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Motivation
• Increasing evidence of troposphere-stratosphere 

interaction
– Wave forcing from troposphere influences polar 

stratospheric vortex and thus stratospheric warmings
– Brewer-Dobson Circulation influences tropical 

tropopause height
– Polar stratospheric vortex influences weather in 

northern hemisphere

• Some models now have higher resolved 
stratosphere � Tendency: increasing

• Question: What’s the improvement?
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The ENSEMBLES project
• EU-funded project, 76 partners, managed by Hadley-

Centre (UK) 
• ‘stream one’ simulations contributed to IPCC AR4
• ‘stream two’ simulations planned to contribute to IPCC 

AR5
• 7 European AO-GCMs: 

– HadCM3 (UK)
– HadGEM1 (UK)
– ECHAM5/MPI-OM (Germany, Denmark)
– CNRM-CM3 (France)
– IPSL-CM4 (France)
– BCM2 (Norway)
– EGMAM (Germany)
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Present-day evaluation: temperature
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T(y,z) DJF 
difference
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versus ERA40
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• CNRM-CM3 and EGMAM show 
opposite biases in lower tropical and 
NH polar stratosphere
• CNRM-CM3 and EGMEM show 
different patterns of biases
• Low-top models show NH polar 
lower stratosphere warm (BCM2, 
HADCM3) or cold biases (IPSL-CM4)
• Model performance not clustered 
with regard to stratospheric 
representation
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Comparison to ERA40 of the same model 
with and without stratosphere

With 
stratosphere

Without 
stratosphere

Huebener et al. 2007, Phil. Transactions A

RR = rain

V = zonal mean 
meridional wind 

U = zonal mean 
zonal wind

Z50 = geopotential
height 50hPa

Z500 = geopotential
height 500hPa

T = zonal mean 
temperature

T2 = near surface 
temperature

EGMAM: 13 levels 
above 10 hPa, 
sophisticated 
parameterization for 
gravity wave drag
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Evaluation with and without stratosphere

• Better performance throughout the 
troposphere and stratosphere in high-top 
model EGMAM compared to ECHO-G for 
present-day climate
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difference
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(°C)

Climate change signals: temperature
BCM2     
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• CNRM-CM3 and EGMAM show 
opposite temperature signals in NH 
lower polar stratosphere
• Only EGMAM shows NH polar lower 
stratospheric warming
• All low-top models show NH polar 
lower stratosphere cooling
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Climate change signal in EGMAM

• Increased eddy heat flux in 100hPa (not shown) might 
lead to higher number of stratospheric warmings, as 
already shown for A2 simulations (Huebener et al., 2007)

• Significance reduced due to increased variability
• Consistent in all three realizations with EGMAM
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U(y,z) DJF 
difference
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(m/s)

Climate change signals: zonal wind
BCM2   

ECHAM5    

IPSL-CM4   HADGEM1  

EGMAM   CNRM-CM3  HADCM3  

• CNRM-CM3 and EGMAM show 
opposite wind signals in NH lower polar 
stratosphere (reducing the biases)
• Only EGMAM shows easterly wind 
anomaly (weakening of polar vortex) in 
NH polar stratosphere, consistent with 
warming signal
• All models show westerly wind 
anomaly in mid-latitudes
• Vertical coupling of wind signals 
throughout the troposphere and 
stratosphere
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Summary
• Gain of increasing stratospheric representation:

– Additional information provided (e.g. for ozone)
– Stratospheric layers relevant for tropospheric

circulation (vertical coupling!)

• Signals in EACH MODEL consistent (coupling of 
wind and temperature)

• But: Differences between CNRM-CM3 and 
EGMAM larger than between models with and 
without stratosphere � further source of 
uncertainty

��� � Stratospheric layers require careful tuning 
and assessment of uncertainties!



Thank you

Huebener et al., 2007 : Ensemble climate simulations using a fully coupled 
ocean-troposphere-stratosphere general circulation model. Philosophical 
Transactions of the Royal Society - Series A, 365, 2089-2101


