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OBSERVATIONS OF HIGHER-FREQUENCY VARIABILITY THROUGH THE TURKISH STRAI'TS SYSTEM
Jeffrey w, Book '*, Ewa Jarosz ! and Siikrii Besiktepe L
I'U.S. Naval Research Laboratory, Stennis Space Ceater, MS, U.S.A. - book(@nrlssc.navy.mil
2 NATO Undersea Rescarch Centre, La Spezia, ltaly

Abstract

From Seplember 2008 through February 2009, Acoustic Doppler Current Profilers (ADCPs) mieasured flow in pairs at the fou
cntrances and exits to the Turkish Strait System. Barotropic tide structures were obscrved for both diurnal and seuiduwrnal
frequencies in the Aegeau/ Dardanelles entrance. At the Dardanelles/Sea of Marmara entrance some baroclinic structure was
observed with diurnal tides having higher energy in the upper layer compared to the lower layer. Baroclinic structure in the semi-
diurnal tides was observed at thc Bosphorus/Sea of Marmara enirance and diumal oscillations were weak. Both diurnal and semi-
diurnal oscillattons were weak al the Bosphorus/Black Sea entrance as the temporal evoluiion of the flow was more concenlrated a

low frequencies in the form of a mid-water-column jet.
Kevwords: Aegean Sea, Black Sea, Bosphorus, Dardanelles, Tides

The U.S. Nuval Rescarch Laboratory m collaboration with NATO Underseu
Rescarch Centre and the Turkish Navy Office of Navigation, Hydrography and
Occanography, undertook a seientific research program, Exchange Processes in
Occan Straits (EPOS) 1hat incladed an observational ¢ffort from September
2008 through February 2009 of maintaining pairs of bottom-mounted, upward-
looking Aconstic Doppler Current Profilers near all entrances (exits) ol the
Turkish Strait System. Simultancous current micasurements allow connectivity
ranging from high-frequency to scasonal processes to be investigated. One
aspeel of EPOS was 1o examine the freqoency response of this system which
includes very narrow passages and 1wo vertical layers of opposed and energelic
Now and exchange [1]. E.g.. how do processcs that are forced synoplically or
faster propagate through the system and what is the baroclinic strnetore of their
evolution?

To mvestigate this, rotary spectra were caleulated from all the ADCP records
separately for all depths. We used Weleh's averaged periodogram method over
block tengths of 43 duys and 50% overlapping Hanning windows. No significant
potanity differences were found between clockwise and counterclockwise
speetra suggesting the absence ol ineatial activity at all fonr scctions. There is a
remarkahle difference in the spectra results for each ADCP current section,
particularly with regard to tidal oscillations. Diumal and semidiumal tides were
clearly present at buth ends of the Dardanelles Strait. The structures were
primarily barotropic at the Acgean/Dardancties entrance (Fig. 1, left). In
contrast, at the Dardanelles/Sea of Mamara enlrance the diumnal tluctuations in
the lower layer entrance were notably weaker than Muctuations in the upper
tayer (Fig. |, right). This suggests that the Dardanclles Strait geometry and/or its
burochinic structure has acted to extracl some energy from the barotropic tide
and convernt L into baroclinic processes. Also, the differences between the
dimmal and semidiurnal responses show a treqoency dependence on this action.

At the Bosphorus/Sea of Murmara entrance the tidal Trequency spectral peaks
were different than those observed at the Dardanclles/Sea of Marmara entrance,
Diumal Muctuations were mostly absent and the semi-diumal fluctnations had
haroctinic structore, again with stronger spectral peaks in the upper than the
lower layer (Fig. 2. teft). This suggests that oscillations at diomal and sen-
diomal frequency are not passing onaltered through the Sca of Manmara. The
observed spectra ai the Bosphorus/Black Sca entrance differed the most from
the others as spectrat energy was concentrated in the middie of the water
column mxl at lower frequencies (Fig. 2, right).  Flow was maximized in the
upper portions of the lower layer in a jel-like structure as compared 1o
maximums in the upper porlions of the upper layer al other sections. Weak
(prinvarily semidiurnat) tidal osciltations persisted in the upper layer and Ihe
How maximum jet, but were virually absent m the bottom of the water
cotumn. This suggests that 1he Bosphorus Sirait geometry and/or its baroclime
structure atso acts to alter or block higher frequeney oscillations.

Analysis of these results has just begon and is ongoing. However, we can
conclode that dwmat and higher freqoeney oselllations are an important
component o the vanability of the flow in parts of the Turkish Siraits system,
and that the Straits System acts to significantly affeet the transmission of these
trequencics.
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Fig. 1. Clockwise rotary spectra for representative moorings and depth levels
the Dardanelles Strait. The major tidai frequencies are niarked by dotted ines.
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Fig. 2. Asan Figure |, bot for the Bospboras Stran
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