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ABSTRACT

This paper discusses current state and further development of the high-resolution marine regional modeling
and forecasting system for the Georgian sector of the Black Sea and adjacent waters, which has been
developed within the EU international scientific and technical projects ARENA (2003-2006), ECOOP (2007-
2010). Its further expansion with the inclusion of impurity transport models in the system was carried out
within the framework of Shota Rustaveli National Science Foundation grant (2013-2015). This system, based
on a regional numerical model of the Black Sea dynamics and 2-D and 3-D transport models of the impurity,
provides modeling of the main hydrological fields and the spread of oil and other impurities with a spatial
resolution of 1 km. In the case of providing real input data, the system makes it possible to forecast the state
of the sea for several days in advance. Further development of the existing regional modeling system is
related to the development of a very high-resolution modeling subsystem for the Batumi-Poti-Anaklia
nearshore water area and the inclusion of a wind wave forecast model in the subsystem. The purpose of the
very high-resolution modeling subsystem is to specify and make more detailed marine forecast for the
Batumi-Poti-Anaklia coastal waters (with a spatial resolution of 200 m), which are subject to the greatest
anthropogenic load.

Key words: forecasting system, mesoscale eddies, high-resolution model, system of equations, boundary
conditions.

Introduction

According to many experts, recent decades have been characterized by the intensification of human
activity, which has led to a deterioration in the ecological state of the natural environment, including the
hydrosphere. In this regard, the Black Sea is no exception. According to numerous studies the level of
pollution of the Black Sea with oil products, marine litter, plastics and other pollutants is growing [1, 2].
Anthropogenic pressure on marine ecosystems increases sharply in areas of intense technogenic activity.
Intensive use of the coastal and shelf zones of the Black Sea leads to an increase in anthropogenic load and
deterioration of the ecological situation in these zones, to which many marine organisms react sharply [3, 4].

For Georgia, as a Black Sea country, the ecological safety of the coastal zone is especially important,
since the contribution of the Black Sea in terms of the socio-economic situation of the country is very
relevant. The most important part of the Georgian Black Sea sector is the Adjara (Batumi)-Poti-Anaklia
nearshore water area, where economic activity is growing significantly: the flow of tourists is growing every
year, the coastal infrastructure is developing intensively. In the coming years, the Black Sea transport
function is expected to increase since the construction of Anaklia deep-water port is on the agenda.

In conditions of intense anthropogenic load, a very high-resolution coastal modeling and forecasting
system, which provides a timely and detailed forecast of the state of the Georgian nearshore waters by
identifying the pollution zones, acquires significant relevance.

As a result of participation in the EU International scientific and technical projects ARENA (2003-
2006) and ECOOP (2007-2010), M. Nodia Institute of Geophysics developed a regional marine forecasting
system for the southeastern part of the Black Sea, which includes the Georgian sector of the Black Sea and
the adjacent water area. The regional system became one of the components of the Black Sea basin-scale
monitoring and forecasting system. The main core of the regional system - the regional model of the Black
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Sea dynamics (RM-1G) of M. Nodia Institute of Geophysics with 1 km horizontal resolution, was nested in
the basin-scale model of the Black Sea dynamics of Marine Hydrophysical Institute (Sevastopol, Ukraine)
with 5 km horizontal resolution. The RM-IG is based on the solution of the complete system of the ocean
hydrothermodynamic equations with appropriate initial and boundary conditions. 2-D and 3-D numerical
transport models of oil and other impurities based on non-stationary advection-diffusion equations are
coupled with the RM-IG.

Finite-difference methods based on the two-cycle splitting method are used to solve the equations of
the models included in the modeling system [5].

We were able to receive all necessary input data every day required for forecast calculations via the
Internet during 2010-2021, which was provided within the framework of the mentioned EU projects. A
detailed description of the methodology for calculating marine forecasts is presented in [6-8].

In the case of real input data the regional forecasting system makes it possible to calculate a 3-day
forecast of the main hydrophysical fields - current, temperature and salinity with a horizontal resolution of 1
km in the Georgian sector of the Black Sea and in emergency situations to predict zones of pollution and
concentrations of oil and other impurities.

The present paper discusses the further development of a high-resolution marine regional forecasting
system for the Georgian sector of the Black Sea and adjacent waters by developing a very high-resolution
modeling subsystem for the Batumi-Poti-Anaklia nearshore water area. In addition, examples of short-term
forecasting of the main hydrophysical fields and oil slick transport are given to illustrate the functioning of
the existing forecasting system.

Results and discussions

The computer implementation of the RM-IG is carried out on a computational grid that includes 30
vertical computational levels with uneven grid steps (the minimum grid step is 2 m near the sea surface, the
maximum is 100 m). The number of grid nodes on each horizon is 215x 347 with the grid step 1 km. The
time step is equal to 0.5 hours.

Numerous numerical studies conducted on the basis of the RM-IG under the conditions of real
atmospheric forcing showed that the Georgian sector of the Black Sea and the surrounding water area are
characterized by high dynamic activity, where the formation of various mesoscale and submesoscale vortex
structures continuously occurs (i. g. [9-13]).
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Fig.1. Predicted surface current (a), salinity (on z = 50 m) (b) and SST (c) on 13 May 2019,
00:00 GMT. The forecasting time period is 00:00 GMT, 10 — 13 May, 2019.

As an example, in Fig.1 predicted sea surface current, salinity (on the depth of 50 m) and sea
surface temperature (SST) fields are shown at t=72 hours (time is accounted from the initial moment of the
forecast) corresponding to 00:00 GMT, 13 May 2019. The forecasting time period was 00:00 GMT, 10.05.-
13.05 May 2019. In Fig. 1a is clearly shown that the circulation on May 13, 2019 was characterized by the
formation of two main structural elements - an anticyclonic eddy in the southeastern part of the considered
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area and a cyclonic eddy located in the northwest direction from the cyclonic eddy. The formation of some
submesoscale eddies is also observed here.

In Fig.2 geostrophic current field reconstructed using satellite altimeter data is shown for the same
time moment ((http://dvs.net.ru/mp/data/main.shtml). Comparison of the predicted circulation field (Figla)
with the geostrophic current (Fig.2) shows good agreement with each other. Note that the geostrophic
approximation cannot reproduce the submesoscale eddies identified by the model. Comparison of salinity
(Figlb) and circulation fields (Fig.1a) shows a significant contribution of the flow field to the formation of
the distribution of salinity: waters of the central part of the anticyclonic eddy are characterized with
relatively low salinity, while in the central part of cyclonic eddy the salinity is relatively high. This feature of
the salinity distribution depending on the circulation regime is well known from the previous studies [6-7].
From Fig.1c is well visible that waters near the Georgian shoreline were characterized by relatively high
temperature and the temperature decreases away from the shore.

2018-05-13-18

0.5
i 0.45
0.4
45 10.35
=z
& 44 0.3
[0} o
3 0.25°2
. 0.2
42 0.15
0.1
41
0.05
Dale soce AVISO & NOAA by KUST soffwers (ML 1 1 O

28 30 32 34 36 38 40
Longitude, °E

Fig.2. Geostrophic current field on 13 May 2019 reconstructed using satellite altimeter
data. By rectangle the forecasting area is marked.
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Fig.3. Predicted surface current fields and oil spill transport corresponded to the following time
moments after oil flood: (a) - 4h, (b) - 24 h, (c) - (72). the forecasting period: 00:00
GMT,11-14 January 2014.
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In Fig.3 predicted surface current fields and oil spill transport are shown, when the forecasting period
was 00:00 GMT, 11-14 Jainuary 2014. In a numerical experiment, a hypothetical emergency oil spill into the
sea occurred at a distance of about 70 km from the coast of Georgia. The oil spill occurred over four hours in
the amount of 10 tons. The oil spill was considered as a point source. It is evident from the Fig.3 that the oil
slick gradually expands and, under the influence of circulation, approaches the Georgian coast.

We consider further development of the regional forecasting system by developing a very high-
resolution modeling subsystem (with a grid step of 200 m) for the Batumi-Poti-Anaklia nearshore area with
sizes of about 54x177 km, which is subject of great anthropogenic load. The modeling subsystem will
become a part of the existing regional modeling and forecasting system. Increasing the resolution of the
numerical model is a very important factor for identifying unstable coastal submesoscale eddies that often
form in this water area. It should be noted that the seabed topography in this area is characterized by the
presence of underwater canyons [14], which are practically impossible to take into account in a model with a
resolution of 1 km. In addition, a very high resolution of the model will allow us to more adequately reflect
the contribution of rivers to coastal processes.

A spectral model of the forecast of the sea surface waves will be developed, which will be included in
the modeling subsystem for the Adjara-Poti-Anaklia adjacent water area.

Fig.4 shows the forecast area, where the forecast is calculated with a spatial resolution of 1 km, and
the Batumi-Poti-Anaklia water area, where the forecast should be calculated with a resolution of 200 m.

1 — Forecast area with spatial
resolution 1 km

2 — Forecast area with spatial
resolution 150-200 m

Fig.4. Regional and coastal forecast areas in the southeastern part of the Black Sea.

Fig. 5 shows the structure of the new advanced version of the marine regional forecasting system after
including a very high resolution modeling subsystem into existing regional forecasting system. As shown in
Fig. 5, the components of a forecasting subsystem will be the following very high-resolution models with
grid step of 200 m :

e A 3-D numerical model of coastal dynamics, which will be nested in the RM-IG with 1 km

resolution.

¢ A 2-D numerical model of oil slick transport.

¢ A 3-D numerical model of spreading of non-conservative impurities.

o Surface gravitational wind wave model.

The main core of the coastal forecasting subsystem will be a new very high-resolution version of the
sea dynamics model, which will be obtained by adapting the RM-IG to the Adjara-Poti-Anaklia water area
and increasing the spatial resolution from 1 km horizontal grid step to 200 m grid step. At the same time, the
coastal forecasting subsystem will be expanded with the task of forecasting sea surface waves. It is planned
that the wind wave model will be based on the spectral wave energy balance equation. It should be noted that
the well known SWAN (Simulating Waves Nearshore) model in the literature is based on the same equation,
which quite fully describes the formation and transformation of wave motion in coastal areas and is widely
used to calculate wind waves in a number of coastal areas [15-17].

34



REGIONAL FORECASTING SUSTEM
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Fig. 5. The structure of the advanced version of the regional forecasting system.

The operation of the coastal forecasting subsystem will be possible together with the existing regional
system using nesting modeling, which will allow us to calculate not only the forecast of dynamic fields and
the spread and concentration of impurities, but also the height and direction of surface waves with a
resolution of 200 m in Adjara-Poti-Anaklia nearshore zone.

the atmospheric forcing will be specified by the Meteo France regional atmospheric model ALADIN
acting in Romanian Meteorological Organization or by the SKIRON forecasting system (University of
Athens, http://forecast.uoa.gr/).

Conclusion

The paper presents the current state of the regional marine forecasting system for the Georgian sector
of the Black Sea and adjacent water area, which will be developed by creation of a very high-resolution
modeling subsystem for Batumi-Poti-Anaklia water area spatial resolution of 200 m. Modeling of
hydrological processes in the Adjara-Poti-Anaklia coastal area with a very high resolution is an essential
factor for high-precision reproduction of coastal processes.

Thus, a complex regional forecasting system will be created, which will combine the existing regional
forecasting system with a resolution of 1 km and very high-resolution forecasting subsystem with a
resolution of 200 m for the Batumi-Poti-Anaklia coastal zone. The development of this improved regional
forecasting system is of great importance from the point of view of its practical use, since the operation of
such a system will make it possible to provide with marine forecasts such economic sectors, for the full
functioning whose operational information on the state of the Black Sea is required.
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3530 B30l LogdoMomngzgeml igergddo 3oMHmemaomo 39¢rgdols
300906Hgd0LS s 3OMABMBOMIdOL LolBgds s dolo dgdpymdo

256300056935

Q- ©9dBMs830¢0
69bomdy

659MMm3do gobbowrmwos 8530 B30l LodoOmzguml Lgd@memols s d0dgdscg Fywrgdobmazol
05050 35MBI35MI0L BoDBWZsMm MYoMbMwo dMEIE0MGOOLs S 3OHMPbMBOMYdOL LolEgdol
5055006go 9y™domgmds s 999ymdo gobgzoms®mgds, MmIgwoi d9dwdsgzos 93em™m3s3doM0l
LogMHMIMOoLM bsdg3bogHm-3gdbozm®o 3Hmgd@gdol ARENA (2003-2006) s ECOOP (2007-2010)
RO g0do. Jobo F99AMT0 FOBRIMMMYdS 3OMPBMB0MGdOL LoliEgdsdo Jobscmgzdol AosEsbol
9900l BOM30m 2obbmME30gw©s dmms OHLlm3gEol 9Hmzbmwo Lsdgsboghm gmbool
30560l Bobawqddo (2013-2015). gb LobGHYds, OMIYOE IBwYABIOME0s 8530 B30l ObsTOZOL
6930mbM  Gogbgzom  Imgwls s dobsMgzgdol 2-D s 3-D  go@o@sbol  dmgugdby,
MBOHMB3gYmRL JoM0MIO 30EOMEIMA0MMHO 39gdol s B5300Mdols @y bbgs dobstgzgdol
23930390 900L IMOY0©m9dsl 1 30 LOgMEOMO FoMBI35MBOM. Moo T9dsz5¢0 IMbsigdgdom
MBOHMBb3gymBol  gdmbggzsdo,  LobGHgds  Fgbodegdgel bool B30l dAMTsMIMBOOL
3601bmbB0oMYOL  M59m©Yb0odg @Ol FobLmgdom. sOLYdMEO MHYOMbmwwo 3MMAbMBoMYdOL
LobEGQAol  Fgdamdo  A96305MYBS  H35300M9dII0s  35079)F0-BM0-565300L  LobsdoMm
09gdobmz0l doe0sh Fomoeo AsMBg35MdOL IMYo®9gdol J3gbol¢gdol d9dw9dsgzgdslimsb s
J39L0LE 93580 JoMHoLdoIMO B9 MgdOL 3MIMPbMBOMYOOL IMYEOL BsOMZoLMSD. dose0sb sgswo
39MB9350Md0L dMmEYo®mgdol J3gLolBgdol JoBsbos MBOM IGO0 LEBEOZM 3OMYbMBOL
2396bmGEogwgds (200 3 LogzmOE0MO  2oMBY39MOOM)  BIMYIO-BMMO-5653o0l  BobsdoGmm

09agdobmzol, HmAwwgdos Y39esbg o s6MMM3My)bme OEGZ0MMZoL 3560(300056.

1533560m  Bo@ygzgdo:  3OMabmbBol  LobBgds,  I9HBMAsLIBHVOMOM0  AMORIWGd0,  FoMOEO
39MB930Lbs6MH0560 IMYOo, 256EHMMGdsmS LoLEYTs, LsbEBOZMM 30MHMdJdO.

Cucrema MoeJIMPOBAHHS U IPOTHO3UPOBAHMS IMAPOJIOTHYECKHUX
1oJiel B rpy3MHCKHUX BoAaxX YepHOro Mops u ee najibHeilee
pa3BuTHe

. JemeTrpamBuiun

Pesrome

B nannoil paboTte paccMaTpuBaeTCs COBPEMEHHOE COCTOSHHE M JanbHelIee pa3BUTHE CUCTEMbl MOPCKOTO
PETHOHATFHOTO MOJETHPOBAHMS W MPOTHO3MPOBAHUS C BBHICOKHM pa3pemieHreM s TPY3HHCKOTO CEeKTopa
YepHoro Mopsi ¥ NpPUWIETAOMINX BOA, pa3padOTaHHOW B paMKax MEKAYHAPOJHBIX HAyYHO-TEXHHYECKHX
npoektoB EC ARENA (2003-2006), ECOOP (2007-2010). ManbHeiiliee ee paciuimpeHre ¢ BKIOUYCHHEM B
CHCTEMYy TIPOTHO3MPOBAHHSA MOJIeNeld TiepeHoca TpuMece OBIIIO0 OCYIIECTBIEHO B paMKax TpaHTa
HaumonaneHoro nayuyHoro ¢onaa ummenu llora PycraBenmu (2013-2015). [lannHas cucrtemMa Ha OCHOBE
pErMOHANBHON YMCIIEHHOW Mojenu auHaMmuku YepHoro mops u 2-D u 3-D Monenell nmepeHoca mpumecei
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o0ecrieunBacT MOJCIMPOBAHUE OCHOBHBIX T'HJPOJIOTHYECKUX IMOJICH M pacnpocTpaHeHHs HeQTH U JPyTrUxX
MpUMecel ¢ TNPOCTPAHCTBEHHBIM paspemieHneM 1 kM. B ciaywyae mpenocTaBieHUs peasbHBIX BXOJHBIX
JaHHBIX, CUCTEMa IO3BOJISET MPOrHO3UPOBATH COCTOSTHHE MOPS Ha HECKOJBKO CYTOK Blepen. JlampHeiee
pasBUTHE CYLIECTBYIOIICH PErMOHAIBHOM CHCTEMbI IIPOTHO3UPOBAHMS CBSI3aHO C pa3pabOTKON IOACHUCTEMBI
MOJIEJIMPOBAHUSA CBEPXBBICOKO paspemieHus g npubpexHoi axBatopuu barymu-llotn-Anakmmus u
BKJIFOUEHHEM B MOACHCTEMY MOJEIH NMPOTHO3a BOIHOBOTO pexuMa. L{enbro noacucTeMsl MOAETUPOBAHUS CO
CBEPXBBICOKUM pa3pELICHUEM SIBIACTCA YTOUHEHHE U 00Jiee IeTaIbHOE OCYIIECTBIEHHE MOPCKOIO IIPOTHO3a
g puOpexxHbIXx Boa batymu-llotu-AHakmus (¢ mpocTpaHCTBeHHBIM paspemeHueM 200 M), KOTOpbie
MOJBEPKEHBI HAMOOJIbIIEH aHTPOIIOTCHHON Harpy3Ke.

KuroueBble cioBa: cuctemMa MPOrHO3WPOBAHUS, ME30MACIITA0HBIE BUXPH, MOJIENb BHICOKOTO pa3perieHus,
cUCTeMa ypaBHEHU, TPaHUYHBIE yCIOBHUSL.
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