SUMMER MEAN FIELDS OVER TROPICAL AFRICA, INDIAN AND
ATLANTIC OCEANS DURING EL NINO AND LA NINA YEARS
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A BSI— RACT | Figs(6) show composite mean vector wind at 250 ewkl$. The following significant

features can be noticed. The flow fields are cttaréed by easterly winds within the tropics
and westerly flow to the north and south. Strongesterlies cover a wide latitude band ove}
the Indian Ocean, width of the easterly flow desesavestward. Strongest easterlies can bt
observed to extend from over SE Asia westward steea tropical Africa during 1996. Durin{
1997, easterlies weakened, shifted eastward antégsidonal extend. During summers of 9
and 1999, easterlies became stronger than thosed6 and 1997 to extend more zonally
from over western Pacific Ocean westward to eastepical Atlantic. The subtropical
westerly jet stream of the southern hemispherébeasbserved over the southern Indian Ocan
and Australia during 1996 along latitude 30 S. Bgrl997 the subtropical westerly jet had
been found to extend more zonally and shifted easltva become weaker during summers pf
98 and 1999

Composite mean vector wind at 150 and 100 mb ldwele been presented in Figs. (7 §
8). The major similar features again include a beiasterly flow nearly within the tropics afd
westerly flow to the north and south. Axis of maxim easterlies (Tropical Easterly Jet TEJ]is.
located along latitude 10 Nat 150 mb level, whila@® mb level the axis is located along
latitude 18 N. Strength and zonal extension ofttbpical easterly jet TEJ are quite variable
through the years of study. The strength of the Gaube noticed to become weaker during|
1997 than that during 1996, to become much strodgeng 98 and 1999. The zonal extensipn
of the TEJ during 1997 is less than that durings1@9 become much greater during 98 and|
1999. The core of the jet during 1997 appearectsHifted mor eastward than those obsered
during 96, 98 and 1999. Axis of strongest eastedien be noticed to extend from over westprm
Pacific Ocean, through Indian Ocean and tropicalcAfwestward to the eastern part of the
Atlantic Ocean.

El- Nino and La- Nina conditions have been reportedrj the years of 1997 and 199
respectively. Different meteorological fields of E/NCAR data have been investigatfl
during summers of 96, 97, 98, and 1999 in a ta@plain the mechanism through whid
El Nino and La Nina conditions may affect the cltemaf Africa. Negative anomalies o
precipitation rate dominate over tropical AfricadaBE Asia during the summer of 199
while positive anomalies dominate during 98 andaL98 the lower troposphere both t
SE trades of the southern hemispheres and theveestimonsoons over both Indian as
Atlantic Oceans have been observed stronger aniyax larger area during summers
98, 1999 than those observed during 1997. In theemroposphere the subtropic:
westerly jet stream of the southern hemispherebieas found to extend more zonal
during 1997 than that during 1996,to become wedkeing summers of 98 and 1994
The tropical Easterly Jet (TEJ) has been obserredger during 98 and 1999 than th
observed during summer of 1997. The results redettiat intensification of TEJ i
usually with stronger

during La-Nina years which may lead to above norraaifall. Also, during 1998 the
strongest easterlies in the upper troposphere earoticed to extend from over the we}
Pacific Ocean to Atlantic Ocean. So, the more zesnd of the TEJ may enhance tfH
monsoon circulation over western tropical Africaisthmay lead to a rainy summd
during La Nina condition. Investigations of the ewblogical fields show many othe]
significant differences between the summer seasb86, 97, 98, and 1999.

INTRODUCTION

El Nino / Southemn Oscillation (ENSO) is theost important coupled Ocear
atmosphere phenomenon to cause global climatebiktsizon interannual time scale:

E-Nino can be regarded as the oceanic comporfetiteophenomenon. It has bed
pointed out that EI-Nino event is generally thesision of warm water from the westel
equatorial Pacific into the central and/or easteatorial Pacific Ocean, in conjunctid
with a cessation of upwelling of cold water alonfpe equator (Rasmusson ar
Carpenter, 1982). La Nina or anti-El-Nino evean de referred to as the appearance
colder than average sea surface temperatures S$ieinentral or eastern equatori|
Pacific region. A strong signal of climate variayilin the Tropics is derived from El
Nino, which is a relaxation of trade winds in thentral and western Pacific leading to|
lowered thermocline in the eastern Pacific and @vated thermocline in the wester
Pacific (Cane 1983, Rasmusson and Carpenter 1988y studies have shown that

Nino /Southern Oscillation ENSO have a significanfitience on climate in many parts g Fig.(1):Composite anomaly of sea surface tempaxs8@T  Fig.(2 ):Composite anomaly of surface precipitatiate

the globe (Shukla and Paolino1983, Ropelewski anchéiei1987, Schonher ang e e, L A O R ¥
Nicholon 1989, Ropelewski et al 1992, Price et alaldaz and Markgraf 2000, Kevi :r:d(;)ylgggep ember for the years (2)1996,(b)19: ((l;')‘q‘ggy)(co)rlé‘g’é ;’ndfg)fg;;r CIADEEEBE T

and Caron 2000, Zengrui et al 2007, Hafez and EJF0sf7). Although many statistica
connections between El Oscillation SEN events and
anomalies around the world have been found, ittls mt clearly understood ho
changes in the sea surface temperatures SSTs Ratlific Ocean affect weather patter@
at great distances from the Pacific.

“This work includes farther studies to rely bettederstanding of atmospheric
variations in the tropical region, notably overia. This is of great importance to Egy
since these climatic variabilities are the contmgjifactors causing variation of Nile flood
The aim of the present work is to explain the meira through which EI Nino and La
Nina conditions may affect the climate of Africadamearby oceans.
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DATA AND METHODOL OGY |

The NCEP/NCAR lysis data of posil surface

rate and vector wind at different levels from JtdySeptembewere obtained from Climat
diagnostics  center  (NOAA, boulder, Colorado) thiougthe Web  Si:
Iiwww.cdcnoaagovicomposites. Each field have been investigatedugitahe year96, 97,
98, and 1999 in order to explain (compare ) theritiistion of each meteorologicdl
(climatological) elements during normal, flino and La Nina conditions. These data dets
have been analyzed using mean and /or anomaliémduogies.

| ANALYSISAND DISCUSSION |

(c)1998
R Fig.(7):Composite mean 150 mb vector wind from Jéig.(8): Composite mean 100 mb vector wind from July

’}; to September for the years (a)1996,(b)1997,(c)19980 September for the years (a)1996,(b)1997,(c) E98B
and (d)1999 (d)1999

Dramatic changes in sea surface temperature SEjatorial Pacific Ocean as well
as in Equatorial and Tropical Atlantic and Indiace@ns have been observed during th
years of study. For sake of simplicity variabikt/SSTs over each ocean will be
discussed separately. Fig.(1) shows composite alient sea surface temperature SS
over Pacific Ocean. During summer season of 1@@6shown in Fig.(1 a), negative
anomaly (cold water )can be observed in the edstewositive anomaly dominates in
the western part of the ocean. This SST patterbeaonsidered as a normal condition.
A wide tongue of high positive SST anomalies (warater) can be observed to extend
zonally from the south American coast westward eodéte line during 1997 , which ca
be considered as typical EI Nino condition (Fig)1uring the summer of 1998 the
warm water (+ve anomaly) has been detected in ttesdy, with cold water (-ve
anomaly) along the Equator in the central partiaf Pacific Ocean, which may
represent the initiation of La Nina conditi@old water (+ve anomaly) has been

|  RESULTSAND CONCLUSION

The 1997/98 EI Nino event has been hailed as th\irie of the 20th century. El-
Nino conditions begin to appear on February andicoe to December 1997,
while La Nina showed itself firstly in May 1998 andntinued to the end of the
year. Different meteorological fields have beereistigated during summer
seasons of 96, 97, 98 and 1999 in a trial to empgke mechanism through which
El Nino conditions may affect the climate of AfricEhis is of great importance to

El Nino.

Composite anomalies of surface precipitation ratdtfe four seasons of study have
been presented in Fig.(2). During 1996 +ve anomaligsecipitation rate (above
normal) dominate over eastern Indian and westecifie®ceans, with nearly normal
conditions over Africa and Atlantic Ocean. Belowmal rainfall (-ve anomalies ) can b
observed over SE Asia and along the coast of S ismeuring 1997, while +ve
anomalies can be noticed over the western Indi@a@during 98 and 1999, above
normal precipitation rate (+ve anomalies) dominater SE Asia, equatorial Indian
Ocean and western and central Africa. Comparistmem Fig.s (1 & 2) indicates that
above normal values (+ve anomalies) in both SSTspaetpitation rates over eastern
Indian and western Pacific Oceans are concurramgld996 and 1998, while -ve
anomalies in both patterns are concurrent duriiiy 1Thus, one may suggest that
rainfall over SE Asia is in good association withrmer SSTs.

Fig.s (3 & 4) show composite mean surface and 85@eotor wind for the summer
seasons of 96, 97, 98 and 1999. The following comsignificant features can be
noticed. The wind circulation over tropical Afriasuch that the southwesterly flow

observed in the hall Equatorial Pacific during 1988ich can be considered as a typic: - o N : - Egypt since these climatic variabilities are thetowlfing factors causing variation
La Nina condition. Over the Atlantic, warm pool ¢+anomaly) can be noticed in the ) i i i i i
central part along the Equator during 96, with lyeaormal conditions along the coasts Fig. (3 ): Composite mean surface wind vector firlyto  Fig.(4): Composite mean 850 mb wind vector frony dol of Nile flood. Below normal rainfall dominates oweopical Africa and SE Asia

of West Africa and South America. During the summiet997, below normal SSTs September for the years (a)1996,(b)1997,(c)1998@)1999  September for the years (a)1996,(0)1997,(c)199g@1999  during summer of El Nino year 1997, while abovemnalrrainfall dominates

(cold water) can be observed in the Equatorialniitaas a hall, which indicates Atlantic| during La Nina years 98 and 1999. The SE tradéseo§outhern hemisphere and
La Nina. Above normal SSTs (+Ve anomalies) can txoted in the Equatorial and the SW monsoon over both Indian and Atlantic Ocdeave been observed

Tropical Atlantic during the years 1998 and 99,shfindicate EI Nino conditions i i

(Atlantic Nino). Thus, one can notice that the Redl Nino of 1997 is associated with sr:rong;r andboccupi/i Iézrger areas dulrlng sum:wa;hd 199|9 (a Nma)h yeelxjrs
Atlantic La Nina while the Pacific La Nina of 1988d 1999 are associated with Atlanti (2)1996 (a) 1996 than those observed during 1997 (El Nino). The BalEasterly Jet TEJ has been

observed stronger during 98 and 1999 than thatrebdeluring summer of 1997.
Also, during 98 and 1999 the TEJ had been noticezktend more zonally than
that during1997. Therefore, the most possible meishathrough which EI Nino
and La Nina conditions may affect the climate ofiéd and nearby oceans is as
follows: during La Nina, fluctuations of Pacific $may enhance upper easterlies
via thermal wind at the entrance of the TEJ whiayiead to stronger and more
zonal extend of the jet westward. Over Indian Ocaracheastern tropical Africa,
stronger TEJ may lead to stronger and deeper man3te more zonal extend
may lead to westward shift for the exit of the T&Jay over western tropical
Africa, which in turn may affect the lower tropospit circulation over western
tropical Africa and eastern tropical Atlantic.
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