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ABSTRACT

This study describes atmospheric forcing parameters constructed from different global climatologies,
applied to the Black Sea, and investigates the sensitivity of Hybrid Coordinate Ocean Model (HYCOM)
simulations to these products. Significant discussion is devoted to construction of these parameters before
using them in the eddy-resolving (~3.2-km resolution) HYCOM simulations. The main goal is to answer
how the model dynamics can be substantially affected by different atmospheric forcing products in the
Black Sea. Eight wind forcing products are used: four obtained from observation-based climatologies,
including one based on measurements from the SeaWinds scatterometer on the Quick Scatterometer
(QuikSCAT) satellite, and the rest formed from operational model products. Thermal forcing parameters,
including solar radiation, are formed from two operational models: the European Centre for Medium-
Range Weather Forecasts (ECMWF) and the Fleet Numerical Meteorology and Oceanography Center
(FNMOC) Navy Operational Global Atmospheric Prediction System (NOGAPS). Climatologically forced
Black Sea HYCOM simulations (without ocean data assimilation) are then performed to assess the accuracy
and sensitivity of the model sea surface temperature (SST) and sea surface circulation to these wind and
thermal forcing products. Results demonstrate that the model-simulated SST structure is quite sensitive to
the wind and thermal forcing products, especially near coastal regions. Despite this sensitivity, several
robust features are found in the model SST in comparison to a monthly 9.3-km-resolution satellite-based
Pathfinder SST climatology. Annual mean HYCOM SST usually agreed to within ~*0.2° of the climatol-
ogy in the interior of the Black Sea for any of the wind and thermal forcing products used. The fine-
resolution (0.25° X 0.25°) wind forcing from the scatterometer data along with thermal forcing from
NOGAPS gave the best SST simulation with a basin-averaged rms difference value of 1.21°C, especially
improving model results near coastal regions. Specifically, atmospherically forced model simulations with
no assimilation of any ocean data suggest that the basin-averaged rms SST differences with respect to the
Pathfinder SST climatology can vary from 1.21° to 2.15°C depending on the wind and thermal forcing
product. The latter rms SST difference value is obtained when using wind forcing from the National Centers
for Environmental Prediction (NCEP), a product that has a too-coarse grid resolution of 1.875° X 1.875°
for a small ocean basin such as the Black Sea. This paper also highlights the importance of using high-
frequency (hybrid) wind forcing as opposed to monthly mean wind forcing in the model simulations. Finally,
there are large variations in the annual mean surface circulation simulated using the different wind sets, with
general agreement between those forced by the model-based products (vector correlation is usually >0.7).
Three of the observation-based climatologies generally yield unrealistic circulation features and currents
that are too weak.
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1. Introduction and motivation

Given the dynamical importance of heat and momen-
tum exchange at the air-sea interface, ocean general
circulation model (OGCM) studies necessitate reliable
atmospheric forcing fields that can be used for simula-
tions. The use of quality atmospheric forcing fields is
especially important for the Black Sea because there
are large uncertainities in the existing heat and wind
stress climatologies constructed from local observa-
tions. Detailed investigations were performed to com-
pare atmospheric forcing parameters obtained from lo-
cal datasets (Staneva and Stanev 1998; Schrum et al.
2001). The conclusion was that the existing local atmos-
pheric forcing fields need improvements because the
local observational datasets are too sparse in time and
space to form realistic climatologies for the Black Sea.

Wind stress and heat fluxes for the Black Sea that
have been used for ocean model simulations were
mainly constructed from local observations (e.g.,
Sorkina 1974; Altman and Kumish 1986; Simonov and
Altman 1991; Trukhchev and Demin 1992), and they all
present large uncertainties (e.g., Staneva and Stanev
1998). For example, climatological wind fields were
usually computed from many years of ship observa-
tions. However, wind speed and direction, air and sea
temperatures, and other meteorological parameters
near the sea surface are not routinely measured at
many coastal locations and in the interior of the Black
Sea where the depth of water is >1300 m (Fig. 1). This
is even true over the wide northwestern continental
shelf where the depth is <200 m. Thus, traditional in
situ observations are sparse and inhomogeneous. This
makes it difficult to obtain complete information on
temporal and spatial scales.

When the local climatologies mentioned above were
used in forcing OGCMs, they resulted in unrealistic
model simulations. In particular, the model study by
Oguz and Malanotte-Rizzoli (1996), who examined sea-
sonal variability of the Black Sea, used a monthly mean
heat flux climatology (Efimov and Timofeev 1990),
which was formed from local datasets. That study indi-
cated the need to reanalyze the heat flux climatology
because their model simulations produced unrealistic
temperature simulations in the mixed layer. Their simu-
lations also suggested that reducing the original fluxes
by one-half might be a reasonable estimate for the win-
ter, and a smaller reduction of the heat fluxes should be
sufficient for summer, demonstrating shortcomings of
the existing local climatologies in predicting upper-
ocean parameters, such as sea surface temperature
(SST). Similarly, local climatologies of evaporation and
precipitation may induce unrealistic temperature distri-

KARA ET AL.

5267

butions and water mass properties in the surface layer
when they are used as atmospheric forcing in model
simulations (Oguz and Malanotte-Rizzoli 1996).

Discussions presented above clearly indicate that
Black Sea modeling studies need high-quality atmos-
pheric forcing. Wind stress and surface heat flux prod-
ucts from operational models have been exploited as
surface forcing for OGCMs in the Black Sea because
they provide complete information at all modeled tem-
poral and spatial scales. In addition, a fine-resolution
(0.25° X 0.25°) wind stress climatology based on space-
borne scatterometer observations of wind speed and
direction is introduced over the Black Sea for the first
time. Sensitivity studies are then performed by using
these atmospheric products to force an OGCM.

The availability of these atmospheric forcing prod-
ucts raises important questions. 1) How do these prod-
ucts compare with each other and with local datasets in
the Black Sea? 2) What is the best wind stress or sur-
face heat flux to use in forcing a Black Sea OGCM?
3) Do operational atmospheric model products provide
a more accurate representation of the surface stress
experienced by the ocean, or is it better to use their
10-m winds with a parameterized drag coefficient to
construct wind stresses? Answers to all of these ques-
tions are discussed throughout the text. In addition, we
investigate whether or not newly constructed atmos-
pheric forcing products differ from climatologies
formed from local observations as reported in earlier
Black Sea modeling studies.

As expected, both observation-based climatologies
and operational model products have their unique bi-
ases, and they can differ significantly in some regions of
the global ocean (e.g., Rienecker et al. 1996; Trenberth
et al. 2001; Metzger 2003). Thus, the use of these prod-
ucts in OGCM simulations may result in various re-
sponses in different regions of the global ocean as
shown in many OGCM studies (e.g., Schopf and
Loughe 1995; Fu and Chao 1997; Samuel et al. 1999;
Ezer 1999; Townsend et al. 2000; Metzger 2003; Lee et
al. 2005; Hogan and Hurlburt 2005). In this paper, the
focus is to investigate the impact of these climatological
forcing fields on Black Sea OGCM simulations. Spe-
cifically, in the first part of this paper, we extend the
studies of (Staneva and Stanev 1998; Schrum et al.
2001), so that a more-detailed and comprehensive pic-
ture of the atmospheric forcing in the Black Sea can be
given. In the second part of the paper, an eddy-
resolving OGCM with ~3.2-km resolution set up for
the Black Sea (Kara et al. 2005a) is forced with these
atmospheric forcing fields to answer how they affect
model performance in predicting SST. Since SST is the
best observed oceanic field of the Black Sea mixed

















































































