
Modeling the Coupled Stratosphere-Troposphere Stationary Wave Response to Climate Change 
Lei Wang, Paul J. Kushner     Department of Physics, University of Toronto    lei@atmosp.physics.utoronto.ca 

Introduction 
Stationary wave, the zonally asymmetric 

component of the atmospheric climatology, will be 
significantly altered by climate change, as 
revealed by a variety of coupled global climate 
models. The boreal winter time stationary wave 
responses to climate change simulated by 
Chemistry-Climate Models (CCMs) are diagnosed 
with a nonlinear baroclinic stationary wave model. 
Changes in the zonal mean basic state and 
zonally asymmetric forcings both account for the 
stationary wave response to climate change, while 
the former dominates. 

Data 
Stationary wave fields are investigated from 

CMAM (Canadian Middle Atmosphere Model) and 
GFDL AMTRAC3 (Geophysical Fluid Dynamics 
Laboratory Atmospheric Model 3 with TRansport 
And Chemistry). 

 CMAM CCMVal-1 REF2 simulation (Eyring, et al. 2007, JGR);  
 AMTRAC3 CCMVal-2 REF-B2 simulation (Austin, J., GFDL). 

The Januarys of the first and last twenty 
years, 1961-1980 and 2081-2100, are chosen 
from the CMAM REF2 run to represent past and 
future winter climatology individually, while the 
counterparts in AMTRAC3 are 1960-1979 and 
2080-2099. 

 CMAM zonal-mean basic state  
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 AMTRAC3 zonal-mean basic state 
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Stationary Wave Model  
A nonlinear stationary wave model is built 

following Ting and Yu (1998): 
 Based on a GFDL dry dynamical core; 
 Prescribed zonal mean basic state and zonally 
asymmetric diabatic heating forcing from CCMs 
with realistic topography; 

 15-day linear Rayleigh friction / Newtonian 
cooling and increased diffusion.  

 Stationary nonlinearity is calculated internally. 

           PPaasstt        FFuuttuurree       CChhaannggee 
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[SWM CMAM Past] streamfunction field at 29oN
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[CMAM Past] streamfunction field at 60oN
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[CMAM Change] streamfunction field at 60oN
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[CMAM Past] streamfunction field at 250hPa
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[CMAM Future] streamfunction field at 250hPa
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[CMAM Change] streamfunction field at 250hPa

-8-8

-8

-4

-4

-4

-4
-4

-4

-4
-4

-4

-4

4
4

4

4

4

4

4

4

48
8

X106

-20

-15

-10

-5

0

5

10

15

20

25

0 60E 120E 180 120W 60W 0
90S

60S

30S

0

30N

60N

90N

lon

la
t

[SWM CMAM Past] streamfunction field at 250hPa
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[SWM CMAM Future] streamfunction field at 250hPa
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[SWM CMAM Change] streamfunction field at 250hPa

-8 -8

-8

-4
-4

-4

-4

-4-4

-4

-4

-4

-4

4

4

4

4

4

4

4

4

4

4

4

8

8

12

X106

-20

-10

0

10

20

30

0 60E 120E 180 120W 60W 0
90S

60S

30S

0

30N

60N

90N

lon

la
t

[CMAM Past] streamfunction field at 10hPa
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[SWM CMAM Past] streamfunction field at 10hPa
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[SWM CMAM Future] streamfunction field at 10hPa
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Model Validation 
Past, future and the change in the stationary 

wave field are diagnosed using our stationary 
wave model (SWM) and are compared with the 
CCM data. The January stationary wave field is 
investigated here as its amplitude peaks in boreal 
winter.  

Climate Change Experiments
It is convenient to decompose the stationary 

wave responses to climate change into two steps 
as shown in the schematic diagram. First, the 
diabatic heating forcing is fixed while basic state 
changed. Second, the diabatic heating is allowed 
to change. Their relative contribution to the total 
stationary wave response can be compared 
through contour plots at various cross sections. 

 

Results 
CMAM Results 
           30°N           60°N         250hPa/10hPa 

0 60E 120E 180 120W 60W 0

1

2

3

5

7

10

20

30

50

70

100

150

200
250
300
400
500

700
850

1000

lon

pr
es

su
re

(h
P

a)

[SWM CMAM Change] streamfunction field at 29o

-12-6 -6

-6

-6

-6

0

0

0
00

0

0

0

0

0

0 0 0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

6

6

6

66

12

0 60E 120E 180 120W 60W 0

1

2

3

5

7

10

20

30

50

70

100

150

200
250
300
400
500

700
850

1000

lon

[SWM CMAM Change] streamfunction field at 60oN

-24

-18 -18

-12

-12

-6

-6 -6

0
0

0

0

0
0

0

0
0

0

0

0

0

0
0

6

6

6

12

12

18

18

24

30

0 60E 120E 180 120W 60W 0
90S

60S

30S

0

30N

60N

90N

lon

la
t

[SWM CMAM Change] streamfunction field at 250hPa

-8

-4 -4

-4

-4-4

-4

-4

4

4

44
4

4
44

4

4

8

0 60E 120E 180 120W 60W
90S

60S

30S

0

30N

60N

90N

lon

la
t

[SWM CMAM Change] streamfunction field at 10hPa

-10

-10
-10

-1010

10

10

20

   

0 60E 120E 180 120W 60W 0

1

2

3

5

7

10

20

30

50

70

100

150

200
250
300
400
500

700
850

1000

lon

pr
es

su
re

(h
P

a)

[SWM CMAM Change] streamfunction field at 29o

0

0
0

00 0

0

0

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

6

0 60E 120E 180 120W 60W 0

1

2

3

5

7

10

20

30

50

70

100

150

200
250
300
400
500

700
850

1000

lon

[SWM CMAM Change] streamfunction field at 60o

0

0

0

0

0

0

0

0

0

0

0

0

00
6

0 60E 120E 180 120W 60W
90S

60S

30S

0

30N

60N

90N

lon

la
t

[SWM CMAM Change] streamfunction field at 250hPa

-4
-4

-4

-4

4

4

4

4

0 60E 120E 180 120W 60W
90S

60S

30S

0

30N

60N

90N

lon

la
t

[SWM CMAM Change] streamfunction field at 10hPa

 

 

The relative contribution from the changes in 
basic state (Path A) is significantly greater in both 
amplitude and pattern than that from the changes of 
zonally asymmetric diabatic heating forcing (Path B), 
especially in high latitudes and the stratosphere. 
 

AMTRAC3 Results 
Similar investigation on GFDL AMTRAC3 data 

has shown that the above conclusion almost remains 
true except that in upper troposphere the changes in 
basic state and those in diabatic heating have 
comparable contribution to the total stationary wave 
response, i.e., on 250hPa pressure level, as it can be 
seen in the contour plots below. 
     AMTRAC3      SWM          Path A        Path B 
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Summary and Discussion 
A nonlinear stationary wave model has been 

shown to be a useful diagnostic tool to diagnose the 
stationary wave field and its response to climate 
change. The relative importance of changes in basic 
state and those in diabatic heating has been 
investigated. The former dominates the changes in 
stationary wave. This conclusion still remains true if 
the sequence of the two steps swap, i.e., the forcing is 
altered first and then the basic state is changed.  

The stratosphere-troposphere coupling may be 
explored by decomposing the changes in the zonal 
mean zonal wind into components corresponding to 
the changes with the polar jet and the tropospheric 
jets, while it is not straightforward to decompose the 
counterparts in the zonal mean temperature field. 
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