Turkish Straits System

Emin Ozsoy ', Michael Grego?. Mohammed A. Latif' and Siikrii Besiktepe'

50

Ozsoy@jims.metu.edu.tr

1 Institute of Marine Sciences, Middle East Technical University, P.K. 28 Erdemli - Icel 33731
Turkey

2 Applied Physics Laboratory and School of Oceanography, University of Washington, 1013 NE 40th
St., Seattle, WA 98105 USA

Abstract- The Turkish Straits System (the Dardanelles, Bosphorus Straits and the
Sea of Marmara) is sensitive to environmental changes, and potentially can induce
such changes in the adjacent basins. Acting as the limiting element of the Turkish
Straits System, the Bosphorus Strait controls the exchange of mass and materials
between the Black and the Mediterranean Seas. A full understanding of the current
system in the Bosphorus and modelling is essential for prediction of the

\ environmental effects in the adjoining seas and for safe navigation through the
Strait, currently threatened by massive shipping activities. Recent measurements in
the Bosphorus and Dardanelles Straits using ADCP and CTD profiling, and
current-meter recordings are described.
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Results and Discussion

The Turkish Straits System (consisting of the Dardanelles, Bosphorus Straits
and the Sea of Marmara) is sensitive to climatic changes, and potentially can
induce such changes in the adjacent basins (Ozsoy, 1999). Acting as the limiting
element of the Turkish Straits System, the Bosphorus Strait controls the exchanges
of mass and materials transport between the Black and the Mediterranean Seas
(Unliata et al., 1990; Ozsoy et al. 1995b; Ozsoy and Unliiata, 1997).

The Turkish Straits System is a highly stratified (fjord-like) two-layer system,
acting as buffer for waters flowing in both directions between the Black and
Aegean Seas. Mixing and turbulent entrainment processes in the two Straits and at
their junctions dominate the evolution of the salinity of waters transported away
from their original reservoirs (Besiktepe, €t al., 1993, 1994, Gregg and Ozsoy,
1999; Gregg et al., 1999; Ozsoy et al., 2001). Straits conveying waters of foreign
origin, as well as fresh waters from large rivers act as buoyancy sources for the
adjacent basins of the Aegean, Marmara and Black Seas. The complex topography
of the Straits, continental shelf, slope and abyssal regions play important roles in
channeling and the subsequent transformation of waters of different origin.
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Based on budgets the upper layer flow is about two times larger than that of the
lower layer, yielding a net flux of about 300 km’/yr from the Black Sea to the Sea
of Marmara (Latif e al., 1991; Unliiata et al., 1990). Geometrical features (Oguz et
al., 1990; Ozsoy et al. 1998) make the Bosphorus predisposed to 'maximal
exchange', with contraction and sill controls (Farmer and Armi, 1986). An example
of two-layer currents, measured by shipborne ADCP is shown in Fig. 1. Local
topographic features have significant influence on the flow, and determine its
detailed structure. The exchange flows respond dynamically to time-dependent
meteorological and hydrological forcing in the adjacent basins (Ozsoy et al. 1995a,
1996, 1998; Gregg and Ozsoy, 1999). Observations suggest (Fig. 2) increased
entrainment south of the contraction (upward) and past the northern sill
(downward) in the Black Sea (Gregg et al., 1999, 2002; Ozsoy et al., 2001; 2002).
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transit across the sea towards the Bosphorus is approximately an order of
magnitude longer than that of the surface layer.

)

Fig. 3. SAR and thermal image shoin the Boblfbrus surface plume and circulation pattern in the

Sea of Marmara

The marine transport from the Eurasian hinterland to the Mediterranean, aimed
towards other coastal states of the world, moves along the Black-Marmara-Aegean
Seas and converges upon the Turkish Straits System (TSS) connecting these Seas.
At present, over half of Russia's oil exports, which has doubled in the last 50 years,
presently pass through the Turkish Straits. The resulting saturation of the traffic
carrying capacity makes the Straits extremely predisposed to accidents, while the
expected increase in the traffic load to almost triple the present level in the next
decades calls for urgent measures. The Sea of Marmara and the historical city of
istanbul (Fig. 4) with a population of more than 10 million, is threatened by
shipping accidents and pollution. The Bosphorus is unique among the 264 straits
used by shipping worldwide, because this narrow waterway provides the only
access to international waters for hinterlands of Eurasia through the Black and
Caspian Seas. Linking three continents, the TSS is four times busier than the

Panama Canal.

'1;;;5. 4.alThls Ap}'ll 7, 2000 imagf: of Istanbul, Turkey shows a 21 by 24 km Advanced Spaceborne
ch:nlzls lémltslglon and Reﬂe‘cthn Radlqmeter (ASTER) sub-scene in the visible and infrared
e a.ndu; Sil:gfolst;nobrgl,t l:}Vlthz1;500magmﬁc%nt historical heritage, has spanned the divide between

an 2,500 years. Two bridges spanning the Bosphorus, and ships in the
:ﬁhc}f,?:;e:, gan b;fseen. Thf: ships sailing along the Bosphorus encounter rapid surface IZurrems,
B e r;-ur}:l orm spatial anq temporal structure determined by the narrow constriction, the
e s ;) td € chagnel, ‘re-'c%rcuvlanons greatcd in the shallow banks, as well as h};dro-
R gical and oceanic variability in the adjacent basins. (/mage courtesy ASTER science team
Qtip./fearthobservatory.nasa. gov/Newsroom/Newlmages/images php3?img_id=4189) -

procce); the other hand,. the complexity of the marine and atmospheric climate

2 stez, anq thg scarcity pf some resources in the Turkish Straits region calls for

basegsraai : sc1egt1]ﬁc Investigations. Networks of observing systems, shared data
mo e . . . . 2 .

B s,t.lntegrflted through supporting institutions are essential for

¥ questions with respect to the impact of climate change in the region
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