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Abstract. One of the parts of the Black Sea Nowcast-
ing/Forecasting System is the regional forecasting system for
the easternmost part of the Black Sea (including the Georgian
water area), which has been developed within the context of
the EU International projects ARENA and ECOOP. A core
of the regional system is a high-resolution baroclinic regional
model of the Black Sea dynamics developed at M. Nodia In-
stitute of Geophysics (RM-IG). This model is nested in the
basin-scale model of Marine Hydrophysical Institute (MHI,
Sevastopol/Ukraine). The regional area is limited to the
Caucasian and Turkish coastal lines and the western liquid
boundary coinciding with the meridian 39.36◦ E. Since June
2010 we have regularly been computing 3 days’ forecasts of
current, temperature and salinity for the easternmost part of
the Black Sea with 1 km spacing. In this study the results of
two forecasts are presented. The first forecast corresponds
to summer season and covers the prognostic interval from
00:00 h, 6 August to 00:00 h, 9 August 2010. The second
one corresponds to autumn season and covers the prognos-
tic interval from 00:00 h, 26 October to 00:00 h, 29 October
2010. Data needed for the forecasts – the initial and prog-
nostic hydrophysical fields on the open boundary, also 2-D
prognostic meteorological fields at the sea surface – wind
stress, heat fluxes, evaporation and precipitation rates for our
regional area are being placed on the MHI server every day
and we are available to use these data operatively. Prognostic
hydrophysical fields are results of forecast by the basin-scale
model of MHI and 2-D meteorological boundary fields rep-
resent the results of forecast by regional atmospheric model
ALADIN. All these fields are given on the grid of basin-scale
model with 5 km spacing and with one-hour time step fre-
quency for the integration period. The analysis of predicted
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fields shows that to use the model with high resolution is
very important factor for identification of nearshore eddies
of small sizes. It should be noted the very different character
of regional circulation in summer and autumn seasons in the
easternmost part of the Black Sea.

1 Introduction

Large scientific and technical achievement of the Black Sea
operational oceanography for the last decade is the devel-
opment of the Black Sea Nowcasting/Forecasting System
which allows to carry out continuous control over a current
state of the Black Sea and its change for some days forward
(Besiktepe, 2003; Korotaev and Eremeev, 2006). Creation
of such system was promoted by the leading oceanographic
Centers of the Black Sea riparian countries within the EU
International scientific and technical projects ARENA and
ECOOP. Coordination of this work was carried out by Ma-
rine Hydrophysical Institute (MHI, Sevastopol, Ukraine) of
the National Academy of Sciences of Ukraine. Functioning
of the system in operative mode is especially important for
coastal and shelf areas which undergoes the greatest anthro-
pogenous loading.

The main structure of the Nowcasting/Forecasting Sys-
tem is described by Korotaev et al. (2006) and Kubryakov
et al. (2006). One of the parts of the System is the re-
gional forecasting system for the easternmost part of the
Black Sea (including the Georgian water area), the core of
which is a high-resolution baroclinic regional model (RM-
IG) of the Black Sea dynamics developed at M. Nodia Insti-
tute of Geophysics by Kordzadze and Demetrashvili (2008,
2010). This model is nested in the basin-scale model (BSM)
of the Black Sea dynamics of MHl (Demyshev and Koro-
taev, 1992). Note that the pilot near-real time operation of
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the Black Sea Nowcasting/Forecasting System (including re-
gional forecasting system for the Georgian water area) was
successfully carried out for the first time in July 2005 dur-
ing five days (Kubryakov et al., 2006; Kordzadze and Deme-
trashvili, 2008).

Since June 2010 at M. Nodia Institute of Geophysics 3
days’ forecasts of 3-D fields of current, temperature and
salinity with high resolution have been regularly carried out
for the easternmost part of the Black Sea. All input data
needed for initial and boundary conditions are available from
the MHI server.

In this study we consider the regional forecasting system
for the easternmost part of the Black Sea. To demonstrate
the functioning of the system, two forecasts of hydrophysical
fields for summer and autumn seasons are discussed.

2 Regional forecasting system

The main component of the regional forecasting system
(RM-IG) is developed by adaptation of the BSM of the Black
Sea dynamics of M. Nodia Institute of Geophysics (Ko-
rdzadze and Demetrashvili 2004; Kordzadze et al., 2008;
Demetrashvili et al., 2008) to the easternmost part of the
basin and one-way nesting in the BSM of MHI (without feed-
back from RM-IG to BSM). It is necessary to note that in turn
the BSM of Institute of Geophysics is an improved version of
the prognostic model of the Black Sea dynamics (Kordzadze
and Skiba, 1973; Marchuk et al., 1975, 1979; Marchuk and
Kordzadze, 1986; Kordzadze, 1989) originally developed in
the early 1970s at the Computing Center of Siberian Branch
of the Academy of Sciences USSR (Novosibirsk, Akadem-
gorodok).

2.1 Model description

The RM-IG is based on a primitive system of ocean hydro-
thermodynamics equations in hydrostatic approximation,
which is written inz-coordinates for deviations of thermody-
namic values from their standard vertical distributions (Ko-
rdzadze and Demetrashvili, 2008, 2010).

The model equation system is given in Appendix A. The
model takes into account: nonstationary atmospheric wind
and thermohaline forcing, quasi-realistic bottom relief, the
absorption of solar radiation by the sea upper layer, space-
temporal variability of horizontal and vertical turbulent ex-
change (Appendix B).

Atmospheric forcing is taken into account by boundary
conditions on the sea surface which is considered as a rigid
surface, where Neumann conditions are used by given wind
stress components, heat fluxes, precipitation and evaporation
from the sea surface. On the sea bottom the velocity compo-
nents, heat and salt fluxes are equal to zero. On the lateral
surfaces, two kinds of boundary conditions are considered:
(1) on the rigid boundaries, sharing the sea from the land,

components of current velocity, gradients of temperature and
salinity normal to the boundary surface are equal to zero; (2)
on the liquid boundary prognostic values of velocity com-
ponents, temperature and salinity computed on the base of
BSM of MHI are used.

2.2 Method of solution

The existence and uniqueness theorems of 3-D nonsta-
tionary problem of the sea dynamics are proved by
Sukhonosov (1981) and Kordzadze (1982). To solve the
problem we used the two-cycle method of splitting the
model equation system with respect to both physical pro-
cesses and coordinate planes and lines, which was proposed
to solve problems of ocean and atmosphere dynamics by
Marchuk (1967, 1974).

Let us describe the numerical algorithm briefly. After
splitting the model equation system (see Appendix A) with
respect to physical processes the following main stages are
allocated: (1) the transfer of the physical fields taking into ac-
count eddy viscosity and diffusion; (2) the adaptation of the
physical fields with division of the solution into barothropic
and baroclinic components. For approximation on time of all
split problems the Krank-Nickolson scheme is used.

At the transfer stage, after using two-cycle splitting
method with respect to coordinates and corresponding
transformation, we receive one-dimensional finite-difference
equations on coordinatesx, y, andz for grid functions of
velocity componentsu andv, temperature deviationsT and
salinity deviationsS. The received equations are solved by
the factorization method.

At the adaptation stage the barothropic and baroclinic
components are allocated. The barothropic task is reduced to
solution of 2-D finite-difference equations for integral stream
function.

The differential operator of the baroclinic problem is pre-
liminary splitting with the purpose of allocating the term de-
scribing the Coriolis force action as an independent stage.
After using finite-difference approximation the remaining
part of the differential operator of the baroclinic problem
splits into vertical coordinate planeszx andzy. As a result,
a set of 2-D problems for baroclinic components on vertical
planes are received, which then also are reduced to the equa-
tions for analogs of stream functions.

Thus, the adaptation problem as a whole is reduced to so-
lution of sequence of the same type 2-D problems for the
stream function and analogs of stream functions, which are
efficiently realized within the framework of uniform iterative
algorithm (Kordzadze, 1989). The exception is a task con-
sidering the Coriolis force action, which is explicitly real-
ized by solution of algebraic equations. At the transfer stage
all required grid functions are defined in grid points with in-
teger indexes, and at the stage of adaptation the functions
are defined on the shifted grids. Transition from one grid to
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another is carried out by the linear interpolation at each time
step.

The finite-difference schemes received at each elementary
stage of splitting are absolutely steady, energetically bal-
anced and provide the second order accuracy on time and
space coordinates (in case of uniform grid). The use of the
splitting method substantially simplifies the implementation
of complex physical model and enables us to reduce solution
of 3-D nonstationary problem to solution of more simple 2-D
and 1-D problems.

2.3 Methodology of nested grid modeling and some
input parameters

The high-resolution RM-IG covers the regional area bounded
with the Caucasus and Turkish shorelines and the western
liquid (open) boundary coincident with 39.36◦ E with a grid
having 193× 347 points on horizons (grid step 1 km). On
a vertical the non-uniform grid with 30 calculated levels on
depths: 2, 4, 6, 8, 12, 16, 26, 36, 56, 86, 136, 206, 306, . . . ,
2006 m are considered. The time step is equal to 0.5 h.

The RM-IG is nested in the BSM of MHI with grid step
5 km. In addition, there is applying one-way nesting, which
provides forcing of basin-scale processes on the regional pro-
cesses via the open boundary. Data needed for the regional
forecasts – the 3-D initial and 2-D prognostic fields of veloc-
ity components, temperature and salinity on the open bound-
ary, also 2-D prognostic meteorological fields at the sea sur-
face – wind stress, heat fluxes, evaporation and precipitation
rates for our regional area are providing from MHI via ftp site
and we are available to use these data operatively. Prognos-
tic hydrophysical fields on the open boundary are results of
forecast from BSM of MHI and 2-D meteorological bound-
ary fields represent results of forecast from the regional at-
mospheric model ALADIN. All these fields are given on the
grid of BSM with one-hour time step frequency within the
4-days period. With the purpose of using the received data as
initial and boundary conditions (on upper and open bound-
aries), during model implementation these fields are trans-
ferred to grid of RM-IG with 1 km spacing by interpolation.
Thus, on each time step on the western liquid boundary we
have forecasted values of flow velocity components, temper-
ature and salinity which are used as open boundary condi-
tions for the RM-IG. It should be noted that via ftp site we
obtain also 3-D hydrophysical fields forecasted from BSM of
MHI and corresponding to our regional domain. This fact en-
ables us to compare results of forecasts, obtained from both
RM-IG and BSM of MHI.

Concerning the input data it is necessary to note the fol-
lowing. The input data, which are given on a course grid,
provide to run for 4-days, but we consider that the RM-IG
gives forecast only for three days as during the first day the
coastal model runs in the prognostic mode only to have better
adjustment of the fine resolution to the coarse initial condi-
tions provided by the BSM of MHI.

The software of the problem is developed on the basis of
the algorithmic language “Compaq Visual Fortran 6.1”, and
realization of the forecasting system is carried out by means
of PC Pentium-4 with 3.00 GHz. The system allows to calcu-
late 3-D fields of current, temperature, salinity and density in
the Black Sea coastal zone with 1 km resolution. At 24, 48,
and 72 h after starting the forecast visualization of the flow,
temperature and salinity fields on horizons 0, 10, 20, 50, 100,
200, 500, 1000 m is carried out using the System software
“Surfer-8”. Transition from calculated levels to these ones is
carried out by the linear interpolation.

3 Simulation and forecast of regional circulation
processes

To demonstrate the operation of the regional forecasting sys-
tem, there are considered two examples of the forecast cor-
responding to summer and autumn seasons, when circulating
features of waters of the Georgian Black Sea coastal zone
area extremely differed from each other. Before to analyze
forecast results, simulated fields of SST are compared with
satellite SST.

3.1 Validation of simulated SST

With the purpose of validating the regional system compar-
ison of predicted fields with real data have been done dur-
ing the pilot experiment within the project ARENA in 2005,
which showed an ability of the RM-IG to predict hydrophys-
ical fields with sufficient accuracy (Kubryakov et al., 2006).
In this study we have carried out comparison of simulated
SST corresponding to 2010–2011 with satellite images SST
derived from NOAA. The remote-sensing data were avail-
able from the Black Sea data archive of the National Space
Agency of Ukraine (http://dvs.net.ua/mp). Mostly the days
were selected when the sky was cloud-free over the east-
ernmost Black Sea. The analysis of results of compari-
son showed a good qualitative correspondence between fore-
casted and observed temperature fields. Quantitative differ-
ence in many cases does not exceed 0.7–0.8◦C.

Some examples of validation of forecasted SST are shown
in Fig. 1. Here periods August and October 2010 are cho-
sen, which are considered in the next subsection to analyze
forecast results. Fig. 1a and c correspond to forecast start at
5 August 2010, 00:00 h (here and after local time is used),
and Fig. 1e – to forecast start at 25 October 2010, 00:00 h.
It is necessary to note that because of using of different
color scales (for example, satellite images are given in con-
tinuous spectrum while simulated SST – in discrete spec-
trum) close similarity between the forecasted and satellite
SST at once is not obvious visually, but their careful analy-
sis shows, that simulated and observed temperature fields are
in a good agreement to each other. For example, as a result
of comparison of Fig. 1a and b it is easy to notice that both
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Fig. 1. Forecasted (on the left side) and satellite SST derived from NOAA (on the right side). 
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Fig. 1. Forecasted (on the left side) and satellite SST derived from
NOAA (on the right side).

the simulated and measured SST patterns equally reflect the
main features of the temperature field, for example, along–
shore water transport with relatively high temperature and a
zone with relatively lower temperature approximately in the
central part of the considered area. The same can be noted at
comparison between Fig. 1c and d.

It should be noted that in October for the forecasting pe-
riod presented here cloudiness dominated over the Black Sea
including the easternmost part. Only on 26 October 2010
the sky was relatively cloud-free over the easternmost part of
the sea basin but in this case some clouds in the central and
north-western parts of the basin were observed too (Fig. 1f).
According to simulated and observed data (Fig. 1e and f) a
common tendency of water cooling is observed in process of
increase of distance from the sea coast. Concerning quanti-
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Fig. 2. Current field at  5.08.2010, 00:00 h on depths of    0 m (a),   50 m (b),  200 m (c),   
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Fig. 2. Current field at 5 August 2010, 00:00 h on depths of 0 m(a),
50 m(b), 200 m(c), and 500 m(d).

tative comparison, in the most part of the considered domain
differences between forecasted and observed values of SST
do not exceed 0.5◦C, but there are some points where are
significant differences.

3.2 Forecast for summer season

The forecasting time period lasted from 00:00 h, 6 August to
00:00 h, 9 August 2010, but according to discussed above,
integration of model equations began one day earlier, i.e.
at 00:00 h, 5 August. At this moment the current field in
the regional area on the different depths is shown in Fig. 2.
From this Figure it is clear that the main element of the re-
gional circulation is the anticyclonic eddy (called the Batumi
eddy) with diameter about of 150–200 km, which covers the
significant part of the considered area. This vortex practi-
cally does not change in the upper 200 m layer, only cur-
rent speed decreases from maximal value equal to 24 cm s−1

till 11 cm s−1, below 200 m the vortex gradually decreases in
sizes (Fig. 2d). At deeper levels the Batumi eddy gradually
disappeared.

The temperature and salinity fields on the Black Sea sur-
face and horizonz= 100 m at the beginning of integration of
model equation system are presented in Figs. 3 and 4. Hor-
izontal distribution of the surface temperature is typical for
the summer period, warmer waters are in the nearshore zone
to Caucasus sealine. On the horizonz= 100 m the cold in-
termediate layer (CIL), which covers a considerable part of
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Fig. 3. Temperature field (deg. C) at  5.08.2010, 00:00 h on depths of  0 m (a) and 100 m (b).    
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Fig. 4. Salinity field (psu) at  5.08.2010, 00:00 h  on depths of  0 m (a) and  100 m (b). 10 

 

 

 

 

Fig. 4. Salinity field (psu) at 5 August 2010, 00:00 h on depths of
0 m (a) and 100 m(b).

the allocated water area is well observed (CIL is bounded
with isotherm of 8◦C). The Batumi anticyclonic eddy makes
appreciable impact on formation of salinity field in the con-
sidered area. General feature of this field is that the area of
relatively low salinity waters coincides with allocation of an-
ticyclonic eddy (compare Figs. 2 and 4). It is easy to explain
this fact to that descending streams, which develop in the an-
ticyclonic vortex, transfer fresher waters from the upper layer
downwards (Stanev et al., 1988; Kordzadze, 1989).

The analysis of the wind stress fields for the forecast-
ing period showed that atmospheric circulation significantly
changed during this period.

The surface current fields after 24 and 72 h (time is
counted from the initial moment of the forecast, 00:00 h,
6 August 2010), predicted by the RM-IG, are presented in
Fig. 5 and the same fields predicted by the BSM of MHI at
the same time moments are shown in Fig. 6.

The comparative analysis of Figs. 5 and 6 shows that fore-
casted regional circulation patterns obtained from RM-IG
and BSM of MHI have common features, but it is evident
that there are also distinctive features. The common feature
is that accordance to both models the Batumi eddy is rather
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Fig. 5. The surface current fields predicted  by RM-IG at  24 h (a)  and 72 h (b). (the forecasting 
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Fig. 6. The surface current fields predicted by BSM of MHI at 24 h
(a) and 72 h(b) (the forecasting period is 6 August 2010, 00:00 h–9
August 2010, 00:00 h).

stable formation and it is observed during all forecasting pe-
riod without strong changes despite nonstationarity of atmo-
spheric forcing. It must be noted that formation of the anticy-
clonic eddy in the south-east part of the Black Sea basin and
its stability in warm season is a well-known fact (Oguz et
al, 1993; Korotaev et al, 2003). The main differences are
in the narrow zone with width about 20–25 km along the
Caucasian shoreline. The system of currents in this zone
by results of RM-IG is characterized by the clear tendency
to vortex formation of very small sizes and nonstationarity,
whereas results of BSM specify about smoothness and prac-
tically non-stationary character of current in this zone. For
example, unlike results of the BSM, in Fig. 5a formation of a
small cyclonic eddy with a diameter about 15–20 km near the
Sukhumi water area is observed att = 24 h, which becomes
more clear tot = 72 h. Likewise, near shoreline between Poti
and Khopa the process of formation of very small unstable
eddies is observed att = 24 h, but to the momentt = 72 h
they are disappeared. The existence of rather unstable eddies
of small sizes of cyclonic and anticyclonic characters near the
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Fig. 8. The salinity fields (psu) on depth of 10 m predicted by RM-IG at  24 h (a) and 72 h (b)    
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2010, 00:00 h–9 August 2010, 00:00 h).

 15 

                      t = 24 h 

 

      t = 72 h 

 
 

 

Fig. 7. The temperature fields (deg. C) on depth of 10 m predicted by RM-IG at  24 h and  

(b) 72 h  (the forecasting period is 6.08.2010, 00:00 h  –9.08.2010, 00:00 h).    

 

 5 

                        t = 24 h 

 
 

                             t = 72 

 

 

Fig. 8. The salinity fields (psu) on depth of 10 m predicted by RM-IG at  24 h (a) and 72 h (b)    

(the forecasting period is 6.08.2010, 00:00 h  –9.08.2010, 00:00 h).    

 

 10 

 

 

 

Fig. 8. The salinity fields (psu) on depth of 10 m predicted by RM-
IG at 24 h(a) and 72 h(b) (the forecasting period is 6 August 2010,
00:00 h–9 August 2010, 00:00 h).

Georgian shoreline is known from observations (Jaoshvili,
1986), but their identification by the mathematical models is
possible by providing very high resolution, that is achieved
in the RM-IG.

According to results of the RM-IG the narrow coastal zone
of vortex formation makes certain impact on configuration of
Batumi anticyclonic eddy and consequently on velocity dis-
tribution within the eddy. This zone plays a role of the in-
terfering factor for the right peripheral current of the Batumi
eddy to reach the Georgian coast. For example, from Fig. 5 is
well visible, that the small anticyclonic eddy near Sukhumi
water area represents an obstacle for peripheral current of
the Batumi eddy and the current is passing through relatively
narrow strip between the center of Batumi eddy and the small
eddy near Sukhumi area. Therefore, here a zone of cur-
rents intensification with speeds about 30–32 cm s−1 is ob-
served. The above phenomenon of regional circulation is not
observed according to the results of BSM of MHI (Fig. 6).

Temperature and Salinity fields predicted by the RM-IG
are presented in Figs. 7 and 8, and the same fields predicted
by the BSM of MHI – in Figs. 9 and 10. In both cases these
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Fig. 9. The temperature fields (deg. C) on depth of 10 m predicted
by BSM of MHI at 24 h,(a) and 72 h(b). (the forecasting period is
6 August 2010, 00:00 h–9 August 2010, 00:00 h).
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Fig. 10.The salinity fields (psu) on depth of 10 m predicted by BSM
of MHI at 24 h (a) and 72 h(b) (the forecasting period is 6 August
2010, 00:00 h–9 August 2010, 00:00 h).

fields are shown on depth of 10 m and at moments 24 and
72 h after start of the forecast. Comparison between Figs. 7
and 9 shows some differences of temperature patterns com-
puted on the basis RM-IG and BSM of MHI. From these Fig-
ures it is visible that in both cases colder waters are observed
in the central area of the Batumi eddy than on its peripheries,
but this feature is more expressed in the temperature field
predicted by the BSM (Fig. 9). Comparison of Figs. 8 and
10 obviously demonstrate efficiency of the higher resolution
model to simulate a salinity field in the coastal zone with
higher adequacy. From Fig. 8 it is well visible the zone with
high salinity, having a form of concave tongue, that appar-
ently shows transfer of more salty waters from the open part
of the sea into the Georgian water area by the Batumi eddy.
The coarse resolution model is unable to reproduce this phe-
nomenon (Fig. 10), whereas the fine intrusion of waters of
different salinity is well resolved by the high resolution RM-
IG.
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Fig. 11. Current field at  25.10.2010, 00:00 h on depths of   0 m (a),   50 m (b),   

 200 m (c), and  500 m (d). 
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Fig. 11. Current field at 25 October 2010, 00:00 h on depths of 0 m
(a), 50 m(b), 200 m(c), and 500 m(d).
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Fig. 12. Temperature field (deg. C) at 25.10.2010, 00:00 h on depths of  0 m (a) and  

 100 m (b). 
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Fig. 13. Salinity field (psu) at  25.10.2010, 00:00 h on depths of  0 m (a) and 100 m (b). 
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Fig. 12. Temperature field (deg. C) at 25 October 2010, 00:00 h on
depths of 0 m(a) and 100 m(b).

3.3 Forecast for autumn season

The second example of the forecast concerns to the autumn,
when the forecasting period was from 00:00 h, 26 October to
00:00 h, 29 October 2010. Like the previous case, integration
of model equation system began one day earlier, at 00:00 h,
25 October.

The velocity pattern on some horizons at the beginning
of integration is shown in Fig. 11. It is interesting to note
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Fig. 13. Salinity field (psu) at  25.10.2010, 00:00 h on depths of  0 m (a) and 100 m (b). 
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Fig. 13. Salinity field (psu) at 25 October 2010, 00:00 h on depths
of 0 m (a) and 100 m(b).
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Fig. 14. The surface current fields predicted  by RM-IG at  24 h (a) and 72 h (b) 

(the forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h).    
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Fig. 15. The surface current fields predicted  by BSM of MHI at   24 h (a) and 72 h (c) (the 

forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h).    10 

 

 

 

 

Fig. 14. T he surface current fields predicted by RM-IG at 24 h(a)
and 72 h(a) (the forecasting period is 26 October 2010, 00:00 h –29
October 2010, 00:00 h).

that the character of the regional circulation is quite different
from circulation taking place on 5 August 2010 (see Fig. 2).
The general structure of the regional circulation on 00:00 h,
25 October is characterized by formation of cyclonic and an-
ticyclonic eddies of small sizes. Such structure is qualita-
tively kept up to deep levels with gradual reduction of the
maximal speed of the flow from 32 cm s−1 up to 4 cm s−1 on
horizonz= 500 m. Accordingly, horizontal distributions of
temperature and salinity fields (Figs. 12 and 13) differ from
distribution of the same fields at 00:00, 5 August 2010 (see
Figs. 3 and 4)

The Atmospheric wind above the regional area consider-
ably changed during the forecasting interval.

The prognostic surface regional circulation patterns com-
puted by the RM-IG are presented in Fig. 14 and the same
patterns computed by the BSM of MHI are demonstrated in
Fig. 15 at times of 24 and 72 h after start of the forecasting
interval. Comparison of these two Figures shows that ac-
cording to results of RM-IG, during the forecasting interval
the regional circulation is characterized by intensive forma-
tion, deformation and disappearance of the small eddies with
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Fig. 15. The surface current fields predicted by BSM of MHI at
24 h (a) and 72 h(c) (the forecasting period is 26 October 2010,
00:00 h–29 October 2010, 00:00 h).
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Fig. 16. The temperature fields (deg. C) on depth of 10 m predicted by RM-IG at  48 h (a) and   

72 h (b)  (forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h).    
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Fig. 17. The salinity fields (psu) on depth of 10 m predicted by RM-IG at 48 h  (a) and   

72 h (b) (forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h ).    10 

 

 

 

Fig. 16. The temperature fields (deg. C) on depth of 10 m predicted
by RM-IG at 48 h(a) and 72 h(b) (forecasting period is 26 October
2010, 00:00 h–29 October 2010, 00:00 h).

diameter about 15–20 km, while these properties of the re-
gional circulation are much less expressed by results of the
BSM of MHI. This fact once again directs us to the idea,
that high resolution of numerical model is a major factor for
improving identification of small unstable eddies which are
permanently formed in the Georgian coastal zone.

The prognostic fields of temperature and salinity com-
puted by the RM-IG are shown in Figs. 16 and 17 and the
same fields predicted by the BSM are presented in Fig. 18
and 19. These fields are shown on the depth of 10 m after 48
and 72 h after the initial moment of the forecast. The com-
parative analysis of the fields predicted by both RM-IG and
BSM shows, that in this case general features of temperature
and salinity fields predicted by the both models are similar
and qualitatively are close to each other, but they differ from
each other quantitatively and with some separate nuances of
the thermohaline fields.
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Fig. 17. The salinity fields (psu) on depth of 10 m predicted by RM-IG at 48 h  (a) and   

72 h (b) (forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h ).    10 

 

 

 

Fig. 17.The salinity fields (psu) on depth of 10 m predicted by RM-
IG at 48 h(a) and 72 h(b) (forecasting period is 26 October2010,
00:00 h–29 October2010, 00:00 h).
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Fig. 18. The temperature fields (deg. C) on depth of 10 m predicted by BSM of MHI at 48 h (a) and  

72 h (b)   (forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h).    5 
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Fig. 19. The salinity fields (psu) on depth of 10 m predicted by BSM of MHI at  48 h (a) and   10 

72 h (b)  (the forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h.).    

Fig. 18.The temperature fields (deg. C) on depth of 10 m predicted
by BSM of MHI at 48 h(a) and 72 h(b) (forecasting period is 26
October 2010, 00:00 h–29 October 2010, 00:00 h).

4 Conclusions

A regional forecasting system allowed to predict flow, tem-
perature and salinity fields with 1 km spacing in the eastern-
most part of the Black Sea (including Georgian water area)
is elaborated. The core of the forecasting system is the hy-
drostatic baroclinic regional model of the Black Sea dynam-
ics developed at M. Nodia Institute of Geophysics, which is
nested in the BSM of MHI.

The simulation and 3 days’ forecasts of 3-D hydrophysical
fields were performed for the summer and autumn seasons
2010 using the prognostic data of BSM of MHI and atmo-
spheric dynamics model ALADIN.

The model simulation shows the seasonal differences be-
tween regional dynamical processes. Our results once again
show already known fact that in summer the main element
of the regional circulation in the considered area is the Ba-
tumi anticyclonic eddy. Unlike the summer circulation, in
autumn the circulation has a vortical character with forma-
tion of cyclonic and anticyclonic eddies with diameters about
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Fig. 18. The temperature fields (deg. C) on depth of 10 m predicted by BSM of MHI at 48 h (a) and  

72 h (b)   (forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h).    5 
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Fig. 19. The salinity fields (psu) on depth of 10 m predicted by BSM of MHI at  48 h (a) and   10 

72 h (b)  (the forecasting period is 26.10.2010, 00:00 h  –  29.10.2010, 00:00 h.).    Fig. 19. The salinity fields (psu) on depth of 10 m predicted by
BSM of MHI at 48 h(a) and 72 h(b) (the forecasting period is 26
October 2010, 00:00 h–29 October 2010, 00:00 h.).

15–20 km. These eddies are not stable formations and de-
compose or undergo some modifications in time.

The comparative analysis of predicted fields by both RM-
IG and BSM of MHI shows that to use the model with
high resolution is very important factor for identification of
coastal eddies of small sizes. In case of forecast of summer
circulation more differences are observed in the narrow zone
along Caucasus shoreline. In this near-shore zone the flow
predicted by the RM-IG is characterized by nonstationarity
and the tendency to form eddies of small sizes. Such char-
acter of the sea flow along the Georgian near-shore zone is
known from observations (Jaoshvili, 1986). In case of fore-
cast of autumn circulation considerable differences between
the predicted current fields are observed: the vortex forma-
tion processes are more intensive at using of the RM-IG. It is
also interesting fact that in summer, when the Batumi eddy
is well developed, penetration of more salty waters from the
open part of the Black Sea into the Georgian water area is
distinctly observed by the results of the RM-IG.

The regional forecasting system presented in this study is
a base for further development of a coupled modeling sys-
tem allowing to predict not only dynamic processes, also dif-
ferent ecological processes including dispersion of oil and
other polluting substances in the Georgian coastal zone in
accidental situations. The hydrodynamic module of the cou-
pled system – the RM-IG will be improved by taking into
consideration a free surface and nonhydrostatic effects.

Appendix A

Model equation system

The RM-IG equation system, which describes the hydro and
thermodynamic processes in the sea basin, is following:

∂u

∂t
+div uu− lv+

1

ρ0

∂p′

∂x
= ∇µ∇u+

∂

∂z
ν
∂u

∂z
,

∂v

∂t
+div uv+ lu+

1

ρ0

∂p′

∂y
= ∇µ∇v+

∂

∂z
ν
∂v

∂z
,

∂p′

∂z
= gρ′, div u = 0,

∂T ′

∂t
+div uT ′

+γT ·w= ∇µT∇T ′
+
∂

∂z
νT
∂T ′

∂z
+
∂νT γT

∂z

−
1

cρ0

∂I

∂z
−
∂T̄

∂t
,

∂S′

∂t
+div uS′

+γSw=∇µS∇S
′
+
∂

∂z
νS
∂S′

∂z
+
∂νSγS

∂z
−
∂S̄

∂t
,

ρ′
=αT T

′
+αSS

′, γT =
∂T̄

∂z
,γS =

∂S̄

∂z
,

T = T̄ (z,t)+T ′,S= S̄(z,t)+S′,ρ= ρ̄(z,t)+ρ′,

p= p̄(z,t)+p′,

∇µ∇ =
∂

∂x
µ
∂

∂x
+
∂

∂y
µ
∂

∂y
, I = η(1−A)I0e

−αz,

I0=asinh0−b
√

sinh0, sinh0=sinϕsinψ+cosϕcosψcos
π

12
t,

η= 1−(ã+ b̃ñ)ñ.

αT = ∂f/∂ T̄ = −10−3(0.0035+0.00938T̄ +0.0025S̄),

αS = ∂f/∂ S̄= 10−3.(0.802−0.002T̄ ).

Here the following notations are used:u,v andw are the
components of the current velocity vector along the axesx,
y, andz, respectively (the axesx, y, andz are directed east-
ward, northward, and vertically downward from the sea sur-
face, respectively);T ′,S′,P ′,ρ′ are the deviations of temper-
ature, salinity, pressure and density from their standard ver-
tical distributionsT̄ ,S̄,P̄ ,ρ̄; l= l0+β. y is the Coriolis pa-
rameter, whereβ = dl/dy; g, c, andρ0 are the gravitational
acceleration, the specific heat capacity and average density of
seawater, respectively;µ,µT ,S,ν,νT ,S are the horizontal and
vertical eddy viscosity, heat and salt diffusion coefficients,
respectively;I0 – the total flux of solar radiation atz= 0;
A is the albedo of a sea surface,h0 is the zenithal angle of
the Sun;ϕ is the geographical latitude,9 is the parameter
of declination of the Sun,η is the factor which takes into
account influence of a cloudiness on a total radiation and de-
pends upon ball of nebulositỹn (Berlyand, 1960);a, b, ã, b̃
are the empirical factors;α is the parameter of absorption of
short-wave radiation by seawater.
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Appendix B

Parameterization of the turbulent field

Factors of horizontal viscosity and diffusion for temperature
and saltµ,µT ,S where calculated by the formulas (Zilitinke-
vich and Monin, 1971)

µ=1x ·1y

√
2

(
∂u

∂x

)2

+

(
∂u

∂y
+
∂v

∂x

)2

+2

(
∂v

∂y

)2

,

µT =
µ

cT
,µS =

µS

cS
,

where1x and1y are horizontal grid steps alongx andy
respectively,cT andcS are some constants equal to 10.

Factors of vertical turbulent diffusion for heat and saltνT ,S
were calculated by using the modified Oboukhov formula
presented by Marchuk et al., (1980) as:

νT ,S = (0.05h)2

√(
∂u

∂z

)2

+

(
∂v

∂z

)2

−
g

ρ0

∂ρ

∂z
.

Here h is the depth of the turbulent surface layer, which is
defined by the first pointzm, in which following condition is
satisfied:

(0.05zm)
2

√(
∂u

∂z

)2

+

(
∂v

∂z

)2
g

ρ0

∂ρ

∂z
≤ν0

T ,S,ν
0
T ,S = 1 cm2 s−1

Vertical turbulent viscosity factor

ν=

{
50 cm2 s−1, z≤ 55 m
10 cm2 s−1, z>55 m

In case of unstable stratification, which might appear dur-
ing integration of the equations (∂ρ

∂z
< 0), the realization of

this instability in the model is taken into account by increase
of factor of turbulent diffusionνT ,S 20 times in appropriate
columns from the surface to the bottom.
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