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Abstract. Changes in the coastline of the mouth area of the Sakarya River (one
of the large Turkey Rivers, flowing into the Black Sea) due to the relative imbalance
of the processes of water and sediment flow of the river, on the one hand, and
processes of coastal erosion by sea currents and waves, on the other, that is
especially characteristic for the south and east the Black Sea coast. are revealed. For
this, Landsat 4, 5 and 8 satellite images for the period 1985-2018 were used, as well
as Google Earth cartographic service. Within the study area about 40 hectares of
coastal land were destroyed for this time. And in the mouth area itself, the area of
wetlands decreased by 100 hectares due to a decrease in the inflow of river water, as
well as intensive economic and recreational activity. Due to the peculiarities of the
water masses circulation in the sea, the western part of the coast at the mouth of the
Sakarya river more eroded. And the eastern part in recent decades has been actively
protected from erosion by special structures, infrastructure and port facilities. To
analyze satellite images, we used the ERDAS imagine program, the isodata
algorithm.
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Introduction. Changes in land household needs. At the same time, in

cover in deltas of rivers with regulated
flow have become one of the major
environmental  problems in  the
construction of dams and reservoirs.
The most rapidly large-scale processes
of land cover degradation and
desertification appeared in the river
deltas of the arid zone, primarily in the
Colorado delta [3], and then in the river
deltas of Central Asia [10-12] and other
regions of the world [14]. The land
cover in the river deltas of the more
humid regions changed more slowly.
There the main driving factor was the
reduction of water inflow and sediment
due to the construction of dams and an
increase in water consumption for
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the deltas of rivers flowing into the seas
and oceans, the relative equilibrium
between the processes of accumulation
of sediment, brought by rivers, and
erosion by sea currents and wave
activity was broken. From these
positions, the situation in the deltas of
the Black Sea basin is of interest.
Especially on the southern coast of the
sea, river deltas are under the active
influence of sea currents and waves.
Let's consider this situation on the
example of the river Sakarya mouth in
Turkey.

Characteristics of the object.
Sakarya is one of the major rivers
flowing into the Black Sea from the
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north-western part of the Asia Minor
peninsula (Turkey). The river flows
along the Anatolian plateau, cuts
through the western extremity of the
Pontic Mountains and flows into the
Black Sea (Fig. 1, 2). Its length is 824
km, the catchment area is 65,000 km?,
the average water discharge is about
200 m?/ s, and the largest tributaries are
the Porsuk and Ankara rivers. The river
flow exceeded 6 km?, and after the flow
was regulated by the reservoirs it
decreased to 4.75 km?® [8, 9]. On the
main channel of the river, 3 large dams
with reservoirs were constructed (Fig.
3) — the Saniyar (125 km from the

Fig. 1. The

(https://en.wikipedia.org/wiki/File:Sakaryarivermapfinal .jﬁpg)
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Fig. 2. Digital mapof the tooghy (1- the Sarya iver outh)
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Ankara city) with HPP and with total
water capacity 1,910,000,000 m?, the
Gokcekaya (60 km downstream from
Sariyar), created for irrigation, and the
Yenice with HPP (57,600,000 m®). At
the tributary of the Sakarya was built
Akc¢ay Dam with HPP (910,000,000
m?®). Moreover, many small and middle
dams were constructed in the all river
basin [8], and new dams are projected.
As the result, water flow decreased at
about 20%, and sediment — at 45-65%
[5, 8, 9]. The process of erosion and
deepening of the river bed below the
dams was also revealed [2, 5, 8. 9].

Sakarya River basin
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In the lower reaches, the Sakarya
River flows along the accumulative
plain and does not form a pronounced
delta, falling into the sea in one channel.
The Lower Sakarya Basin has a mild
climate. Rainfall averages about 770
mm/year and is fairly well distributed
throughout the year with the heaviest
rains occurring in winter and early
spring months. Snowfall is relatively

light and average between 20 to 30
cm/year. The frost-free period ranges
from 355 to 360 days [4, 8]. About half
of the land cover of the basin is
occupied by forests. However, it was
observed that the forest was destroyed
and converted into agricultural lands by
the rural population of the area [1, 13].
In the river basin grown tobacco, wheat,
sugar beets.
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Fig. 3. Dams at the Sakarya River [8]

Methods of investigation. For the
analysis of changes in the coastline near
the mouth of the Sakarya River, satellite
images of Landsat 4, 5 and 8 were used.
The visualization of the images was
performed by the ERDAS imagine
program, and the analysis of the land
cover of the estuarine region of the river
— by the so-called unsupervised
classification. In addition, to assess the
rate of coastal retreat due to erosion
processes, the Google Earth
cartographic was used.

Results and discussion. For the
analysis of changes in the coastline at
the Sakarya River mouth, both the
decrease in the inflow of water and
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sediment due to flow regulation by
reservoirs, and the impact of sea
currents and wave activity are briefly
considered. As already noted, the water
flow in the estuary (delta) decreased by
about 20%, and the sediment discharge
decreased by 45-65%. At the same time,
alongshore  currents and  waves
continued to destroy the coast, unless
special defenses and infrastructure were
created.

Active currents along the southern
coast of the Black Sea are mainly
directed from west to east, although
local currents with a reverse direction
are also observed [6, 7]. Therefore, in
the first place, the western parts of the
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relief elements protruding into the sea
are eroded. Comparison of satellite
images of the Sakarya River mouth for
the period 1985-2018 showed that it
was the western part of the river mouth

1985-07-10

true color, right — classified images)

Within the territory investigated by
us, the land area decreased by 40
hectares due to the advance of the sea.
At the same time, there was a decrease
in the area of wetlands by 100 hectares
due to the general drying up of the
river's around area while the river was
regulated. At the same time, there was a
decrease in the area of wetlands per 100
hectares due to the total desiccation of
the river mouth area when the flow was
regulated. The use of the “historical”
function of the cartographic service
“Google Earth” made it possible to
more specifically determine the rate of
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that was washed out more intensively
(Fig. 4). And the eastern part of the
estuary area was fixed by special
structures and the
retreated much slower.

coastline here

retreat of the estuary area shores over
the past 15 years (Fig. 5). These data
showed that the western part of the
coast retreated over these years by 130
m, that is, by 8-9 m / year. And the
eastern (fixed) part of the mouth
retreated only by 20 m or 1-2 m / year.
Consequently, the protection of the
coast and infrastructure proved to be
quite effective.

Conclusion. The analysis of
Landsat satellite images and the use of
the Google Earth mapping service
revealed the changes in the coastline of
the mouth area of the Sakarya River
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under the influence of sea currents and

waves in the face of decreasing water
flows and sediments. Within the study
area for the period 1985-2018 about 40
hectares of land were destroyed, and the
area of wetlands in the estuary area
decreased by 100 hectares. The
asymmetry of the manifestation of the
banks abrasion was revealed - in the

western part of the mouth of the
Sakarya River, the shore retreated in the
last 15 years at a speed of 8-9 m / year,
and in the eastern part - 1-2 m / year.
Strengthening the coast on the east side
proved to be quite effective for
protecting land and infrastructure from
destruction.

Muzalf_er BAKIRTAS

Fig. 5. Coastllne change at Google Earth (Ieft) and bank protectlon in the

Sakarya River mouth (right).
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WU3MEHEHUWS BEPET'OBOM JIMHUM B YCTHE PEKU CAKAPbBS
(TYPLUSA)
B. M. Crapoayouesn

Annomauusn. Bvisenenvt uzmenenuss b6epe2osotl TuHUU YCmbeol 001acmu pexu
Caxapos (0oonot uz kpynuvix pex Typyuu, mexywux 6 Yeprnoe mope) écieocmsue
OMHOCUMENILHO20 HAPYUeHUs DANaHca npoyecco8 NPumoKa 600bl U HAHOCO8 PEKU, C
OOHOU CIMOPOHDL, U NPOYECCO8 abpasuu bepe2o8 MOPCKUMU MeUeHUAMU U BOTHAMU, C
Opy2oll, 4mo 0COOEHHO XAPAKMeEPHO O T0JHCHO20 U BOCMOYHO20 NODEPeIHChbsl
Yepnoco mops. [nsa smoeo ucnonvsoganucy kocmuveckue chumku Jlanocam 4, 5 u 8
3a nepuod 1985-2018 a.c., a maxoce kapmozpaguueckuti cepsuc Google Earth. B
npeoenax ucciedo8anHol meppumopuu 3a nepuod 1985-2018 2z. 6wviio paspyuiero
40 ea 3emenvy nobepesxicvsi. A 6 camou ycmvegol ooaacmu YMeHbUWUIACh NI0UA0b
nepeyenaxdcuennvlx 3emenv Ha 100 2a 6 cesa3u ¢ yMeHbuleHUeM NPUumoKa pedHou
800bl, A MAKICE UHMEHCUBHOU XO3AUCMBEHHOU U PeKpeayuoHHol OesmenvHocmu. B
C8A3U C OCOOEHHOCMAMU YUPKYIAYUU BOOHBIX MACC 8 Mope 0Oonee UHMEHCUBHO
PA3MbIBANACH 3aNAOHAsL Yacmb nobepedicbss 8 ycmove peku Cakapvsi. A 6ocmounast
yacme 8 nocieoHue 0ecsamuiemust AKMUBHO 3auWUAIACH OM SPO3UOHHBIX NPOYECCO8
CNEYUATILHBIMU COOPYICEHUAMU, UHDPACMPYKMYPHBIMU U NOPMOBLIMU 0ObEKMAMUL.
s amanuza KocMuueckux CHUMKO8 ucnoiv3oganacy npoepamma ERDAS imagine,
aneopumm isodata.

Knioueevle cnoea: Oepecosas nunus, ycmve peKu, pecyiuposaxue Cmoxd,
KOCMU4eCKUli CHUMOK
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3MIHU BEPETOBOI JITHII B YCTI PIUKH CAKAP’S (TYPLIA)
B. M. Crapoayouesn

Anomauia. Buseneni 3minu Oepecosoi ninii 2upnosoi oonacmi piuku Caxap s
(oonoi 3 eenuxux pivox Typewuunu, wo meuymo y Yopne mope) YHACTIOOK
BIOHOCHO20 NOPYUWEHHs OANAHCy Npoyecié NPUmoKy 600U I HAHOCI8 PiuKU, 3 OOHOL
CMOpPOHU, | npoyecie abpasii bepezié MOPCOKUMU MeUiAMU | XBUTAMU, 3 OPYeoi, WO
0COOIUBO XAPAKMEPHO 0Nl NIBOEHHO20 [ CXIOH020 Y30epedcocsi Yoprnozo mops. s
Yb020 BUKOPUCMOBYBANUCH KOCMIUHI 3HIMKU Jlanocam 4, 5 i 8 3a nepioo 1985-2018
pp., a maxoxc kapmoepagiunuti cepsic «llnanema 3emnsy. B medcax 0ocnioxiceHnoi
mepumopii 3a nepioo 1985-2018 pp. 6yn0 3pyiinosano 40 ea 3emensv y3oepedncoics. A 6
camit eupnositi obaacmi 3MEHWUIACL, NIoWaA nepe3soiodceHux zemens Ha 100 2a y
38°A3Ky 13 3MEHWEHHAM NPUmMoOKy piuKogoi 600U, a MAKONHC — IHMEHCUBHOL
20Cn00apcykoi i pekpeayitinoi OisnbHocmi. Y 383Ky 3 0ocobaugocmamu yupKyaiayii
B0OHUX MAC 8 MOPI OLNbU IHMEHCUBHO PO3ZMUBAIACH 3AXIOHA YACMUHA V30epexciics 8
yemi piuku  Cakapvs. A cxiona uyacmuHa 6 OCMAHHI OecAmunimms aKmuHO
3axXUUAIACH 8i0 epo3iUHUX npoyecia cneyianbHuMu cnopyoami,
IHhpacmpyKmypHumMu ma nopmosumu 06’ ekmamu. /s ananu3zy KOCMIYHUX 3HIMKIG
suxopucmosysanaco npocpama ERDAS imagine, ancopumm isodata.

Kniouosi cnosa: 6epezosa ninis, 2upiio piuku, pe2yio8aHHs CMOKY, KOCMIYHULL
3HIMOK
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