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Abstract

A multi-scale coastal ocean model representing the entire Turkish Straits System (Aegean-Marmara-Black Seas and connecting
straits) is onc-way coupled to a I km basin-scale occan model of the same region. The modeled three-dimensional circulation and
density structure of the TSS is examined through comparison to observations of currents and density taken during the TSS08 sea trial.
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Two narrow, shallow straits, i.c. the Dardanelles and the Bosphorus, form a
physical conncction between the Marmara Sea and its adjacent water bodies,
the Aegean Sea to the southwest and the Black Sea to thc northeast. This
collection of seas and straits is known as the Turkish Strait System (TSS).
Salinc, dense water from the Aegean flows in a deep, lower layer through the
Marmara Sea to the Black Sea while fresher, lighter Black Sca water flows ina
surface layer to the Acgean Sca. Though the TSS dynamics are the result of
interconnections between the inlerconnected straits and occan basins, carlier
modeling efforts (e.g., Stancva et al, 2001; Oguz, 2005; Kourafalou and
Tsiaras, 2007, Kanarska and Maderich, 2008) have focused on dynamical
studies of individual straits or seas. Often the geometric complexity, broad
range of spatial scales present, and computational requirements to represent
such disparity have prevented study of the TSS as a whole.

For this study, we utilize state-of-the-art modeling practices to capture the
range of spatial scales, geometric complexity and interconnected dynamics of
the TSS (Figure 1). A modcl based on unstructured grids has the resolution,
using a minimum clement edgc length of 20 m, necessary to modcl flow in the
narrow straits whose minimum width is approximately 600 m. The ADvanced
CIRCulation Model (ADCIRC), solves the three-dimensional flow and
transport cquations using a finitc clement discretization with a terrain-
following, gencralized, stretched coordinate system applied in the vertical
(Lucttich and Westcrink, 2004; Dresback and Kolar, 2009). Flexibility of the
finite clement mesh not only capiures the fine scales within the sirails bul is
also able to represent mesoscale variability in the Marmara Sca while coupling
to a basin scale model in the Acegean and Black Seas. Basin-wide dynamics are
captured by the HYbrid Coordinatc Ocean Model, HYCOM, which applics
the finite diffcrence method over a structured grid to solve the primitive mass
and momentum balance equations (Bleck, 2002). HYCOM's hybrid vertical
coordinatc allows the usc of three vertical coordinate types (depth, terrain-
following and isopycnal) which better represents thermohaline dynamics in
watcrs of rapidly varying bathymetric change. Within the HYCOM Aegean-
Marmara-Black Sca model (HYCOM-AMB), both straits arc represented as
idealized channels since the current resolution (~1.3 kim) is not sufficient to
resolve the geometry of the straits.

Fig. 1. ADCIRC finite clement model domain for the Turkish Strait System
including a zoom ol thc mesh relinement in the Dardanclles Strait (upper left)
and Bosphorus Sirait (lowcer right).

Modecl cxperiments presented focus on the period of the TSS08 sea trial (a
joint project between the NATO Undersea Rescarch Center and the US.
Naval Rescarch Laboratory), starting in late August and extending through
November 2008. During onc-way coupling as shown schematically in Figure
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2, ADCIRC is initialized by tcmperature, salinity, vclocity and water surlace
clevation ficlds from HYCOM-AMB solutions. At the open occan
boundaries, HYCOM-AMB values for clevation, temperature and salinity arc
updated daily throughout the ADCIRC model simulation. Surface torcing for
both modcls is derived from the Navy’s Coupled Ocean-Atmospheric
Mesoscale Prediction System (COAMPS). The capability of ADCIRC to
represent two-layer stratified flow dynamics both in the straits and in the
Marmara Sea is examincd along with the response of the currents and density
structure over the water column to wind forcing. Obscrvations include
measured currents from ADCP moorings located at the ends of each strait in
the TSS, CTD casts along the Dardanelles Strait and drifter deployments in
the Marmara Sea. Observed features of interest include flow reversals in the
straits during strong storm events, high-frequency current variability, and the
persistence of circulation gyres in the Marmara Sca.
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Fig. 2. The ADCIRC-HYCOM coupled model system.
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