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Long-Term Mean Circulation of the
Baltic Sea as Represented by Various
Ocean Circulation Models

Manja Placke ™, H. E. Markus Meier™?, Ulf Grdwe, Thomas Neumann', Claudia Frauen’
and Ye Liu®

" Department of Physical Oceanography and Instrumentation, Leibniz Institute for Baltic Sea Research Warmemdinde,
Rostock, Germany, ? Department of Research and Development, Swedish Meteorological and Hydrological Institute,
Norrkdping, Sweden

The skill of the state-of-the-art ocean circulation models GETM (General Estuarine
Transport Model), RCO (Rossby Centre Ocean model), and MOM (Modular Ocean
Model) to represent hydrographic conditions and the mean circulation of the Baltic

« evaluating long-term simulations of ocean circulation models of the Baltic Sea
 different setups, grid resolutions, atmospheric and hydrological forcing

Database (BED). Further, we analyze current velocities and volume transports both in
the horizontal plane and through three transects in the Baltic Sea. Simulated current
velocities are validated against 10 years of Acoustic Doppler Current Profiler (ADCP)
measurements in the Arkona Basin and 5 years of mooring observations in the Gotland
Basin. Furthermore, the atmospheric forcing datasets, which drive the models, are
evaluated using wind measurements from 28 automatic stations along the Swedish
coast. We found that the seasonal cycle, variability, and vertical profiles of temperature
and salinity are simulated close to observations by RCO with an assimilation setup.

All madale ranradi ira tamnaratiira wwall naar tha caa ecrirfarna Qalinihy cimiilatinne ara Af
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FIGURE 1 | Locations of the used monitoring stations for the assassment of
tempearature and salinity (black dots) and currant velocities (red squares) as
wel as the analyzed transacts (blue ines) n the Baltic Sea. The background
color (gray shading) shows the bathymetry [m] from the GETM-1 nim-run.
Exemplary stations for atmosphernc wind data comparison are shown as green
squares. Ses text for further information.
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30-year mean absolute current velocities through transects (1970-1999)
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TABLE 2 | Mean volume transpons thiough Gollend rersact calcuiaiad from e vertizal profies shown In Figure 8 for he oocean modets ROO-A, RCD, GETM, and
MOM 2= wall 25 nunofl and preciphiedon [F) minus evaporation (5 for this ransect {numbae rounded o housands)

Reversal  Ouffiowasbove  Inflowbelow  MNet cutflow Runoft P minus E Totalrunoft  Total P minus
depth [m] m? s 7] [m? s -] [m? 5 —*] m? s -] m? 5 -] [m?® s -] E[m?s "]
RCO-A B3 36,000 21,000 15,000 12,000 - 18,000 -
ACO 34 78,000 16,000 13,000 12,000 1,000° 18,000 2 000"
GETM 29 31,000 17,000 14,000 14,000 1,000 17,000 1,000
MO 30 30,000 18,000 12,000 11,000 1,000 15,000 2,000

Numbars in tha la=! hwo collmns relafe io the antne Baitc Saa inouding the Kattegat. ["aooording io Maier and Désohar, 2007, Far RCO-A P minos E is not avaiaiel



TABLE 3 | Maan zonal wind spead (U), merdional wind speed (v, and total wind
speed (ws) with their standerd devietions [} for obsanvations, cosstDet?, and
RCAS-ERA4D detaset a5 wel a5 mean and mot maan square difereance (FMSD)
between the reanalysts detasets [red) end the nbeervations [obe) for zonal,

mendional, and olal wind speed.

Obseryations coastiDat? RCAI-ERAAD
M=an = Mean a Mean a
1 1.02 480 98 4.14 1.14 273
N 066 4. 08 036 4,33 i 351
WE B.B1 268 b Sad 2.69 5.14 il Yy
Mean BM=D Mean RMSD
Linga — Lgrn - 0101 1.83 1[5 2.30
L e - 030 2.9 024 2 BB
W Srom — WS o - o.14d 1.68 0.B2 z 26

Calouistons ae dona ovar ol savons for the me pavod 19062008 The wt of af

paramelors is fm s ]



Baltic Sea Model Intercomparison Project (BMIP)

BMIP

® UERRA (SMHI), 1961-2018

* E-HYPE (SMHI):

1961-1978 (HELCOM/HBV),

1979-2012 (E-HYPE-ERA Interim),
2013-2018 (E-HYPE forecast)

® horizontal resolution of 2 nm or finer
® 1. step only physics, Baltic Sea

® No other specifications

BOOS Annual Meeting, Warnemiinde, 12 June, 2019
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Baltic Sea Model Intercomparison Project (BMIP)

BOOS Annual Meeting, Warnemiinde, 12 June, 2019

Conclusions

Baltic Earth
(1) External nutrient loads are the main driver of oxygen depletion.

(2) Future climate change will amplify oxygen depletion. The impact of

climate change is larger in case of higher nutrient loads.

(3) Hence, the implementation of the BSAP is needed. The BSAP will lead

to significantly improved oxygen conditions.

(4) The response of the Baltic Sea to nutrient load changes is slow.



