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1. Motivation 3. Tropospheric responses1. Motivation 3. Tropospheric responses
There is growing evidence that the modeled response of the climate
systemto externalforcing (i.e. stratosphericozonechanges,greenhousesystemto externalforcing (i.e. stratosphericozonechanges,greenhouse
gas increases) is sensitive to the representation of stratospheric
processes. The stratospheric impacts extend down to the surface,
implying that an inadequaterepresentationof the stratospheremayimplying that an inadequaterepresentationof the stratospheremay
have an adverse effect on the accuracy of climate predictionby the
model.model.

2. Methods and model2. Methods and model
We study the responseof the NorthernHemisphere(NH) extratropicalWe study the responseof the NorthernHemisphere(NH) extratropical
atmospheric circulation to doubling CO2 concentration and associated
SSTandSIC anomalies(hereafterreferredto as just ‘response’)using

Fig.1: (a,c) JFM SLP response in L; (b,d
the response differences H-L: (a,b) 2xCO

SSTandSIC anomalies(hereafterreferredto as just ‘response’)using
the atmospheric general circulation model ECHAM5. We contrast the
responsesin two modelversions: the response differences H-L: (a,b) 2xCO

and (c,d) 2xCO2/tP experiments. Contours 
are drawn at ±0.75, 1.5, 2.25, 3.0, and 3.75 

responsesin two modelversions:
-T63L31‘Low-top’ (L) model, upper level at about10 hPa
-T63L47 ‘High -top’ (H) model,upperlevel at about0.01hPa are drawn at ±0.75, 1.5, 2.25, 3.0, and 3.75 

hPa. Dark (light) shadings mark significant 
differences at p<0.05 (<0.1).

-T63L47 ‘High -top’ (H) model,upperlevel at about0.01hPa
We performtwo experiments:

differences at p<0.05 (<0.1).
We performtwo experiments:
1. 2xCO2 experiment: The response is calculated as a difference

between2xCO2 and1xCO2 simulationsin bothH andL models.

6. Key findings

between2xCO2 and1xCO2 simulationsin bothH andL models.
2. 2xCO2/tP experiment: The same as (1) but in the 2xCO2 simulation

thewarmingin thetropical Pacific removed. 6. Key findingsthewarmingin thetropical Pacific removed.

� The Arctic SLP decrease response to 
especially in late winter/early spring (5. Brewer-Dobson circulation especially in late winter/early spring (

� The Arctic SLP response (or the Northern Annular Model response) is strongly
5. Brewer-Dobson circulation

sensitive to the warming of the tropical Pacific SST (
� The precipitation response over Europe, as an example, is reduced in H� The precipitation response over Europe, as an example, is reduced in H

compared to L. H simulates less moistening of Northern Europe  and
less drying of Mediterranean in response to doubling COless drying of Mediterranean in response to doubling CO

� The difference between H and L surface responses in late winter/early spring is
traced to different response in the polar stratosphere (
winter, which is a result of a stronger winter, which is a result of a stronger 
The difference propagates to the troposphere with a delay of several weeks.

� The Brewer-Dobson (BD) circulation response is stronger in H. Both resolved� The Brewer-Dobson (BD) circulation response is stronger in H. Both resolved
and parameterized processes contribute to stronger BD circulation response 
and stronger polar downwellingand stronger polar downwelling
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Fig.6: ND mass streamfunction response (kg m2s1) to 2xCO2 in the NH in 
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(a,d,g) L, (b,e,h) H, and (c,f,i) H-L. (a-c) Total stream function response, (d-f) 
resolved wave response, (g-i) parameterized processes response.
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responses 4. Downward propagationresponses 4. Downward propagation

Fig.3: Responses in air temperature averaged over 70°N-

Fig.2: (a,c) JFM total precipitation response in
L and (b,d) the responsedifferencesH-L: (a,b)

b,d) 
) 2xCO

90°N in (a,d) L and (b,e) H models and (c,f) (H-L) differences
in (a-c) 2xCO2 and (d-f) 2xCO2/tP experiments. HatchingL and (b,d) the responsedifferencesH-L: (a,b)

2xCO2 and (c,d) 2xCO2/tP experiments. Red
(blue) contoursare drawn at +(-) 0.1, 0.3, 0.5,

) 2xCO2
experiments. Contours 

0.75, 1.5, 2.25, 3.0, and 3.75 

in (a-c) 2xCO2 and (d-f) 2xCO2/tP experiments. Hatching
indicates significant differences (p<0.1)

(blue) contoursare drawn at +(-) 0.1, 0.3, 0.5,
and 0.7 mm/day. Dark (light) shadings mark
significantdifferencesat p<0.05 (<0.1).

0.75, 1.5, 2.25, 3.0, and 3.75 
significant 

significantdifferencesat p<0.05 (<0.1).

The Arctic SLP decrease response to 2xCO2  is reducedin H compared to L,
especially in late winter/early spring (Fig.1)especially in late winter/early spring (Fig.1)
The Arctic SLP response (or the Northern Annular Model response) is strongly
sensitive to the warming of the tropical Pacific SST (Fig.1)
The precipitation response over Europe, as an example, is reduced in HThe precipitation response over Europe, as an example, is reduced in H
compared to L. H simulates less moistening of Northern Europe  and
less drying of Mediterranean in response to doubling CO(Fig.2)

Fig.4: The same as Fig. 3 but for U@60°N.
less drying of Mediterranean in response to doubling CO2 (Fig.2)
The difference between H and L surface responses in late winter/early spring is
traced to different response in the polar stratosphere (Figs. 3-4) in earlier
winter, which is a result of a stronger downwellingresponse in H (Fig. 5).winter, which is a result of a stronger downwellingresponse in H (Fig. 5).
The difference propagates to the troposphere with a delay of several weeks.

Dobson (BD) circulation response is stronger in H. Both resolvedDobson (BD) circulation response is stronger in H. Both resolved
and parameterized processes contribute to stronger BD circulation response 

downwellingresponse in H (Fig. 6).downwellingresponse in H (Fig. 6).

Fig.5: Residual vertical velocity  response averaged over 
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Fig.5: Residual vertical velocity  response averaged over 
70°N-90°N in (a) L and (b) H models and (c) (H-L) difference 
in 2xCO2 experiment. Hatching indicates significant FinnishAcademy. EM acknowledgesthepartialsupportof the
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in 2xCO2 experiment. Hatching indicates significant 
differences (p<0.1) The values shown in (c) multiplied by 1.5.Commission.


