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Stratosphere and climate change 

The stratosphere will change in response to GHG emissions… 

 

What is the stratospheric contribution to tropospheric 

climate change? 

 
or: 

 

How well does a climate model need to resolve the 

stratosphere in order to trustfully simulate the atmospheric 

(tropospheric) response to increased GHG concentrations? 
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CMIP3/IPCC AR4 models 

High top models: 

the lid is above the 

stratopause 

Low top models: 

the lid is below the 

stratopause 

based on Cordero and Forster (2007) 
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Stratosphere and climate change 

Take two models, one with a good stratosphere and another without, and compare 

how they simulate the atmospheric response to increased GHG concentrations. 

Shindell et al. (1999): 

Northern Annular Mode index in: 

High top model 

 

Low top model 

The stratospheric influence in 

the NH projects on 

 the Northern Annular Mode 
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Fyfe et al (1999) and Gillett et al. (2003): a well-resolved stratosphere is not 

needed to reproduce the (positive) NAM index response to GHG increases. 

 

Sigmond et al. (2008, 2010): the response is sensitive to OGW parameterization. 

The mean stratospheric wind state is essential.  

 

Scaife et al. (2011): stratospheric changes induce an equatorward shift of the 

tropospheric storm tracks (a negative NAM index response), 4xCO2 experiment 

Stratosphere and climate change 
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Part 1: A single high/low top pair 
comparison 
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Low-top model (L31) High-top model (L47) 

 

T63  (~1.9 x1.9 ) 

Dynamics and processes in troposphere, 26 levels in vertical [surface, 110hPa] 

Upper level at about 10 hPa 

5 levels in [110,10] hPa  

Upper level at about 0.01 hPa 

9 levels in [110, 10] hPa + 

12 levels in [10, 0.01] hPa 

 

Horizontal diffusion: dx/dt = -(-1)q∙Kx∙∇
2qx, 2q=8 

2q=(6,4,2,2,2) at (90, 70, 50, 30, 10 hPa) 2q=8 at all levels 

 

 Orographic GWD (Lott and Miller, 1999) 

 

                                   - 

GWD from a spectrum of gravity wave 

with atmospheric sources. (Hines, 1997) 

 

The model: AGCM ECHAM5 

(from Giorgetta et al. 2009) 
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The experiment 

 32-year long simulations (2 first years considered spin-up and discarded) 

 1xCO2 control  run: SST and SIC fixed to AMIP2 climatology 

 2xCO2 run: CO2 doubled, SST and SIC anomalies added  (based on 

ensemble mean AOGCM A1B simulations) 

 The response is calculated as a difference between 2xCO2 and 1xCO2 

simulations 

Sensitivity experiments using different SST anomalies give consistent 

results 
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The model: 1xCO2 climatology 

 Contours are for low-top model (DJFM) 

 Shadings are the differences (high-top minus low-top) 

 Stronger NH polar vortex in low-top model 

 Quite similar tropospheric climate (more so in NH) in both models 
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Arctic SLP response to 2xCO2 

 Black lines – low-top model;  grey lines – high-top model  

The Arctic SLP decreases in both models in response to 2xCO2 

 The response is largest around winter 

 The decrease is reduced in high-top model, especially in late winter/early spring 

High-top minus low-top 

difference in response, JFM 

(see Karpechko and Manzini, 2012) 
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Arctic SLP response to 2xCO2 

 Black lines – low-top model;  grey lines – high-top model  

The Arctic SLP decreases in both models in response to 2xCO2 

 The response is largest around winter 

 The decrease is reduced in high-top model, especially in late winter/early spring 

High-top minus low-top 

difference in response, JFM 

(see Karpechko and Manzini, 2012) 



12 Ilmatieteen laitos / PowerPoint ohjeistus 

cf.: Scaife et al. 2011 
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U@60N response to 2xCO2 

 The lower stratospheric winds at 60N strengthen in both models 

 The strengthening is weaker in high-top model in November-January 

 The negative difference in wind responses propagates to the troposphere with a delay 

High-top minus low-top 

 difference in response Low-top response High-top response 

(Karpechko and Manzini, 2012) 



14 14 

U@60N response to 2xCO2 

 The lower stratospheric winds at 60N strengthen in both models 

 The strengthening is weaker in high-top model in November-January 

 The negative difference in wind responses propagates to the troposphere with a delay 

High-top minus low-top 

 difference in response Low-top response High-top response 

(Karpechko and Manzini, 2012) 
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BD circulation response (ND) 

 The polar downwelling response is stronger in high-top model north of 55 N. 

 Resolved dynamics explain the stronger downwelling north of 65 N. 

 Parameterized processes explain the stronger downwelling between 55 N- 65 N 

Stronger 

downwelling 

in high-top 

(Karpechko and Manzini, 2012) 
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Part 2: A model ensemble 
comparison (CMIP5) 

Manzini et al, including Baldwin, Birner, Calvo, Gerber, Hardiman 

and others 
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Model Top Levels Subset 

CMCC-CESM 0.01 hPa 39 HIGH TOP 

CMCC-CMS 0.01 hPa 95 HIGH TOP 

EC-EARTH-HIGH HIGH TOP 

GISS-E2-R 0.1 hPa 40 HIGH TOP 

HadGEM2-CC 85 km 60 HIGH TOP 

IPSL-CM5A-LR 0.04 hPa 39 HIGH TOP 

IPSL-CM5A-MR 0.04 hPa 39 HIGH TOP 

MIROC-ESM-CHEM 0.0036 hPa 80 HIGH TOP 

MIROC-ESM 0.0036 hPa 80 HIGH TOP 

MPI-ESM-LR 0.01 hPa 47 HIGH TOP 

MPI-ESM-MR 0.01 hPa 95 HIGH TOP 

MRI-CGCM3 0.01 hPa 48 HIGH TOP 

CanESM2 1 hPa 35 - 

bcc-csm1-1 2.917 hPa 26 LOW TOP 

CCSM4 2.194 hPa 27 LOW TOP 

CMCC-CESM-LOW 10 hPa 19 LOW TOP 

CNRM-CM5 10 hPa 31 LOW TOP 

CSIRO-Mk3-6-0 4.52 hPa 18 LOW TOP 

EC-EARTH-LOW LOW TOP 

HadGEM2-ES 40 km 38 LOW TOP 

inmcm4 10 hPa 21 LOW TOP 

MIROC5 3 hPa 56 LOW TOP 

NorESM1-M 3.54 hPa 26 LOW TOP 

CMIP5 models 

Manzini et al 2012 in preparation 
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CMIP5 vs CMIP3 models 

Manzini et al 2012 in preparation 

 1%CO2 experiment in CMIP3&CMIP5 

 the period 101-140 minus the period 1-40 

 DJF 

 CMIP5: Zonal winds weaken north 70N 

 CMIP3:  Zonal winds strengthen through 

the stratosphere 

 Positive NAM response at the surface 

 Small differences in SLP response 

between CMIP3 and CMIP5 
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CMIP5 high tops vs low tops 

Manzini et al 2012 in preparation 

 historical and rcp8.5 experiments 

 2060-2100 minus 1960-2000 

 DJF 

 Zonal winds weaken north 60N 

 high-low difference is small in the polar 

stratosphere 

 Positive NAM response at the surface 

 SLP response projects stronger on the 

positive NAM phase in high-top models 



The effect of climate sensitivity 

Manzini et al 2012 in preparation (figure by S.-W. Son) 

 Stronger tropospheric warming in high-top 

models on average  

 …but high-top/low-top versions of the same 

model show comparable warming 

Tropospheric warming Correlation between 

warming and SLP change 
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 Stronger tropospheric warming in 

high-top models leads to larger Arctic 

SLP decrease (more positive NAM 

index change) 
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Summary 

 In ECHAM5 the Arctic SLP decrease in response to 2xCO2  is reduced in high-top compared 

to low-top model, especially in late winter/early spring. 
 

  This difference in late winter/early spring is traced back to different dynamical response in 

the polar stratosphere in earlier winter related to a stronger downwelling response in the polar 

stratosphere in high-top model. 

 

 CMIP5 models simulate weakening of the stratospheric winds north of 60N, a feature which 

is not present in the CMIP3 multimodel average. 

 

 Separation of high and low top models in CMIP5 as a way to diagnose the stratospheric 

influence is compromised by the different tropospheric warming response (climate sensitivity) 

between the ensembles. 
 


