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Latitudinal propagation of GWs 
The easterly jet in the summer 
hemisphere exhibits a slanted structure 
above 50 km in the mesosphere 
 
Easterly winds are associated with the 
monsoon circulation à Wave focusing 
into the jet à allow eastward propagating 
GWs to enter the middle atmosphere. 

Motivation: From Sato et al., (2009) ‘On the Origins of mesospheric gravity waves’: 
“The monsoon regions are the most important window to the middle atmosphere in 
summer because of the easterlies associated with the monsoon circulation” 

Momentum Flux from NOGAPS-
ALPHA model  (Siskind, 2014) 

Sato	et	al.	2009	



3	

Data and model: 
     Observational Study to understand the influence of monsoon GWs on PMCs 
during the NH 2007 summer 

1. SABER/TIMED temperatures to derive GW 
parameters 
 
 
2. PMC Occurrence Frequency from the Cloud 
Imaging and Particle Size (CIPS) experiment on the 
AIM satellite 

3. NOGAPS-ALPHA model results (high 
resolution model to calculate GWMF and 
assimilated model results for wind analysis) 

CIPS, NH 
15-July 2007 



Method - GWs from SABER: Calculate Amplitude and Momentum Flux (MF) 
from perturbation temperature (Ern et al. 2011). 
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-  Horizontal wavelengths (1/ kh) are calculated from the phase difference between 
adjacent profiles 
-Vertical wavelengths (1/m) are calculated from wavelet analysis 

§ To is the background temperature calculated as 
the sum of zonal mean temperature and PW 
(WN1-5) components 

T̂§     = GW amplitude 
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Slanted structure of the GWMF could suggest a ‘non-vertical’ propagation of 
GWs from low latitudes, low altitudes to high latitudes, high-altitudes.	

SABER 

Gravity Wave Momentum Flux (GWMF) from SABER 

•  July 2007 

•  GWMF units are in 
log10(hPa).  

•  White contours are the 
horizontal winds 
calculated from SABER 
geopotential height 



wuMFNOGAPS ʹʹ= ρ

GWMF from high resolution NOGAPS-ALPHA for July 2007 

Zonal Wind (m/s) 
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Since SABER GWs cannot give us direction we use high-resolution NOGAPS-
ALPHA data from July 2007 to show the eastward propagating gravity 
waves (confirms the direction of propagation). 

T479	



PMCs 

GWs from  
Monsoon Region 

GWs 

GWs 

GWs? 
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Slanted Structure ! Non-vertical propagation of GWs? 
 
The circles indicate the location (latitude) of maximum momentum flux at each 
altitude. 

Possible source/direction of monsoon generated stratospheric GWs 
influencing the high latitude middle atmosphere 



15-30°N	

15-30°N	
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Annual variations and monsoon GWs in the tropical stratosphere 

NH 2007 PMC 
season 

Start is controlled by 
monsoon activity and 
winds? 

End is controlled by 
filtering by winds 
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Monsoon GWs and PMCs  

The high correlation (>0.5) implies: 
 
•  the large scale circulation 

influencing PMCs also influence 
monsoon stratospheric GWs (and 
SH lower stratospheric GWs) 

•  monsoon GWs influence the high 
latitude middle atmosphere via 
wave focusing into (slanted 
structure) of the easterly winds. 

 

Correlation coefficient between PMC at ~84 km, 65-85°N, and global GWMF 

R=	0.8	
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Monsoon GWs and Winds 

Correlation coefficient between time-series of 
monsoon (15-30°N) GWMF at ~50 km and NOGAPS-
ALPHA zonal winds during the NH PMC season 

Positive correlation is not 
relevant since westerly 
winds will not allow 
eastward propagating 
waves 

Slanted structure agrees with 
non-vertical propagation of 
GWs to reach the polar 
mesosphere and influence 
PMCs 
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Influence of SH PWs on monsoon GWs  

Preliminary Analysis 
Correlation between MERRA PWs 
(EPz) at 10 hPa, 60°S and SABER 
GWMF for July 2007 

SABER: T_July 2007 – T_July 2009 SABER: U_July 2007 – U_July 2009 

Anomalies of temperature and winds show the expected basic structure, 
associated with the coupling between the SH lower stratosphere, the 
equatorial stratosphere, and NH polar mesosphere; also seen in NOGAPS-
ALPHA data (Siskind et al., 2011) 
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Summary 

First observational study to understand the influence of monsoon generated 
gravity waves on polar mesospheric clouds. 
 
The monsoon GWs in the tropical stratosphere influence the NH polar 
summer mesosphere (via non-vertical propagation, owing to the slanted 
structure of the easterly winds). 
 
The stratospheric monsoon GWs and PMCs could be modulated by the 
same large scale circulation (via teleconnection between the southern 
hemisphere lower stratosphere)  

Thank You 
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From	Wright	and	Gille,	JGR,	2007	

Monsoon	regions	
studied	in	their	paper.	


