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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 50°S to 50°N 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

The AtmosPheriC Infrared sounber(AIR S)
mounteb on AQua sPacecraftmeasures vertical
Profiles of airtemPeratire and humibity UusinG Both
microwaves anb infrareb irrabiances (P aGano et
al. 2003; LamBriGtsen anb Lee 2003; Susskinb et
al. 2003; Autmann etal. 2003). The AIR SElevel IlI
pata thatProvibe Gribbeb values of1°latitube By
1°lonGitube for the hiGhesttemP oral resolution of
twice Perbay Became availaBle recendly (G ranGer
etal., 2005). This level Il bata were berived from
the Level Il version 4.0 AIR S retrieval alGorithm
(Fetzeretal. 2005; Ye etal. 2005). This Gribbeb
level 111 bata setwill Be very valuaBle for the
Climate research community.
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This stuby uses AIRS moisture Profile b ata
t0 reveal GeoGraPhiCal corresponbences Of
atmosPheriC moistire contentBetween the lower
anb uPpPertropOsPhere.

2. METHODOLOGY

The Paily Gribbeb AIRS atmoOsPheriC
sPecCific humibity over worlb oceans Between 50.S
t0 50.N are useb to berive three-day averages Of
vertiCal inteGrateb moistire content for the two air
columns: 1000mB-500mB (1000mB, 925m8B,
850mB, 700mB, 600mB, 500mB) anP 500mB -
100mB (400mB, 300mB, 250mB,
200mB,150mB,100mB) for the six months of
January t0 June, 2005. The vertical intecration of
water vaPoris Baseb on the followinG equation:
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Then sinGular value b ecomP Osition
analysis (SVP ) is Performeb 10 ib entify the
teleconnections amonG Gribs Between these two
atmosPheriC layers. Thus the two fielbs analyzeb
in SVp are the moisture fielb Below 500mB anb
the moisture fielb aBove 500mB. The time series



ofthe resultinG major svp pattems are useb to
reveal the bominantmob e of tem P oral variations
ranGinG from b aily t0 seasonal time scCales.

3. RESULTS

Six major Patterns probuceb By SVp are
analyzeb. They exPlain aBout46.8% Of total
variance of the two mOoistire fielbs Below anb
aBove 500mB.

The time series ofPattern 1 shows a
stronG seasonal Pattern of variation: the value
Peaks in early FeBruary anb becreases Grabually
for the remaininG 5 months (FiGure 1). ThePc1
for Both Below anb aBove 500mB match

Closely.
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FiGure 1. Time series OfP C1 forBelow 500mB

(Blue) anb aBove 500mB (Green).

This suGGests thataBunbant moisture over
the southem hemisPheric roPical ocean is
becreasinG while these over the northem
hemisPhere itis inCreasinG startnG in early
FeBruary Both Below anb aBove 500mB (FiGure 2
anb Ficure 3). The corresPonbence Between
Below anp aBove 500mB for this seasonal Pattem
iS very close exceptfor a few areas. one ofthe
m ajor bifferences lies over 20°S in the western
South P acific 0 cean, extenbinG from eastcoastof
Australia t0 aBout 150w . In this reGion, the
moistire is more aBunbantin the lower
troposPhere than the uPPer, thus more siGnificant
seasonal variations of moisture existin the lower
roposPhere. A similarPattern t0 this (mirror
imace) is evibentin the N Orth P aCifiC 0 Cean where
the lower atm OsPheriC m Oistire also seems 10
have stronGer seasonal variations. This may Be
related to the factthatmoistire is PisCharGeb into
these areas constantly throuGhoutthe year from
lanbd areas overuPPer roposPhere. This

Phenomenon Can Be seen from b aily moisture
ChanGes. W hile over equatorial reGions of eastem
P aCifiC Between 150w -120w , UPPer trop OsPheric
moistire seems t0 have a stronGer seasonal
variation.

Pattern 1_below 500mb

Pattern 1_above 500mb

FiGUre 3.EOF OfPC1 On moistire aBove 500mB.

P atterm 2 shows intraseasonal variations
overlaib with a seasonal variation thatpeakeb in
early APril (FiGure 4). on baily scales, P ¢ 2 for
lower troP 0OsPheriCc (Blue) moisture has sliGhdy
pifferentvalues comPareb 0 the uPper
roposPhere



(creen).

30F
20F

1w0f

50 100 150
Day in year (Jan-Jun)

FiGure 4. Time series OfP C 2

The major activities pescCriBeb By this Pattern are
over the eastern eqQu atorial P aCific, the eqQu atorial
Adantic ocean, and the southem Inbian 0 cean
(Ficure 5 anb FiGure 6). Variation of this Pattemn
seems to Be stronG over the lower tropOsPhere in
mostareas. However, in the area over the
northem coast Of Australia, anb coastof southem
A frica, the variations seem 10 Be moOre noticeaBle
on upper

roposPhere.
Pattern 2_below 500mb

FiGure 5. EOF OfP C2 for mOistire Below 500mB.

Pattern 2_above 500mb

FiGure 6. EOF OfP C2 for mOistire aBove 500mB.
P attem three shows an intraseasonal

variation of aBout50 bays with the stroncer cycle
occuminG over FeBruary anb M arch (FiGure

7).
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FiGure 7. Time series OfPC 3

This Patterm reveals sanb wiCheb offPhase
moistire Chances over the mipble anp tropical
P aCifiCc 0 Ceans. AcCtivities seem to Be of similar
strenGths Between lower anb uPPer roposPhere,
exceptover the westerm equatorial ocean where
uPPerropOsPhere has a stronGer variation
amPlitube (FiGure 8 anb Ficure 9).



Pattern 4_below 500mb

FiGure 8. EOF OfP C 4 for moisture fielb Below

500mB
Pattern 4_above 500mb

FiGure 9. EOF OfP C 4 for moisture fielb aBove
500mB

P attern four shows seasonal variation at
aBout4-month time scale with a Peak in early
M arCh anb late June. This Pattern shows more
m oistire variation over the uPPer trop osphere for
certain areas (FiGure 8 anb FiGure 9). Three
major centers are (1) over the eastem tropical
P aCifiC 0 Cean anb the westem coastofSouth
America, (2) over the westem Inbian 0 cean with
two oPPOsite Phases Between northemn anb
equatorial areas, anb (3) over the South Inbian
0 Cean off the coastofnorthwestem Australia. In
moistire fielbs Below 500mB, there is an almost
continuous area of active moisture variation from
the equatorial Inbian 0 Cean 0 the central P acCifiC
o0 cean, while this is notthe case for the moisture
fielbs aBove 500mB.

P attern five shows moisture variation ata
time scale of30 bays. (FiGure 10). The variation is
stronGerburinG the first three month than in later
months.
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FiGure 10. Time series 0OfPC5

This Pattem bescCriBes moisture actvities
overisolateb centers almostall concentrated in
the P acCifiC anb Inbijan oceans (Ficure 11 anb
FiGure 12). The southwest-to-northeast
orientation of these centers marks the influence of
trabe winbs esP eCially over the P aCifiC troPiCal

ocean.
Pattern 5_below 500mb

FiGure 11. EOF OfP C5 for moisture fielb Below
500mB



Pattern 5_above 500mb

Pattern 6_helow 500mb

FiGure 12. EOF ofPattem 5 for moisture fielb of
aBove 500mB

P attem six seems t0 show a 10-Pay moistire
CcycCle overiaip on three monthly variations (FiGu re
13).
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FiGure 13. Time series Of Patter six

A ctivity centers Of this Pattern also show a
southwest-to-northeast orientation. M Ost
interestinG ofthese is a bry center over the
western coastof South America for Below 500mB
corresponbinG to a relative wetcenter aBove
500mB (FiGure 14 anb ficure 15).

FiGure 14. EOF OfPattem six for m oisture fielp

Below 500mB
Pattern 6_above 500mb

FiGure 15. EOF OfPattem six for moisture fielb
aBove 500mB

4. CONCLUSIONS

This stuby analyzeb connections of
moistire contentBetween the lower anb upper
troposPhere over GloBal mipble-Hatitube anp
tropical oceans for the time PeriodP 0f 6 month in
2005. Itis interestinG t0 see thatthe Pominant
seasonal anb intraseasonal variation Pattems
corresponb well Between lower and upper
trop OsPhere with stronGer variaBility over the lower
tropOsPhere. As the variance OfPattem
becreases, Poorer COrresP onb ence starts t0 show
in some areas UPPer roPOSPhere may have larger
variaBility than lower roPOsPhere Or even no
activity is founb in there.

This stuby suGGests thata universal
moistire Profile over oceans is in General a GOOb
assumPtion. E xCePtions oCCur over certain
GeoOGraPhical reGions near t0 a lanbm ass, where
m oistire Profiles may Be mobifieb.
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