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Decadal variations of Hadley and Walker circulations in the tropics
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AUST1UCr. Prehmmary CSIIIDaIC (If divergent Ibdk) and Walker orcutation associated with imer-dccadal
variauons in the Imri e.. is made with 50·)'car reanal ysis daw and co mpared with thei r inter -annua l cocntcrpans. Inter 
decadal and inter-annual components arc seperatcd using harmonic ana lysi .. and meridional and zona l mass OUt ~ 1 1'C..am
Iuncuon s arc used to ca lculate the ~1TC'nglh (If Had ley an d Walker circ ulation s The magnitude of intcr-dccadal Hadley
and w alker circulation anomalies ,IfC shown 10 he comparable 10 those ussocict cd with dominant inter-annual varia tions ,
How supcrpcsnion uf intcr -dccadal and inter.an nua l divergent circulations may influen ce regiona l climate is discussed .

K\:)' words - Hadle y cir culation . Walke r circu tauon. Inter-annua l vanabihty, Tropical precipuauon LUlie.
El-Nino. La-Nma.

1. Introduct ion

The c lima te in the tropics is a ffected by se vera l
important inter -annual and decndal ~ multi decudul
varia tions . While spatiu-tcmporal s truc ture of the inter
annual variat ions such as the EI Nino and Southern
Oscillation (ENSO) is well documented (Philander. 1990;
Wall ace ct al .. 1988 1. the decadal . mu lti deeadal
oscillations have so far been studied mai nly with surface
da ta (Kripalani and Kulkarn i. 1997; Parth asarathy et al ..
1993; Allan. 1993 ; Allan et ol.. 1995; Kuch i a nd Nitta.
1997; Zhang et at.. 1997). T his is pa rtly due to non 
availabil ity of coherent global upper air data for a
suffic iently lon g period o f lime 10 decipher the three
dim ensional structure of the decadal - mult i deca dal
osc illations. Th e upp er air analyse s ava ilab le fro m
operational wea lher predicti on centers archived fro m early
seventies suffe-red from c1imalc jumps inlroduccJ
artificially by Ihe chanl!es in Ihe prediction model and
data aSlio imilal ion ~y~(cm .

The ascend ing a nd descending branchc", of the
\Val ~er and the Iladley ~ i r~: lI l a t ion", determine Ihe climate

(23)

of vari ous tropic..al reg ions . Hence. variations (in strength
andlor in locat ion ) of the asc ending the descending
branches nf the Wal ker and Had ley c ircul ati ons infl uence
c limate variabili ty in the tropics. To understand how the
dec adal - mu lti dccada l osc illations modulate tropi cal
climate. a d ear idea o f the natur e of variabili ty o f the
Walker and Had ley ci rcu lations associa ted with the
observed dccadal - mu lti decadal oscilla tions is essential .
Jt requires knowledge of the three d imensional structure of
these ci rculations associated with the dccadal - mu lti
decada l osci llations, The pri mary objective o f the present
study is to obtain qua ntitative measu re of varia tions of the
Walker and Hadley circulatio ns on decadal - mulli decadal
time sca les and co mpare Ihem wi th those o n inter-annual
time sca le. Th e mass flux stream functi on is used as a
measure of the inte nsi ty of Hadley and Wal ker
ci rcu lations in this study .

Some recent sl ud ie~ have addressed Ihe imcr-<tnnual
variations of 1he Hadley a nd \Va lke r circulalions. For
esample. Don and Yie nger (1996) used 26 . year daily
upper air observ:u ions bet\vccn 1964 and 19 89 ;Ind
calculated inter -annual varia tions of mass nuxcs
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