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SErsIimliaterthe Up-to-date physical and ecol_ogical state
PiRENBaltic Sea using the St.Petersburg Baltic
EHitiophication Model (SPBEM)

B0 assess the  effect of climate change to the
::': —ETJtrophlcatlon status in the Baltic Sea through
= perfiorming scenario simulations in a future climate




Hydrodynamic module of St.Petersburg 'Baltic eutrophication'model

(JH =t JJ_) — e
NEEIoVAEL 2., 2003. Proc. EstonianiAcad. Sci. Biol. ECOIL, 52(8): 346-359.
MVIRSETERIE, Ryabchenko V., Isaev A."et all. 2010: Validation: of three-dimensional

nydrocynEln '&models of-the GulfFofiEinland: Borea/ v, Res, 15: 4558=479.

:
|
s

13 4459- rdlnate model based on primitive equations of motion, heat
andisalt transport, and Millero and Kremling(1976) equation of
Statelof'sea water.

SESncludesioriginal k-/turbulent closure scheme for vertical mixing.

-qs:CﬂupIed to a dynamic-thermodynamic model of sea ice

—F'-“I.

=—5“2 Vversions:

1) 2nm (4 %2°), 77 levels with dz=2m in the layer (0,100m) and
dz=5m below,

2) 5nm (10 x5 "), 35 levels with dz=2m in the layer (0,20m),
dz=5m in the layer (20,40m) and dz=10m below 40m.




"‘B‘léﬂ'eochemistry module in SPBEM

2 model of Savchuk (O.Savchuk, 2002, J.Mar.Systems, 32, 253~ 280)~

—

.

The module describes nutrient

Cyanobacteria Grazing cycling '. he coupled pelagic
Sumng)pnﬁg Heter otr ophs and sediment sub-systems. Stz
Autotrophs variables: 12 pelagic
Mortality Excretion (zooplankton, diatoms,
r cyanobacteria, flagellates,
ﬂ_ nitrogen, phosphorus and silica
= ll}lgtgli(%m Mineralization detritus, ammonium, nitrite +

nitrate, phosphate, silicate and
Inorganic N, P & Si dissolved oxygen) and 3
sediment (benthic nitrogen,
phosphorus and silicon).
Main processes are shown as
Mineralization, P-retention, denitrification generalised biogeochemical
: fluxes driving

Burial nutrient biogeochemical cycles

the model.

e Bottom
Sinking output



——— Model runs

Simulationiofithe up-to-date state of the Baltic Sea g ——
oric physical forcing -
-2006) from GCM ECHAM5, mean monthly values, resolution 1.5°
2006): from ERA-40/RCA Kinc ided by Anders Hoglund

| nulations under a projection of future changes in climate
€ physical forcing from GCM ECHAMS for A2 SRES-scenario (moderate
2 gas emission) for 2007-2100

BINERbG ndary conditions for all runs:

-—____ .1:_ ?_,l.—
L e I e

B tmdary with the North Sea: climatic mean monthly values of water level,
demperature, salinity' and all biogeochemical variables, which are taken from a model of
the NorthrAtlantic and' Arctic Ocean ( I. Neelov), 60-year averaging

Hydrological forcing: climatic mean monthly water discharges for 51 aggregated
Baltic rivers

Pollution loads:: from the MARE program (Savchuk and Wulff, 2007).

Initial conditions : 1) for temperature, salinity, NO3+NO2, NH4, PO4, SiO2, O2, from the BED
for wintertime period of 2000 (run 1) and of 1970 (run 2)

2) distributions of bioavailable nitrogen, phosphorus and silicon in sediments estimated from
previous runs




Dissolved oxygen (ml/l)
vertical section along the
GUIf of Finland and HELCO
stations in the Baltic Proper
in August 2004

1111‘1‘1 MOdel,

run 1

Data from a summer
expedition

of Russian State
Hydrometeorological
University (RSHU)




Phosphates (mg/m**3)
3l vertical section along...
the GuIf of Finland and
HELCOM stations in the
Baltic Proper in
August 2004

Model, run 1

Data from a
summer
expedition
of RSHU




Station BY15 (Gotland Deep) RUN 1
black lines — data averaged over 1970-2008 ;

red lines — model results averaged over 2001-2005
jon data set compiled from BED(2010), B. Gustafsson and M. R. Medina

Salinity, %o Nitrates mmol/m3
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Station BY15 (Gotland Deep) RUN 2
black lines — data averaged over 1970-2008, red lines — model results averaged over 1970-2007

| DA’ jon data set compiled from BED(2010), B. Gustafsson.and M. R. Medina

 Salinity, %o Nitrates, mmol/m3

)

LT ——_




Scenario run uner.ECHAMS forcing for moderate greenhouse gas emission

| Area-averaged mean annual temperature and salinity at the
ne Baltic Sea in 2000-2100

E——
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Area-averaged annual primary production (g N/(year m?) of the Baltic Sea

_ for different algae

e =

feen algae
: | Flagellates

?Ww

= [ [ [ = ] =) ~d o

Diatoms




S@oncluding.iemarks

1. \/Jce‘ 2d and observed characteristics (temperatire, salinity,
rl,, 2nis;, dissolved oxygeni chiorophyll) off the Baltic Sea in 1970-
JyAare in a gualitativel agreement .

JH“M Liglcle esﬂmamﬁwaﬁﬁaisaﬁmw-st-r-atqﬁcatmn andstrengly
lmrlerf wimatesichlorophyila™

2, r\J |t iiollows from the scenario simulation with moderate

SIISSIoN 0If €02, the area-averaged sea surface temperature

IO h3f§cr) éhe Baltic Sea by the end of the 21st century will be
_,;1:9 o)L|E

_ -3 The model primary production of phytoplankton will grow during

Z'"- - the whole century. The production of different type of algae differ
from each other. In particular, the production of diatoms will drop
that could be explained by increase in water temperature limiting
the growth of spring cryophile diatoms.




h“__
R XI5

"RENG e MOrE detailed comparlson between SPBEM
esultsiand: 1) the validation data set of
Istafsson and Medina and 2) similar results
gtrom ECOSUPPORT models (RCO-SCOBI,
--.___..;:-::' , BALTSEM)

L —--'ﬁ-..m—

-

— & 10 better fit the model to observations for
- modern period

e to re-run SPBEM on 2nm grid under ERA-40/RCA
forcing for 1961-2007







fmal/cub.

BY5 (Bornholm Deep)
Near-bottom

dPO4/dt=-0.2 mmol/m3/10yr
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- “Increase in mean annual temperature forDecrease in pick-to-pick amplitude of
cenario

100 years,C temperature for 100 year<; °

Whole Southern Baltic Northern Whole Southern Baltic Northern
region Baltic Proper Baltic region Baltic Proper Baltic

6.0 55 63 68 8.8 6.5 71 - - o
4.2 4.2 4.7 s 4.6 2.1 =
= "GFD 2.9 3.5 PG e 4.2 15 64 56
== REDL 0.5 0.4 Wk B 53 -84 e
~ "Ensemble 3.8 3.3 e s 2.6 1.2 Dlo=" | Vet
16 models

Ensemble 2.0 1.6 1.9 2.1 24 1.0 1.9 4.0
16 models

Scenarios A2 and B1 correspond maximal and minimal emission of CO2 in the atmosphere.




able 2. Fo’rm'&f changes in precipitation P and evaporation E
in the Baltic region for 2000-2099 from different AOGCM ...

-'-'

- Emission Increase in mean | Increase in maximal  Increase in minimal annual
scenario  annual values for 100 annual values for 10C values for 100 years

P

0.53 0.13
-0.20 0.21
0.33 -0.12

Jr-a-.-ﬁDL ; : 0.29

Ensemble } . 0.30 0.07
16 models

0.14

Ensemble - . 0.29 0.16
16 models

Increase in mean annual precipitation for 100 years does not exceed 17% for scenario A2

and 10% for scenario B1. For evaporation the corresponding values are 23% (scenario A2)
and 17% (scenario B1).







Station BY5 (Bornholm Deep)
bIack lines — data averaged over 1970-2008, red lines — model results averaged over 2001-2005

jon data set compiled from BED(2010), B. Gustafsson.and M. R. Medina

Salinity, %o Nitrates mmol/m3
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Area-averaged annual primary production (g C/(year m2) of the Baltic Sea
for different algae

lue-green algae Flagellates

gCim™2lyear
gCim™2fyear

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

2020 2030 2040 2050 2060 2070 2080 2090 2100

Diatoms Total production

gCim*2lyear

gCim™2iyvear

40
2100 2010 2020 2030 2040 2050 2060

2070 2080 2090 2100

2010 2020 2030 2040 2050 2060 2070 2080 2090



ons for salinity to a part of model domain westwards 16°E

P O | P R s

:
|
e

where S —




Table 1. The basic features of hydrodynamic modoldsMAPS models

Model ID  'HIROMB | OAAS SPBEM EIA COHEREN MIKE3
S
pherlcal Spherical, Spherical Spherical Spherical, . Spherical, g——
E rakawa C Arakawa C Arakawa B |ArakawaC | Arakawaf Arakawa C
lution  grid, 4'x2° grid, 4'x2"  grid, 4" x2° grid, 4"x2’ grid, 4'x2"  grid, 4'x2’
z-coordinate z-coordinate z-coordinate z-coordinate @ o- z-coordinate
78 levels 78 levels 78 levels 20 levels coordinate 120 levels
_min dz=2m  min dz=2m_ min dz=2m__ min dz=2.5m 50 levels min dz=2 m
"k-w model """Kochergin "k-I'model” "k-e model  k-e model "k-¢ model
ce scheme
(1987)
ntal Smago- Smago- Smagorinsky Smagorinsky Smagorinsky
lence rinsky rinsky (1963) (1963) (1963)
(1963) (1963)
nentum
Ezontal Smago- Smago- Ki=const= Smagorinsky
bulence rinsky rinsky 10° cnfs? (1963)
(1963) (1963)
Conservati- Upwind 3d order TVD- superbee upwind 3d order
ve and fully scheme scheme scheme scheme scheme
3D scheme, (Fujii and QUICKEST (Ve
based on Obayashi , sted et al.,
Zalesak 1989) 1992)
-~Advection Conservati- TVD- 3d order TVD- superbee TVD- 3d order
scheme for ve and fully superbee  scheme scheme superbee scheme
tracers (T, 3D scheme, scheme (Fujii and scheme QUICKEST (Ve
S and based on Obayashi , sted et al.,
others) Zalesak 1989) 1992)
Convection Hydrostatic Hydrostatic Hydrostatic, Hydrostatic, Hydrostatic Non-hydrostatic
model, model, ke=1nfs'for k=1nfs'for  model, model
convective convective unstable unstable convective
adjustment adjustment stratification stratification adjustment
Equation of UNESCO  Millero and Milleroand UNESCO UNESCO UNESCO
state (1981) Kremling Kremling (1981) (1981) (1981)
(1976) (1976)




imualiifconditions

5-D .|elds O temperature, salinity, NO3+NO2, NH4,
HO” 5102, 02, from the BED averaged for

\/\_/_J _ertlme perlod (January- March) of two years:
- 1995298
—_— Beerovalles for current velocity, sea level, ice
= thlckness and concentration

— & [ypical winter values for phyto- and zooplankton,
detritus (homogeneous distributions)

e Estimated spatial distributions (2-D fields) of

bioavailable nitrogen, phosphorus and silicon in
sediments

-




| Dissolved oxygen (ml/l)

| vertical section alon
GUIf of Finland and HELCOM
stations in the Baltic Proper
in August 2003

Data from a
summer
expedition
of RSHU




d

Phosphates (mg/m**3)
vertical section along....
the GuIf of Finland and
HELCOM stations in the
Baltic Proper in

August 2003

Data from a
summer
expedition
of RSHU




