
Univ
ers

ity
 of

  C
ap

e T
ow

n
The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

son 

me 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n
over 

reverse 

A 

warm 

over 
over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is cause 

reverse is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

, 

1.1 : 

1 

1 : 

1 

area 

1 1 

1 1 

9 

season 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

over 

seasons. 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n
I am 

me 

me 

a source 



Univ
ers

ity
 of

  C
ap

e T
ow

n
, 1 

1 

1 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n
1 

1 

1: 

1.1 : 

season 

season 

over 

season 

season 

season 

season 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

1 

1 

seasons 

seasons 

season 
season 

season. 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

...... ,. ...... .- 1: 

are 

occurrences are common 

over 

summer over 

12 

I 1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

a 

1.1 

(1 1 

ua.)'Cu on 

sources are 

1 

on 

waves are II"'l'u'lC!irl 

·It now 

source near can aV{'ITa !-In'I:!C!I''I'/ 

occurs 

1 

I 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

as 

can on 

ocean 

causes warm 

is 

occur wave 

waves 



Univ
ers

ity
 of

  C
ap

e T
ow

n
1 

as a 

1 

warm 

warm 

over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

(1 

over cerltrall-I::ast 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

1 

a 

season 

sun is DA1rwE~An 

one 

ocean I"nr'ltl"l:Ilc:tc: 

seasons are 

oY1~rol'no occurrence an 

,..O ... T .. O areas over 1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

seasons over 

occurrence 

5 season 

an 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

an 

were 

was 

some areas 

can 

can 

is 

5 6 

7 "rnu,n."", a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

1.1: ""SI'.;"~~-

) 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I 
I 

250 

Northern coast area average mean annual rainfall distribution 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

Southern coast area average mean annual rainfall nIl17n..1AAAI 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

NOV DEC 

NOV DEC 



Univ
ers

ity
 of

  C
ap

e T
ow

n
on 

1 

are more 

1 

1 1 

seasons are 

on 

a 

monsoon 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 1 1 1 

more I'ol",ont OV!:IOl"Inlnlo 

1 

or causes sea 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

one areas 

an 

over some .. ar .......... "" 

su(](]eSI a 

season is 

over O\.lIUCUUI 



Univ
ers

ity
 of

  C
ap

e T
ow

n

A '!oil'''''''''''''' 

was 

is OQC::!OI"I'f, 

DVI'I"Dn'DCt were ,;;nUIYI,",''U 

as 

some 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

non 

were 

(1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

some 

on on 

oceans on 

DroDO!~ea on 

aec::reiaSEIS over 

is an as nnrunl:l 

(1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(1 )amlectE~aanlntrasE~aSIDna 

is ,....,. ... ,''''"<> 

A 

1 summer 

summer. 

an 

on 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6 
!!:ITII'\nC! over 

on 

areas """'TlI''''''' ,,","""'t'UT"''''''' over some 

a is lI''nr'\l'\l''If!!:l 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

II 

over 

II over nnll'Tn,o.rn 

III over 

III over ... "' .... "' .... , 

III 

3 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2-10 
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Figure 2.1: Map of Tanzania showing the study region (shaded) and rainfall 
stations used in the study 



Univ
ers

ity
 of

  C
ap

e T
ow

n
numerous 

1 
I over 

was selecltea 

case a were 

1 

is 

are 

as 

10 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is 1 runs 

sources. 

are a 

is a 

ulln,,..n were in 

A 



Univ
ers

ity
 of

  C
ap

e T
ow

n

assess 

was 

were 

seasons were 

season 

were 

C;:;O,'IOC! were 

C!olo,.,rOrl statiorls were 

means as TOIIOWS: 

z= /0 



Univ
ers

ity
 of

  C
ap

e T
ow

n

.. 

area 

zero are I"n,,,,,c."Mo,·on 

.... is 

A 

are aS~)QclatE~a 

season seems 

season seems 

(1 

same 

are 

",,,,,,,crT cases 

are 



Univ
ers

ity
 of

  C
ap

e T
ow

n

cases were 

cross se~ctlc>ns 

over 

are 

were ploitte«::1. 6 

mean 

season 

were 

were 

one 



Univ
ers

ity
 of

  C
ap

e T
ow

n
(1 

(1 

1 

U= 

V= 

X= 

season. 

1 

as 

were sU[)lec:tea 

o E were 

is 

are 

1 

mm 

5 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Y= 

is a 

are 

as non 

is 

1 

a can 

4 a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

3-' 

, 
m 
~ I ~ II ~ I I I 
~ 

I I I I 
< 

~p ~ c II i ! 
, 

~ 
< 

, 
, 

YEARS 

, 
If, 
w 
~ 

, 
< , 

I 
0 
z 
< 

I I ~III 0 

i I IP ~ ~Io I I , 

YeARS 

Figure 3.1: MAM (a) and OND (b) rainfall time series for the northern 
coast of Tanzania. 
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Figure 3.2: JFM (a) and OND (b) rainfall time series for the southern 
coast of Tanzania. 
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MAM Northern Coast (38.5 41'E, 8-4'S) 

Gl·iD Northern Coast (SR.5-41"h', 8-4' 8) 

Figure 3.3a: Northern coast CMAP data rainfall time series for MAM and 
OND season. 
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Figure 3.3b: As for figure 3.3a but for JFM and OND southern coast 
rainfall seasons. 



Univ
ers

ity
 of

  C
ap

e T
ow

n1 

masses. 

1 

season 

It 

are as:SO(~laltea 

1 

was 

a 

mean 



Univ
ers

ity
 of

  C
ap

e T
ow

n

season 

season 

season. 

It 

as one moves 

near over 

are 

over 

season. 

season 

sun. mean om)ltlCIn is over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

A 

near 

was 

C!n""lIIC! an 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

was nnc~.::IIn,/.::IIn 

as 

a 

season 

mean 

nOlrthE~as,terlv over 

a 

occur over 

was 

over 

was now 

monsoon 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

as rnln\/d::'l"iI"Iu::.nlrg over eQua1tOriia 

,.;;ar'T'UC zone over a 

an 

over 

an 

over 

near 



Univ
ers

ity
 of

  C
ap

e T
ow

n

monsoon are as 

over 

\lgr,ngo;:: over 

as nalCal[ea 

zones over 

arm is over we:stelrn 

",nr\u,,,,, a WeStvlfa 

a 

monsoon 



Univ
ers

ity
 of

  C
ap

e T
ow

n

monsoon crosses 

over 

sources 

Ir",r."",,"u over 

season over nl'\ll"fn~::Il"n IVIC)Z~ln 

over 

over 

are more or 



Univ
ers

ity
 of

  C
ap

e T
ow

n
season. 

over 

A 

over 

zone rnCl.rn"~C! 

season 

season 

season 

is 0\1111'110,1"\1 over 

over 

zones are 

as 



Univ
ers

ity
 of

  C
ap

e T
ow

n

mass as Inalea'tea 

over 

zone 

a 

season 

mean is 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

is 

occurs 

1 

i"OI"lTOII'Ol'l over 

source over 

a 

o 

are 

monsoon 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

C!Tl't'\l'"In ... n,nu.".-. .. "u", zones as 

season. 

is 

over 

monsoon. A ... nr ....... 

across zone over 

zones. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2 

is eSl:aDllsrlea over .. nn"I"C! as 

occurs. 

zones. A 

a on 

5 



Univ
ers

ity
 of

  C
ap

e T
ow

n

season 

1 

season. 

were 
or 

season 

over 

are 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 1 1 1 1 

season. 

is IJQ~)gU on over 

season were 

season 

1 

were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(1 1 some 

1 

1 

was 

season 

season was 

a near ae(~aaal 

1 

C!or'loC! are 

season exc:ept 

1 1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 was a 

was a 

1 

It is """""c." 

InOlcates near 

season C!Of'IOC! are 

, .... ,"' ....... near nn"ITI!!:I 

season. 

are more or 



Univ
ers

ity
 of

  C
ap

e T
ow

n

seasons. It is no 

seasons are 

over 

season. 

over 

over 

occurs over 

is 

is 10c:atE~O over 

source 

'''''''''''''''' zone over 



Univ
ers

ity
 of

  C
ap

e T
ow

n
is 

occurs over a 

causes 

season 

oC8ltea near 

is 

is 

season. 1-41'\\;\/.0\/.0 

is ocean. 

an area over 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

occur over 

occur 

is 

warm 

occur near 

near 

over 

occurs over source 

monsoon 

rOJ"' ...... r,.t",1"I over ~UUU'C~I a .... n' .... '''''' .... T'''' ... zone 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

SU(lOeiSlS a 

is 

is 

across 

over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

-.::nr"",'"",, an 

.... nlnu':>r"":>n',..."" occurs across 

sutlSII::1erlCe is seen over 

occurrence 

occurrence 

season 

...... "' .... +h it was over 

season. 

over 

A 

over 

1 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

o 
) season. 

season 

occur over 

occurs over OVTO .. .,,,'1Cl> over 

over 

an 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

near 

season 

occur over 

occur over 

.... u:!4M' ...... ', .... a ... nl,..,"~:. ... ctl"/O zone 

a nOlrImNelSIVllra 

1 

occur 

as 

over 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2 

season 

season warm 

a 

over 

over 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

3 

over 

are 

season 

more over 

1 

occur over 1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

occurrence 

a 

warm 

zone over 

areas 

on 

a 

occur over 

is 

over 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

an 

over 

season 

warm 

occur over 

is 

is as!;oc'iateld 

over 

season over 

are seen 

a 

season. 

5 

is over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6 

zone 

season 

reverse 

occur over 

near 

zones are reTlleCl[ea 

in 

occurrence 

one 

season IrTIII"lIlICIC! n01'II"IT over 



Univ
ers

ity
 of

  C
ap

e T
ow

n
over 

is locate!d 

over 

season 

season in 
reverse 

over 

are 

I'U\I'.oI"/"I.oI"II".o over 

over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

8 

are over eX10elJt near 

occur over 

1 season. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

) COITIDosiites 

"""nll .... n exc:eDl over 

over 

on,,,rnolu over 

some warm 

is 

season. 

9 

season 

reverse 

reclSEIC rf:llnT!:II1I occurs 

" .. nlPn is 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

occur over 

are over 

season 

are 

t"nll'\\I.:~rnllnn over welst49rn 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

oceans 

area 
over 

over as 

occur over 
as 

A 



Univ
ers

ity
 of

  C
ap

e T
ow

n

sense as 

occur over 

eXI:::e~mcln occurs over 

are co-·loc:atEld 

season 

over 

over 

over 

occur over 

same 

over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

over 

over 

over 

season. 

over 

I-InllAlOll/OI" it is 

over 

season. It is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

season is 

were 

season. MO'WI'!!',/"'I" 

over 

season 

rpo:ses over 

occurs 

non is 

are 



Univ
ers

ity
 of

  C
ap

e T
ow

n
was 

season. 

• A ......... u .. '" 

season. 

• A 

• 

season 

• 

season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

over 

are reverse 

<II A 

is 

season. 

<II A ",,, .. ,'t, .. ,,, 

<II 

season 

<II A 

occurs 

over 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• over 

over 

season. 

• 

• 

over 

occur over 

• 

season. 

• 

season. 

• 

season 

season. 

are reverse 

• 
season 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• over 

occur over 

occurs over \l\JII'lIO;::TI"! 

• over 

• A 

over 

6 



Univ
ers

ity
 of

  C
ap

e T
ow

n

" 
,..., . . , s :. 

"" '"0 "', " ..,. ,,,,,,, .. d,, .,,,," ""':';:'7Jti!L 
>,To"."", , •• , , •• ,>,., .• "',T"'''','' 
:if''''''''' , "~' .. " ....... ,. .. .,'H "" . ":~; ;~:;;:-;.;;l':;~:-: ::: ;-;::::: ;;;~:~ 
"v.-,,,~,, '" ,~"' .. u» » ,.,,, "" ."" 

:~,~-:~::;::;; ~::;J ;~;,~:~; :;;; :; ;:::: 
_ " ..... ", ,,', d" .• 1..""",,,,,,,,,.», 

.--.... ,. "" """>T"" ..... ",,,, • _, •.•• "~"'" ... ,. "," ... ··H· ... ·' , 
-~- '.»., , '~.;. :. .• -." •. ~" •... '., 

~ ~~ .. - -I.,.. , ••• ~~..,.. - .• -'> •. ,>" ••. 
.~,.. ., .-. ..-.... .,. "- . .~ ......... . __ r>_r~' _ .-'_" .~ •••. , •• ". 

M « ,« .. "" •• ~ ._. _, ... " •••• 
_ .... , '1' i.--·~ ~" .-.... -.",.,., ,. 

' --" '': '::t:.':::-::.' -':: ::::::; 
• ., «+." .• P.".-
~ ...... " .. '".,,~~ ........ , .... " ... ., ........ " ... "., . ..... , ..... . 

. ....... « 
, ........ . 

• • • • 

5·29 

• 

, 
• 

, ' 
I 

: .. ~.J 
•• 

Figure 5.1a: August EI Nino composite Anomaly fields 
Moisture flux g/kg.mls 



Univ
ers

ity
 of

  C
ap

e T
ow

n

'T~~~i·,·,·t·~'C-~i"·"';···;·;'C'C".""';·;·'''~'''''~~~" 
~ 7?·H~~ ... "~,, '"7~~~""'J""LI 
AA"'~ L~H) '" "7~" '~7" " ., ' 

~~ 'HV"~V~" '.VV~' L"" v~, "" .• ,,~ 
5 ~~ '-'"'" "~77 "on "".,y ',- <""'~ .. . 

... H-d ,.,,« LL, > .~"'H~ <c ".~,- ..... , 
~~,v"" c' ,-, h "'?'"' '~" ,-, c<~"< 

~ ~_; "" v~< L' H"~/~ c",<,-,_, " "-'< • 
~ ""Y'H~'·»P'· " ' ,H,C«<<< '-' 
~~, '''_,' c < ,_, >" _" ~j~ ', •• _ < '. '- ",. > .. 

~ ~"-r.rc"'" -"" 0, "", '-;. ... " 
~ ~""qrc~,_»,o, C> ,,-c'"_'·.',;''' 

• 
• 

5.30 

') 
-~~---.~ --

... " .. , ~". -" ~ ..• ~,\ ,,~; ~. ,,-~-. -"" ... _- ,,",: ., 
l 

., 

~ 
j 

j • -
-t -, •• • ., • • • , • ., .. • 

Figure 5.1b August EI Nino composite anomaly fields 
Velocity potential (m' s" ) 
Divergent wind (s ') 

-.--- , 

'" 

,,. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

5-31 

_~ _u _11 .\ . • ;re t 

"'" .. , , .. ..- "', ,;" .. -..,..., ,-- 1 -
-

.• 

-
•• ,-
. ! { . 

• 
'i ))1 

-

Figure 5.1c: As for figure 5.1a but for September 



Univ
ers

ity
 of

  C
ap

e T
ow

n
.. 

" 

" 

" " 
"" 

-I 
" " " , ,,~ _.", 

5-32 

."" .. ~~ 
... ".."=,,:.--" .. - -''''''c'''~ __ 

,",' ... -"'" ~" ......... " -) 
" " 
i 
I 
" 

.. 
\\'. 
-"i" 

'I I , 
• 

:',. 

" I " , 
• , • • • 

Figure 5.1d: As for figure 5.1 b but for September 

• 

[ 

I 
I 



University of  Cape Town

~ 

~ 
o • ~ 
~ 

• 
~ 
Q 

'"' o • ~ 
~ 

• 
~ -t , 
~ 
~ , 

., , , 
: : : , 

. . .., 

Ir ; : : ~ , ~b8::-: ... :-! ... -·· • 
<;::~;: :;:;,:'; ::~;;i'~! 
".,-,.", '" .:.: "" ,.' ••• , •• :; ........ :.,.,. •• :i' 

, ., 

, •......•.....• ~'" ... "·,,,., .. ,,·:"t~'· -
... ·:l" .. '··",,·· - •. " """"'''''''','-,'' , .. ", ...... ,," . .,- " ... ·.t·····,,·,,·;:>< ,-. ~ 
. ;;:, .!'" ,,, " ...... ; ,;:~ ''" • . ,'" ·l .. ··~~·' ". ". ,. ,-- ",.,~ .. ,;.,,,,. '" 
•• , . ",.· •• ·4 .... , " ,l " '~l' ""."::-1",, ~ :! " : ::~,,~:'E;:;:H:! '- :', " ... , ..... -.... ,". l •• . ,,~''' ... , •• ">;" .• I ."', , . ...-,.,,'~. ," .. .. ·.,1·' ," ·,··"~, .~ .P, ... " •• , ... ·,.·:·,' ~ ............. "...... . 
:;::.~:.:.~~~1 ; ·~:::~: .. .... : .. ,~.,,-'," ... ' I' 
.d"'''''''''·"'- -, " .... ,:~ . H ........ ;.' 0 
,." .. ' ." " ....... ' . I" 
:::::Ei"'7!i:i:;: J I ~-~' 
."' .• ' . ... "j ' ' '-. "".,' 'I''':' ' ' ­n"',- I" ' } -.,.;;' , ;:1: ., 

" 
" 

(; 



Univ
ers

ity
 of

  C
ap

e T
ow

n

v 
M , 
~ 

~., ..... - '< ~ ~ ~' ••• 

i "I .. <'" i:). -- ,p,~"·" ' .. , '" ..... ~~~.:: 
~"'" .. ~ . • ,." .•.. ,.> •••• -" .,.,." ....... '-".- " .. "~."'-'-
:i:~:;:~t:~:iL 
l _,··, .,,"Vv~".,'." 

II'~:~ ~~;:::: ~ ~ 
"'-~. -.-"~': ". 
>~"<".--"'~ f > j> v '-:,' " -.' _" 
". ·"'·"<M'"~" l'~<'c.'< .>i.·""' - ~~ 'f,j' ",.-l\ > "L\ L 
i ~'~"'~'''k9~ 
, ~~<"'<>~~~~ 
: ><.,~<,,'~,~ 
• ~-,, ~ ,,--<:<A~'" 
,~.~~~~~,~~ ..," ... ~~"'~ 
"~""'r" ~ ~" f ~".,.,~,>~ 

• • ---.L...j.. 

i , • • ""rtro' 

I: • c , . , , , , 
f ;' 
! i , 
Ii {' / , i 

I -'-" ,-• 
'-" - , , 

.~. , , , , , , , 

, 1~1o-~·,i:'·~~";;:~'1·~" ~ <->..,~.~" _ 1., 

II , , 
I 

! 
! i 
" 
, 

L , , , ,--,-, 

, , 

, -

1 
- ----- --. 

_I , , , 

, • , 

" 
~ 
o -u 
o 
~ , 
o 
o -~ , 
o 
~ 
; 
" £ 
~ 
~ -~ , 
o 
~ 
~ 



Univ
ers

ity
 of

  C
ap

e T
ow

n

5 .. 5 

-.' 
" "' ." _u _~ " 

--" .... --~.~ 

Figure 5.1 g: As for figure 5.ia but for November 
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Chapter 6: Intraseasonal Oscillations 

6.1 Introduction 

Intraseasonal Oscillations (ISO) in the atmosphere are generally defined as 

fluctuations with periods longer than synoptic scale but shorter than the seasonal 

time scale. They are mostly of the order of 20-60 days (Madden and Julian 

1971), the best known being the 40-50 day oscillation in the equatorial region. In 

their pioneering work, Madden and Julian (1971) described the oscillations as 

large scale eastward propagating zonal circulation cells along the Equator. The 

so-called Madden and Julian Oscillation (MJO), was discovered when studying a 

time series of zonal winds at Canton Island in the tropical Pacific and other 

individual tropical rawinsonde stations. Since then, low frequency oscillations 

have been studied by many researchers including Wang et aI., (1990); Wang et 

aI., (1997) and Vincent et aI., (1991) among others. 

Most studies of rainfall variability over East Africa have concentrated on seasonal 

to interannual scales. This study attempts to investigate the Intraseasonal 

Oscillations responsible for short-term rainfall variability in the Tanzanian coast 

during ENSO years. In particular, there is interest in the relationship between ISO 

and ENSO, e.g. are EI Nino and La Nina years characterized by coherent 

difference in intraseasonal wet and dry spells over Tanzania? The selected 

ENSO years under this section are those occurring within the period of study 

(1970-1999) and having rainfall anomaly value of at least one standard deviation 

(fig 3.1 b). 

6.2 Analysis of system propagation, rainfall and wind time series Analysis. 

6.2.1 Hovmoller analysis 

The analysis in this section aims at identifying the characteristics of propagating 

co,,:,vective systems. Hovmoller or longitude-time plots are used in identifying or 

detecting zonally propagating systems. Parameters used in longitude-time plots 
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are anomalies in OlR, zonal wind component at 850 and 200hPa. The 

anomalies used are simply departures from the long-term mean. Only the 

northem coast is considered for this analysis since ENSO impacts here appear to 

be more robust than for the southem coast. Values have been averaged over the 

latitude belt 4°_ 8° S. The plots are for both OND and MAM season of the ENSO 

and post-ENSO (+1) years. For MAM season, plots are from 1st February to 30th 

June while for OND season the plots are from 1st August to 31 st January. The 

data used in this analysis were first subjected to 30-50 day band pass filter using 

the Dolph - Chebyshev convergence window (Dobias-Reyes and Deque, 1998). 

The advantage of the band pass filter is that both lower frequency and higher 

frequency components outside the band of interest are removed. longitude-time 

plots reveal some westward and eastward propagating convection and non­

propagating or quasi-stationary features. 

Results of OLR and wind anomalies for ENSO and post-EN SO (+1) years. 

The left panel of figure 6.1 a are longitude time plots of 30-50 days filtered OlR 

anomalies for EI Nino years 1982, 1986, 1994 and 1997 while the middle and 

right panels represent 30-50 days filtered lower and upper level wind anomalies 

respectively. The plots reveal alternating positive and negative OlR anomalies 

for all EI Nino years. Eastwards propagating negative and positive OlR 

anomalies were observed between August and December over the central Indian 

Ocean (700-1000E) while westward propagating negative and positive OlR 

anomalies were observed over the western Indian Ocean (west of 700E) except 

in 1986 where westward propagating OlR anomalies were observed between 

August and November over the central Indian Ocean. Stationary features 

dominated 1997, which was the wettest year during the period of study. Similarly 

these non-propagating features were observed in 1982 over the central Indian 

Ocean, which suggests that propagating features are absent during strong EI 

Nino years. 
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It is seen that the largest OlR negative anomaly values (less than - 30 W/m2) 

occur between 70 and 100oE. This result indicates that more active convection 

occurs over the central Indian Ocean as found by other researchers (e.g. Rui and 

Wang, 1990). Westward propagating negative OlR anomalies over the western 

Indian Ocean propagate with a mean speed of about 2m/s and are associated 

with strong convection over the Tanzanian coast and increased rainfall during EI 

Nino years. Eastward propagating features were found to have different phase 

speeds in different years and over different areas. They generally propagate 

between 2-6m/s with mean speed of about 3m/s. 

Considering the zonal wind anomalies at lower and upper levels, clear alternating 

negative and positive zonal wind anomalies and propagating features are readily 

identified. Eastward propagating features are revealed in most years with 

westward propagating systems over the western Indian Ocean at lower levels. It 

is found that the areas of large negative OlR anomalies (strong convection) 

couple well with areas of strong westerly anomalies in lower levels with strong 

easterly anomalies in upper levels. Such association has been revealed by Rui 

and Wang, (1990): Knutson and Weickmann, (1987) among others. The 

combination of strong convection over the Indian Ocean with westerly wind 

anomalies at lower levels coupled with easterly wind anomalies in the upper 

levels implies a well-established Indian Ocean Walker cell. This is associated 

with enhanced easterly flow over western Indian Ocean and creates conducive 

environment for increased rainfall over the Tanzanian northern coast. 

The left panel of figure 6.1 b are longitude time plots of 30-50 days filtered OlR 

anomalies for post mature phase EI Nino years 1983, 1987, 1995 and 1998 while 

the middle and right panels represent 30-50 days filtered lower and upper level 

wind anomalies respectively. Alternating positive and negative OlR anomalies 

are a common feature of most years except in 1983 between May and June 
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where disorganised patterns were observed. Eastward propagating negative and 

positive OlR anomalies were observed in most years with a mean phase speed 

of 2m/s. Westward propagating features, which seem to originate from 800 E were 

observed in 1983 and 1987. 

For 850hPa zonal wind, stationary features dominate the central Indian Ocean 

during the rainy season between March and May with westward propagating 

features over the western Indian Ocean. The dominant feature at the upper level 

was eastward propagating positive and negative wind anomalies except in 1987 

where well-defined westward propagating features were observed between 

February and April. As for the O~D season, the areas of large negative OlR 

anomalies (strong convection) couple well with areas of strong westerly 

anomalies in lower levels with strong easterly anomalies in upper levels, which 

leads to increased rainfall over the Tanzanian coast. 

30-50 days filtered OlR anomalies and wind anomalies for la Nina and post 

mature phase la Nina years were shown in figure 6.1 c. As in the previous 

discussion for EI Nino, alternating positive and negative OlR anomalies were 

observed. A good example is in 1999 where OlR plot indicate eastward 

propagating negative and positive anomalies between April and May originating 

from central Indian Ocean. The features move in both eastward and westward 

direction. Stationary features were also observed. Between April and June1999, 

the eastward moving features seem to be well organised with mean phase speed 

of about 7m/s. Eastward propagating features were observed to be the dominant 

pattern of both lower and upper level winds except for 1999 where westward 

propagating zonal wind anomalies were observed between March and June. 

Comparing EI Nino and la Nina years (fig 6.1 a&c) two distinct features were 

highlighted. First. the eastward propagating OlR anomalies seem to have high 

phase speed during la Nina years, a good example is in 1999 (7m/s). Secondly, 

eastward propagating OlR anomalies dominated the western Indian Ocean 
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during la Nilia years, a good example is 1988/89 while for EI Nino years the 

anomalies maintain westward propagation (1986/87). The presence of eastward 

propagating OlR anomalies over the western Indian Ocean during la Nina years 

leads to suppressed convection and dry conditions over the Tanzanian coast. 

/ 
6.2.2 Time series analysis 

6.2.2.1 Intraseasonal rainfall variability and criteria for rainfall onset, peak 

and end dates' selection 

Figure 6.2(a-c) show the climatological pentad rainfall time series plots for the 

coast of Tanzania. CMAP pentad rainfall data is averaged between 38.5°-41°E, 

8°-4°S for the northern coast and between 38.5°-41°E, 11°-80 S for the southern 

coast. Figure 6.2a represents the time series of long-term mean rainfall over the 

area while figure 6.2(b-c) shows rainfall time series for each EI Nino and la Nina 

year during the OND and MAM seasons and preceding months. The EI Nino and 

la Nina composites with their corresponding EI Nino+ 1 and la Nina+ 1 

composites are shown in upper figure 6.2d. The rainfall onset, peak and end 

(withdrawal) dates were extracted from each time series and presented in tables 

6.1-6.3. After a close inspection of time series, the following criteria were used for 

the selection of onset, peak, end and major dry spells for each season. 

Short rain Season (ONDl. 

Onset: 5-day rainfall ~ 7.5mm followed by three consecutive pentads having 

rainfall amount of not less than 5mm/pentad. 

Peak: The pentad with highest amount of rainfall in the season. 

End: If three consecutive pentads have mean rainfall S 2mm/day, the preceding 

pentad is considered to be the end of rain season. 

Dry spell: 5-day rainfall less than 7.5mm. 
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Long rain season (MAM). 

Onset: 5-day rainfall exceeds 10mm followed by three consecutive pentads 

having rainfall amount of not less than 10mm/pentad. 

Peak: The pentad with highest amount of rainfall in the season. 

End: If three consecutive pentads have mean rainfall'S 2mm/day the preceding 

pentad is considered to be the end ot'rain season. 

Dry spell: 5-day rainfall less than 10mm. 

November to Mav season (N-Ml for southern coast. 

Onset: 5-day rainfall exceeds 10' mm followed by three consecutive pentads 

having rainfall amount of not less than 10 mm/pentad. 

Peak: The pentad with highest amount of rainfall in the season. 

End: If three consecutive pentads have mean rainfall S 2mm/day, the preceding 

pentad is considered to be the end of rain season. 

Note: A pentad preceding the onset pentad is considered as the pre-onset. 

The selected dates for each season are given in tables 6.1-6.3 below and are 

consistent with the dates observed by Mhita and Venalainen (1992) in their study 

of the variability of rainfall in Tanzania using station observed data. 
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Table 6.3: As for table 6.1 but for each ENSO (northem coast aND season) and 
ENSO+ 1 (northem coast MAM season) year, E and L represent EI Nino and La 
N' - , I ' h d' f II' E 1 d L 1 Ina year respectivelY Wit correspon Ing 0 oWing year + an +. 
Year Pre-onset Onset Peak Pentad End Pentad Major dry 

Pentad (P-1) Pentad (PO) (P1 ) (P+10 Pentads 
1982 54m 55m 57m 3fO (1983) 61 st - 63fO, 70m, 

(E) 2nd (1983) 
1986 58m 59m 67m

, 69m and 4m (1987) 61 S
\ 63fO, 68m

, 

(E) 71 st and 73rd 

1994 57m 58tn 69tn 2"0 (1995) 65tn and 66m 

(E) 
1997 54m 55m 28 Sep 59m 10m (1998) 60m

, 63rd, and 
(E) 23-27 Sept -02 Oct 18-22 Oct 15-19 Feb 5th (1998) 
1983 16m 1t" 24m 33m 22"0 and 26m 

(E+1) 
1987 19m 20m 26m 32"0 30m and 31 81 

(E+1) 
1995 19m 20m 30m 30m 26m 

(E+1) 
1998 16tn 17m 23fO 26m 0 
(E+1) 17-21 March 22-26 March 21-25 April 06-10 May 
1988 61 81 62no 73fO, 5m (1989) 5m (1989) 66m and 67m 

(L) 
1995 59m 60m 61 81 2no (1996) 63fO

, 64m
, 68-70m 

(L) and 73fd 

1998 SEE NOTE 
(L) BELOW 
1999 62"0 63m 64tn 71 8! 68m and 69tn 

(L) 
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Table 6.3 continue 

Year Pre-onset Onset Peak Pentad End Pentad Major dry 
Pentad (P-1) Pentad (PO) (Pi) (P+10 Pentads 

1989 18m 19m 22no 30m 0 
(l+1) 
1996 13m 14m 28m 29m 26m 

(l+1) 
1999 12m 13m 24m 31 st 28m 

(l) 
2000 15m 16m 24m 27m 22no 

(l) 

NOTE: In 1998. the onset and end of rainfall were undefined as the whole 

season was dry except 65th, 66th and 6ih pentads, which recorded rainfall. 
I 

The climatological onset, peak and end dates for the southern coast are given 

below. This region will not be considered for further analysis in this chapter since 

the ENSO impact seems less clear for the long season (November to May). Only 

the early season (OND) seem to be consistent with the northern coast OND 

season (fig 3.3b). 

Onset: 65th pentad (Third week of November). 

Peak: 16th pentad (Third week of March). 

End: 29th pentad (Fourth week of May). 

It is evident from table 6.1, that for OND season the rainfall starts earlier than 

climatology during the EI Nino years and the peak of rainfall was observed to 

have large amount of rainfall of about 7mmlday (fig 6.2d). la Nina years show a 

late start of the rainy season leading to a short duration of the rainy season and 

below average rainfall. 

During MAM season (table 6.2), the onset for EI Nino+1 composite was three 

pentads late but the amount received was much higher than average with a peak 

of about 9mm/day. For la Nina+ 1 years, the rainfall starts about the same time 
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as the climatological mean but the amount received was more variable. Thus, the 

total amount of rainfall received during La Nina+ 1 seasons is below average. 

Figures 6.2(b-c) illustrate the pentad rainfall time series for each ENSO year. The 

plots show that each year has its own characteristics in terms of onset, peak and 

end of the rainy season. The details for each year in terms of rainfall onset, peak, 

end and frequency of dry spells are illustrated in table 6.3. Most EI Nino years 

are found to have a longer rainfall season due to an early onset. For example in 

1997, which was the wettest year during the period of study. the rainfall started 

about three weeks before and the withdrawal was one month later than 

climatology. Most La Nina years have a shorter rainfall season than average and 

this results from late onset. For example in 1998, the length of the rainfall season 

was only about two weeks. The common feature for all EI Nino years is above 

average rainfall during the season while La Nina Years show below average 

rainfall during the season. 

The onset, peak and end dates of rainfall derived from pentad time series were 

used in section 6.3 for analyses of the circulations associated with the onset and 

peak of rainfall. 

6.2.2.2 Intraseasonal Wind variability. 

The lower panel of figure 6.2d and figure 6.2e show the climatological and 

composite ENSO years time series for zonal wind at 850, 700 and 200hPa 

averaged between 39-41°E, 8-4 oS. The plots show zonal wind time series for 

both OND and MAM season with preceding months. The OND season was 

characterized by easterly wind anomalies for both EI Nino and La Nina years at 

the 850hPa level. 
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Comparing the climatological time series with ENSO for 850hPa, the EI Nino 

composite shows strong easterly anomalies during the onset of rain season 

weakening toward the peak of rain season. This leads to enhanced moisture 

convergence resulting in increased rainfall over the coast. The La Nina 

composite time series shows weaker easterlies during the onset of rain season 

and the rest of the season was dominated by easterly wind of variable strength 

leading to below average rainfall. At 700hPa, the EI Nino composite shows 

stronger easterlies during the onset of rain season and the strength becomes 

variable as the season progress. The La Nina composite was dominated by 

weaker easterlies throughout the rain season. 

At 200hPa, the climatological time series shows westerlies from the onset to the 

peak of the rain season while easterly wind flow was observed towards the end 

of rain season in December. During EI Nino years, strong easterly anomalies 

were observed throughout the rain season while La Nina years shows westerly 

anomalies between October and November with weak easterly anomalies 

towards the end of the season. The occurrence of weak low-level easterly 

anomalies and upper level westerly anomalies during La Nina years indicate a 

weak Walker cell over the region. This is consistent with suppressed convection 

and below average rainfall. 

For the long rain season, the climatological flow at low levels are easterlies from 

the Indian Ocean. During EI Nino+ 1 years, the easterlies were observed to be 

stronger during the onset of rain season in March and the peak of the rain 

season in May while the rest of the season was characterized by weaker 

easterlies. This results in enhanced moisture convergence and increased rainfall 

over the coast during EI Nino+ 1 years. 

The dominant feature for La Nina+ 1 years (right panel of fig 6.2e) was weaker 

easterlies throughout the season with the exception of second week of March 
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and first week of May where strong easterly anomalies were observed. Weaker 

easterlies during the onset of rain season reduce the amount of moisture 

reaching the region from the Indian Ocean and result in below average rainfall. 

The features at 700hPa are more or less the same as the features at 850hPa for 

both EI Nino+ 1 and la Nina+ 1 years. 

At 200hPa, (upper fig. 6.2e) the MAM season was dominated by easterlies over 

the region in climatological time series. Generally, the easterlies are strong 

during EI Nino+ 1 years implying upper level divergence, which leads to enhanced 

convection and moisture convergence in lower levels. For the la Nina+ 1 

composite, stronger easterlies were observed in the middle of the season (April) 

while the rest of the season was characterized by weaker easterlies and hence 

suppressed convection in lower levels. 

6.3 Circulations associated with onset, peak and withdrawal of rainfall. 

6.3.1 Climatological patterns. 

This section looks at mean characteristics of selected meteorological fields 

comprising each part of OND and MAM rainfall season. The objective is to 

investigate characteristics associated with onset, peak and withdrawal dates 

(table 6.1) of rain season over the northern Tanzanian coast. The pentads used 

are stratified into four stages: namely, pre-onset (one pentad prior to the onset of 

rainfall, or P·1), onset (PO), peak (P1) and the end or withdrawal of rainfall 

pentad (P+ 1). Further details concerning the procedure of selection of these 

pentads is given in section 6.2.2.1. The climatological circulation patterns are 

computed from data sets ranging from 1979-1999 for OlR and 1970-1999 for 

wind. These reference means will be used to compute intraseasonal oscillation 

anomalies in the next section. 
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6.3.1.1 Climatology for OND season. 

Figures 6.3(a&b) illustrate mean patterns of OLR, moisture flux at 850hPa, wind 

at 700hPa and 200hPa for P-1, PO, P1 and P+1 phases during the OND season. 

One pentad before the onset of the rain season (P-1) (figure 6.3a), a strong zonal 

OLR gradient was observed over the equatorial Africa/Indian Ocean region. 

Strong convection is occurring over the Congo basin and central Indian Ocean 

with less over East Africa. 

Westerly moisture flux over the equatorial Indian Ocean feeds the convection 

there whereas slightly further south, easterly moisture flux is incident on the 

Tanzanian coast. The convective zone centered over the Congo basin extends 

eastwards to cover much of western Tanzania and the Lake Victoria basin 

indicating the position of the meridional arm of the ITCZ. The belt of easterly 

moisture flux between 5°S and 15°5 incident on the Tanzanian coast originates 

over the Indian Ocean. This indicates advection of moisture from across much of 

tropical south Indian Ocean five days before the onset of rain season. 

The continental ascending limb of the Walker cell was located over eastern 

Congo/western Tanzania where westerly moisture flux from Congo' Basin 

converges with southeasterly moisture flux from the Indian Ocean. It is further 

indicated by low OLR values over the region with wind divergence at 700hPa. 

The maritime ascending limb of the Walker cell is over the eastern Indian Ocean 

while the descending limb is over the western Indian Ocean. 

During the pentad of rainfall onset (PO) (figure 6.3a) lower panel, the OLR value 

over the central Indian Ocean decreases by about 10W/m2 with a slight shift 

southwards indicating a southward movement of the ITCZ. The moisture flux at 

850hPa, wind at 700hPa and 200hPa maintains similar patterns as in P-1 except 

that the southerly wind near the Tanzanian coast at 700hPa level was replaced 

by westerly flow. 
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During the peak of the rain season (P1) (figure 6.3b), a marked eastward extent 

of the low OlR values from western Tanzania is evident. The OlR value over the 

Tanzanian coast decreases by about 10W/m2 from 270W/m2 to 260W/m2 

indicating a zone of convection over the coast. At 850hPa, much of Tanzania is 

covered by southeasterly moisture flux. At P1, the entire country is covered by 

easterly moisture flux. The ascending limb of Walker circulation maintains its 

position over western Indian Ocean with strong low-level easterly moisture flux 

incident over the Tanzanian coast and westerly moisture flux feeding the rising 

limb of Walker cell over eastern Indian Ocean. 

At the withdrawal of the rain season (P+ 1) (figure 6.3b lower panel), a meridional 

gradient of OlR value exists over the coast with OlR values decreasing 

southwards towards Mozambique. A minimum value of 200W/m2 is reached at 

about 15°S indicating the southernmost displacement of the ITeZ. This is well 

defined by the 850hPa moisture flux, which is northerly over the coast and 

converges with easterly moisture flux over northwest Madagascar. Maximum 

rainfall now occurs over northern Mozambique and Madagascar. A marked 

southward shift of the westerly moisture flux into the tropical South Indian Ocean 

that moves in sympathy with the convective zone over the central Indian Ocean 

is evident during this period. Both the continental and maritime ascending limbs 

of Walker cell persist from onset, peak to the withdrawal of rain season with the 

corresponding descending limb over the western Indian Ocean. 

6.3.1.2 Climatology for MAM season. 

The long rain season is associated with the northward movement of the ITeZ. 

Figures 6.3(c&d) represent long term mean patterns of OlR, moisture flux at 

850hPa, wind at 700hPa and 200hPa for P-1, PO, P1 and P+ 1 phases during the 

MAM season. At one pentad before the onset of rain season (P-1) figure 6.3c, a 

band of low OlR values extends from the central Indian Ocean through southern 

Tanzania covering the entire western part of the country. At this time, the ITeZ 
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still lies across northern Mozambique. Between 50S and 100S over the Indian 

Ocean there was a zonal band of westerly moisture flux with northeasterly 

moisture flux closer to the Tanzanian coast. At 850hPa, much of Tanzania is 

covered by easterly moisture flux. The descending limb of the Walker cell is over 

the western Indian Ocean where westerly moisture flux, which feeds the 

convection over the maritime rising limb of Walker cell and easterly moisture flux 

originate. 

~he low OlR values show a slight northward shift in PO indicating the northward 

advance of the ITeZ. The position of ITeZ is clearly indicated by converging 

southeasterly and northerly 850hPa moisture flux near northern Madagascar with 

strong westerly moisture flux in the Indian Ocean, near 100S. This northward shift 

of the convective region in sympathy with the movement of ITeZ results in 

enhanced moisture convergence over the Tanzanian coast and increased rainfall 

marking the onset of rainfall season. 

During the peak of rain season (P1) (figure 6.3d), the merged convective zone 

over Africa and the central Indian Ocean basins break up over the equatorial 

western Indian Ocean. Thus, a separate zone of low OlR values is established 

over the equatorial central Indian Ocean. Together these convective zones 

indicate the position of the ITeZ, which is over the northern part of country during 

this period. Elsewhere over the Indian Ocean, the OlR values are high 

suggesting less convection. At 850hPa, strong southeasterly moisture flux exists 

over Tanzania during this period. Westerly moisture flux exists over the central 

equatorial Indian Ocean and feeds the maritime convective zone. The slight 

eastward shift of the descending limb of the Walker circulation over the western 

Indian Ocean as indicated by the origin of easterly and westerly moisture flux 

results in enhanced easterly moisture flux convergence over the Tanzanian coast 

and increased rainfall marking the peak of rainfall season. 
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Towards the withdrawal of the rain season (P+ 1) (figure 6.3d lower panel), the 

ITCZ shifts northward to lie over northern Congo, Kenya and the tropical north 

Indian Ocean. The southeasterly moisture flux towards Tanzania curves 

northeastwards, i.e., is directed towards the monsoon convection developing 

over southern India and adjacent northwestern Indian Ocean. This curvature 

indicates the transit towards the East African low level Jet. The descending limb 

of the Walker cell persists over western Indian Ocean and conditions evolve to 

being unfavourable for significant rains over Tanzania. 

6.3.2 Anomalies. 

6.3.2.1 Results of OLR, moisture flux at 850hPa, wind at 700hPa and 200hPa 

anomalies for EI Nino and EI Nino+1, aND and MAM seasons. 

The anomalies of OlR, moisture flux, middle and upper level wind for both EI 

Nino (OND season) and corresponding EI Nino+ 1 (MAM season) composite are 

given in figures 6.4(a-d). The EI Nino years occurring in the period of study 

(1970-1999) with rainfall anomaly value of at least 1 standard deviation during 

the OND season (fig 3.2b) with their corresponding following year for MAM 

season were considered for compositing under this section. The EI Nino years for 

the OND composite are 1972,1982,1986,1994 and 1997 with their corresponding 

EI Nino+1 years 1973,1983,1987,1995 and 1998 for MAM season. Note that for 

OlR, daily data was available only from 1974. The pentads used are the same 

as those used in section 6.3.1 with dates for EI Nino and EI Nino+ 1 composites 

shown in table 6.1 and 6.2 respectively. 

Figures 6.4 (a&b) show the OND EI Nino composite anomalies. One pentad 

before the onset of OND rain season (P-1) figure 6.4a, much of the Indian Ocean 

was covered by positive OlR anomalies with highest anomaly value of the order 

of 40W/m'2. observed over the equatorial central Indian Ocean. At this time, most 

of the Indian Ocean north of the equator was characterized by a northeasterly 

moisture flux anomaly backing into northerly anomaly on approaching the 
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Tanzanian coast. As a result there is little penetration of moisture inland, which is 

consistent with positive OlA anomalies over the region. The presence of 

anticyclonic moisture circulation over the equatorial western Indian Ocean and 

wind convergence at 700hPa (converging in respect to the background flow) 

indicates the position of the descending limb of Walker circulation. This is further 

indicated by the presence of easterly wind anomalies over much of Tanzania at 

200hPa level, which opposes the background flow implying convergence. 

By the onset of the OND rain season (PO) (figure 6.4a lower pane!), a deep 

convective zone had developed over the equatorial western Indian Ocean as 

indicated by low OlA values over the region. Enhanced moisture flux 

convergence over the Tanzanian coast as indicated by decelerating northeasterly 

moisture flux results in increased rainfall over the coast marking the onset of the 

rainfall season. At about 50 S, westerly moisture flux anomalies from the Atlantic 

Ocean converge with easterly moisture flux anomaly at about 25°E, suggesting 

that the influence of the Atlantic Ocean over the Tanzanian coast rainfall may be 

minimal. 

The band of descending air over the equatorial western Indian Ocean is broken 

by the period of convection as the active convergence zone dominates the region 

indicating the weakening of the maritime Walker cell. At 700hPa, easterly wind 

anomalies occur over the equatorial western Indian Ocean closer to the 

Tanzanian coast while at 200hPa strong westerly wind anomalies dominate the 

region implying strong upper level divergence in respect with the background 

flow. This is consistent with the convective zone over the region, which suggests 

enhanced convection. The presence of an active convective zone over the 

equatorial western Indian Ocean with enhanced moisture convergence results in 

above average rainfall over the Tanzanian coast during EI Nino years. 



Univ
ers

ity
of 

Cap
e Tow

n

6-17 

At the peak of OND rain season (P1) (figure 6.4b), the convective zone over 

western indian Ocean shows significant westward extent with negative OlR 

anomalies of -15W/m2 over the coast of Tanzania. The area between 100N and 

50S over the Indian Ocean shows low-level easterly moisture flux anomalies 

opposing the background flow consistent with negative OlR anomalies over the 

region. Much of the Tanzanian coast indicates a westerly moisture flux anomaly, 

which converges with easterly moisture flux anomaly at about 55°E. Since the 

background moisture flux over the region during this time was easterly moisture 

flux (fig 6.3b), the westerly moisture flux anomaly tends to oppose the flow 

causing deceleration and enhanced moisture convergence over the coast. This 

convergence leads to the peak of rain during this pentad of above average 

rainfall. Moisture convergence over the Indian Ocean at about 55°E with stronger 

negative OlR anomalies over the region coupled with upper level divergence 

indicates the position of rising limb of Indian Ocean Walker cell, which shows a 

significant westward shift towards East Africa. 

At the end of OND rain season (P+1) (figure 6.4b lower panel), the convective 

zone over the western Indian Ocean is replaced by periods of clear weather as is 

evident from the positive OlR anomalies covering the entire western Indian 

Ocean and the Tanzanian coast. The moisture flux over much of the Indian 

Ocean indicates a relative divergent pattern as it flows in the same sense as the 

background flow. The descending limb of the Walker circulation is over the 

Tanzanian coast with divergence in the lower levels as suggested by the 

moisture flux plot and convergence in the upper levels. The latter implied by the 

wind flow pattern at 200hPa that opposes the background flow. The existence of 

descending limb of the Walker cell over the coast suggests subsidence and 

reduced clouds, marking the end of the rain season. 

Figures 6.4(c&d) represents MAM season. One pentad before the onset of MAM 

rain season (P-1) (figure 6.4c), a convective zone is apparent over the equatorial 
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western Indian Ocean (negative OlR anomalies). The other are of significant 

negative OlR anomaly east of Madagascar is too far south to be associated with 

the ITeZ. Strong westerly moisture flux feeds the equatorial convective zone, 

particularly at 700hPa. The upper level wind patterns shows convergence over 

much of the Tanzanian coast suggesting subsidence and hence reduced cloud 

one pentad before the onset of the rain season. 

During the onset of the rain season (PO) (fig 6Ac lower panel), the negative OlR 

anomalies over the equatorial Indian Ocean extend westwards towards the 

Tanzanian coast consistent with easterly and southeasterly moisture flux 

anomaly opposing the background flow. The ascending limb of the Walker cell is 

over the equatorial western Indian Ocean as indicated by negative OlR 

anomalies and moisture convergence over the region coupled with upper level 

wind divergence. The enhanced moisture convergence over the equatorial 

western Indian Ocean results in increased rainfall over the coast during MAM 

season of the post mature phase EI Nino years. 

At the peak of MAM rain season (P1) (fig 6Ad), negative OlR anomalies over 

western Indian Ocean deepen reaching a minimum anomaly value of -25W/m2 

centered at 50-55°E and show the westward extent of convection, which covers 

the entire northern coast of Tanzania. A cyclonic moisture flux anomaly exists 

over the equatorial western Indian Ocean with westerly moisture flux anomaly 

across southern Tanzania. This leads to enhance moisture convergence over 

much of Tanzania and increased rainfall marking the peak of rainfall season over 

the Tanzanian coast. The 700hPa wind shows anticyclonic circulation centered 

over Madagascar with strong easterly anomalies over western I ndian Ocean and 

Tanzania opposing the background flow. This anticyclonic circulation shows 

equatorward shift with height centered over the equatorial western Indian Ocean 

at 200hPa indicating the position of the ascending limb of the Indian Ocean 

Walker cell. 
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Towards the withdrawal of MAM rain season (P+1) (fig 6.4 lower panel), the 

convective zone over the equatorial western Indian Ocean shows an eastward 

shift leaving weak negative anomalies over the Tanzanian northern coast. The 

cyclonic moisture flux anomaly over the equatorial western Indian Ocean is no 

longer apparent and an equatorial westerly moisture flux, which feeds the 

maritime convective zone, is evident. The descending limb of the Walker cell is 

over the equatorial western Indian Ocean as indicated by high OlR values over 

the region with wind convergence at 200hPa implying reduced cloud cover. This 

marks the end of the rainfall season over the Tanzanian coast. 

6.3.2.2 Results of OLR, moisture flux at 850hPa, wind at 700hPa and 200hPa 

anomalies for La Nina and La Nina+1 years. 

The anomalies of OlR, moisture flux, middle and upper level wind for both la 

Nina (OND season) and corresponding la Nina+ 1 (MAM season) composite are 

given in figures 6.5(a-d). The la Nina years occurring in the period of study 

(1970-1999) with rainfall anomaly value of S -1 during the OND season (fig 3.2b) 

with their corresponding following year for MAM season were considered for 

compositing under this section. These la Nina years composited for the OND 

season were 1970,1973,1975,1988, 1998 and 1999 with their corresponding la 

Nina+1 years being 1971,1974,1976,1989 and 1999 for the MAM season. The 

pentads used are the same as those used in section 6.3.1 with dates for la Nina 

and la Nina+ 1 composites shown in table 6.1 and 6.2 respectively. 

Figures 6.5(a&b) shows the OND la Nina composite anomalies. One pentad 

before the onset of OND season (P-1) (figure 6.5a), the la Nina composite is 

more or less the reverse of the EI Nino composite with negative OlR anomalies 

over the equatorial central Indian Ocean coupled with westerly moisture flux 

which feeds the convection there. The presence of off shore (westerly) moisture 

flux over the Tanzanian coast suggests suppressed moisture advection one 

pentad prior to the onset of rainfall season. The upper level divergent wind flow 



Univ
ers

ity
of 

Cap
e Tow

n

6-20 

suggests that the position of the rising limb of Walker cell is located over the 

equatorial central Indian Ocean consistent with negative OlR anomalies 

apparent over this part of the Ocean. 

During the onset of the OND rain season (PO) (figure 6.5a), the negative OlR 

anomalies over the central Indian Ocean are strengthened reaching about -

30W/m2 at 80oE. Tanzania shows positive OlR anomalies suggesting reduced 

cloud and convection. Westerly moisture flux anomalies exist over much of the 

Indian Ocean, which feeds the convective zone centered at about 80oE. This 

offshore moisture flux results in reduction of rainfall over the Tanzanian coast 

during la Nina years. The ascending limb of the Walker cell over the central 

Indian Ocean maintains its position as identified by enhanced westerly moisture 

flux with wind divergence in the upper levels. 

At the peak of the OND rain season (P1) (figure 6.5b). positive OlR anomalies 

were observed over the Tanzanian coast with highest values of 15W/m2 

indicating suppressed convection over the coast. The moisture flux anomaly plot 

is roughly a reverse of the EI Nino composite with westerly moisture flux anomaly 

near the equator in the Indian Ocean and easterly moisture flux anomaly closer 

to the Tanzanian coast. The easterly moisture flux over the coast causes 

acceleration of background moisture flux resulting in moisture flux divergence 

and reduction of rainfall, which is consistent with positive OlR anomalies over 

the region. At 700hPa, there are strong westerly anomalies over the coast 

accelerating the background flow (fig 6.3b) and hence divergence. Divergence at 

middle levels weakens the vertical extent of convective clouds resulting in 

reduced rainfall. 

At the end of the OND rain season (P+ 1) (figure 6.5b lower panel), the la Nina 

composite again shows roughly the reverse pattern to the EI Nino composite. 

Negative OlR anomalies are apparent over most of the Indian Ocean indicating 
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a strengthened Walker cell over the Indian Ocean and reduced uplift over East 

Africa. Northeasterly to northerly moisture flux anomalies exist near the coast 

with relative divergence, marking the end of the rainfall season. 

Figure 6.5(c&d) shows MAM la Niiia+1 composite anomalies. One pentad 

before the onset of MAM rain season (P-1) (figure 6.5c), negative OlR 

anomalies cover the Tanzanian coast and positive OlR anomalies are located 

east of Madagascar. An anticyclonic moisture flux anomaly is evident over the 

Indian Ocean east of Madagascar. The northerly moisture flux anomalies over 

the Tanzanian coast are in the same direction as the background flow implying 

moisture flux divergence. The convective zone over the Tanzanian coast is short­

lived since there is upper level wind convergence, which implies descending 

motion over the region. 

During the onset of MAM rainfall season (PO) (figure 6.5c) lower plot, a dipole 

pattern in OlR anomalies exists over the Indian Ocean with positive anomalies 

south of 10°8 and negative anomalies to the north. All of Tanzania shows weak 

negative OlR anomalies. The anticyclonic moisture flux anomaly east of 

Madagascar shows a slight westward shift, which allows easterly to southeasterly 

moisture flux to dominate much of the Indian Ocean south of the equator. The 

presence of this anomaly causes the moisture flux anomaly over the Tanzanian 

coast to be of the same sense as the background flow and therefore divergent, 

leading to and reduction of rainfall. At 700hPa, there is convergence implying 

subsidence and below average rainfall. 

During the peak of MAM rainfall season (P1) (figure 6.5d), negative OlR 

anomalies were observed over the Tanzanian coast consistent with moisture flux 

convergence over the region. However, the development of deep convective 

clouds is unlikely due to persistence of upper level wind convergence at 200hPa. 

Below average rainfall over the Tanzanian coast is evident during this period. 
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Towards the withdrawal of MAM rain season (P+1), the convective zone develop 

over the northwest Indian Ocean with strong westerly moisture flux feeding the 

convection. This northward displacement of the convective zone is in sympathy 

with the movement of the ITCZ. The descending limb of the Walker cell is over 

the Tanzanian coast, with reduced cloud over the coast as indicated by positive 

OlR anomalies. This marks the end of rainfall season over the northern coast of 

Tanzania. 

6.3.2.3 Results of OLR, moisture flux at 850hPa, wind at 700hPa and 200hPa 

anomalies for extreme EI Nino event of 1997/98. 

The 1997/98 EI Nino was an extreme event during the period of study. This EI 

Nino was extreme in the sense that widespread rainfall with flooding led to 

significant socio-economic disruption over East Africa. During OND 1997, which 

also occur a positive Indian Ocean Zonal Mode event, the northern coast of 

Tanzania recorded the highest rainfall anomaly value of the 1970-1999 period 

with a standardized departure of about 4.5 (fig 3.1 b). A significantly longer than 

normal rainfall season extending from September 1997 to February 1998 (fig 

6.2b), occurred with a relatively dry spell of only about one month before the 

onset of MAM rainfall season. The interannual analysis (chapter 5) of this thesis 

noted that 1997 was a positive Indian Ocean zonal mode year. The contrast in 

SST anomalies over the equatorial western and eastern Indian Ocean tends to 

amplify the EI Nino signal, which was the case for 1997. This section aims at 

analyzing the anomalous intraseasonal circulations associated with this extreme 

EI Nino event. 

The anomalies of OlR, moisture flux, middle and upper level wind for both 1997 

OND season and corresponding 1998 MAM season are given in figures 6.6(a-d). 

The pentads used are the same as those used in section 6.3.1 with dates for 

OND 1997 and MAM 1998 shown in table 6.3. For the 1997 OND season (fig 

6.6a), one pentad before the onset of the rainfall season (P-1), positive OlR 
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anomalies of the order of 60W/m2 were observed over the equatorial central 

Indian Ocean. These high positive OlR values seem to be the westward extent 

of high positive OlR values spreading out from the centre of suppressed 

convection over equatorial eastern Indian Ocean and Indonesia. Strong easterly 

moisture fluxes originating from this broad zone of subsidence advect moisture 

towards the Tanzanian coast one pentad before the onset of rainfall season. 

During the onset of the OND rainfall season (PO) figure 6.6a lower panel, the 

positive OlR anomalies over the equatorial central Indian Ocean move eastward 

while a strong convective zone develops over the equatorial western Indian 

Ocean with larger negative OlR anomalies of about -50W/m2. This convective 

zone extends westward to cover much of the East African coast and southward 

east of Madagascar over the tropical South Indian Ocean. Strong easterly 

moisture flux emanating from the zone of subsidence over the equatorial East 

Indian Ocean provides energy and moisture to sustain the convection. The 

convective zone over the equatorial western Indian Ocean is about -30W/m2 

below the EI Nino composite OlR anomaly value indicating deep convective 

clouds over the region which resulted into extreme high rainfall over East Africa. 

The establishment of a reverse circulation to the background flow over the Indian 

Ocean with strengthened easterly moisture flux along the equator caused by 

subsidence over the eastern Indian Ocean and convection over the western 

Indian Ocean is related to the eastward shift of the Walker circulation over the 

Pacific Ocean. With this reverse circulation, the ascending limb of the Indian 

Ocean Walker cell is located over the East African coast as indicated by strong 

westerly flow in the upper levels with a ridge over East Africa. The easterly 

anomalies and convective zone over the equatorial western indian Ocean are 

stronger than EI Nino composite. 
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During the peak of the OND rainfall season (P1) (figure 6.6b), the convective 

zone over the western Indian Ocean shows a significant westward extent 

covering all of East Africa with strongest negative OlR anomalies of about -

60W/m2 centered over the northern coast of Tanzania and southern Kenya. The 

subsidence zone over equatorial East Indian Ocean moves westward as 

indicated by high positive OlR anomaly values over the equatorial central Indian 

Ocean. Enhanced moisture flux convergence over the Tanzanian coast results in 

the highest peak of rainfall of about 21 mm/day (fig 6.2b). The upper level flow 

shows equatorward displacement of the Indian Ocean high-pressure cell, with 

enhanced westerly anomalies over much of the East African regions, which 

sustain the convective zone there. 

Towards the withdrawal of rainfall season (P+1) (figure 6.6b lower pane!), 

positive OlR anomalies cover much of East Africa while a convective zone has 

developed over the central Indian Ocean. Strong westerly moisture flux exists 

over the western Indian Ocean feeding this convective zone. The descending 

limb of Walker cell is located over the western Indian Ocean near the Tanzanian 

coast as indicated by high OlR values over the region coupled with upper level 

wind convergence. This implies reduced rainfall over the region, marking the end 

of'the wet season. 

For the 1998 MAM season (fig 6.6c&d). one pentad before the onset of rainfall 

season (P-1) (figure 6.6c), a tongue of positive OlR anomalies. emanating from 

the tropical South Indian Ocean, extends westward through Madagascar over 

Tanzania. Over the equatorial western Indian Ocean, a convective zone centered 

at about 65°E was observed. Strong moisture flux convergence occurs over the 

convective zone with weak convergence closer to the Tanzanian coast. At 

700hPa, strong winds feed the convective zone over the equatorial western 

Indian Ocean while at 200hPa; outflow motion is evident, indicating the rising 

limb of the Walker cell. 
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During the onset of rainfall season (PO) (figure 6.6c lower pane!), the convective 

zone over the equatorial western Indian Ocean shows westward displacement to 

extend over the East African coast. Strong easterly moisture flux converging with 

southeasterly moisture flux along the Tanzanian coast feeds this convection. The 

presence of enhanced moisture convergence over the Tanzanian coast leads to 

above average rainfall. 

During the peak of rainfall season (P1) (fig 6.6d), a zone of negative OlR 

anomalies is oriented in a NW-SE direction from the East African coast to the 

subtropical South Indian Ocean southeast of Madagascar with positive OlR 

anomalies elsewhere over the tropical western Indian Ocean. Easterly moisture 

flux over the equatorial western Indian Ocean feeds this convection. Enhanced 

moisture convergence of this flux with southeasterly flux near the Tanzanian 

coast leads to above average rainfall. The upper level flow shows a westerly 

wave pattern with a ridge over East Africa indicating the position of the rising limb 

of Walker cell. 

Towards the withdrawal of rainfall season (P+1) (figure 6.6d lower panel), a 

dipole pattern in OlR exists with positive anomalies over southern Africa and the 

South West Indian Ocean and negative anomalies over the tropical Indian 

Ocean. A strong convective zone exists over the equatorial central Indian Ocean 

where strong westerly anomalies at lower levels supply moisture and energy to 

sustain it. At 200hPa, westerly wind anomalies exist over the equatorial Indian 

Ocean. These anomalies are in the same sense as the background flow implying 

divergence and indicate the position of the rising limb of the Walker cell over the 

equatorial central Indian Ocean. 

It is evident from the above discussion that wet conditions during EI Nino years 

are associated with enhanced convection and easterly flow over the equatorial 

western Indian Ocean and a reverse for dry La Nina. 
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Figure 6.1 a: Hovmoller plots of bandpass filtered OlR, zonal wind at 
850hPa and 200hPa for EI Nino years during OND season. 
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Figure 6.lb: As for figure 6.la but for EI Nifio+l years during MAM 
season 
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Figure 6.le: As lor figure 6. la but for La Nina and La Nina+l years. 
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Pentad rain climatology (38.5-41E, 8-4S) 
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Figure 6.2a: Climatological Pentad rainfall time series for northern and 
southern coast of Tanzania 
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Figure 6.2b: Pentad rainfall time series for northern coast during MAM 
and OND season for each EI Nino+l and EI Nino year 
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Figure 6.2c: As for figure 6.2b but for each La Nli'ia+ 1 and La Nina year 
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Figure 6.2d:Northern coast pentad rainfall time series for EI Nino/La 
Nina and EI Nino+1/La NiFia+1 composites (upper), 850hPa and 700hPa 
climatology/EI Nino and La Nina composite zonal wind for OND (lower). 
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Figure 6.3b: As for figure 6.Ja but for P1 and P+1 
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Figure 6.3c: MAM climatological fields at P"1 and PO 
OLR in (W/m'), Moisture flux in glkg.mls and wind in mls. 
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Figure 6.4a:EI Nino composite OND anomaly fields at P-1 and PO 
OLR in (Wlm' ). Moisture flux in glkg.mJs and wind in mls. 
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Figure 6.4b: As for figure 6.4a but for P1 and P+1 
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Figure 6.4c: As for figure 6.411 but for EI Nif'lo+1 composite during MAM 
season 
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Figure SAd: As for figure 6.4a but for (MAM) PI and P+1 for EI Nifio+1 
composites 
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Figure 6.5b: As for figure 6.Sa but for P1 and P+1 
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Figure 6.5c : As for figure 6.4a but for La Nma+1 composite during MAM 
season. 
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Figure 6.6a: As for figure 6.4a but for 1997 
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Figw E.' 6.Gb: As l or figure 6.4a but for P1 and P+1 OND 1997 
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Figure 6.6c: As for figure 6.4a but for MAM 1998 
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Figure 6.6d: As for figure 6Aa but for 1998 (MAM) P1 and P+1 
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Chapter 7: Summary and conclusion 

The relalionship between seasonal rainfall over East Africa with ENSO (EI Nino 

Southern Oscillation), regional SST (Sea Surface Temperature) variability and 

the QBO (Quasi-Biennial Oscillation) has been documented in earlier studies 

(e.g. Indeje et al 2000, Ogallo, 1988 etc). Relatively lew investigators have 

considered the association of ENSO and rainfall over specific sub-regions of East 

Africa. The main aim of this research was to examine the time space evolution of 

the ENSO signal in tropical Indian Ocean. and to investigate the observed 

teleconnections with rainfall over the coastal regions of Tanzania, with the view 

of extracting main seasonal rainfall precursors during ENSO years. The Atlantic 

Ocean signal were considered but found to have no significant influence on the 

Tanzanian coastal rainfall and hence the emphasis was given to the Indian 

Ocean This study also considered other patterns of interannual variability (e.q 

the Indian Ocean zonal mode) that may influence coastal Tanzania rainfall It 

was also aimed at investigating the nature of intraseasonal rainfall variability over 

coastal TanzDnia and how this related to ENSO. 

Using data from Tanzanian coastal stations, a rainfall index was formed and 

used to identify the rainfall characteristics of each ENSO year. r,'lonthly 

anomalies of selected meteorological fields were analyzed for EI Nino/La Nina 

composites and each event to determine the mechanisms associated WiTh 

seasonal rainfall over the Tanzanian coast during ENSO years. The analyzed 

meteorological fields start two months prior to the onset of the rainlall season for 

potential predictive purposes. Time secies plots of rainfall and wind were 

analyzed at intraseasonal time scale and the rainfall onset dates derived. Time­

longitude or Hovmbller plots of bandpass liltered OLR, zonal winds at 850hPa 

and 200hPa levels. revealed the propagating nature and coupling of local 

circulations and convection 

The analysis of the monthly climatological fields for both OND and MAM season 

revealed that the rainfall observed over the Tanzanian coast was mainly 
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associated with the north-south migration of the ITCZ. Two peaks were evident, 

one in April when the ITCZ crosses the region on its way to the northern 

hemisphere. The other peak occurs in November when again the ITCZ crosses 

the region as it moves to the southern hemisphere. However, significant 

departures to these mean conditions occur during ENSO years. Scrutiny of the 

rainfall index for the north coast shows that all EI Nino and EI Nino+ 1 years were 

associated with above normal rainfall while la Nina and la Nina+ 1 years shows 

below normal rainfall. Similarly the Indian Ocean positive zonal mode years were 

observed to have above normal rainfall while Indian Ocean negative zonal mode 

years reported drier conditions. Signal over the South coast are mixed although 

most EI Nino's led to wet OND there and most la Nina's are dry. 

The scrutiny of the anomalies for selected meteorological fields indicates that 

above average rainfall during EI Nino years is associated with the contrasting 

warm (cool) SST anomaly patterns coupled with the contrasting negative 

(positive) OlR anomalies in the western (eastern) equatorial Indian Ocean. 

Easterly wind and moisture flux anomalies occur over the equatorial eastern 

Indian Ocean with moisture flux convergence over the Tanzanian coast. The 

most remarkable feature, which enhances convergence over the Tanzanian 

coast during EI Nino years, is the low level wind and moisture flux cyclonic 

anomaly southeast of Madagascar. The occurrence of the rising limb of the 

Indian Ocean Walker cell over equatorial western Indian Ocean was also an 

important feature for increased rainfall over the Tanzanian coast during EI Nino 

years. Note that for the north coast, wet conditions of the OND season of the EI 

Nino years are extended to the usually dry months of January and February of 

the EI Nino+ 1 years. These conditions reverse during la Nina years and dry 

conditions persist over the Tanzanian north coast. 
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During the OND season, the south coast shows ENSO impacts more like the 

northern coast and the rest of East Africa. Easterly wind and moisture flux 

anomaly together with moisture flux convergence leads to significant rainfall 

during EI Nino years. For la Nina years, dry conditions persist due to 

occurrence of moisture flux divergence over the south coast. On the other hand 

in JFM the south coast indicates a mixed ENSO Signal with some wet and dry 

years occurring during both EI Nino and la Nina. It appears that, for JFM, the 

south coast may be a transition region between the opposite signal impacts of 

southern Africa and East Africa. 

During wet non-ENSO years when there is no zonal mode SST anomaly pattern 

in the equatorial Indian Ocean, the regional wind circulation patterns are 

important for determining the nature of the rainfall over the Tanzanian coast. 

Cyclonic wind and moisture flux anomaly closer to the Tanzanian coast leads to 

above average rainfall while anticyclonic circulations result in below average 

rainfall over the Tanzanian coast. Varying surface boundary forCing conditions 

over the region, including vegetation cover, soil moisture and topography may 

also be important during these years. However, the lack of high-resolution data. 

which can identify meso-scale factors, contribute to the difficulties in asseSSing 

this contribution and to improving seasonal forecasting. 

On the intraseasonal time scale. the OlR and zonal wind Hovmoller plots 

revealed eastward and westward propagating as well as stationary features over 

the Indian Ocean. ,It was observed that the propagating features were absent 

during strong EI Nino years while for strong la Nina years they are present. It is 

also found that the areas of large negative OlR anomalies (strong convection) 

couple well with areas of strong westerly anomalies in lower levels with strong 

easterly anomalies in the upper levels. 
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The rainfall time series revealed that increased rainfall during EI Nino years was 

associated with an early onset while reduced rainfall during La Nina years was 

associated with late start of the season. The wind time series indicate that the 

increased rainfall during EI Nino years was associated with low-level easterly 

anomalies during the onset of the rainfall season weakening towards the peak of 

the rain season. This situation implies enhanced moisture advection during the 

onset and moisture convergence during the peak. During La Nina years the 

reverse is true. 

The climatological plots at intraseasonal time scale confirm the association of 

Tanzanian coast rainfall with the migration of the ITCZ. The peak of the rainfall 

season is found to occur while the ITCZ is over the region. Similarly, increased 

rainfall during EI Nino years was observed to be associated with enhanced 

convection and moisture flux convergence over the Tanzanian coast with reverse 

during La Nina years. The wet conditions of the OND season of the EI Nino onset 

years are extended to the usually dry months of January and February of the 

post mature phase EI Nino year. A good example is 1991198, which was the 

strongest event during the period of study. 

In conclusion, the association of ENSO with seasonal rainfall over the Tanzanian 

coast has been clarified in this thesis._However, ENSO explains about 50% of the 

East African rainfall variance, with other factors explaining the remaining 

variance (Ogallo, 1988). This thesis focuses on the association of the Tanzanian 

coast rainfall with ENSO. Future work may look at other factors explaining the 

remaining 50% variance. Further detailed study could consider the physical and 

dynamical changes over the Indian Ocean associated with prolonged wet and dry 

spells over the Tanzanian coast. This will be a step towards finding statistical 

patterns and predictors for intraseasonal rainfall, which is important for planning 

of agricultural activities. Another important question to be considered in a future 
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study involves clarifying the complex ENSO signals over the south coast for the 

JFM season. 

For predictive purposes, SST anomalies, OlR anomalies, wind and moisture 

flux anomalies over the equatorial Indian Ocean are able to show a distinctive 

differences between the dry and wet periods. 

Some weaknesses of the present study should however, be mentioned. The 

NCEP re-analyses and CMAP data used in this study are of short duration and 

hence possible decadal variability has not been significantly identified. The 

CMAP rainfall data is available from 1979 hence there were no rainfall plot for 

ENSO years, which occurred before 1979. NCEP re-analyses are at 2.50 

resolution and may not necessarily represent the details of SST, topography, soil 

and vegetation. Also, these re-analyses may not have as many local 

observations available for assimilation compared to other regions, and this may, 

potentially reduce the accuracy. 

This thesis has contributed to the understanding of the association of ENSO with 

rainfall over the Tanzanian coast. It is revealed from this study that the ENSO 

signal for the southern coast of Tanzania is disorganized due to the fact that the 

region lies in the transition zone between southern Africa and equatorial East 

Africa, which have contrasting ENSO impacts. Evidence of intra-seasonal 

variability signals have been examined in this study, which have not been 

considered in earlier studies work. 

A detailed study of the physical and dynamical changes over the Indian Ocean 

associated with prolonged wet and dry spells over the Tanzanian coast is 

required. To do so, will require application of atmospheric and ocean models. 

The knowledge thereby gained will lay facilitation for the formulation of 

intraseasonal rainfall prediction models. 
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PENTAD MONTH DATE PENTAD MONTH DATE 
01 JAN 01-05 38 JUL 05-09 
02 JAN 06·10 39 JUL 10-14 
03 JAN 11·15 40 JUL 15-19 
04 JAN 16-20 41 JUL 20-24 
05 JAN 21-25 42 JUL 25-29 
06 JAN 26-30 43 JUL-AUG 30-03 
07 JAN-FEB 31-04 44 AUG 04-08 
08 FEB 0S:-09 45 AUG 09-13 
09 FEB 10-14 46 AUG 14-18 
10 FEB 15-19 47 AUG 19-23 
II FEB lO-24 48 AUG 24-18 
II FEB-MAR 25-01 49 AUG-SEPT 29-02 
13 MAR 02-06 50 SEPT 03-07 
14 MAR 07·11 51 SEPT 08-12 
IS MAR 12-16 52 SEPT 13-17 
16 MAR 17-21 53 SEPT 18-22 
17 MAR 22·26 54 SEPT l3-27 
18 MAR 27-31 55 SEPT-OCT 28..02 
19 APR 01-05 56 OCT 03-07 
20 .. APR 06-10 57 OCT 08-12 
21 APR 11-15 58 OCT 13-17 
22 APR 16-20 59 OCT 11-22 
23 APR 21-25 60 OCT l3-27 
24 APR 26-30 61 OCT-NOV 28-01 
2S MAY 01-05 62 NOV 02-06 
26 MAY 06-10 63 NOV 07·11 
27 MAY 11·15 64 NOV 12-16 
28 MAY 16-20 CiS NOV 17·21 
29 MAY 21-25 66 NOV 22-26 
30 MAY 26-30 67 NOV-DEC 27-01 
31 MAY..JUN 31..04 68 DEC 02-06 
32 roN 05-09 69 DEC 07-11 
33 roN 10-14 70 DEC 12-16 
34 roN 15-19 71 DEC 17-21 
3S roN 20-14 7l DEC 1l-16 
36 roN 1S-19 73 DEC 27-31 
37 JUN-JUL 30-04 
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APPENDIX B 

Analysis of each ENSO year. 

Because of the tendency for composites being biased towards stronger events, a 

case-by-case examination of ENSO years composited for the OND season is 

performed here. 

Each EI Nino year 

Scrutiny of each EI Nino year reveals that except for 1986 all composited years 

were also positive Indian Ocean zonal mode years. Those EI Nino years 

occurring within the study period (1970-1999), which were not composited due to 

insignificant rainfall anomaly values «1) were non Indian Ocean zonal mode 

years. This implies that the positive Indian Ocean zonal mode may amplify the EI 

Nino signal over Tanzania. Analysis under this section will attempt to find out why 

these other EI Nino years were not significantly wet. For brevity only the monthly 

anomaly fields for the rainfall peak in November will be presented. However, the 

anomaly fields for October 1986, 1990 and 1995 were significantly different from 

composites and will also be presented. 

Monthly anomaly fields for each composited EI Nino year during the peak of the 

OND rainfall season in November are shown in figures A 1-A5. Scrutiny of these 

years indicate that almost all the meteorological fields are more or less similar to 

the EI Nino composites. Warming occurs over the western Indian Ocean with 

enhanced moisture flux convergence throughout the rainfall season. However in 

October 1986 (fig 01) the SST and low-level wind anomaly patterns indicate a 

significant departure from the EI Nino composite. Cool SST anomalies extend 

over much of the equatorial Indian Ocean with low-level westerly wind anomalies 

between the equator and SON. Negative latent heat flux anomalies occur over 

much of Tanzania with moisture flux divergence over the Tanzanian coast 

consistent with below average rainfall observed. This year was wet during 
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November and December resulting into significant rainfall in the seasonal total, 

and thus this year was included in the composites. It appears that the Indian 

Ocean signal in 1986 begin later than for other years. 

Figures 81-82 indicates November monthly anomaly fields for 1990 and 1991, 

which were EI Nino years with less than one standard deviation rainfall anomaly 

and hence not included in the composite. Comparison of these years with EI Nino 

composites indicates that 1990 and 1991 were significantly wet during November 

only, which resulted in insignificant rainfall anomaly in the seasonal total while EI 

Nino composites indicate wet conditions throughout the rainfall season. 

During the onset of the short rainfall season in October both 1990 and1991 

experience dry conditions. In October1990 (fig D2), negative SST anomalies 

were located at about 55°E over the equatorial western Indian Ocean while 

closer to the Tanzanian coast positive SST anomalies exist. The low level wind 

and moisture flux anomaly plots show a cyclonic anomaly centered at about 50 S 

and 65°E. This circulation is associated with moisture flux convergence mainly 

over the Kenyan coast where above average rainfall was observed. However, the 

Tanzanian coast experienced dry conditions. 

In October 1991 (not shown), warm SST anomalies occurred over much of the 

equatorial western Indian Ocean. Strong westerly wind anomalies extended over 

much of the equatorial western Indian Ocean in the lower and middle levels. The 

850hPa moisture flux anomaly plot shows a cyclonic moisture flux anomaly 

northeast of Madagascar with enhanced westerly moisture flux anomalies over 

the entire East African coast. Southerly moisture flux anomalies advected 

moisture from the South West Indian Ocean towards the Tanzanian southern 

coast where significant rainfall occurred. Dry conditions occurred over the 

Tanzanian northern coast due to the dominance of westerly mOisture flux 

anomalies. 
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It is evident from the above discussion that each year indicates different SST and 

wind anomaly patterns that led to dry conditions. It was further observed that 

wind anomaly patterns are more important for modulating Tanzanian coast 

rainfall rather than SST alone. Warm SST anomalies closer to the Tanzanian 

coast coupled with easterly (westerly) wind anomalies leads to wet (dry) 

conditions. The above average rainfall revealed in the EI Nino composite resulted 

from warm SST anomalies closer to the Tanzanian coast with enhanced easterly 

wind and moisture flux anomalies over much of the equatorial western Indian 

Ocean. 

At the peak of the short rainfall season in November both 1990 and 1991 

observed wet conditions. In November 1990 (fig 81), the SST anomaly plot 

indicates a significant departure from the EI Nino composites. Negative SST 

anomalies extend over the equatorial western Indian Ocean closer to the 

Tanzanian coast. However, above average rainfall occurred mainly due to 

increased evaporation near the coast and easterly wind and moisture flux 

anomalies over the region. 

In November 1991 (fig 82), warm SST anomalies extend over much of the 

equatorial western Indian Ocean. However, the SST anomalies are weaker 

compared to the EI Nino composites, with a pool of cool SST anomalies closer to 

the Tanzanian coast. The moisture flux anomaly plot indicates a slight westward 

shift of the cyclonic moisture flux circulation northeast of Madagascar with 

enhanced easterly moisture flux anomaly over much of Tanzania and the 

equatorial western Indian Ocean between the equator and 10oN. Enhanced 

evaporation occurred offshore for the north coast. These circulations led to above 

average rainfall observed over the Tanzanian coast. 
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Again each year indicates its own SST, wind and moisture flux anomaly patterns, 

which led to above average rainfall. Significant rainfall observed in the EI Nino 

composite resulted from both positive SST anomalies over the equatorial western 

Indian Ocean and moisture flux convergence over the Tanzanian coast. 

Towards the withdrawal of the short rainfall season in December (not shown) 

both 1990 and 1991 observed cool SST anomalies and moisture flux divergence 

over the Tanzanian northern coast, which resulted in reduction of rainfall. The 

significant above average rainfall observed in the EI Nino composite resulted 

from warm SST anomalies over much of the equatorial western Indian Ocean, 

strong easterly low-level wind anomalies along the equator with enhanced 

moisture flux convergence over the Tanzanian coast. 

in summary, 1990 and 1991 were insignificantly wet since the EI Nino signal was 

not coherent over the Indian Ocean during these years. The other protracted EI 

Nino years of 1992, 1993 have not been considered as they produced below 

average rainfall over the north coast in OND. During the positive indian Ocean 

zonal mode years (e.g. 1994), the EI Nino signal over the equatorial western 

Indian Ocean is amplified with warming over the region throughout the rainfall 

season. Therefore the EI Nino signal which leads to significantly above average 

rainfall over the Tanzanian coast is the one which manifest itself with significant 

warming over the equatorial western Indian Ocean and significant easterly 

anomalies over the central and eastern tropical Indian Ocean. 

Each La Nina year 

Scrutiny of each La Nina year composited reveals that 1970 and 1998 were 

negative Indian Ocean zonal mode years; however the rainfall anomalies are 

similar to other Indian Ocean non-zonal mode La Nina years. This suggests that 

the negative Indian Ocean zonal mode may have less significant effect on La 

Nina signal than the positive phase on the EI Nino signal. The rainfall anomaly 
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value for 1995 was less than 1 standard deviation and hence 1995 was not 

included in the composite. It was shown that October 1995 was a wet month, 

which led to insignificant dry conditions over the seasonal total. All la Nina years 

composited were dry throughout the rainfall season and the anomaly fields are 

more or less similar to the la Nina composites except for 1988 where wet 

conditions was observed in December mainly over the southern coast. Under this 

section further analysis of 1995 was carried out to establish the reasons why it 

was not significantly dry. The meteorological fields will be contrasted with the la 

Nina composite during the rainfall season. 

Figures C1-C5 illustrates November anomaly fields for each composited La Nina 

year. Scrutiny of these years indicates that almost all the meteorological fields 

are more or less similar to the La Nina composite. However in December 1988 

(not shown), some of the meteorological fields indicate a significant departure 

from the la Nina composite. Warm SST anomalies occur over much of the 

equatorial western Indian Ocean with easterly wind anomalies in the lower and 

middle levels. Positive latent heat flux anomalies and negative OlR anomalies 

occur over the equatorial western Indian Ocean closer to the Tanzanian coast 

together with easterly moisture flux anomaly. This situation led to above average 

rainfall observed over much of the southern coast of Tanzania in December 

1988. 

Figures D3 and D4 indicate November anomaly fields for 1995, which was a la 

Nina year with less than one standard deviation rainfall anomaly over the 

Tanzanian coast and hence not included in the composite. During the onset of 

the short rainfall season in October 1995 (fig D3). positive SST anomalies cover 

much of the Indian Ocean and extend to the Tanzanian coast. Easterly moisture 

flux anomalies exist over the equatorial western Indian Ocean backing to 

southerly moisture flux anomaly over the Kenyan coast and decelerating towards 

the Tanzanian coast. Positive latent heat flux anomalies extend over the 
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Tanzanian coast consistent with above average rainfall observed. However in the 

La Nina composite the below average rainfall arises from cool SST anomalies 

over the equatorial western Indian Ocean, negative latent heat flux anomalies 

over the Tanzanian coast and westerly moisture flux anomalies over much of the 

equatorial western indian Ocean. 

At the peak of the short rainfall season in November, both 1995 and La Nina 

composite are characterized by below average rainfall. in November 1995 (fig 

04), almost all the meteorological fields indicate similar patterns as the La Nina 

composite except the pool of warm water closer to the Tanzanian coast. Below 

average rainfall observed in both 1995 and the La Nina composite resulted from 

the occurrence of negative SST anomalies with strong westerly wind and 

moisture flux anomalies over the equatorial western Indian Ocean. The 

continental negative latent heat flux anomalies with moisture flux divergence over 

the Tanzanian coast are consistent with dry conditions. 

Towards the withdrawal of the short rainfall season in December, again both 

1995 and the La Nina composite observe below average rainfall. However the 

patterns which led to these dry conditions are different in 1995 compared to the 

La Nina composite. In December 1995 (not shown). positive SST anomalies 

extend over much of the equatorial western I ndian Ocean with low-level easterly 

wind and moisture flux anomalies along the equator. However, below average 

rainfall was observed over the Tanzanian coast due to suppressed evaporation 

from the source regions of these easterly anomalies and negative latent heat flux 

anomalies over much of Tanzania. This was in contrast to the La Nina composite 

which shows negative SST anomalies over the equatorial western Indian Ocean 

and low-level westerly wind anomalies along the equator. 
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APPENDIX C 

Circulations associated with Non ENSO years 

The analysis under this section considers monthly anomalies for selected 

meteorological fields during the OND season of the selected strongest wet/dry 

non-ENSO years. 1978 was observed to be strongest wet non EI Nino year 

while 1974 was the strongest dry non La Nina year (fig 3.1b). Similarly 1977 

and 1996 will be considered in this section to represent pure Indian Ocean 

positive and negative zonal mode years respectively without an ENSO event 

also occurring (Yamagata et aI2002). 

The main objective of this section is to investigate the circulations associated 

with non-ENSO years and to contrast the results with ENSO years. Only the 

meteorological patterns, which significantly differ from composites and 

significantly influence Tanzanian coast rainfall, will be discussed here. 

However, the spatial rainfall plot is not shown for the years selected under this 

section except for 1996 due to the unavailability of CMAP data prior to 1979. 

Monthly anomalies for wet non EI Nino years. 

Figures E1-E6 illustrate monthly anomaly fields for 1978 and 1977, which 

were particularly wet non EI Nino years during the OND season. 1978 was the 

strongest wet non-ENSO and non Indian Ocean zonal mode year. In October 

1978 (fig E1), weak positive SST anomalies existed over the equatorial 

western Indian Ocean closer to the Somali coast with larger anomalies near 

Madagascar. The EI Nino composites indicate larger positive SST anomalies 

over this region and cool anomalies confined to the Indian Ocean (fig 5.1e) 

unlike the broad cooling seen for 1978. 

A cyclonic low and middle level wind anomaly occurs over the equatorial 

western Indian Ocean along the equator centered at about 65°E. This 

circulation is also reflected in moisture flux anomaly plots with strong westerly 

and northerly moisture flux anomalies converging over much of Tanzania. 

Positive latent heat flux anomalies were observed through the path of these 

wind anomalies implying high moisture content and above average rainfall. 
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On the other hand, the EI Nino composite indicates strong easterly wind and 

moisture flux anomalies over this region. 

During the peak of the rainfall season in November 1978 (fig E2), the SST 

anomaly plot is more or less opposite to the EI Nino composite with negative 

SST anomalies over the equatorial western Indian Ocean and positive SST 

anomalies over the subtropical South Indian Ocean. However, above average 

rainfall occurred due to the existence of easterly wind and moisture flux 

anomalies over the equatorial western Indian Ocean between 50S and 5°N 

with strong moisture flux convergence over the East African coast. 

The descending limb of the Indian Ocean Walker cell indicates a westward 

shift compared to the EI Nino composite and is located at about 700E as 

revealed by negative (positive) velocity potential with divergent (convergent) 

wind in lower (upper) levels. The corresponding ascending limb is located 

over the equatorial western Indian Ocean closer to the Tanzanian coast 

consistent with above average rainfall observed over the region. In this case, 

the rainfall is more likely related to regional atmospheric circulation anomalies 

rather than from any clear influence from warm SST anomalies over the 

Indian Ocean unlike for EI Nino. 

Towards the withdrawal of the rainfall season in December 1978 (fig E3), 

again the SST anomaly patterns are roughly a reverse of the EI Nino 

composite. Negative SST anomalies occur over the equatorial Indian Ocean 

north of 200S with positive SST anomalies to the south. A low-level cyclonic 

wind and moisture flux anomaly centered over Mozambique is apparent with 

strong easterly wind and moisture flux anomalies over the equatorial western 

Indian Ocean. This circulation extends to the middle levels with enhanced 

moisture flux convergence over much of the East African region. Again the 

observed rainfall occurred as a result of regional wind and moisture flux 

circulation patterns rather than any obvious SST influence. It is worth noting 

that regional wind anomaly circulation patterns are important for describing 

the nature of Tanzanian coast rainfall during the non-ENSO years. However, 
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the wind and moisture flux anomaly circulations are significantly different for 

each month implying that combining the three months in the seasonal mean 

may distort the results. 

1977 was a positive I ndian Ocean zonal mode year and was a wet year over 

the Tanzanian coast. In October 1977 (fig E4). the zonal mode SST patterns 

over the equatorial Indian Ocean was evident with warm SST anomalies over 

the equatorial western Indian Ocean and cool SST anomalies over the 

equatorial East Indian Ocean. Both positive and negative SST anomalies 

indicate slightly lower values compared to the EI Nino composite. 

The lOW-level wind patterns indicate a cyclonic anomaly southeast of 

Madagascar centered at about 65°E. An anticyclonic anomaly exists over the 

equatorial eastern Indian Ocean with strong northeasterly wind anomalies in 

the central equatorial Indian Ocean. However, in the EI Nino composite the 

cyclonic circulation over southeast Madagascar is not evident and strong 

easterly wind anomalies exist over equatorial Indian Ocean along the equator. 

The middle level wind anomaly patterns indicate significant departures from 

the EI Nino composite with cyclonic anomalies over the equatorial western 

Indian Ocean and southeasterly wind anomalies over the Tanzanian coast. 

The moisture flux anomaly plot reveals westerly anomalies over the central 

Indian Ocean between equator and SON, the region that is occupied by strong 

easterly moisture flux anomaly in the EI Nino composites. The cyclonic 

moisture flux anomaly is evident over southeast Madagascar with strong 

moisture flux convergence over much of East Africa. The occurrence of strong 

easterly moisture flux anomaly over the equatorial western Indian Ocean 

between 50S and 100S with strong moisture flux convergence over the entire 

East Africa is consistent with above average rainfall over the region during 

Indian Ocean positive zonal mode years. However, the wind and moisture flux 

anomaly circulations are significantly different from the EI Nino composite 

despite Similar SST anomaly patterns. 
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In November 1977 (fig E5). the SST zonal mode pattern over the equatorial 

Indian Ocean weakens. An anticyclonic wind anomaly was evident over the 

region of cool SST anomalies with strong easterly wind anomalies over the 

tropical South Indian Ocean with the reverse north of the equator. The 

700hPa level wind plot indicates a cyclonic circulation over the equatorial 

Indian Ocean with strong westerly wind anomalies north of the equator and 

easterly wind anomalies south of the equator. In the EI Nino composite. strong 

easterly wind anomalies exist along the equator. A cyclonic moisture flux 

anomaly exists over the equatorial Indian Ocean with strong moisture flux 

convergence over the Tanzanian coast. 

The longitude height moisture flux transects shows easterly moisture flux 

anomalies over the region at lower levels while the EI Nino composite exhibits 

westerly moisture flux anomaly. The above average rainfall observed in 

November 1977 appears to be due to the large amount of moisture advected 

from the Indian Ocean and enhanced convergence of this moisture near the 

coast. Again the moisture flux and wind anomaly patterns are significantly 

different from the EI Nino composites. 

In December 1977 (fig E6). the zonal mode SST pattern over the equatorial 

Indian Ocean is no longer apparent. Negative SST anomalies east of 

Madagascar are stronger than the previous month while positive SST 

anomalies weaken compared to the EI Nino composites. A cyclonic wind 

anomaly occurs northeast of Madagascar with a strong easterly wind anomaly 

along the equator. Another cyclonic wind anomaly is centered over Botswana 

with southeasterly anomalies over the Tanzanian coast veering to southerly 

anomalies over the Kenyan coast. These cyclonic circulations are also 

reflected in the moisture flux anomalies and middle level wind anomalies and 

they are associated with moisture flux convergence over the Tanzanian coast. 

Again, the moisture flux and wind circulation patterns are significantly different 

from the EI Nino composite. 
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Monthly anomalies for dry non La NU;a years. 

Figures F1-F6 illustrate monthly anomaly fields for 1974 and 1996, which 

were particularly dry non La Nina years during the OND season. 1974 was the 

strongest dry year when there was no La Nina or Indian Ocean zonal mode. 

In October 1974 (fig F1). the tongue of positive SST anomalies emanating 

from equatorial eastern Indian Ocean, which was observed in the La Nina 

composite is not apparent. Cool SST anomalies extend over much of the 

Indian Ocean with lower SST anomalies compared to the La Nina composite. 

The low level winds are more or less similar to the La Nina composite (fig 

5.3e) with strong westerly anomalies over the equatorial Indian Ocean. In the 

middle levels closer to the East African coast, the wind anomaly patterns 

indicate roughly the reverse of the La Nina composite with northerly wind 

anomalies backing to westerly anomalies over the Tanzanian coast. The 

below average rainfall observed resulted from the existence of westerly 

moisture flux anomalies over the equatorial Indian Ocean, reduced 

evaporation near the coast and moisture flux divergence over the East African 

region. 

In November 1974 (fig F2), a La Nina like north-south contrast in SST 

anomalies is evident over the Indian Ocean. Negative SST anomalies occur 

over the equatorial Indian Ocean north of 200S and positive SST anomalies 

south of 200S. The SST anomalies are larger than the La Nina composite with 

lowest anomaly value of about -o.9°C closer to the Tanzanian coast. Again, 

the lower and middle level wind anomalies indicate similar patterns to the La 

Nina composite. The below average rainfall observed is mainly due to the 

occurrence of westerly moisture flux anomalies over the equatorial Indian 

Ocean with moisture flux divergence over the northern coast of Tanzania. The 

moisture flux convergence over the southern coast suggests wet conditions 

there as seen in the seasonal total (fig 3.2b). 
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In December 1974 (fig F3), the western Indian Ocean becomes warmer than 

average whereas the central and eastern regions continued to show cool 

anomalies. The wind anomaly patterns indicate a significant departure from 

the La Nina composite. Easterly wind anomalies exist over the equatorial 

western Indian Ocean, a region covered by westerly wind anomalies in the La 

Nina composite. At 700hPa, a cyclonic wind anomaly exists over the 

Tanzanian coast. This type of circulation implies increased rainfall over the 

Tanzanian coast consistent with moisture flux convergence. However, 

October and November 1974 contributed to below average rainfall in the 1974 

seasonal total while for La Nina composites, dry conditions persisted 

throughout the rainfall season. 

1996 was a negative Indian Ocean zonal mode year but the 1995/96 La Nina 

event had decayed by OND 1996. In October 1996 (fig F4), the negative 

zonal mode in SST anomalies is apparent over the equatorial Indian Ocean. 

Positive SST anomalies exist over the equatorial eastern Indian Ocean and 

negative SST anomalies over the equatorial western Indian Ocean. The 

negative SST anomaly values are larger than the La Nina composite with 

lowest anomaly value of -1.2°C closer to the Somali coast. The region near 

the Tanzanian coast that was covered by warm SST anomalies in the La Nina 

composite indicated cool SST anomalies of the order of -a.6°C in 1996. 

The low level wind indicates a region of westerly wind anomalies over the 

Tanzanian coast, which is also evident at 700hPa. In the La Nina composite, 

this region showed southerly wind anomalies. Westerly moisture flux 

anomalies exist over the equatorial western Indian Ocean with moisture flux 

divergence over the East African coast consistent with below average rainfall 

observed. Over the region, westerly wind anomalies dominate as reflected in 

the longitude height moisture flux anomaly plot, while for the La Nina 

composite easterly wind anornalies occurs over 850hPa and middle levels. 

The circulation patterns that resulted in below average rainfall over the 

Tanzanian coast are more or less similar to the La Nina composite. 
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In November 1996 (fig F5). the zonal mode in SST anomalies weakens over 

the tropical Indian Ocean. Much of the Indian Ocean shows variable wind 

anomalies with strong easterly anomalies over the equatorial western Indian 

Ocean closer to the Somali coast. These easterly wind anomalies also exist at 

700hPa with westerly anomalies over the Tanzanian coast. The la Nina 

composite shows equatorial westerly anomalies at both 850 and 700hPa. At 

850hPa anticyclonic moisture flux anomaly is apparent over the Indian Ocean 

northeast of Madagascar with moisture flux divergence over the Tanzanian 

coast consistent with below average rainfall observed. The above average 

rainfall observed over Kenya is consistent with easterly moisture flux anomaly 

over the region. However, the low-level moisture flux divergence anomalies 

cover the region indicating the involvement of local factors on the rainfall 

formation. This above average rainfall over Kenya was also confirmed by 

negative OlR anomalies over the region. The wind and moisture flux anomaly 

patterns that resulted in below average rainfall over the Tanzanian coast are 

slightly different from la Nina composite. 

In December 1996 (fig F6), the zonal mode in SST anomaly patterns over the 

equatorial Indian Ocean weakens further. The positive SST anomalies extend 

towards the west resulting in the negative SST anomalies being confined 

nearer to the East African and Somali coast. Strong low level westerly wind 

anomalies occur over the Tanzanian coast whereas this region shows weak 

variable anomalies in the la Nina composite. The moisture flux plot indicates 

significantly different patterns from the la Nina composite. Westerly moisture 

flux anomalies extend over much of the Indian Ocean including the Tanzanian 

coast. 

Southwestern Tanzania experienced above average rainfall in December 

1996 consistent with moisture flux convergence over the region. On the other 

hand. the Tanzanian coast observes below average rainfall despite the 

moisture flux convergence over the region. This may be partly due to the long 

track of westerly moisture flux over the land. However, the negative latent 

heat flux anomalies and positive OlR anomalies over the region are 
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consistent with this below average rainfall. Again, note that the regional wind 

circulation patterns are important for determining the nature of the rainfall over 

the Tanzanian coast and need to be considered as well as the moisture flux 

divergence. Thus, the circulation patterns that led to below average rainfall 

are significantly different from the La Nina composite. 

Generally, the wet conditions over the Tanzanian coast during non EI Nino 

years are associated with changes in the regional atmospheric conditions. 

These changes are partly caused by varying surface boundary conditions, for 

example vegetation cover, soil moisture and topography. Also the high 

variability of the monthly circulation patterns leading to wet and dry conditions 

during non-ENSO years, suggest high contribution from meso-scale factors. 

The high contribution from such factors other than large scale forcing to the 

rainfall variability over Tanzania especially during non-EN SO years contribute 

to the difficulties in forecasting. For example the current resolution of the 

NCEP data cannot significantly identify meso-scale factors over Tanzania. 
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Figure E1: October anomaly fields for wet non EI Nifm year 1978 
Moisture flux in glkg.mls, Velocity potential (m> s·') 
Divergent wind (s ') 
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Figure E2: As for figure E1 but for November. 
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Figure E3: As for figure E1 but for December. 
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Figure E4: October anomaly fields for wet positive IOZM year 1977 
Moisture flux in glkg.mls, Velocity potential (m2 s ·') 
Divergent wind (s -') 
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Figure E5: As for figure E4 but for November 
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Figure E6: As for figure 5.5d but for December 
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Figure F1: OGtober anomaly fields for dry non EI Nino year 1974 
Moisture flux in glkg.mfs, Velocity potential (m> SO') 
Divergent wind (s ') 
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Figure F2: As for figure F1 but for November 
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Figure F3: As for figure F1 but for December 
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Figure F4; October anomaly fields for dry negative IOZM year 1996 
Moisture flux in glkg.mls, Velocity potential (m' s ') 
Divergent wind (s ') 
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Figure F5: As for figure F4 but for November 

Appx68 

--" ... -.--~-

! 

"'1 
I 

• , 
S • • • • ,...J 



Univ
ers

ity
of 

Cap
e T

ow
n

··I~ .. c " ... , .• r:'; ,:·.: .. :,--,,~:.:v .. '.-, "-"' 
'1 ~ ,,_ 0 ... ' .• ~,~ ' ... ~ I ," ~ ,_~ ,:,.; ~.~ c.~_~ 
"", ""< ",, -:' '. ~.:t: >""'~-'cc'-"~ , '.,.,. 
.,,, y "<,_.< .' _, ~ ~." •. H~A .. ~" ,> ,_._,,, 
.-." , <" '" ,",." , ~.~ -,-<-,..,,,~. "" ',- --·-,d 
~I~. ,,' -"<. <"W< -·or}., ~ .. ~~" ., .• ""~"-1 
"I~'" n« ',V4 • .1: ""~~ '~~~»'--''"'''#' 
~ c< '" '-'. ;. ~~. ~.1'-~ ,'- ~. ~.p " ..• ,,~,. 
~t ~< ,." • < ~?~ .,."'" "y~ .. c .,. , •• -".:> "; "I' « •.•• '-""~ ."., '-C>.~ ',,~ HH~ -,." ..• ~ "' ..•• ~., ......•• •. ~ ",,>~-,-,> 
....,.. ",- -r ~ 

Figure F5 continue 

Appx69 

• 4 A 



Univ
ers

ity
of 

Cap
e T

ow
n

l .• ·"'~"··· :'~ " \' "'/" -------, ~ ....... ',' ... '"::~, - ~ ~ ..... 
·~ •• ,v .... ,c<\, ••• : .: _ " •• " •••.•• 
• • T .... ,... ... .. ,I >~,... . .".,..." ..... . 
:.",· .. tt·'''''·H'_'~ ' " ... ",,, ... . 
~: ::;.-: .. ~~:.:..~},~~:,.;1:r:;::;;; ::: ::::: 
••• ·~_'~ •• h".,., ,~.~ ••• _ """'" ,.n , .. ~," ". «,~ ..... ( ... ", , .... "" , .. , . 

• " .... ,.,,"'«-....... "." ........ " .. p.'.,.,« ... .,. •.•.. '''" ...... " ... " .. .... '", " •. "' .... '''1" " ~- " ..... " , ........ " ... ".~ . ., .... - / -~-"" 
~ H.« ......... <> •• • • ./ .,.... ,......,. __ 

.. » •• _ ... ," .......... , ".,..- '~ ''''', 

~ " .• ".~.-... ".'.,.<." r ·····"· .. * • '. ,,,,,.« '" , .. -.. '" ..... ~ ••. '''. '"'' :: ~ : : :":.'.',".::;;:',:: {.:::: n :::.:n ' '::":', ., ..... ,--~-~." •.. " ...... " . " .. ....... ., ..... " .. " ..... , ........... ,. 
••••• -' "' •••••• ;-;. « •••• , ••• "', ••• ,"­........ ,,- .... ".«--.""-,'''-''''" 
~ . 

""--~ 

:/ 
,~ 

, , 
, , 

(( ~ 
• 

• 
• 

Figure F6: As for figure F4 but for December 
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