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Abstract 
This study uses AIRS level 3 moisture profile data to reveal geographical correspondences of 
atmospheric moisture content between lower and upper troposphere.  The daily gridded AIRs 
atmospheric specific humidity over world oceans between 50ºS to 50ºN are used to derive three-
day average vertical integrated moisture content for the two air columns: 1000mb-700mb and 
700mb-500mb for the available three years time period.  Then singular value decomposition 
analysis (SVD) is performed to identify the teleconnections among grids between these two 
atmospheric layers.  In addition, the time series of the resulting major SVD patterns are analyzed 
to reveal the dominant mode of temporal variations ranging from weekly to interannual time 
scales.  Results suggest that there is a good agreement in moisture variations between lower and 
upper troposphere over middle-latitude and tropical oceans in general.  Exceptions are found in 
small areas near a landmass where moisture profile may be different from the rest of the majority 
oceans. 

 
 

1. INTRODUCTION  
 

T h e A tm osp h eric I n fra red  S ou n d er (A I R S )  
m ou n ted  on  A qu a  sp acecra ft m easu res vertica l 
p rofi les of a ir tem p eratu re an d  h u m id ity u s ing b oth  
m icrowaves an d  in fra red  irra d ia nces ( P agano et 
a l.  2 003 ;  L am b rigtsen  an d  L ee 2 003 ;  S u ssk in d  et 
a l.  2 003 ;  A u tm ann  et a l.  2 003 ) .   T h e A I R S ’ leve l I I I  
d a ta  th a t p rovid e  grid d ed  va lu es of 1 ° la titu d e b y 
1 ° longitu d e for th e h igh est tem p ora l resolu tion  of 
twice p er d a y b ecam e ava ila b le  recen tly (G ranger 
et a l. ,  2 005 ) .    T h is leve l I I I  d a ta  were d erived  from  
th e L eve l I I   V ers ion  4 . 0 A I R S  retrieva l a lgorith m  
(F etzer et a l.  2 005 ;  Y e et a l.  2 005 ) .   T h is grid d ed  
leve l I I I  d a ta  set will b e  very va lu a b le  for th e 
clim ate research  com m u n ity .  
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T h is stu d y u ses A I R S  m oistu re p rofi le  d ata  
to revea l geogra p h ica l corresp on d ences of 
a tm osp h eric m oistu re con ten t b etween  th e lower 
an d  u p p er trop osp h ere .  
 

2. METHODOLOGY 
 

T h e d a i ly  grid d ed  A I R S  a tm osp h eric 
sp ecific h u m id ity over world  oceans b etween  50ºS  
to 50ºN  are u sed  to d erive th ree-d ay averages of 
vertica l in tegrated  m oistu re con ten t for th e two a ir 
colu m ns:  1 000m b -500m b  ( 1 000m b ,  9 2 5m b ,  
8 50m b ,  7 00m b ,  6 00m b ,  500m b )  an d  500m b -
1 00m b  (4 00m b ,  3 00m b ,  2 50m b ,  
2 00m b , 1 50m b , 1 00m b )  for th e s ix m on th s of 
Jan u a ry to Ju ne ,  2 005 .    T h e vertica l in tegration  of 
water va p or is b ased  on  th e following equ ation :  

w = qi *∆pi
gp1

p2∫  

T h en  s in gu la r va lu e d ecom p osition  
an a lys is (S V D )  is p erform ed  to id en tify th e 
te leconnection s am ong grid s b etween  th ese two 
a tm osp h eric la yers .   T h u s th e two fie ld s an a lyzed  
in  S V D  a re th e m oistu re fie ld  b e low 500m b  an d  
th e m oistu re fie ld  a b ove 500m b .   T h e tim e series 



of th e resu ltin g m a jor S V D  p a tterns a re u sed  to 
revea l th e d om in an t m od e of tem p ora l va ria tions 
ranging from  d a i ly  to seasona l tim e sca les .  
 

3. RESULTS 
 

S ix m a jor p a tterns p rod u ced  b y S V D  a re 
an a lyzed .  T h ey exp la in  a b ou t 4 6 . 8 % of tota l 
va ria nce of th e two m oistu re fie ld s  b e low an d  
a b ove 500m b .  
 T h e tim e series of p a ttern  1  sh ows a  
strong seasona l p a ttern  of va ria tion :  th e va lu e 
p eaks in  ea rly F eb ru ary an d  d ecreases gra d u a lly  
for th e rem a in in g 5  m on th s ( F igu re 1 ) .    T h e P C 1  
for b oth  b e low an d  ab ove 500m b  m atch  
close ly .

 
F igu re 1 .  T im e series of P C 1  for b e low 500m b  
(B lu e )  an d  a b ove 500m b  (green ) .  
 
 T h is su ggests th a t a b u n d an t m oistu re over 
th e sou th ern  h em isp h eric trop ica l ocean  is 
d ecreasing wh ile  th ese over th e north ern  
h em isp h ere  it is in creasin g sta rtin g in  early 
F eb ru a ry b oth  b e low an d  a b ove 500m b  (F igu re 2  
an d  F igu re 3 ) .   T h e corresp on d ence b etween  
b e low an d  ab ove 500m b  for th is seasona l p a ttern  
is very close excep t for a  few a reas.   O ne of th e 
m a jor d ifferences lies over 2 0°S  in  th e western  
S ou th  P acific O cean ,  exten d in g from  east coast of 
A u stra lia  to a b ou t 1 50W .   I n  th is region ,  th e 
m oistu re is m ore a b u n d an t in  th e lower 
trop osp h ere th an  th e u p p er,  th u s m ore sign ifican t 
seasona l va ria tion s of m oistu re exist in  th e lower 
trop osp h ere .    A  s im i la r p a ttern  to th is (m irror 
im age)  is evid en t in  th e N orth  P acific O cean  wh ere  
th e lower a tm osp h eric m oistu re a lso seem s to 
h ave stronger seasona l va ria tion s .   T h is m ay b e 
re la ted  to th e fact th a t m oistu re is d isch arged  in to 
th ese a reas constan tly th rou gh ou t th e yea r from  
la n d  a reas over u p p er trop osp h ere .   T h is 

p h enom enon  can  b e seen  from  d a i ly  m oistu re 
ch anges.   W h i le  over equ atoria l regions of eastern  
P acific b etween  1 50W -1 2 0W ,  u p p er trop osp h eric 
m oistu re seem s to h ave a  stronger seasona l 
va ria tion .  
  

 

 
F igu re 3 .  E O F  of P C 1  on  m oistu re a b ove 500m b .  
 

P a ttern  2  sh ows in traseasona l va ria tions 
overla id  with  a  seasona l va ria tion  th a t p eaked  in  
ea rly A p ri l ( F igu re 4 ) .   O n  d a i ly  sca les ,  P C 2  for 
lower trop osp h eric (b lu e )  m oistu re h as s ligh tly 
d ifferen t va lu es com p ared  to th e u p p er 
trop osp h ere 



(green ) .

 
F igu re 4 .  T im e series of P C 2  
 
T h e m a jor activities d escrib ed  b y th is p a ttern  a re 
over th e eastern  equ atoria l P acific,  th e equ atoria l 
A tla n tic ocean ,  a n d  th e sou th ern  I n d ia n  O cean  
(F igu re 5  an d  F igu re 6 ) .   V a ria tion  of th is p a ttern  
seem s to b e strong over th e lower trop osp h ere in  
m ost a reas.   H owever,  in  th e a rea  over th e 
north ern  coast of A u stra lia ,  a n d  coast of sou th ern  
A frica ,  th e va ria tions seem  to b e m ore noticeab le  
on  u p p er 
trop osp h ere .

 
F igu re 5 .  E O F  of P C 2  for m oistu re b e low 500m b .  
 

 
F igu re 6 .  E O F  of P C 2  for m oistu re a b ove 500m b .  
 
 P a ttern  th ree sh ows an  in traseasona l 
va ria tion  of ab ou t 50 d a ys with  th e stronger cycle  
occu rring over  F eb ru a ry an d  M a rch  (F igu re 
7 ) .

 
F igu re 7 .  T im e series of P C 3  
 
 T h is p a ttern  revea ls san d wich ed  off-p h ase 
m oistu re ch anges over th e m id d le  an d  trop ica l 
P acific O ceans.   A ctivities seem  to b e of s im i la r 
strength s b etween  lower an d  u p p er trop osp h ere ,  
excep t over th e western  equ atoria l ocean  wh ere 
u p p er trop osp h ere h as a  stronger va ria tion  
am p litu d e ( F igu re 8  an d  F igu re 9 ) .  



F igu re 8 .  E O F  of P C 4  for m oistu re fie ld  b e low 
500m b  

 
F igu re 9 .  E O F  of P C 4  for m oistu re fie ld  a b ove 
500m b  
 

P a ttern  fou r sh ows seasona l va ria tion  a t 
a b ou t 4 -m on th  tim e sca le  with  a  p eak in  ea rly 
M a rch  an d  la te Ju ne .   T h is p a ttern  sh ows m ore 
m oistu re va ria tion  over th e u p p er trop osp h ere for 
certa in  a reas ( F igu re 8  an d  F igu re 9 ) .   T h ree 
m a jor cen ters a re ( 1 )  over th e eastern  trop ica l 
P acific O cean  an d  th e western  coast of S ou th  
A m erica ,  ( 2 )  over th e western  I n d ian  O cean  with  
two op p osite p h ases b etween  north ern  an d  
equ atoria l a reas,  a n d  (3 )  over th e S ou th  I n d ia n  
O cean  off th e coast of north western  A u stra lia .    I n  
m oistu re fie ld s b e low 500m b ,  th ere is an  a lm ost 
con tin u ou s a rea  of active m oistu re va ria tion  from  
th e equ atoria l I n d ia n  O cean  to th e cen tra l P acific 
O cean ,  wh ile  th is is not th e case for th e m oistu re 
fie ld s a b ove 500m b .    

P a ttern  five sh ows m oistu re va ria tion  a t a  
tim e sca le  of 3 0 d a ys .  ( F igu re 1 0) .   T h e va ria tion  is 
stronger d u rin g th e first  th ree m on th  th an  in  la ter 
m on th s .  

 
F igu re 1 0.  T im e series of P C 5  
  
 T h is p a ttern  d escrib es m oistu re activities 
over isola ted  cen ters a lm ost a ll concen tra ted  in  
th e P acific an d  I n d ia n  oceans ( F igu re 1 1  a n d  
F igu re 1 2 ) .   T h e sou th west-to-north east 
orien ta tion  of th ese cen ters m arks th e in flu ence of 
tra d e win d s esp ecia lly  over th e P acific trop ica l 
ocean .   

 
F igu re 1 1 .  E O F  of P C 5  for m oistu re fie ld  b e low 
500m b  



 
F igu re 1 2 .  E O F  of p a ttern  5  for m oistu re fie ld  of 
a b ove 500m b   
 
P a ttern  s ix seem s to sh ow a  1 0-d ay m oistu re 
cycle  overla id  on  th ree m on th ly va ria tion s ( F igu re 
1 3 ) .  

 
F igu re 1 3 .  T im e series of p a ttern  s ix 
 
A ctivity cen ters of th is p a ttern  a lso sh ow a  
sou th west-to-north east orien ta tion .   M ost 
in terestin g of th ese is a  d ry cen ter over th e 
western  coast of S ou th  A m erica  for b e low 500m b  
corresp on d ing to a  re la tive wet cen ter ab ove 
500m b  (F igu re 1 4  an d  figu re 1 5 ) .  

 
F igu re 1 4 .  E O F  of p a ttern  s ix for m oistu re fie ld  
b e low 500m b  

 
F igu re 1 5 .  E O F  of p a ttern  s ix for m oistu re fie ld  
a b ove 500m b  
 
4. CONCLUSIONS 
 

T h is stu d y ana lyzed  connections of 
m oistu re con ten t b etween  th e lower an d  u p p er 
trop osp h ere over glob a l m id d le-la titu d e an d  
trop ica l ocean s for th e tim e p eriod  of 6  m on th  in  
2 005 .   I t is in terestin g to see th a t th e d om in an t 
seasona l a n d  in traseasona l va ria tion  p a ttern s 
corresp on d  we ll b etween  lower an d  u p p er 
trop osp h ere with  stronger va ria b i l ity over th e lower 
trop osp h ere .    A s th e va ria n ce of p a ttern  
d ecreases,  p oorer corresp on d ence sta rts to sh ow 
in  som e areas u p p er trop osp h ere m ay h ave la rger 
va ria b i l ity th an  lower trop osp h ere or even  no 
activity is fou n d  in  th ere .  

T h is stu d y su ggests th a t a  u n iversa l 
m oistu re p rofi le  over oceans is in  genera l a  good  
assu m p tion .    E xcep tion s occu r over certa in  
geogra p h ica l region s near to a  la n d m ass,  wh ere 
m oistu re p rofi les m ay b e m od ified .  
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