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INTRODUCTION

The main objective of the Informational
Computational System (ICS) is reliable
monitoring and forecasting of hydrophysical
fields of the Baltic Sea and risk
management

The ICS includes numerical model of the
Baltic Sea hydrothermodynamics, the oil
spill model (Agoshkov, Aseev et al., 2014)
describing the propagation of a slick at the
sea surface and the optimal ship route
calculating block (Agoshkov, Zayachkovskiy
et al., 2014).




It is possible to calculate main
hydrodynamic parameters:

temperature,
salinity,
velocities,
sea level.

using user-friendly interface.

Main possibilities of the ICS are presented in
the work.




|CS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

The ICS includes:
the block of variational data assimilation (Agoshkov et al., 2015)

The tidal forces block (Agoshkov, Assovskii, 2015)

The data processing module (Zakharova, 2016)

The interface (Sheloput et al., 2017)



|CS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

Spatial distribution of the model is 1/16°x1/32° in the longitude, latitude, respectively,
and 25 vertical levels

The ICS includes:
the block of variational data assimilation (Agoshkov et al., 2015)

The tidal forces block (Agoshkov, Assovskii, 2015)

The data processing module (Zakharova, 2016)

The interface (Sheloput et al., 2017)



|CS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

Spatial distribution of the model is 1/16°x1/32° in the longitude, latitude, respectively,
and 25 vertical levels

The ICS includes:
the block of variational data assimilation (Agoshkov et al., 2015)

Currently, the ICS allows to assimilate the sea surface temperature (SST)
The tidal forces block (Agoshkov, Assovskii, 2015)

The data processing module (Zakharova, 2016)

The interface (Sheloput et al., 2017)



|ICS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

Spatial distribution of the model is 1/16°x1/32° in the longitude, latitude, respectively,
and 25 vertical levels

The ICS includes:

the block of variational data assimilation (Agoshkov et al., 2015)
Currently, the ICS allows to assimilate the sea surface temperature (SST)

The tidal forces block (Agoshkov, Assovskii, 2015)

Tidal forces are considered in an "exact form", i.e. these forces are generated by a tide-
generating potential without any harmonic analysis approximations

The data processing module (Zakharova, 2016)

The interface (Sheloput et al., 2017)



|ICS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

Spatial distribution of the model is 1/16°x1/32° in the longitude, latitude, respectively,
and 25 vertical levels

The ICS includes:
the block of variational data assimilation (Agoshkov et al., 2015)
Currently, the ICS allows to assimilate the sea surface temperature (SST)

The tidal forces block (Agoshkov, Assovskii, 2015)

Tidal forces are considered in an "exact form", i.e. these forces are generated by a tide-
generating potential without any harmonic analysis approximations

The data processing module (Zakharova, 2016)
Data downloading, interpolation of data on the numerical model grid and the data verification

The interface (Sheloput et al., 2017)



|ICS STRUCTURE

ICS is based on the INMOM numerical model of the Baltic Sea
hydrothermodynamics developed in the INM RAS. (Zalesny et al., 2013)

Spatial distribution of the model is 1/16°x1/32° in the longitude, latitude, respectively,
and 25 vertical levels

The ICS includes:
the block of variational data assimilation (Agoshkov et al., 2015)
Currently, the ICS allows to assimilate the sea surface temperature (SST)

The tidal forces block (Agoshkov, Assovskii, 2015)

Tidal forces are considered in an "exact form", i.e. these forces are generated by a tide-
generating potential without any harmonic analysis approximations

The data processing module (Zakharova, 2016)

Data downloading, interpolation of data on the numerical model grid and the data verification

The interface (Sheloput et al., 2017)
The desktop version and web-interface



DATA

The ICS includes a block of SST variational data assimilation.

It is possible to use various observational data in numerical calculations:
2007-2017 years operational data (2018)

The data source used in the work is a Marine environment monitoring service
(http://marine.copernicus.eu) by the European project Copernicus.

O l ® marine.copernicus.eu/services-portfolio/access-to-products/ B ‘ O

COPERNICUS
MARINE ENVIRONMENT MONITORING SERVICE Search terms
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The ICS includes a block of SST variational data assimilation.

It is possible to use various observational data in numerical calculations:

2007-2017 years

operational data (2018)

The data sources that is used in the work is a Marine environment monitoring service
(http://marine.copernicus.eu) by the European project Copernicus.

For the assimilation
procedures of the operational
data we use European
ocean-sea surface
temperature multi-sensor L3
observations in ICS. Itis a
daily-mean SST satellite
observations.
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The ICS includes a block of SST variational data assimilation.

It is possible to use various observational data in numerical calculations:

2007-2017 years

operational data (2018)

The data sources that is used in the work is a Marine environment monitoring service
(http://marine.copernicus.eu) by the European project Copernicus.
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For calculations at older
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Baltic SST according to the
data of the Danish
Meteorological Institute
(Karagali et.al., 2012) are
used, recalculated to the
grids of the numerical model.




OPERATIONAL FORECASTING

Download initial data,
“forcing”, observational data
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|CS INTERFACE

Desktop version Web interface

(completed) (in progress)
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DESKTOP VERSION

File  Help

Data input Visualization

Realtime simulation

Set start date and time

Output of the results 1 %1 hour(s) Output: |uniform mesh hd

Set data assimilation period
@ Without assimilation () with assimilation Assimilation  : Mode2

Start |Time @ 00:00, Datz: 01.01.2007 | End | Tims : 00:00, Datz : 01.01. 2007

Start | Tim= : 00:00, Dat= : 01.01.2007 End Tim= :00:00, Date : 01.01.2007 ~

Set

.
- |+

Use of tidal forces
Without tidal forces

Working directory 3ea-v1.0-rot-beta/dev/INTERFACE build/release/RUNS/ 2017.03.10_17.19

Start L]

Exit

The Baltic Sea dynamics
block allows one to process
the following information for
the Baltic Sea area:

sea currents,

thermohaline structure
and the density of water,

distribution of basic
hydrological and special
settings.
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THE BALTIC SEA DYNAMICS BLOCK

Data input Visualization

Type of data
@ temperature ) Sealevel
) Circulation ) Salinity

cross-section |qu|:|l:|TE hd | in |IZI,DEI

from (0,00 = to [0,00 ] depth |27

Qutput time
Selecte from list

Depth

Scale
lse scale

s

Preview

Flot

preview ] [ In New tab ]

INFO

Start date and time: Bpems: 00:00, Aata: 01.01.2007
End time and date: Bpema: 01:00, AaTa: 01.01,2007
MName of working directory: 2018.06.28_18.04

Start

] | Exit

ICS allows one to carry
out calculations of the
following hydrodynamic
parameters:

temperature,

-salinity,

-sea level,

-circulation.

The ICS allows to store,

load and view the results
of the experiments.
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| Datainput | visualization

View

Ternperature

ICS allows one to carry
out calculations of the
following hydrodynamic
parameters:

temperature,
-salinity,
-sea level,

-.circulation.

The ICS allows to store,
load and view the results
of the experiments.




[ File  Help

Data input Visualization

Type of data
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Output time
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Scale
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-

Preview
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Flot
preview l [ In New tab l
INFO
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INFO I
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following hydrodynamic
parameters:
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The ICS allows to store,
load and view the results
of the experiments.
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THE RISK CONTROL BLOCK

# ' Kisk control

Simulation Visualization

Qil spill parameters

ICS allows to carry out
calculations to solve a

! Ol mass 180,00 “| () Density 853,60 = (kgfm~3) Viscosity 0,023500 2| (Pa*s) class of problems on risk
management of oil
pollution in the Baltic Sea:

-

Latitute 55,27690000 | Longitude 20,66580000 |5

Enwironment parameters

Path C:/ASEEV/ICS-Baltic_Sea-v1.0-rot-betafrelease/RIUNS

Period of record 3 =1 (min) .

to simulate the
Simulation parameters evolution of the various
Duration 163 5 (h) Beginning of averaging 0 5 (h) Ending of averaging 168 |5 (h) Spot parameters

(mass, volume, area,
oil, density, viscosity,
Specific damage 100 % (thous. rub) Regularization param. 0,100000 5 Iteration param. 10,00000 .4 Water Content of the
emulsion type "water-
in-oil") under the
influence of different
types of methods for
| removing oil;

Max spot apearance tme 3 5 (h) Discritization risk step 60 =1 (min)

Results record

Directory 2017.03.16_18.28

Start ] | Exit ]




File  Help

m Visualization

Type Prewview
() il mass ) Area ) Volume ° tO CaICUIate the
| dependence of loss on
© Dencity © Viscsty @ Water saturation the time of appearance of
Localization ) Control ) Damage a SpOtS’
Output parameters - to calculate the final risk
Spot appears time Qutput time o Value,
INFO
Coordinate  55.2769, 20.6558 = ’ . to Save_and view the
R DU DI results in a graphic form,
ety (558 " to download the earlier
Wiew 1
Viscosity 0.0236 (Pa*s) Duration 168 [ip] CaICUIat|OnS for the
[ P—— | [ innewtab visualization of the
averaging: from 0 (h) to 168 1] I reSUItS
S working directory  2016.09.29_14. 16
Discr, risk 60 (min)  Spec. damage 0.1 (million rub)
Req. param. 0.1 Iter. param. 10 Total damage 1.20706274673 million rub '
Start | | Exit | |




THE OPTIMAL SHIP ROUTE BLOCK

B | Optimal ship

File Help

Simulation Visualization

Path Parameters

Start point: latitude  56,99000000 |5 longitude 19,53000000 |2

! ICS allows to carry out

End point: latitude  58,22000000 |5 longitude 20,29000000 % . .
calculations of the optimal

Dangerous situation parameters Shlp rOUte In Statlonary

threats. In the system one

can control the following

Expected value: latitude  57,60000000 5| longitude 20,40000000 %

Dispersion  1,000000000000000 % parameters:

Damage (cony, units):  0,140000000000000 =

Model parameter the Stal’tlng and end'ng

MNumber of parametrization points 15 = pOIntS Of the Inltlal
trajectory;

Results record

Working directory  2017.03.16_17.57

Start | | Exit |




File  Help

veuslzaton

Prewiew

In new tab

Preview
.—"/
58.5 : ;
N ’ ~
Y
.-'r:
sa.of
| [
575 -J l
'.\.
N\
ST .
rd
s rd
e e
56.5 o
195 200 205
Working directory | 2016.10.06_11.37

Start

mathematical expectation
and variance of the
probability distribution of
a stationary threat;

the damage that can be
caused by the threat;

the number of nodes to
discretize the initial
trajectory.




|CS WEB-INTERFACE

The multi-user version of the ICS (MU ICS) is designed
to perform calculations on
remote server without installing special software on the
local computer. The goal of developing a MU ICS is to
allow one to make calculations remotely, using a
convenient web interface for specifying calculation
parameters.

This approach has several advantages:

Possibility of free access to ICS from any PC that
has access to the Internet.

Support for the joint work of a group of users.

Perspectives for the development of MU ICS are
determined by the variety of technical solutions, the
possibility of increasing computing power (i.e. the
use of clusters, etc.)

Web-server:
www .adeq .inm.ras.ru

Local server




SUMMARY

Variational data assimilation system “INM RAS - Baltic Sea” is designed for
monitoring and forecasting the state of the Baltic Sea, modeling the processes of
transporting pollutants in the sea area, solving a class of problems of minimizing risks
and analyzing marine accidents.

Using the ICS will make it possible to avoid or substantially mitigate the effects of
natural and man-made disasters, to provide information support in decision-making
on the protection of the environment, exploitation of marine resources and providing
the optimal courses of ships.

One of the features of this system is that it is designed for high-performance
computing systems, provides users with the ability to access a web-version of the
ICS, assimilates the input data of observations and transmits the output in a graphical
and text form.

FUTURE PLANS

To complete web-version of ICS.
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