOK
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