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Global climate modelling 

    IPCC 4th Assessment Report      IPCC 5th Assessment Report  
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Climate change scenarios 

Å4th Assessment Report 

Special Report on Emissions Scenarios, SRES 

(First defined for 3rd Assessment Report in 2000) 

 

E.g. A1B relating to a narrative description of a scenario 

 

 

Å5th Assessment Report  

Representative Concentration Pathways, RCP 

 

E.g. RCP 4.5 which means a radiative forcing of 4.5 W/m2 
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Climate change scenarios 

Ånnnn 
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Climate change scenarios 
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Coupled Model Intercomparison Projects 

Climate modellers worldwide produce climate projections with their model: 

 

ÅCMIP 3: Relates to and basis for IPCC Assessment Report No 4 published in 2007 

 

ÅENSEMBLES: European comparison project for 4th Assessment Rreport 

 

ÅCMIP 5: Relates to and basis for IPCC Assessment Report No 5 published in 2013 
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Climate change scenarios ï temperature response 
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02. 

Downscaling to regional modelling of climate 

change 
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Dynamic downscaling procedure viasualised 

Wind and 

pressure fields 

Extreme Value 

Analysis to derive 

design conditions 

Winds,  

Water levels 

and waves 
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RCPôs only: Wave input from 

DHIôs global wave model 

simulation with GCM winds 

Wave model Flow model  

 

Tidal level input from 

DHIôs global tide model 

Global Sea Level Rise 



Dynamic downscaling procedure 

Change in wind based on: 

ÅSimulations with regional climate models based on 

ÅBoundary input from simulations with global climate models 

 

Change in water levels based on: 

ÅSimulations with a flow model (MIKE 21 FM) with 

ÅGlobal sea level rise (from Grinsted et al 2009) input at boundaries 

ÅTidal elevation input at boundaries 

ÅWind and atm. pressure input from the regional climate models above 

 

Change in wave conditions based on: 

ÅSimulations with a wave model (MIKE 21 SW) 

ÅWind input from the regional climate models above 

ÅWater level input from the simulations above 

ÅWave conditions at boundaries (from global wave model simulation) 
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Summary of considered scenarios, GCMôs and RCMôs 
Basic simulations of 30 year time slices and climate change signals for a number of return 

periods for wind speed, significant wave height and surge for Danish waters for: 

SRES A1B: 

 

 

 

 

RCPôs 4.5 and 8.5: 

 

 

 

 

 

 

 

Flow and wave model: MIKE 21 FM and MIKE 21 SW 
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RCM Met. Inst. Scenario GCM RCM RCM Resolution 

Danish 

Meteorological 

Institute 

A1B ARPEGE DMI-HIRHAM5 25 km 

A1B BCM DMI-HIRHAM5 25 km 

A1B ECHAM5-r3 DMI-HIRHAM5 25 km 

RCM Met. Inst. RCP GCM RCM RCM Resolution 

Danish 

Meteorological 

Institute 

4.5 EC Earth (DMI) DMI-HIRHAM5 8 km 

8.5 EC Earth (DMI) DMI-HIRHAM5 8 km 

4.5 NORESM (BCCR) DMI-HIRHAM5 8 km 

8.5 NORESM (BCCR) DMI-HIRHAM5 8 km 

Bjerknes Centre 

for Climate 

Research 

4.5 NORESM (BCCR) WRF 8 km 

8.5 NORESM (BCCR) WRF 8 km 

4.5 EC Earth (DMI) WRF 8 km 

8.5 EC Earth (DMI) WRF 8 km 



Water level and wave model downscaling 

Two time slices:  

ÅSRES: 1961-1990, RCPs: 1981-2010 

ÅSRES and RCPs: 2071-2100 

Å(plus validation 1990-2010 based on ERA Interim) 

 

For each time slice: 

ÅSRES: 3 flow model simulations (MIKE 21 FM) 

RCPs: 8 flow model simulations (MIKE 21 FM) 

ÅSRES: 3 wave model simulations (MIKE 21 SW) 

RCPs: 8 wave model simulations (MIKE 21 SW) 

 

 Using a global sea level rise in 2100 of 1.1m based on 

 Reconstructing sea level from paleo and projected temperatures 200 to 2100 AD, A.  

 Grinsted et al., 2009, Clim. Dyn., DOI 10.1007/s00382-008-0707-2 
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Water level and wave model resolution 

RCM resolution:  

SRES: 25 km, 

RCPs: 8 km 

 

Flow and wave model resolution:  

From 1 - 5 km nearshore  

to 10 - 40 km offshore 
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Water level and wave model resolution 

RCM resolution:  

SRES: 25 km, 

RCPs: 8 km 

 

Flow and wave model resolution:  

From 1 - 5 km nearshore  

to 10 - 40 km offshore 
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Wind, water level and wave models: Statistical analysis of results 

Extreme Value Analysis  

 Peak-Over-Threshold analysis in all model points using truncated Gumbel distribution with 

 30 largest peaks for the 3 and 8 GCM/RCM combinations: 

 

 

 

 

 

 

 

 

 SLR: Sea Level Rise 
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Parameter 

 
1961-1990 

or  
1981-2010 

2071-2100 Difference 

Wind Wind speed X X X 

Waves Significant wave height X X X 

Water levels (Surge height with SLR) - SLR X X X 



03. 

Change in metocean conditions in Danish 

waters 
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A1B: Wind speed climate change signal 
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Increase in 100 year return period wind speed 1961-1990 to 2071-2100 (in m/s) 

ARPEGE increase BCM increase ECHAM5 increase 

Average total 1961-1990 Average increase 

 

Relative increase (%) 


