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WATER BALANCE OTF THE JLACK SEA AND FLOW
THROUGH THE BOSPORUS
BY

ERDOGAN OZTURGUT

Lterested in rivers for they discharge large quantities
they carry great supplics of organic and
n important role in changing the

Oceanographers are i
of fresh water into the salty sca-water;
particulate matter into the sea, and they play a
soastal features. The fresh water added to the sea r
the amounts of discharge cause similar fluctuations of the sca level. The particulate
the rivers are onc of the greal sources of nutrient

aiscs its level; scasonal changes in

and organic matter carried by
‘nd trace metals necessary for the living organisms in the sea.

In this paper we will discuss the total amount of continental run-off of the Black

Sea basin and the influence it has on the flow through the Bosporus.

DivER DISCHARGE TO THE Brack Sea

m3/scc.) of the major
i J

Table 1 shows the average monthly discharge valucs
major Turkish rivers,

divers emptying into the Black Sea. The values for these
Sakarya, Kizihrmak and Yesilirmak are given monthly; other Turkish rivers were
combined as miscellancous. The values for the Turkish rivers are from the Turkish
Flektrik Isleri Etiid jdaresi!, and for
writer was unable to obtain monthly discharge v

the other foreign rivers from Parde®. The

alues for the Danube.

The seventy-five ycar average annual run-oft value for the Danube at Ogshova

is given by Berenbeym?® as 175 km?® year. According to the same author this is

— 107 —

L

*
L ]
L
§
4
%

s

i Y

- v..' e B i s

g

v

}

: |

b 3

+

¥

5
i3

=

4.

o




I &

&=l

s

ol =N

only 84 percent of the total run-off for the Danube, therefore the actual total would

be 206 km?/year. The tota! continental discharge to the Black Sea is calculated to

be 370 km*[year which would correspond to @ rise in sea level of 88 em/year. (The
Black Sea total arca is approximately 420,000 km?).

Figure 1 shows the annual variation of the mean monthly discharges into the
Black Sea. The figures for the Danube are not included in this graph. According
to Figure 1 the maximum discharge to the Black Sea is during the April-May period.

TasrLe 1

Rivers Discharges to the Black Sea® m?/sec.

* Values for the Turkish rivers from E.LLE. Hidrographi Yayini II, for the other rivers see Parde.

The Danube alone accounts for nearly 55 percent of the total continental

run-ofl’ to the Black Sea. Yecar to year variations in the discharge values for the

Danube would greatly change the total run-off figure of approximately 370 km?/

year.
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Months
Total

Riers F. 2 S A B S5 Ll 7 . g JOTIDREL 1T (b e
Sakarya 514 704 582 444 440 321 140 81 101 93 87 236 9.9
Kizilirmak 195 328. 275 310 * 352 2318 149 67 77 101 64T 62
Yesilirmak 172 259 259 478 499 313 L 106 45 48L 95 S FE  FH8G
Miscellaneous 353 394 464 593 615 244 218 138 117 126 111 274 104
ORI A i Bl S e (i T S e R e b e e 206.0
Dnieper 711 804 1506 3816 5225 2120 1045 844 735 735 865 784 50.5
Don 247 296 1051 3544 1754 375 255 202 181 186 195 190 22.2
Rion 305 373 427 624 647 624 513 274 279 252 274 3538 13.0
Dmniester 167 216 491 591 422 374 398 326 271 245 248 223 10.3
Kuban 233 209° 333 430 6500 ‘743 U677 435,273 23t 22512600 173
BENCEE. & B e e e ) e e s e e 22.6
RUORAL Bl b W o i ittt sl AR R e A MR CEE N

year

370 km? - &
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Figure 2 shows fluctuations in the annual mean run-off values of the Danube.
e figure of 175 km?[ycar given by Berenbeym is the average of scventy-five years

11-ofT for the Danube.

Varer Bupcer or THE BLACK SEA

In the Black Sea, precipitation and run-ofl exceed evaporation. Since the sea
lvel is in an equilibrium state, the amount of water equal to the amount added by
weess run-off and precipitation over evaporation must flow out of the basin. This
.iles place through the only Jeak in the system, that is through the Bosporus where
irface layers carry the diluted Black Sea water to the Sea of Marmara. Eventually

is flow reaches the Aegean Sca through the Dardanelles.

In such a system, where lighter water in the upper layer flows out of the basin,

ore must be a flow in the lower layer in the opposite direction. Because of the
cess fresh water in the Black Sea basin the outflow in the upper layer through the
Josporus s larger than the inflow through the lower layer. Therefore there is a net

ontllow.

If we write an equation for the above:

Evaporation 4 Net _r.mlﬂow — Run-ofl + Precipitation

Evaporation measurcment at sea is a very difficult task, all valucs reported
e caleulated from the usual equations. Kochikov ! gives 60 ¢cm/year. Neuman and
osenan 3 110 cm/ycar and Sverdrup ¢ estimates 8% cm/year. Here we will use
Sverdrup’s estimate of 84 cm. Annual average precipitation is 58 cm. (Neuman) and

annual run-off as calculated above is 88 cm.

Therefore,
New outflow == 88 -+ 58-84
—= 62 cm/year
— 260 km?[year or 8,300 m¥/scc.

If we take the Baltalimani-Cubuklu cross section in the Bosporus where the
width is 850 meters and the average thickness of the upper layer is about 30 meters, a

net outflow of 8,300 m?/sec. would mean a current of:

8300
= —= (.34 m/sec. or 0.7 knots.
850 x 30 L
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FIGURE 1~ Mean monthly discharge of the Black
Sea rivers (except the Danuvbe)
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FIGURE 2 - The annual Danube discharge at Orsbova
(After BERENBEYM)
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This is an average current for the whole year. During the April;June period

when we have maximum run-off’ the current speed would probably reach 1.5-2

knots at the cross section.

Observations made in the Bosporus indicate that the current reaches maximum
speed near the surface and decreases with depth down to the boundary layer. Near
the boundary, current speed is zero and, below this depth, current is in the reverse
direction. Such studies of the currents in the Bosporus in connection with the changes
in sea level and other oceanographic variables are being made by the Hydrographic

Office.

Continuous current measurements for at least one year have started, and only
after suich measurements will we be able to make a direct comparison with the annual

run-ofl diagrams.
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