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QUESTIONS ABOUT THE ITCZ MIGRATION 
OVER THE TROPICAL ATLANTIC 

SEA SURFACE TEMPERATURE I N  THE GULF OF GUINEA 
AND THE RUNOFF OF SENEGAL RIVER 
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p i c a l  Convergence Zone (ITCZ - maximum of  c1oudiness)has 
been followed over f i f t e e n  yea r s  (1971-1985) w i t h  meteo- 

-:>I : ; r o l o g i c a l  satell i tes imagery. 
‘i &... ‘7 Addi t iona l  d a t a  used were : wind field d a t a  from 

3 UBO (PICAUT e t  al. ,. 1985) and ECMWF (Readzng) a n a l y s i s  ;$ 

sea  s u r f a c e  temperature on a monthly b a s i s  were provided 
by UBO a n a l y s i s  ; and  t h e  Senegal r i v e r  runoff  , as 
expected t o  be a good i n d i c a t o r  of Sahe l i an  drought,  has  

ORSTOM Hydrological Service.  
I f  t h e  seasona l  northwards displacement of t h e  ITCZ . 

i s  we l l  c o r r e l a t e d  wi th  t h e  i n t e n s i f i c a t i o n  of t h e  wind 
s t ress ,  the  r e l a t i o n  between t h e  anomalies of ITCZ posi-  
t i o n ,  SST anomalies i n  the Gulf of Guinea and t h e  in t en -  
s i t y  of r a iny  season over s a h e l i a n  c o u n t r i e s  i s  n o t  a l -  
ways as ev iden t  as r e l a t e d  by former works. 

Moreover I T C Z  and SST d e p a r t u r e s  a r e  no t  s u f f i c i e n t  
t o  support  t h e  continuous and alarming decrease of Sene- 
g a l  r i v e r  runof f .  

A s  dynamical Rrocesses i n  t h e  upper a i r  wind f i e l d  
a r e  o f t e n  mentionned about t h e  s a h e l i a n  r a i n y  season,  w e  
have analyzed t h e  v e r t i c a l  s t r u c t u r e  of wind over  Niamey 
f o r  r e c e n t  years  f o r  which classical  argumentations w i t h  

.. _. ITCZ o r  SST gave no answer to observed climatic anoma- 
l i es .  

t-- 

i been followed f o r  t he  same pe r iod  (1964 - 1985) by t h e  
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The unexplained s i t u a t i o n s  brought by t h e  flow pa t -  
kern suggested t h a t ,  b e s i d e s  t h e  components bf a f r i can"  ' 

e a s t e r l y  j e t ,  t h e  t iming of t h e  change from d ry  t o  w e t  
season a f f e c t i n g  t h e  whole system may b e  important i n  
terms of mass and energy t r a n s f e r  between t h e  two hemis- 
pheres.  

I n  t h a t  i d e a  w e  i n t roduced  a new parameter,  t h e  ve- 
l o c i t y  of northwards ITCZ migrat ion as  a d e s c r i p t o r  (mo- 
r e  o r  less q u a l i t a t i v e )  of t heses  e n e r g e t i c  seasonal  
changes a t  t h e  o n s e t  of t h e  r a i n y  season. 

The r e s u l t s  ob ta ined  f o r  t h e  whole per iod 1971-1985 
give more s a t i s f a c t o r y  r e s u l t s  when analyzed ve r sus  sahe- 
l i a n  r a i n f a l l  anomalies a n d a r e  a b l e  t o  g i v e  a l s o  , some 
informations about t h e  coming r a i n y  season in  case of 
pessimistic c o n f i g u r a t i o n s .  

' x :  
1' , I N T R O D U C T I O N .  

L. 

The p a s t  f i f t e e n  y e a r s  of Af r i can  drought had l e d  several au tho r s  t o  , >  
a . , .  . 

,suggest i n t e r p r e t a t i o n  and p o s s i b l e  mechanisms supported by d i f f e r e n t  t i m e  
series of d i f f e r e n t  parameters.  

A l l  of t h e s e  works refer t o  t h e  p o s i t i o n  o f  t h e  I n t e r t r o p i c a l  Zone of 
Convergence (ITCZ), a l though  t h e y  d i f f e r  o f t e n  i n  i t s  d e f i n i t i o n .  

A s  sa te l l i t e  imagery n o w ' a j a i l a b l e  r e p r e s e n t s  a longe r  t i m e  serge f o r  
a continuous watch of t h e  ITCZ,  w e  intended i n  t h i s  n o t e  t o  check i f  i t s  
l o c a t i o n  followed in  t h k s  way, on a d a i l y  b a s i s  over t h e  t r o p i c a l  A t l a n t i c  
ocean, is c o n s i s t e n t  wi'th t h e  gene ra l  i d e a s  r e f e r r e d  by previous s t u d i e s .  

. 

. M A T E R I A L S  ' ? A N D  M E T H O D S  

n 

t 

The ITCZ ( I n t e r t r o p i c a l  Convergence Zone) i s  a wide f e a t u r e  of t h e  ge- 
n e r a l  c i r c u l a t i o n  which can be e i t h e r  easy t o  determine when narrow and uni- 
que o r  more d i f f i c u l t  t o  l o c a t e  when double,  t r i p l e  o r  broad convergence 
zone appears. 

FRANK (1983) t o  d e f i n e  I T C Z  as t h e  " p r e v a i l l i n g  east-west l i n e  of maximum 
convection" determined from sa t e l l i t e  imagery. 

The d a t a  used are NOAA (and ESSA) composite images d i s p l a y e r  on Merca- 
t o r  p ro jec t ion .  Two images p e r  day (on v i s i b l e  and one n i g h t  i n f r a - r ed )  we- 
re gene ra l ly  a v a i l a b l e .  In  case of double convergence zone, t h e  two loca- 
t i o n s  habe been d i s t i n g u i s h e d ,  and t h e  no r the rn  one has  been chosen. 

south migrat ions of ITCZ,  w e  choose t o  determine i t s  l o c a t i o n  i n  t h e  A t l a n t i c  
e q u a t o r i a l  zone around 28"W, i n  o t h e r  terms in  t h e  c e n t r a l  area between 
Western Af r i ca  and South America c o a s t .  The i d e a  i n  t h i s  cho ice  is t o  fol low 
t h e  l i m i t  between t h e  n o r t h e r n  and sou the rn  A t l a n t i c  an t i c9c lones  o r  i n  o t h e r  
terms t h e i r  re la t ive infl 'uences i n  t h i s  area. 

cing" (PICAUT e t  a l . ,  1985) l i n k  t h e  i n t e n s i f i c a t i o n  of t h e  zonal component ' I  

sf the wind i n  t h i s  area t o  eastward propagation of Kelvin wave and 'later on, 

I n  o rde r  t o  minimize t h e  r o l e  of  ou r  s u b j e c t i v e  a n a l y s i s ,  w e  choose as 
O 

I n  o rde r  t o  avoid c o n t i n e n t a l  i n f l u e n c e  which induce v e r y  l a r g e  north- 

Another r e a s o n  of t h i s  choice i s  t h e  f a c t  t h a t  t h e o r i e s  of "remote fo r -  a 

5 "-l-.*l.- --_ - * _ -  
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tp thedecrease of thehomogeneous l a y e r  t h i ckness  and upwelling process i n  the  
Gulf of Guinea. 

d a i l y  estimates. For r e c e n t  y e a r s  f o r  which numerical d a t a  of Meteasat were 
a v a i l a b l e  and processed on a r o u t i n e l y  b a s i s  by ORSTOM/CMS team i n  Lannion, 
t h e  I T C Z  p o s i t i o n  h a s  been e x t r a c t e d  from composite images ; i n  r e t a i n i n g  
t h e  "warmest value" (CITEAU, 1984) o r  t h e  mean va lue  (BELLEC, 1984). 

computation) g ive  similar r e s u l t s ,  t h e  l a s t  one must b e  p r e f e r r e d  (when nume- 
r ica l  d a t a  a r e  a v a i l a b l e )  because i t  minimizes t h e  r o l e  of s u b j e c t i v e  analy- 
s is  when north-south ITCZ mig ra t ion  occurs  a t  s h o r t  t i m e  scale. But i t  i s  
o f t e n  very heavy and sometimes q u i t e  impossible  i n  s a t e l l i t e  d a t a  processing 
t o  go backward. The per iod of ou r  a n a l y s i s  covers t h e  yea r s  1971 t o  1985. 
Unfortunately,  t h e  per iod 1967-1970 d e l i v e r e d  by NOAA was on ly  a v a i l a b l e  as 
a mean monthly cloud cl imatology a t las  f o r  t h e  whole pe r iod ,  and unusable f o r  
o u r  i n t e n t .  

f i e l d  from SERVAIN (UBO), covering t h e  per iod of our  study. 

v e l s  between 100 mb and 1000 mb f o r  recent per iod (1980-1984). 

Meqn v a l u e s ' ( o v e r  a week) of ITCZ p o s i t i o n s  have been computed from 
' 

It is clear t h a t  even i f  t h e  two approaches (photographs a n a l y s i s  o r  

- Other sources  of d a t a  used h e r e  were t h e  monthly wind f i e l d  and SST 

- Wind f i e l d  i s sued  from ECMWF (*) (Reading) a n a l y s i s  a t  s t a n d a r t  le- 

- SST s h i p  of oppor tun i ty  d a t a  d e l i v e r e d  by French Meteorology. - A t  last ,  t h e  runoff r eco rd  of Senegal  river has  been used as a drought 
i n d i c a t o r  : i n  s p i t e  of t h e  fact  t h a t  th i s  r iver o r i g i n a t e s  i n  Guinea mounts 
d i f f e r e n t  au tho r s  obtained a f a i r l y  good c o r r e l a t i o n  (0,76) between i t s  flow 
( i n  module) and annual normalized r a i n f a l l  over Sahel (PALUTIKOF e t  a l . ,  1981 

.L 

, and SIRCOLTON, 1976). 

In f i g u r e  1 i s  given t h e  r e p r e s e n t a t i o n  of ITCZ l o c a t i o n  versus  time 

The ITCZ migra t ions  has been analyzed versus  d i f f e r e n t  parameters as 
f o r  yea r s  1971 t o  1985, a long t h e  meridian 28OW. 

fo l lows  : 

- Rela t ion  between ITCZ and l o c a l  sea l e v e l  wind : 

As d i f f e r e n t  e x i s t i n g  works (HASTENRATH e t  a l . ,  1977 ; Documentation 
AIR FRANCE, 1963) assess t h e  r e l a t i o n  between ITCZ , l o c a t i o n  and minimum of 
wind i n  the same area a t  sea leve1,we have examined more p r e c i s e l y  t h e  con- 
n e c t i o n  between t h e  d a t e  of t h e  zonal  wind component i n t e n s i f i c a t i o n  a t  sea 
level,  and t h e  d a t e  of t h e  northwards I T C Z  motion. 

(r = 0,84) e x i s t s  between t h e  two d a t e s  and moreover, it appears t h a t  t h e  
northwards motion of ITCZ precedes b road ly  t h e  zonal  wind i n t * e n s i f i c a t i o n  
.(at sea l e v e l )  by 25 days approximately ( s lope  0,99 ; i n t e r c e p t  = 24,8). 

The r e s u l t  i s  d i sp layed  i n  f i g u r e  2. A s  expected, a good c o r r e l a t i o n  , 

. */I 
ECMWF : European Center f o r  Medium Range Weather Forecas t .  
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,- I T C Z  migrat ion c h a r a c t e r i s t i c s  : . .  
tr 

Another obse rva t ion  i s s u e d  from t h e  same f i g u r e  2, i s  t h e  time delay-<* 
e x i s t i n g  between yea r s  (as 76, 82, 83) c h a r a c t e r i z e d  by an e a r l y  d a t e  of 
northwards migrat ion and y e a r s  ( a s  71, 74, 77...) f o r  which t h e  same s i g n a l  
occurs  l a te r .  

cyc lon ic  c e n t e r s  (Azores and St .  Helena over  t h e  At l an t i c )  

r a c t e r i s t i c  used t o  compare d i f f e r e n t  y e a r s  and t o  re la te  these  t o  d r y  o r  
w e t  years  ... ans t h a t  p o i n t  w i l l  be  d i scussed  later.  A q u a l i t a t i v e  compari- 
son f o r  I T C Z  motion along 28"W, is given on f i g u r e  1 f q r  which a l i m i t  a t  
8 " N  has been drawn. 

Discarding the  cyclones phenomena which g e n e r a l l y  keg in  a t  t h e  end of i september,and draw ITCZ northwards,  i t s  northernmost p o s i t i o n  has  been ac tua l .>  
l y  observed between 8 and 10" N du r ing  1971, 1974 t o  1976,, 1978, 1982, 1983 
and 1985. 

roughly equa l  t o  o r  lesser t h a n  8'N. 

This  s i g n a l  can b e  r e l a t e d  t o  t h e  g l o b a l  displacement of t h e  two a n t i -  

The northernmost p o s i t i o n  reached by t h e  ITCZ i s  t h e  most f r e q u e n t  cha- 

The remaining y e a r s  i n d i c a t e  du r ing  summertime a northern p o s i t i o n  

- Rela t ions  between ITCZ and s e a  s u r f a c e  temperature : 

Remote f o r c i n g  t h e o r i e s  (PICAUT, 1983) l i n k e d  the  (eastern) e q u a t o r i a l  
A t l a n t i c  upwelling which occur s  i n  summertime t o  wind i n t e n s i f i c a t i o n  i n  the 
wes te rn  A t l a n t i c  area. U 

I n  t h e  same idea  of wind-driven upwell ing,  t h e  i n t e n s i t y  o f . e q u a t o r i a l .  
upwelling h a s  been r e l a t e d  t o  t h e  p o s i t i o n  of ITCZ during summertime. 

Keeping i n  mind t h e  1968 event r e l a t e d  by HISARD (1980) for which ITCZ 
w a s  a t  a more sou the rn  p o s i t i o n  than u s u a l  du r ing  summertime (LAMB, 19781, 8 

and f o r  which sea s u r f a c e  temperature  show p o s i t i v e  anomalies i n  t h e  Gulf of 
Guinea, w e  t r i e d  t o  check t h i s  scheme w i t h  ou r  series. 

I n  focus ing  a t t e n t i o n  t o  t h e  sea s u r f a c e  temperature anomaly i n  t h e  
area bounded by 2ON-2"S and 12°W-80W dur ing  the pe r iod  July-August, i t  appears 
t h a t  ( f i g .  3 ) .  

Roughly and i n  q u a l i t a t i v e  terms, yea r s  showing a northernmost ITCZ lo- 
c a t i o n  ( n o r t h  of 8 O N 3 ,  show a l s o  n e g a t i v e  temperature  anomalies i n  summertime 
except  f o r  : 

mean s i g n a l  ( t h e  c h a r a c t e r i s t i c  of t h e s e  y e a r s  being r a t h e r  an e a r l y  equato- 
r i a l  upwell ing) .  

p o s i t i v e  o r  c l o s e  t o  the  mean. I. 

of the  p r e v i o u s l y m . d e f i n e d  group of  y e a r s ,  

t i m e  show a weak e q u a t o r i a l  upwelling o r  p o s i t i o n  anomalies and t h a t  i s  t h e  
case of 1973, 77, 79, 81, 84, except f o r  : 

t h e  mean i n  s p i t e  of an  ITCZ l o c a t i o n  nea r  of 8"N. 

t i c ,  e i t h e r  on B r a z i l  o r  t h e  western Af r i ca .  It i s  t h e  only year  showing a 
s h o r t , a m p l i t u d e  of ITCZ l o c a t i o n s  between January and September : . t h e  ITCZ 
l o c a t i o n  remains between 2N and 8 N  (except  du r ing  a week i n . J u l y )  (The drought 
ober B r a z i l  was i n  f a c t  concerned by t h e  October 71 t o  May 72 period f o r  - 
which ITCZ was a t  no r the rn  p o s i t i o n  than u s u a l ,  The 1972 African drought was 
concerned by May t o  September pe r iod ) .  

. 

- 1982 and 1983, f o r  which t h e  e q u a t o r i a l  upwelling i s  c l o s e  t o  t h e  

- f o r  1985 f o r  which t h e  SST anomalies of t h e  period June t o  August were 

These t h r e e  c a s e s  a p a r t ,  1971, 74, 75, 76 and 78 are a c t u a l l y  r e l e v a n t -  

On t h e  o t h e r  s i d e ,  y e a r s  showing a weaker northward l o c a t i o n  i n  summer-, 

- 1972 f o r  which t h e  observed coo l ing  a long  t h e  equator was c l o s e  t o  . 
- 

This  y e a r w a s  the wel l - reported drought yea r  on both s i d e s  of t he  Atlan- 

' 
' 

I 



5 

I n  order  t o  tes t  the  cons i s t ency  of t h e s e  observa t ions ,  a c o r r e l a t i o n  
has  been, attempted i n . i n t r o d u c i n g  a t i m e  d e l a y  between ITCZ p o s i t i o n s  anoma- 
fíes along 28"W and SST anomalies i n  t h e  Gulf of Guinea': tihe r e s u l t  d i sp l a -  
yed ( i n  f i g u r e  4 )  a poor c o r r e l a t i o n  between t h e  two parameters.  The maximum 
Talue (0 .4 )  being obta ined  w i t h  a t i m e  l a g  of 1 month. 

l 

- Rela t ion  of I T C Z  and SST w i t h  the flow of Senegal r iver : 

A s  prev ious ly  mentionned, t h e  work of PALUTIKOFF (1984) a l lows  t o  consi-  
d e r  i n  a f i r s t  s t e p ,  t he  f low of Senegal r iver  as r e p r e s e n t a t i v e  of t h e  Sahe- 
l i a n  drought.  

be  observed (NICHOLSON, 1980, 1981 ; MOTHA e t  a l . ,  1980) t h a t  t h e  Afr ican  
drought h a s  extended s imultaneously ove r  a l a r g e  area of i n t e r t r o p i c a l  Afr ica ,  
and t h e  fact t h a t  t he  f low of Senegal  r i v e r ( i n  normalized depar ture)  i s  glo- 
b a l l y  similar t o  r a i n f a l l  index  of LAMB (1982) o r  o t h e r s ,  i s  n o t  a pure coin- 
cidence.  

(OLIVRY, 1983; GAC, 1985) are r ep resen ted  i n  f i g u r e  5 i n  term o f  normalized 
depa r tu re  of t h e  flow i n  module. 

The main f e a t u r e  evidenced is a gene ra l  decrease  of t h e  f low and, f o r  
80 X t he  module 
."gi.clal yea r  (GAC, pers .  c o w )  . 

Notwithstanding t h a t  Senegal  rivez, o r i g i n a t e s  i n  Guinea mounts, i t  can 

The d a t a  k ind ly  provided by t h e  Se rv ice  Hydrologique of ORSTOM-DAKAR 

i s  r e p r e s e n t a t i v e  o f  t h e  amount of  r a i n  dur ing  the  hydrolo- 
. .  -. 

This  genera l  decrease,  c o n s i s t e n t  w i t h  t h e  l i n e a r  downward t rend  obser- 
o ved i n  Agades (Niger) and Abeche (Tchad) , (HARE, 1983), cannot be  explained 
on ly  by ITCZ o r  SST depar tures .  

HASTENRATH (1984), may e x p l a i n  a p a r r  of t h e s e  y e a r  t o  year  v a r i a t i o n s .  
But, i n  counterpar t ,  p o t e n t i a l  mechanism given by SCHUPELIUS (1975) and 

Before 1971 : 

We must remind t h a t , ( r e p o r t e d  by aforementionned r e fe rences )  i n  1968, 
----------- 

ITCZ l o c a t i o n  w a s  observed a t  markedly sou the rn  p o s i t i o n s ,  and no r the rn  ones 
i n  1967 and 1969. 

Fur t h e  same t i m e  i n  t h e  Gulf of Guinea SST anomalies were p o s i t i v e  i n  
1968 and negat ive  i n  1967 and 1969. Senegal  r iver depa r tu re  i s  nega t ive  i n  
1968, p o s i t i v e  i n  1967 and 1969. R a i n f a l l  v a r i a t i o n s  over  s a h e l i a n  coun t r i e s  
zepor ted  negat ive  anomalies i n  1968 and p o s i t i v e  i n  1 9 6 7  a n d  I 9 6 9  (JANI- 

r a i n y  r e g i m e  e x i s t i n g  i n  w e s t  A f r i c a ,  b e t w e e n  s a h e l i a n  a r e a  a n d  
c o a s t a l  coun t r i e s  of Gulf of Guinea ( r a i f a i l  ove r  1941-1973 per iod) .  

,COTY 1 9 8 5 ) .  F u r t h e r m o r e ,  t h e  same a u t h o r  e v i d e n c e  t h e  o p p o . s i t e  

* 

I A f t e r  1971 : ----------- 
. I f  w e  admit t h a t  a no r the rn  p o s i t i o n  of ITCZ and a marked e q u a t o r i a l  

upwell ing meet wi th  w e t  yea r s  over  Sahe l i an  c o u n t r i e s ,  our series till 1979 
in ITCZ,  SST and Senegal f l o w  ag rees  more o r  less wi th  t h i s  scheme. 

and a re la t ive d e f i c i t  i n  Senegal r iver  flow. 

va t ions .  Except ions t o  t h i s  scheme are t h e  followirrg : 

e q u a t o r i a l  upwelling are oppos i t e  to a f l o w  decrease. 

1972, 1973, 1977, 1979 and 1984 have low ITCZ pos i t i on ,  weak upwell ing 

On t h e  o t h e r  s ide ,  y e a r s  1971, 1974, 1975 and 1978 show oppos i t e  obser- 

- t h e  year  1976 f o r  which ITCZ a t  n o r t h e r n  p o s i t i o n s  and a n  iFtense 

I The series 1980-1983 has no more issue i n  that  d i r e c t i o n  : 
- 1980 and 1981 are  very  c l o s e  i n  terms of Senegal  r iver  f low o r  ITCZ 

motions but  t h e i r  r e s p e c t i v e  upwell ings are. d i f f e r e n t .  ( p o s i t i v e  < .  anomalies i n  I .  

L 1981) 
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- i n  1982 and 1983 ve ry  similar motions were observed f o r  ITCZ bu t  (as 
aforementionned) , t h e  observed upwell ings are q u i t e  normal i n  s p i t e  .of nor- 
t he rn  p o s i t i o n  of ITCZ (10"N). 

severe droughts. 
As well r epor t ed  by t h e  flow of Senegal r iver ,  t h e s e  yea r s  have known 

While t h e  year  1984, r e l a t i v e  t o  i t s  ITCZ and SST s i g n a l s ,  support  a 
normal dryness", t he  yea r  1985, which w a s  w e t t e r ,  l e a d s  t o  unexplained SST 

p o s i t i v e  anomalies. 

f i c a n c e  i n  terms of drought,  and i f  t h i s  one can be followed by t h e  module 
of Senegal r i v e r ,  it i s  clear t h a t  ITCZ and SST may appear as components o r  
d e s c r i p t o r s  bf drought but are not  t h e  only ones. 

" squa l l  l ine+' '  
and atmospheric c i r c u l a t i o n , w e  have searched i n  o t h e r  d i r e c t i o n s  exp lana t ions  
of t h e  in t e rannua l  drought anomalies f o r  t h e  "eighties",  yea r s  f o r  which pre- 
cedent scheme Fails. 

DHONNEUR (1985), LAMBERGEON (1981),  LE ROUX (1983) among o t h e r  t r o p i c a l  
meteorologis ts  admit t h a t  t h e  r a i n y  season i n  Western A f r i c a  i s  t h e  r e s u l t  of : - a monsoon f l u x  ove r  t h e  A t l a n t i c  ocean governed by t h e  S.E. t r a d e s  
( t r a j e c t o r i e s )  and t h e  sea s u r f a c e  temperature  over t h e  t r o p i c a l  area (hea t  
and vapor c o n t e n t ) ,  - t h e  t r a n s p o r t  of t h i s  monsoon f l u x  over t h e  con t inen t  governed by t h e  
r e l a t i v e  a c t i o n  of S t  Helena and Azores an t i cyc lones  w i t h  t h e  s a h a r i a n  trough, - t he  e f f e c t i v e  use  of t h e  vapor con ten t  of t h e  ITCZ and i t s  p r e c i p i t a -  
t i o n .  

I n  t h i s  l a t te r  s t e p ,  t h e  r o l e  of African and t r o p i c a l  e a s t e r l y  j e t  
(AEJ and TEJ) has  been investiiated. . -' 

"These j e t s  have seasona l  mig ra t ions  and fo l low t h e  mig ra t ion  of anti- 
cyclonic  area i n  a l t i t u d e  and consequently...  are a s s o c i a t e d  t o  t h e  meteoro- 
l o g i c a l  equator and t h e  r a i n i n g  b e l t " .  

i t  i s  suggested t h a t  a d r y  yea r  over s a h e l i a n  c o u n t r i e s  may b e  l inked t o  : 

I l  

The conclusion i s  t h a t  i f  ITCZ and SST, choosen he re ,  have any s i g n i -  

As r a i n  over s a h e l i a n  area i s  f r e q u e n t l y  r e f e r r e d  t o .  

- 

. .  -. -2 4 -.I.-_ ---II.*y. _ _ _ =  , 

From several s t u d i e s ,  DHONNEUR (1985),  TOURRE (1979) and FINAUD (1976), 

- a la te  northward mig ra t ion  of t h e  AEJ, - a p o s i t i v e  v e l o c i t y  anomaly of t h e  A E J ,  - a weak TEJ. 
The oppos i t e  obse rva t ions  p r e v a i l  i n  w e t  yea r s .  
Taking i n  r e fe rence  t h e  d a t a  acquired over NIAMEY i n  1969 (wet year)  

and 1972 (d ry  year),we t r i e d  t o  analyse t h e  serie 1980-1984 i n  terms of atmos- 
p h e r i c  c i r c u l a t i o n  over NIAMEY ( f i g .  6) : 

c i t y  is s i m i l a r  t o  t h e  1969 w e t  y e a r ) ,  

v e l o c i t y  i s  weak : t h e  yea r  1981 should have been wet, 

occu r sa t  t h e  195th day b u t  t h e  v e l o c i t y  is weak, 

anomaly i s  p o s i t i v e  and t h e  observed drought w a s  "normal" according t o  last  
scheme, 

shows a p o s i t i v e  anomaly. 

- 1980 d i s p l a y s  a l a te  northwards AEJ migrat ion (day 170) (but  t h e  velo-  

- 1981 d i s p l a y s  an e a r l y  northwards AEJ migra t ion  (day 135) and t h e  

- i n  1982 t h e  S-N and N-S mig ra t ion  cannot b e  i s o l a t e d  ( a s  i n  1972) and 

- i n  1983 t h e  S-N migra t ion  occur s  l a t e  a t  day 180 : t h e  AEJ v e l o c i t y  

- i n  1984 t h e  S-N migra t ion  occur s  a t  day 150 b u t  t h e  AEJ v e l o c i t y  

+ I n  s h o r t ,  it appears  t h a t  : - yea r s  80, 82, 83 belong t o  t h e  last  scheme, - t h e  1981 yea r  raises a q u e s t i o n  i n  i n t e r p r e t a t i o n  of t h e  AEJ north- 

- i n  1984 i n  s p i t e  of an e a r l y  northward AEJ migra t ion ,  t h e  drought ove r  
wards migration, * 

s a h e l i a n  area w a s  as seve re  as precedent  yea r ,  and it is- more i t s  p o s i t i v e  
v e l o c i t y  anomaly which may e x p l a i n  t h e  weakness of t h e  r a i n y  season. . 
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From t h i s  s h o r t  review, and with t h e  two proposed parameters, it i s  d i f -  
icult! t o  make-clear d i f f e rence 'be twaen  a weak o r  a s t r o n g  Afr&can e a s t e r l y  
et. Conversely, t he  onse t  of t h i s  f low could be probably t h e  b e t t e r  index. 

As t h e  timing of a l l  t h e s e  even t s  (SST, ITCZ, AEJ and TEJ) i s  documen- 
ed, and as t h e  l i m i t s  governing a w e t  o r  a d ry  year  are g loba l ly  known (even 
f quest ions remain), i t  may b e  i n t e r e s t i n g  t o  determine whether t h e  velo- 
i t y  of t h e  seasonnal changes h a s  a n  e f f e c t .  

nd computed the  v e l o c i t y  of t h e  northward migrat ion.  

TCZ (b) anomalies, v e l o c i t y  of northward mig ra t ion  ( c ) ,  and normalized de- 
a r t u r e  of Senegal river flow (d) .  

I n  t h i s  f i g u r e  years  showing a slow northward migrat ion (1972, 1982, 

On t h e  o t h e r  s i d e ,  a r a p i d  migrat ion as f o r  1974 and 1985 is assoc ia t ed  

This  f i g u r e  showing p a r a l l e l  evo lu t ions  of Senegal river depa r tu re  and 

We have used once more t h e  ITCZ r e p r e s e n t a t i o n  displayed i n  f i g u r e  I ,  

The r e s u l t  i s  displajled i n  f i g u r e  7 which r e c a p i t u l a t e s  SST ( a )  and 

1983) are  a l s o  yea r s  of  important  r a i n  d e f i c i t .  

i t h  wetter years .  

e l o c i t y  of t he  I T C Z  northward migrat ion,  has  t h e  advantage ' t o  t a k e  i n t o  
account our  whole serie 1971-1985, when admitted t h a t  a t  r a i n y  season%ITCZ and 
SST must reach t h e i r  "normal" va lues .  

c a t o r  (Senegal r i v e r )  may be a f f e c t e d  by repeated drought and t h e  need of 
feeding underground water (GAC, com. pe r s . ) .  

32; 83) , inducing a slow ITCZ northward movement, can b e  i n d i c a t o r  
bad coming r a i n y  season. 

Nevertheless  one excep t ion  appears  f o r  1984, f o r  which ou r  drought indi-  

Moreover c e r t a i n  s i t u a t i o n s  showing an e a r l y  northward mig ra t ion  (76, 
f o r  a 

C O N C L U S I O N  
, 

. .I/. 

I n  t h i s  work, t h e  i n t e n t  w a s  t o  t a k e  advantage of t h e  a v a i l a b i l i t y  OJ 

The l i n k  between ITCZ and r a i n y  season over  western Africa (Sahel ian 
scalar 

NOAA imagery t o  follaw ITCZ over  a longer  t i m e  per iod.  

regime o r  Gulf of Guinea regime) has  been widely s t u d i e d  i n  term of 
parameters (c loudiness ,  p o s i t i o n ,  temperature).  

is an h e l p  f o r  r ecen t  unexplained drought s i t u a t i o n s .  

a r e g u l a r  and normalized watch can be suggested,  e s p e c i a l l y  i n  regard of TOGA 
programme. 

Moreover t h e  onse t  of t h e  r a i n y  Season over western A f r i c a  can b e  fo l -  
lowed and i n  some case i t s  q u a l i t y  expected. 

The a d d i t i o n  of a dynamic component (or  similar t o  momentum t r a n s f e r )  

As t h e  s a t e l l i t e  imagery,avai lable  d a i l y ,  c o n t a i n s  a l o t  of information, 

A C K N O W L E D G d M E N T S  

. .. 

(*) W e  a r e  g r a t e f u l  t o  ECMWF f o r  i t s  quick and e f f i c i e n t  service i n  d e l i v e r i n g  

(**) For a p a r t  t h i s  work has been supported by ATP/CNES/CNRS ,funds. 
. data .  ' 

. 
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C A P T I O N S  O F  F I G U R E S  

Figure 1 - ITCZ positions along 28OW. 

Figure 2 - Date of zonal wind intensification versus date of ITCZ 
northward migration. 

Sea surface temperature anomalies in ZN-ZS, 8W-12W area. Figure 3 - 
Figure 4 - Correlation between ITCZ position anomalies and SST 

anomalies. 

Figure 5 - Standardizeddeparture of Senegal river runoff 

Figure 6 - Zonal component of wind over Niamey. 

. Figure. 7 - Time series of 

a) 

b) 

SST anomalies in 2N-2S,8W-I2W area 

ITCZ positions anomalies along 28OW 

c) mean velocity of northwards ITCZ migration 

d) standardized departure of Senegal river runoff. 

,.-. 
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Normalized d e p a r t u r e  of Senega l  river runoff 
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