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Figure  1.  Correlations between winter stratosphere temperature (T)  and global temperature from Tan et  al. [2012].  !

anomalies are most significant during SSWs. Due to the
60-day yaw cycle of the TIMED spacecraft, SABER cannot
cover the high latitudes in both hemispheres simultaneously,
so no correlation is calculated poleward of 50!S in Figure 1.
[8] WACCM 3.5 simulation outputs during northern win-

ter (from October 20 to March 10) are employed to reproduce
the temperature correlation patterns and extend them to the
global range from"90! to +90! in latitudes. The temperature
anomalies ofWACCM data from 1953 to 2006 are derived as
the deviations from a long-term average for a given day at
each latitude and altitude in a similar way as SABER, where
the long-term average at that latitude and altitude is the mean
over the 54 years of WACCM temperatures. The correlations
of temperature anomalies are between a reference point
at (10 hPa, 80!N) and all other latitudes and altitudes.
The temperature correlation patterns for days with major
SSWs, with minor SSWs and without SSWs are plotted
in Figures 2a–2c. Here SSW events are identified using
WACCM temperatures at the reference point. Temperature

increases exceeding 25 K within three weeks are defined
as SSWs, while the wind reversal at 10 hPa and 60!N is used
to separate major and minor SSWs according to the World
Meteorological Organization’s definition.
[9] Comparing the temperature correlation results between

WACCM and SABER, both show very similar patterns at
high northern latitudes with positive correlation regions from
20 to 50 km, negative correlation regions from 55 to 90 km
and positive correlation regions from 90 to 110 km. In the
equatorial areas, both SABER andWACCM show a negative
correlation region from 20 to 50 km and a positive correlation
region from 50 to 90 km. Although this equatorial positive
region in SABER has more structures than the result in
WACCM, the correlations are significant as indicated by
the 95% significant levels. A negative correlation region is
also observed in the lower thermosphere from 90 to 110 km
above the equator in WACCM, while in SABER this nega-
tive correlation is observed but the boundary of the region is
not well defined. Such complicated correlation patterns of

Figure 2. Correlation patterns between the WACCM (Oct 20–Mar 10) temperature anomalies at the
reference point (10 hPa, 80!N) and anomalies of (top row) temperature T, (middle row) vertical wind W
and (bottom row) meridional wind V associated with the residual circulations at all latitudes and altitudes
for days with (left column) major SSWs, (middle column) minor SSWs and (right column) without SSWs.
The correlation scale for T is "1 to 1 and the correlation scales for W and V are "0.5 to 0.5. The circle
with a cross is the reference point used for the correlation calculations. White solid lines denote the 95%
significance level.
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ü Karlsson	
   et	
   al.	
   [2007]	
   found	
   connecJons	
   between	
   PWs	
   in	
   the	
  winter	
   polar	
   stratosphere	
  
and	
  polar	
  mesospheric	
  clouds	
  (PMCs)	
  at	
  the	
  summer	
  mesopause.	
  	
  

ü 	
  Inter-­‐hemispheric	
  occurs	
  not	
  only	
  during	
  SSWs	
  but	
  during	
  non-­‐SSW	
  period.	
  

è	
  One	
  of	
  the	
  possible	
  mechanisms	
  of	
  inter-­‐hemispheric	
  coupling	
  is	
  changes	
  in	
  gravity	
  
wave	
  forcings	
  in	
  response	
  to	
  planetary	
  wave	
  anomalies	
  according	
  to	
  modeling	
  studies	
  [e.g.,	
  
Becker	
  and	
  FriWs	
  et	
  al.,	
  2004]	
  	
  



ObjecJve	
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Problem	
  
There	
  is	
  not	
  enough	
  global	
  gravity	
  wave	
  observaJons	
  to	
  study	
  changes	
  in	
  

gravity	
  waves	
  in	
  the	
  MLT.	
  

Goal	
  
SABER	
  can	
  provide	
  global	
  gravity	
  wave	
  observaJons	
  [Preusse	
  et	
  al.,	
  2009]	
  

	
  
=>	
  	
  study	
  gravity	
  wave	
  responses	
  to	
  planetary	
  wave	
  anomalies	
  and	
  inter-­‐

hemispheric	
  coupling	
  



SABER	
  Gravity	
  Wave	
  Analysis	
  Method	
  [Preusse	
  et	
  al.,	
  2009]	
  

	
  Background	
  Temperature	
  EsJmaJon	
  Method:	
  	
  

1.  Daily	
  temperature	
  data	
  are	
  separated	
  by	
  local	
  Jme	
  (ascending	
  and	
  descending	
  
node)	
  and	
  binned	
  into	
  24°×5°	
  (longitude	
  ×	
  laJtude)	
  grid	
  

2.  Zonal	
  wavenumbers	
  0-­‐5	
  components	
  are	
  esJmated	
  using	
  least-­‐square	
  fieng.	
  	
  

3.  EsJmated	
  background	
  temperature	
  contains	
  Jdes,	
  planetary	
  waves,	
  and	
  zonal	
  
mean	
  temperature.	
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  T’	
  =	
  Temperature	
  PerturbaJon	
  (T’)	
  =	
  Gravity	
  Waves	
  
	
  T	
  =	
  	
  SABER	
  temperature	
  profile	
  (T	
  )	
  	
  
	
  T0	
  =	
  Background	
  temperature	
  (Zonal	
  mean	
  T	
  +	
  planetary	
  waves	
  +	
  Jdes)	
  
	
  

	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  T’	
  =	
  T	
  –	
  T0	
  

ValidaJons	
  and	
  detailed	
  analysis	
  method	
  =>	
  Preusse	
  et	
  al.	
  [2009],	
  Yamashita	
  et	
  al.	
  [2013,	
  JGR]	
  



CorrelaJon	
  Method	
  

Gravity	
  Waves	
  =>	
  Temperature	
  variance	
  (T’/T0)2	
  

Planetary	
  Waves	
  =>	
  VerJcal	
  components	
  of	
  EP	
  Flux	
  (EPz)	
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Calculate	
  CorrelaJon	
  Coefficients	
  

e.g.,	
  PosiMve	
  CorrelaMon	
  =>	
  gravity	
  wave	
  enhancements	
  when	
  planetary	
  waves	
  are	
  large.	
  	
  



CorrelaJons	
  between	
  anomalies	
  of	
  Gravity	
  Waves	
  and	
  EP	
  Flux	
  (Epz)	
  

(a) Correlation GWs and EPz at 20-50km and 80S-45S
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(b) GWs at 64km 40S and EPz at 20-50km 80S-45S
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(c) GWs at 50km 10N and EPz at 20-50km 80S-45S
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(d) Correlation GWs and EPz at 20-50km and 45N-80N
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(e) GWs at 61km 20S and EPz at 20-50km 45N-80N
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(f) GWs at 42km 30N and EPz at 20-50km 45N-80N

2002 2004 2006 2008 2010 2012
Year

-2•10-5

0

2•10-5

4•10-5

G
W

 A
m

pl
itu

de
 A

no
m

al
ie

s

-4•1011

-2•1011

0

2•1011

4•1011

EP
z 

A
no

m
al

ie
s 

(k
g 

s-2
)

-0.6
-0.5

-0.3

-0.2

-0.0

 0.1

 0.3

 0.4
 0.6

C
or

re
la

tio
ns

-0.6
-0.5

-0.3

-0.2

-0.0

 0.1

 0.3

 0.4
 0.6

C
or

re
la

tio
ns

6/26/13	
   CEDAR	
  2013	
   6	
  

	
  
	
  	
  	
  è	
  	
  	
  	
  	
  Global	
  responses	
  to	
  planetary	
  wave	
  anomalies	
  in	
  the	
  polar	
  stratosphere.	
  
	
  
	
  	
  	
  è	
  	
  	
  	
  	
  CorrelaJon	
  paWerns	
  are	
  different	
  for	
  the	
  NH	
  and	
  the	
  SH	
  
	
  
	
  	
  	
  è CorrelaJon	
  paWerns	
  are	
  mainly	
  driven	
  by	
  winter	
  planetary	
  wave	
  anomalies	
  
	
  



CorrelaJons	
  during	
  SSWs	
  
(a) Composit Major-SSW  NH
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(c) Composit Minor-SSW  NH
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(b) Composit Major-SSW  SH

-40 -20 0 20 40
  

30

40

50

60

70

80

90

 

-0
.4

-0.
2

-0.2

-0.2

-0
.2

-0.2
-0.2

0.
0

0.0

0.0

0.0

0.
0

0.2 0.2
0.4 0.4

0.6

(d) Composit Minor-SSW  SH
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NH	
  =>	
  Time-­‐series	
  from	
  Dec	
  15	
  to	
  Feb	
  15	
  for	
  the	
  NH	
  SSWs,	
  Aug	
  15	
  to	
  Oct	
  15	
  for	
  the	
  SH	
  SSWs	
  

2004	
  
2006	
  
2009	
  

2002	
  
2003	
  
2005	
  
2007	
  
2008	
  
2010	
  
2011	
  
2012	
  
	
  

	
  
2002	
  

	
  
2004	
  
2005	
  
2007	
  



CorrelaJons	
  between	
  anomalies	
  GWs	
  and	
  EPz	
  during	
  major	
  SSWs	
  in	
  the	
  NH	
  	
  

(a) Correlation 2003-2004 NH (Dec 15 - Feb 15) 
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(b) Correlation 2003-2004 NH (Dec 15 - Feb 15) 
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(c) 2005-2006 NH (Dec 15 - Feb 15) 
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(d) 2005-2006 NH (Dec 15 - Feb 15) 

-40 -20 0 20 40
  

30
40
50
60
70
80
90

 

0.0

0.0
0.0

0.2

0.2

0.2

0.2

0.4

0.4

0.4 0.4
0.6

0.6

(e) 2008-2009 NH (Dec 15 - Feb 15) 
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(f) 2008-2009 NH (Dec 15 - Feb 15) 
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(g) 2002 SH (Aug 15 - Oct 15) 
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(h) 2002 SH (Aug 15 - Oct 15) 
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(a) Correlation 2003-2004 NH (Dec 15 - Feb 15) 
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(b) Correlation 2003-2004 NH (Dec 15 - Feb 15) 
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(c) 2005-2006 NH (Dec 15 - Feb 15) 
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(d) 2005-2006 NH (Dec 15 - Feb 15) 
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(e) 2008-2009 NH (Dec 15 - Feb 15) 
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(f) 2008-2009 NH (Dec 15 - Feb 15) 
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(g) 2002 SH (Aug 15 - Oct 15) 

-40 -20 0 20 40
Latitude (degree)

30
40
50
60
70
80
90

A
lti

tu
de

 (k
m

)

-0.4

-0.4

-0.2

-0.2

0.0

0.0

0.0

0.0

0.2

0.2

0.2

(h) 2002 SH (Aug 15 - Oct 15) 
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SABER	
  ObservaJons	
  

	
  
Two	
  QuesJons:	
  
	
  
1)  Why	
  are	
  GW	
  responses	
  in	
  the	
  NH	
  and	
  SH	
  different	
  ?	
  

⇒  difference	
  in	
  wind	
  structure	
  in	
  the	
  NH	
  and	
  SH	
  

2)  Why	
  do	
  the	
  region	
  of	
  posiJve	
  correlaJons	
  extend	
  from	
  the	
  
winter	
  stratosphere	
  to	
  the	
  summer	
  mesosphere?	
  

⇒  Changes	
  in	
  GW	
  propagaMon	
  (filtering,	
  direcMons)	
  ?	
  
⇒  SMll	
  not	
  clear…	
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(a) Zonal Wind (U) 2003-2004 NH
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(b) du/dz 2003-2004 NH
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(c) T Anomalies 2003-2004 NH
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(d) Zonal Wind (U) 2005-2006 NH
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(e) du/dz 2005-2006 NH
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(f) T Anomalies 2005-2006 NH
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(g) Zonal Wind (U) 2008-2009 NH
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(h) du/dz 2008-2009 NH
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(i) T Anomalies 2008-2009 NH
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(j)  Zonal Wind (U) 2002 SH
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(k) du/dz 2002 SH
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(l) T Anomalies 2002 SH
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Causes	
  of	
  Difference	
  in	
  CorrelaJon	
  PaWerns	
  (NH	
  and	
  SH)	
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SSWs	
  in	
  the	
  SH	
  mostly	
  occur	
  during	
  the	
  transiMon	
  from	
  winter	
  to	
  spring	
  

Background	
  wind	
  structure	
  is	
  different	
  compared	
  to	
  SSWs	
  in	
  the	
  NH	
  (major	
  SSWs)	
  

Difference	
  in	
  gravity	
  wave	
  responses	
  to	
  planetary	
  wave	
  anomalies	
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(g) Zonal Wind (U) 2008-2009 NH

-50 0 50
  

30

40

50

60

70

80

90

A
lt

it
u

d
e 

(k
m

)

0 20

-60

-40

-20 -2
0

(h) du/dz 2008-2009 NH

-40 -20 0 20 40
  

30

40

50

60

70

80

90

 

(i) T Anomalies 2008-2009 NH

-40 -20 0 20 40
  

30

40

50

60

70

80

90

 

(j)  Zonal Wind (U) 2002 SH

-50 0 50
Latitude (degree)

30

40

50

60

70

80

90

A
lt

it
u

d
e 

(k
m

)

0
0

2020

-20

-20

Zonal Wind (m/s)

-100.  -75.  -50.  -25.    0.   25.   50.   75.  100.

(k) du/dz 2002 SH

-40 -20 0 20 40
Latitude (degree)

30

40

50

60

70

80

90

 

Correlation Coefficient

-1.0 -0.8 -0.5 -0.2  0.0  0.2  0.5  0.8  1.0

(l) T Anomalies 2002 SH

-40 -20 0 20 40
Latitude (degree)

30

40

50

60

70

80

90

 

Correlation Coefficient

-1.0 -0.8 -0.5 -0.2  0.0  0.2  0.5  0.8  1.0

The	
  2004	
  SSW	
  (Jan	
  8)	
  

The	
  2006	
  SSW	
  (Jan	
  23)	
  

The	
  2009	
  SSW	
  (Jan	
  28)	
  

LaMtude	
  (degree)	
  

ü 	
  PosiJve	
  correlaJon	
  regions	
  locate	
  above	
  the	
  westward	
  jet	
  in	
  the	
  equator	
  and	
  in	
  
the	
  summer	
  hemisphere.	
  	
  	
  



CorrelaJon	
  and	
  du/dz	
  Anomalies	
  

6/26/13	
   CEDAR	
  2013	
   13	
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(c) T Anomalies 2003-2004 NH

-40 -20 0 20 40
  

30

40

50

60

70

80

90
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(j)  Zonal Wind (U) 2002 SH
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Color	
  contours:	
  CorrelaJons	
  between	
  
anomalies	
  of	
  GWs	
  and	
  EPz.	
  



Conclusions	
  

•  Gravity	
  wave	
  anomalies	
  have	
  staJsJcally	
  significant	
  
correlaJons	
  with	
  the	
  winter	
  planetary	
  wave	
  acJviJes	
  (EPz)	
  
not	
  only	
  in	
  the	
  winter	
  stratosphere	
  but	
  also	
  in	
  the	
  summer	
  
hemisphere.	
  

•  PosiJve	
  correlaJon	
  regions	
  extend	
  from	
  the	
  winter	
  
stratosphere	
  to	
  the	
  summer	
  mesosphere.	
  

•  Difference	
  in	
  GW	
  responses	
  to	
  PWs	
  in	
  the	
  SH	
  and	
  in	
  the	
  NH	
  
can	
  be	
  related	
  to	
  the	
  different	
  wind	
  structure.	
  	
  	
  

•  Any	
  comments	
  and	
  suggesJons	
  are	
  welcome!	
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