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Motivation

• Baltic Sea was the fastest warming large marine ecosystem between  
1982-2006 (Belkin, 2009)

• Trends in HadSST1: Baltic Sea mean SST: 0.53 +- 0.27 K/decade
(Rayner, 2003) global mean SST: 0.11 +- 0.05 K/decade
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Model simulations and observational data

14.06.2018

MOM-
Ergom*

RCO-Scobi**

reference IOW
(Neumann & 
Schernewski
2008)

SMHI (Sweden)
(Meier et al. 
2003)

spatial
resolution
(h,v)

3nm, 2m 2nm, 3m

temporal
resolution

monthly
(stations: 
hourly)

2 days

time slice 01.02.1850 –
01.08.2009

03.01.1850 –
31.12.2008

*      Modular Ocean Model & Ecological Regional Ocean Model
**     Rossby Centre Ocean circulation model & Swedish Coastal

and Ocean Biogeochemical model 

Forcing data: HiResAFF (Schenk & Zorita 2012) 

Model 
simulations
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Model simulations and observational data
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Observa-
tions

• in-situ observations (e.g. IOW, 
BED, SHARK database)

• Satellite data for SST (OISST, 
Reynolds,  2007)

• Reconstructed SST (HadSST1, 
Rayner,  2003)

• Lightship data

• Published trend analysises
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Detection and attribution of SST trends

References (left to right):
• Gustavsson et al., 2012
• Belkin, 2009
• Siegel et al., 2006
• Lehmann et al., 2001
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SST trends in model results and publications
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Basins
Bothnian Bay
Bothnian Sea
Gulf of Finland
Gulf of Riga
Gotland Basin
Arkona & Bornholm Basin
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Detection and attribution of SST trends
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Cross correlation analysis SST ~ SAT, latent heat flux, wind and cloudiness

Explained variance of
annual SST from air temperature

Second important variables due to
explained variance of airT-“detrended“ SST

14.06.2018

Detection and attribution of SST trends
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Comparison with variability in NAO and AMO 
 why was the Baltic Sea warming so fast since the 1980s?
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Detection and attribution of SST trends

R² = 12%

R² = 7.6%

R² = 49.1%R² = 7.3%

DJF Annual mean
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4. Summary and discussion

• Analysis of two models with same forcing and several observational
datasets back to 1850 

• Baltic Sea mean SST shows high variability (annually and seasonally) 
high uncertainties

• same conclusions from both models although parameterization and
resolution are different

Most important drivers:
1. air temperature (sensible heat fluxes & sea ice/freezing point)
2. latent heat flux
3. wind & cloudiness

Reasons for high SST trends since the 1980s:
• Superposition of climate change and increase in AMO index
• polar amplification and semi-enclosed basin

14.06.2018
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ca. 1715

Thank you for 
your attention!

16th century

today
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Appendices
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1856-2005
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1st main author Paper – Detection and attribution of SST trends
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1978-2007

14.06.2018

1st main author Paper – Detection and attribution of SST trends
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Spatial distribution of bottom temperature trends

1856-2005
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Spatial distribution of bottom temperature trends

1978-2007
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Climate change
and variability

Eutrophication

Fishery

industry

Salinity

Temperature and
heat content

Biodiversity and
population

Nutrient loads

• Temperature
• Sea level pressure
• Wind
• Precipitation and
river runoff
• Humidity and
evaporation Baltic Sea

Sea level

Sea ice

Oxygen concentration
and anoxia/hypoxia

Industry

14.06.2018
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Comparison with NAO and AMO

14.06.2018

Why was the Baltic Sea warming so fast since 1982?

R² = 9.5%

R² = 7.6%

R² = 49.1%R² = 7.6% R² = 64%R² = 20%
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Outline

1. Model Setup
2. Detection and attribution of temperature trends
3. Accelerated trends since 1980s
4. Summary and discussion
5. References
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