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Down welling
Pr. Awad Ibrahim Abdel — Rahman El — Hafian
Dr.Amel Elmahi Elklifa Mohmed
Abstract:

In the Red Sea, upwelling has received relatively little attention,
particularly in coral reef habitats. It is noted that monsoon wind reversals
could induce vertical mixing and upwelling. It is traced the inflow of
cool, nutrient-rich, sub-surface Gulf of Aden Intermediate Water into
the Red Sea, and noted that it is mainly constrained to the eastern margin
of the southern Red Sea. The research describes the influx of nutrients
in the southern Red Sea and resulting plankton blossoms within the
Red Sea. It is evident that high-nutrient Indian Ocean water impact the
Farasan Islands, and more recently, it is showed that upwelling in the
southern Red Sea plays a key role in the susceptibility of resident corals
to bleaching. Analysis indicates that upwelling occurs in this region,
but no study has investigated the spatio-temporal patterns, and the
drivers, of upwelling onto the shelf and across coral reef habitats in the
southern Red Sea. In the Red Sea, upwelling has received relatively little
attention, particularly in coral reef habitats. It is noted that monsoon
wind reversals could induce vertical mixing and upwelling, particularly
in the far northern Red Sea. As it is traced the inflow of cool, nutrient-
rich, sub-surface Gulf of Aden Intermediate Water into the Red Sea,
and it is noted that it is mainly constrained to the eastern margin of the
southern Red Sea. The Researchers’ observations extended to the shelf
edge but not onto the shelf where coral reefs are abundant. Researchers
have described the influx of nutrients in the southern Red Sea and
resulting plankton blooms, but without characterizing the dynamics
of upwelling within the Red Sea. It is important to mention that high-
nutrient Indian Ocean water affects the Red Sea Farasan Islands, and
it is noticed that upwelling in the southern Red Sea plays a key role
in the susceptibility of resident corals to bleaching. It is also noted,
and indicated that upwelling has occurred and dominates in this region,
but, to the researchers’ knowledge, no study has investigated the spatio-
temporal patterns, and the drivers, of upwelling onto the shelf and across
coral reef habitats in the southern Red Sea.The Research Adopts An
analytical Methods to find Relationships Among Maritime Phenomena
Keywords:Marine Welling -Upwelling-Downwelling -Coral Reef Bleaching-

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

.

:doude
: oY youdl sddassnt) 8ygull

— 1oV slomul wo g3 usmy A 5dSOYN Ll Blorackl jlow Lss )Y us , 0oVl 4 ol
Loz o ooV ,oly 2oV, odls Gadl el s I ol & 1 g2Vl
Mare a5, 539 s &xi\ls EQUOPAOAAXOOA -Lyb 13y] 436! dalSU 85l ca
(e =) Ls,> 5 ) SinusArabicus jwg Sl e LSl G Yau) Rubrum
eI iy ol oy Gl s 2518 el (50 o) o OIS L oyl e
pmsb Obsd) S & Bymy o3 gids Clysmalo—undS @oud)) lyomuls 38 Ligde J] dius
olsl Lysw! Jeg @11/—a5 O, 8l § duadl odn Cnys w8y .Heroopolie S Jggyn
133 o ddlegall 35 s sl pralsd] oy £12/26 0,81 & dlodl gl diyae
o 8392ls youdl da s 0555 u39.PEANNS- 5, >t duy =l BaddaCas - pus
doowshl aws—erythraeumTrichodesmium -4 Jg>u1 ,as J| T, a3 dJlss,J) basl,s
ol 52 021 O &y 5 ey sl slodsdl sy S35, b (e A y8) Gl sl
s do il sdia bl (e g Jlomid) I seio 98 09wl ol LS cogaisd] olodl ) podn
& S909y2 05 W83 . dysledl Slales¥l J] §Lad Gls IV sl pusi s dygaall GLUI
o) o)) aBg.dslie JSiu Csiedl ;o9 sVl s oed] IS pusiwg Suols)l dwlil
§ Comdg 489 (suge dge § g 4 bl ) sose die o il OLSI 2o o5Vl
Mokl J8 cIl O, 8§ dsbod) dalll J] Ll o 93] 4w @ ddsmed] doz )3
ol gl - LB 1, 55) () -I0D” - Bg0 pL) a3 a B3 ool s § Loy
s - MareErythraeum) do5Wbs 456! (LG 1,5| - Erythrathalassa) dslS y_iss.(;esY)
ol dd il gugl ol (o 351 Jloid) o5 2l ] 2iS o9 ([Red Sea] ps—s )
(b ghw s dihats) ] dISSs eVl

I (Glacial Worlds) so—de bLs ol (Hot World, 815 ls) ouy Lg By LS
s 8L 5ls L8l Ol 3525 ¢ hadd I3 OIS (oY) Sl Gl daded] 5zl
099 .02 o SS § lhaskl 5 SHLA a st e JSis 555l s G s . Jls-2l
OBV § -5 § LS :dsdls dslin @ BT US_is GSaYl § 9SG b a9 dbns Sllaime
dwdy dzyay Olhably Hlodl )0 il 801 Olhse L § dadde jo-as 3529
Lowis .aelally din basly)l (Downwelling /Upwelling) g youdl GLE wdadl 8, als (o m30)
eIl L) by Loies A1l Slasot] - ghas ol g3 ] Tas pullbls 81001 Lkl by
ol ele OLAES Suo A Sy e N9 .80l Sllausll , glas el g3 ] 550
Lodl U g0 lia SLbaw 9 3520 baslly

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

: oY youd) Ao o

s Wi 31 e sl 805000 ds Jladil 3yl s ao Y soudl (pomr JSiS o3
& plw¥l i Ty a2Vl ol § LIl oo sbIAfrican Rift 3 31 39459 &S,
wdiimdy @lws¥l § dsl ol o Yy G wsmdsYl pasll IS g5l uds sl pas
Ds oVl pa = § wathl Ol @] Sus e Lagy Unios greanw ya5Y1 ol 0
Aonde d i) (Lo Lle LE) Lgo LigSe ,anYl 5 oudl el 55 a8y GWI _pa =l 858

i JW 9ol o g Alod] 0da s 98 U1 LBV 33

Gl wd g i OBp oldly oYl sl gLl g «Blw”
A eesdl il

O 838 OlaSl s gl pasll IS Ll § ol s ot ads -
Aol ool § 85 ceiodl oL

77-70) dogte doyd 25-21 die Lucwd A0 dexhud) s Ll 8yl Oloys 45 LIl
ol O GBg,mbl 3-S5 (pu3 656) e 200 Ulyo ler 43, gas i (Casgigd dopd
FAIRUVATPEN FENPRES R EN TR ST NS REYS SENE VA SIESIUI I O FOUS
Lgeal Jalse Bae ] IS gz % 4 5o 0y Lo bl Jawgill (s

bt bl Juse (plassly el Juse glasyl .1

ooyl § el gz ol 5nS Sl o929 pas 2

Aogle J81 iy WUy (susg)l Jaummbl go S9ume yas Yl ol Jlasl 3

L2007 § 5Ny ddsls-mihalb-lgalamay . yondl bawg L0 3ol suce S5 4

by phall Je 852 OB

Ls15Y) gl b yaoYl yodd B8N St 5ol § «orglly dbs dihie g8
232l e e Blaw) JSlia Sm 05 60 928 o Joludl mo @)l Wb wiéy Jo-5 dahil
sl e ST e gao5 Ul Lahthl baos (lose jolo g3sas ISty Butekls 3,5l
29 Lahill § 85525kl )y ol 1 STl i £55 OIS dolull dawgiog Sy 0 8y52
220 0519 Lyl 2155 g5l 55,h @yl Sl eyl § o83 Wl o 8y Loyl
dovdiall o d )l doydall Jlak] dalle ;oY) y ol Jig ooyl olasly 32l gadl asss
Sl 63 5—e9 G Chusdl 5o gy Emdo Ay baome seimy eV 5ol LA Y
Ol 552 00 Ll Sllaoms go dlin ddms sle 5991 HamY) ,oxdl oloe o onll g3
ol ddlit o s sxS Leal a s )32 aibly b s peo Yl ol § dplosb
s 0¥l ol 3oas Jawsies. Ligio lewgs 3155 9, Yod glaus¥l § iy 451 500Vl
s wadl Lol , luie JolB s 6,59 . Olausdl me d5)lie bawgill 3ol liag e 491
sz e s Jsh y58 50 amYl ol (65 2.5 Jls> ) sis 2500 538 ,0mY) ol

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna




e Al ) ol - (ylcamntl cyamm i @il o 5 g A

btz yaoVl s ol jlig .ogizdl ¢ Cubl OL i Jeddl @ cluw 852 e dtg 3
((NOAA (2011Jl—id) § Fsrsg Lozl § gy s, lgte Gbly i
0oVl ol e dole Sloglse

skl 5o dasll Lgd dog y00Y ol G 9o % 79-6-5 2,250 ~ :Js o)l _

el

Il 18 oyl 8,315 Jas e~ 398 1y a8l -

(o)) Gkl Ol-S 29-26 ~ :pp,e ST -

05 280 00,2l hwsie -

2 2211 ~ 130 (gadl.p 490 ~ 13asd] Jawgio -

7S 450,000-438,000 :d>Lukl -

7S 251,000-215,000 ;02! -

725 Jls>5 «(p 100 oo J31) Tazr Lowds 3blin I3 ,anYl youdl 50 %40 Jls> -

Tie 50 Caoo Lydas

£ 1,000 (s dios Wi yom Yl joudl oo 215 Jlg> -

Llo b Oleadl jeo Yl ol § dola)l Chasull a5 -

2500~ Bas I ] gule (e e Byiie Ologlre W Hamiall -

(p 2,500 33lee5 BlasYl pasyg o 1000 oy poli) 3o ¢B8 HeoYl jodl S0 § -

oY) ol Ldl s

Ol s e Tag G I 30 J) Y 12 oy s (ns yan Yl ol 2 8
& >3 05 2000 Jlg> 80l .05 1932 Jls> 1aol ol U b gl Ao J] auid
a3l 29 65 354 Jlgo ;0o ol (Bye gl gidirs Ldinll gids J] Jbomd] s
65 280 Judd ;oY yodl (o awgie Lal Lissl & ¢ 5-as ] Ol o dLue

b wgieg.bsiz lewgd 31553 5 Jlord gludVl § Gty 51, 0oY) ol Ldl2ds (1o
el sy 6,2V Glasrh) mo d0ylie hawsitll ol oy 5ie 491 Jlgo ;aoYl , ol o
(65 2.5 Jls=> ) 5in 2500 548 ,0oYl o) Gos 9281 Lol , laer
Jloid) § sliw 852 e dig Bb Loz 0yt b osh s98 5,00 ol

Coiod] § s Coo djlgte Ghly-d byhsa ;0o ol jlis Lol § Lkl OL i
Jlidl § G

£2022 55 - 21443 Basdl] 95 - d )9~ bl dusll dutually dedl k] Syl e dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

oY) ol (e sy ddlas By0 (1)U

. ,NASSA, 2020: ,1al
I sl 5 Loy oo Logdlaadi] uwy Ll 331 ddatle doy=ll 8y030dl <08

& Slan(Lel)) 8)lgall o s LA Giwsdl Ggu cowlo asVl ol dis s gdls
Tombing i) 8, alls )0 Cusd 1hwsdl Sgdo J8s § s dI Jadl o Szl
d=y oo 2 as Llesll 1, SS9 d9-wall 35S mag, Slgall o5 mal dows ,S3 LSy
e Wsibl o wall o) e 8)0l8 yeé damsd Comuol oyl OY (38i5Tombing i)
Odss Ladsue dahie L gty e Guss Ledisy Chwsdl Suo 34a0) dles dsyg Jawl
e o) s Guolams povad SLaVl yodl Tacgs yo0 gvas JLbs HLloud! Lo
Oldes gy 03 558 oo e divw (5o 38 Jie §\Oligocene suwszd N pas 425l §
0958 gl g3 Gk o (Gixdll you) wgihl yodl sbe Jg55 J) 631 oo L]
oY ol ey b G, Wl 5anYl 5ol do s Chas dislus Jood §l20 s oy
Srmgdl pae oLST fa 2000 LS dibs Lo yo Sl Sy JLlbs sy il 0L ]
Jls= de &gi :Mioceneswss ) pas ,>lsl G Gzlie i 15 Sus o3 JawsYIMiocene
O 1S o 8 0955 e pind poo ;woYl ol poo sl oo diw §gle 5-25
oYl ol O LY el § 8L dngasdl ls bl gazs (] Wolevaporates(Sl sl Y]
ol sle dazy b gadled] pasll sUST:dbaoMe 02331 e dlogy iig)l sl (s Js-ake
(50120-90 3-2) 5o 120 oy oud) Gguin jadss) U pdadll 3 ble Guass hads (g
Gl B, )l Oalud gyl bkl ey eVl 5 sl Jad ] o] polasoll lie s
Jlso Ly 815 Loyl 8,050l s delid) Ussn OIS Lyl pasdl e 35 (super saline) dole
Baslazll 8yl ol oSy 6yoxbkl el mawsd J] 65 boe (4-2J1 § mm 1.7 gl) &l Gem 2
259 Sl (s Al ylass¥l Busads STl dadledly dopswd) 3J1sdll eSSy ddle

.(Lazier, ].R.N. (2006)&;L=J)

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna




e Al ) ol - (ylcamntl cyamm i @il o 5 g A

Loude 358 , o1 degd Ll J Sl B89 Lol eLLl § 5ol & Gloybl Oleadl Tasy
Jod.Codre L Y5 Sie siial JLodl jao Yl ol g Ggmaiog s i (] 20 Sin Syl
5L (032 pakl/Ossilogudl) delyall elaus alddonl cladll Lame o s 29 Lol o 3lb
CosByg .ty M J] dopleetll 3yl ] ) Qo 19508 0 eVl o) BLiSitul doy
IS ColSy (Sguniin dhulgy) p.3 1500 o 29 2.3 2500 Jlgo CNasdl 0d s
Ol :BY1 8,50 § euwlid] sy dulS § guadll 1S3 489,00V joedl Jsbs (s il )l
13505258 (e dde Cdls L (qugs Ol gugs pl 4d Cooib g3l ol g 3 LA on
oss J] LS5 E 00,501 Ol § 035 S (guge all o &by yamY ol sl ne] 5 ns
Uiz 31 35 [63:elmsl] 48 el 23 B 358 8 6C5 G186 55 dlasy &30 o
[77:4] WV (555 Y5 B35 U5 ¥ Lig L5401 § Ly b o) 008 golimy 20 & oss )
ol ] M) Sty ol S e J5Y1 sl syl hl J3 ooladl 3y 8 &
8yhasdl yosall o pSU HSLel unuss Gy e J-iidl B gwgy w39 ooVl
ol digde die 0oV 5ol Jloid) By halls Judl g 8L sLiy o3 U89 A 5WI Ol)Ladls
e ol Ja ol ey dlisy WMoy o3 gl Ol sl & S LSl oy
bsdl BLoxd] Jols . saigll bl olo
ol eVl ol amy Coo Mo 1398 Uslsy Lo sl 052250 ,aoYl 5ol Jg b &l
(s ISy yodl § dsiiph) yontl s oy €39 Ll Gt s doslo Lod] ST
s s ele e ST Gy U3y (oiadl o3 2l & % 36 o Lo doglll dud olis
ol 38l o 91 eV jond) oy sad) il s oy % 41 ] Szl 5521 § s Loty
L8] )18 o ol 2ty @) el s i)l ol sls dosis sty ddid] o
Ods gy Cukl QL 3de Gk o8 wosiadl o iyl bkl me doan Coo il
cosmad) 8L ] @334 gl ks Ll galg slivw 8,52 4 ousud Jboidl § Lal
()l ol slazal e Ble s ol O] Eer diashS 320 gl ooVl ,odl goys 2 Lo
[(Lazier (2006) . ,oxJ) Ly a0t ) 85aabl doyond) SLisd) yallss o 53800 elligs
DS G Lied) o ol A o0 Ll Gyl ade 3llay s3Iy aoY) ol 2y
dei oo IS Yol o sond) aonyg i) Jasell (oo dos it slondl uol 5y daly Ly 80
ol g gl SRS ddny 5y § I gl i ] LSLEVL i) prleg sl 853
1000 s aso L obge 548 oyl Slesnld L) Bgaial Ly Lt Slansdl (e yacYl
s sy 451 ] L8LaYL illls Lkl Lslor bl laid] (e g 95 2005 (Lo ESI (s £ 55
Oldsie Jlin yamYl s ol diaud Jool Ll § dlgiad] dabaill Jos dsBlgll -l 5londl
3929 Gt Iy oo 45T ] a5 Jl5 comad) iy 500V yond) dioas Jools 3l bod
Ul Cllodally GlasVl odie (uSw G o Jls Ldlb L3l dyyon Clloby wlis]

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

T Ui o 5T ) e G sl Lol cpuaid] 9,8 asis Logasy youdl oLl ool
e s Lol pulSsil 53] dp 2l dlolgu B13Long 0S5 ool 09 Lo Sl d9-29)
Lo ,aoYl podl v doln @5 502y oedl (5,09 Jsb 0oVl 9slll dillas] ] ,oud]
1398 Uslsy Ls (g1 052250 adsb g Loy Eor *J0169,100 Uslsy Lo (s *0-5438,000 )Ly
Tie 2211 Jls> ] 4 Gos sl doays Sus 220.6 Uslsy Lo sl 05355 audye glos Sl
ol ] Loud 1,6088 sslus Couo 170 490 Jlg o dias bawsiog Loud 7254 sl Cvor
e 3139 ol o)l dols s Ll il s Toe g ao Yl Sondl iy 500l
Lewls Lagsl g Lo yond] CMo ) o dame oy Cl9)l 5890 4] Cer cdinn] (s gl LIS
oSl ol Lgd g L 81 Il oy ol eSSy of L 381 Jloiig Ll Gy 5 oy oSl o
A3 39209 Ll Ggiums e dmgle sl ST s 00Vl ol sy 500V s oudl dosle
sle 30 o goindl 3201 § % 36 G youdl dosle 3l Eo iy bl 5l s )
silly pursad] s els au % 41 Cylhy Lo Sl o3 2l § & L35 s Jus s
8y e d =l 830l 4 Jye IS o 0oV 5ol 0955 00Vl ol Lizglguer - 2iibl
rasdl P Bla syl e Tu Cao oYl ol § s5osbl gaiall 45,0 e gl Ly 8
5T aiinyg (Y i wgy roed] I Loy sVl pasdl sLST 4589 80139 iwsydl

((NOAA (2011pLYI ;0 p5y § Unime g

Alladl 3 A5 el &l A5 e B 55 all ol Jaas () JSAD

.((NOAA (2011 :,u.atl
JYCA/ N F IR

o) deowobl Lol sopbliea nlad) deswge L)) doutd ooVl 5ol flie 3403
o= Slodl 3558 sy duawsll 2ol Suody A 2l dpgiod] dawshl 2L 1y 8 2]
Jeszs LUl Aol sl T Al dumhaud] 831, ol Slays . yomxdly )Y oxha

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna




daswe A dsull a8 Jal .3 - Slcasl pasm plie @adl 1] o g o

8y doyd awgio alo Cso Ll @ slondl doglog Bigsew Y a0Vl 4ol cla
& (Cindd L2)3 79) dusio doy3 26 Jlgo ivall Mo 00Vl 5 ol § dosa udl <L
3.6) duste d2yd 2 ALYl ma cogizdl § (Augiad doyd 86) dusio doyd 305 Jloill
Lysie deys 22 sLLI )l o Sloryd awgie azee sliadl g IS Lo s85 (Copaingd doyd
(Catirpd 420 72)

(000.06 dhrwgzo gLy Coo due padsis dlolgwg ooVl ol God bl Jsha sy
Uloly doaey holse go o) Lo LI dyad Olis & OLs) JSs & yhabl e dame diudl §
0= g eV odl § Gisl sl Huas 3529 pusy ,hall A8 Aol Gholg=ll ge
T80 Gy uBs deawshl lysl) g dle doglag giw oo 2050 Jf Joy sl e
Ol O Lissls Olss—dl (e JS Gblsd dis ,aoYl ol § el oo BLaS) diny
hpall § dygie dz)d 34 ) Joaiy sbiidl Jad § dygie dz)d 28 ea ) sLL By, o
Gl g o COlS Pl 3o 1 3SU1 i OLS Bagaidl 8ol o o)) s 5SUs
sis oo Olis delyy) bhs dling d sl bl Ole il o ws 8500 Gladle 2o dil,Ll
oSLYI § Laudl Coe il 3LaY Lol go ioledlly &l 8yl ol mo bS5 Oleidl
NOAA(2011) g1

Lodl Glosl e Isbese!l (i) Jos oot ydall

sl G sl 3 0ys3 ol BTN § oLl Ly e _pponds (2) JSCAJT)

3585) slal iy (ra Aaus sia e —
/(QAWJ R S es \ ﬂ@wﬁ);wu&eauum \

( (iiia 355) slall iy (o Al A )

( (e 310) plall iy gn e g )

\(a‘d'su 208) sl Jy (Al gia w/ —
\(u'ﬂii-'u 38 ) s Al T /
> Cakaia 38 -
w w

:dogld

2l Jame oy 39 Ll G dmsle SV 5lond) o 5 yamY) ol slo usy
%od1 J] JeaBy Sus peds el y Sl 1,05 3giedl o5 2l § %036 iy L doslll gl . L)
glo G dihill § JL)l oeally gl gds slo 9555 J) WIS mo g (Jloddl 55l &
&_«>5,LL| Q&L:.QA ul_c %035 ~ 9-@ (Ll_v.” @ )_'z..n cLA 3.9914& ,b_wgln) %040 3_«>3,LL| ,b—w}ua
ol sls § dled dlorio Mol 23,5 J] Jgouiy liag (bl

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

13dle ub) Blas

£ 095 pug—ull gl JSde o )AL Jloidl § 0.6 (o Lo dale u Ll zolin
Dg-orbl bt e Tagms p 0305 £ 0.20 Gy (i 4iSJs Gus gaks s 0yl ol §
Sl psl 5L JLls L85 5529 ds dihaie J3I(3uz dihaie) , ooVl , ol bwg &
glasy) s bl L8 eseall Bl 63 y3adly d bl Couo dwal 35T 0550 el bl gsiud
O oo 90 5Ll e Ol iy J) dea el o d88) A ddoLud] Olud] Gy a L)
Ol Aol 8yl slo ass a8 IS gag . Olg il (oo 8 IS (oo Slined] (3,55
e Jbods boigy dgm il dihaie § iz dude Csz § (e 2) FoskS 3 Hu iy S5l
2l Ol oS 2 i sLL e d83) dfuday Ol ud) Gass )5l 6oly dthaie § Bue
8ysLoxd) duloludl 3 bULI dslae § oL £, e 4355 SuSludl 43 1l ddleally Al
O Loos sl 0 0.5 aiis yoxdl rhaw sgiane Of sbiid) imd holssll I doolsg (Ol
db als Al bl i) (e dam Wl Galabl s yoaxdll y3odly akl depw Of hpall § dde
Ol oY)y oxdl § Lsle bl Oleeid) azgiy e 2-1 j9lexs Sl doabsall y5zdls JLoyl
(Lazier,  (2006)3155—udly auwddy dsdg=udly pan (ro
1y yodd] L3I Oyl

Limd OhLal odia Y dadly LB , aoYl , ol § Ohlall dluaddl Ologlsll
055 Chlald o8y Olasll Bl O] slsw o s OLajlly QBT oo IS 7o Bying
L, Al )l 5585 Caall Joad IMs8 oLy Jlgy oSSy p 0.5 10 de Glddsie
oSl 38l o el Joad & bt ol o 20-15 de puy 31 dsy)Y Lgier bl pra
gl 2V L8lall el 9955 . yeoY) youdl U] Suae dds o bl 3805 U] 695 bos
Wbl ShLs dep Logas ooVl 5 oel) Jlomidl Gy hall J) AT Gl ou¥l s 54wl Byaywe
Dyl oy Can dis (pu3 3.3) b/l 0)ud gadl o go A/ e 60-50 Gy Ls 3l
29-8 sds2udl Jolull Jg b s 8 8 Jidl-ddloid) OhLal Uas ols S gag Aol
A6/ o
igb &y

dawshly dlall oyl Ol Ous gdes yeoYl ol s IS s
L, b)) b lade npd $3T) 5oVl odl o Sl 5ol sl wly deuSsl
Lad8Yly deawshl ol 5,0 g, del/oS 125 delu/oS 7 i Lo g9l de pusy 8yaiacd]
ooV ol § 2L A Sl Lol bawgzl dale 35003 @ olowVly dos pudl § Oolysd
Logs 195 dSls)! OhLal sl gl Usas ol §-dwilly La] olg bl Jid dsdlll S5l
dl B2Yl g8lse (s Slg bl 0da Sy (ondl g8 sy 313 Sols] ddeas & oz VI ol
Agsmay dSole Lt § o3l = Blse

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

oYl youll g ysall Sy ez olgusd) Bl
Og—lo 38 e sl Oligocene _iuwszdsVl pac , 55l d oY o) s Sus

20) wgibl ol sls Jgd ] 631 loms sl Olides Clgs 05 5958 oy e diws
ol dols Gad diolus Jood 3120 did you 0958 sl 55 Gk o (Gid)
4o Ol S JLilbs sy Outtl 0L sV ol oy § Eo Ll a0l
& Glis i a5 Gue 03 awgVl Miocenegwsibl pas sL31 5is 2000 Lo i
o2l B el Ce diw Osde 5-25 Jlg> ik gl :Miiocene Grwsekl pas ,2lgl
Slob) gozd JI sl evaporates (C),-suakl) Y e S o 48 9SS pbe S oo
sl .02)Y e Llogy sl sl (s Jgada ;oo Yl ol O LY el § 8L 4o gasll
Eim s ome doate S8l Guds 3 OB i ULl QL Gpde diie 2 85 pasll lie §
Jazeg sy sLL Slase] O der Lawmss JLas¥l s OIS S (emsdasd] il yo0) (u sl
.(2006) Lazier) g5y ysud)

il $rsmmbl Hokl) &1 s &uoPliocene (pwsdl pas & §l) diw Osde 5 it
Jwi 3 Y § el Sus . awsdl lice O LS Miocene iwsall Olyixie GlLab gl
oo e o)l dlogll Cauws Lol Cawsdl Suo] bow hawgitl ja oVl b JlasVl calels
Sr5-451 5o Jsl Ouzlgiy guigll baeedl sl Clos JLils gyl basbly ,0s Yl 5 oxl
j\a_sﬂb raslllie Gawsg (4.«_:» Og—de 2 Jia §i) Pleistoc;ne u:—‘:5wu‘ ras § Indo-pacific
smais pLissl Y] pasl s ¢ls sLodly Clambl sls Gguin s 531 T Eor guiled]
dl Js—ooll Lyl @olaedl ;-do & Lasg¥ls 5LgsVl Clus JLadbs s 90 ) ooV ol sl
T By IS e dlo S0 0= lis o s p9 i) 9955 s Moy ol cle
Apdgzd) dg 2 ASLall § eVl yod) A3 501 dahill § lssdl ps - el g

)] 3ble Guazs hdd oSy ol sle dazy b galed] pasll LS d basMa
Jad 4] 6ol pplassVl lica gag (5e120-90 () fie 120 i ,oudl Gguie padss) U
rasll e §s (super saline) dodo 354 B9, 1)l Golud gug)l ol (o B
(=&l g mm 1.7 gl) dadl § em 2 Jlgo Ly 315 dg yl 8,501 iy dslidl Jgin OIS L]
Lo ymiuk) 315t CosS3y dle Bu_slatl) By, ol ColSy 6ygmmbl sl mewsd J) o Lo
Oleidl Laasy & Tum 83)Lsdl 5515 50 STl e ol lucss¥l usas STy dwiledls
a1 20 e Loude 858 2T Cognl degd bl LSl Bg89 doall sLLl § sl & dlz L
oY ol g e diw YT 5 e JLadl as Yl ol s Ogsin Sl 5. diw
AMe

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

2006: ( Lazier) a4 55Ls! b5 Loass Ay 3 dowiall e do =)l dovdall Jladil

L8 s 05 s G w0 ity Cis dds e sVl el Ay
o)

Sl Slhaime go Dyl Boos sbo BT 0z joudlsle 2

185S duoal 03325 aiblod (o ooVl youdl § dsloykl Cleddl 0929 s 3

o § AL w Ogle 28-27 i Lo olis das 8L 13 , aoY , odl 4

(w922 3Y)
olshy yasVl ol 595 G bladllsgey (s dd Lag $Hld)l Chwsdl 5925 .5

80 linl O Layly ezl blal daw oo Gosb peoYl ol oz 6
L gasbl Olg AL e ,oudl gL3 G550 (oL Alis3))) Cawsdl 55 =) Ly 7
Condll Js dage dpume Olals hmshot spot 8)ladl s5-d1 S9-29 Laasly &y youdl
bl ey - poloy)) - pelsd] -

achittenc from: eyt o 2013

-:,ec/\:'s.n il S Flllsgsse e @3le

TS aialias,: Kkl  oov Bl B ate

N B N e s
e g guﬁ,“ O Koaiad

(Kampf J. Chapman P. (2016 : yuall
oY youdl Slowly Olope :dd] 3ylgh

ol (30 £ 95 0021 yo 35T dzgy Co g gty (i i pLI ooV ol Ay
24 Lol e Jady 9 .6,5Y1 5SWYI & Laie %01 Jls> sy Vs am ¥l sod] § Sl 3

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna



daswe A dsull a8 Jal .3 - Slcasl pasm plie @adl 1] o g o

(oo 0421) FoslS 0002 5529 ) L sl g 520l 1o 395 9. gsasll slb) Jloul 30 Lo s
& US55 i 0007-0005 (s Lo Ly proliny s dalolsaw sluzel (s &l bl Gleid! oy
Glely ddo)l oleidl oda JS_idg .setiroparoporcadss ysuall dile bl Gleidl g o3 (o Lyolame
eulB L3318, 4ol > 3 LS) CbilshlS dcd,ye Ulols Joludl Jsb s dole Slyo
19 ao Y 5ol Il oo gls T Ll ddoladl Gleidl oden 59535, gexite GeloH
Lebladl Ol e sl s Lol ;oo ol oo .81 Iload o Legs 44 Jois
Ghos ClSCi doale yeslly bl oleidl ode o wouslly Susus Ao e yo Jodd s
oy dbian dilzye wsd Olhahsly gl dy il Je «OLyhdl (e 538 Gudds
Ly yoed) JSIsh) Jois A ahil) Ly jaad 31 oSl L oo ddle Slgtun J] Logas

AU Ol wdls ddoludl EVIg (Ol wlly & yoedl (3SLEeI! 6,5V
o) BlosT § 52555 10l b 1(4) JS

(((NOAA (2011:)sal]
:@M| Q)lg.U
W) sodl e (43 ¢ pomYl ol awls ) Gty oS sl ylshl o925 3haty Loud
O5Sabead] O jho @lBY Gliolizr il i) ARSI Olisud hdSLaY OUsSL 1
Ca¥lsy s sy st Sledsly ysazighl (351 sla eSSl aball : oSl SligSLl .2
Aoudall palsbly dALa) oolsebls dSU) o y2uo blabolunldll 3ylsSl:d Wl SbsS .3
CoadSI) pgewiie izl slebl amyS oSl Lie oolsll 4
G—i=lly 5l Cmsglo] Ceglengis
Soush) Ol eyl oy agdV cuusd] (Cuib): sl Cowlgy O8lee

n

Coyduwd! ‘@SL&JI gl (odsdl Coligh ygo Coge :dugwll dodlb) joall e .6
.C,«."UJ.:QI);SN ol w ol ‘Qﬁjgﬁsbg)

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

eVl ol Blos
syl Olels yshomall dsy Lglyouall ol (LY g ooV ol 2
gisl b 8185 BlosV s 50 oY) ol g b s Lsloll G dl) 54 J a8y
odmy .gus ks e gyl helly gyl s odl sl ge Ju yam Yl oudl sle colall
sLL gty Jloidl § slbl 5505 Ly ) L) do sl 536 Jolds Lmshall Jslg=ll

Dol § L
1(5e) oY el Blas! T - (5)Jsiad)
= |
= L
;H’ TEO0 |
T
Erl g . L
5 ]
o
b i _'w 3 R
i =i [ i

ially () paal) adl glesi 1o (5)d

(Red Sea (20.29655 38.53430 :z=,L|

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

£
[t 8 ? - '!'-.llf .—I. - I .:
T ] L] 1 : Jy— i '

(.((NOAA (2011
sl L) o Bluk) s oo Y ol BlasT (3 :(6) JSCid)

= E ] - ] mes e - w - ew
o5 - £
g — -
e oY — gy
Y = e
—— ——
e en
o o
P -
oo - rey
—— .
R o i
= w
i ) e - o Zaka . " -Ii_-.:‘ Al -z "

2022-2020 :dalize jolas :yuall
%500 s sVl ol

Y 0oV o8 iy oo die 5ST Uniow din Josod Ol 3dsy ;009 5 o) 5ans
O ds s (guyl ol o (S gl Joate 401 Eum dowdly 4 d9u o
O el Olomw gaze 01108V e :JLads Jawsill a V) ol s (gudb) ool
pllail) d53lsbl ¥ss Lyl s Gllasedl Cdog ad) g5 dge s okl Ol g
po-39 «iall Jad § of po-dl IMs Lasydg dis A3l 3o pod Gllasell OV 5Ll
hes sl po Cllawel 98 dilobl plas (uSe ey sbidl Joad & sl Jdll § Loy o
Ot 835 OlueS 25 Syaiwnkl LgilSye Iz ng Lylsi el g Lil) plbas § blss ST
854l Jgb zaclawmall dylyedl 3ol dw e JS sty Lo 023V i s A 8L
iy . dcard8¥ly dblell SLSUL) auos § Lcdy hod ddaimll 8y90) Ladde g5-bas ()
L yoed) OLSISIL 3wty Lod o9 o lins «Ldsl 130 e AST (gymmndl GLbI L] 8,05
Zooplankton L_sls> 5,19 Phytoplankton i_sLs &Ll o

2022 509y - 21443 dusdl 93 - &y93- pilud) dusll Ly ddl kol Oluwlyuld p3a)) Ao



BUER (WEPIPRUNES R WESUPOR PR Wew PR WINPTk {

ramd) Juditad] § Uasow gy dlsed dy o] dilow 2500 Y1 o]

(21 BBy |y S50 o 09 gme yb dmub 93 L858 of Land of dowle Lulyd iolé]
dmsle pa Ostold) dog add dmdl Stk 3 b ] 500Vl o] Jg oty iy 03 Lo
dsBlg)l Lygsl sLae dthig ooLL Jsbl/netw i ¢ G il gudll of Ll )l 50
iS,o ao) Luslho¥l HLdY Olus die ¢ lls xSV g (0¥l o) ozl B, dall )8
llin L O 1510y (5oLl OS5 .08 500 ddyeg oIS 60 32all lie Jgb glig . o)V 8,53
G-l Grgas Bykiug b e (1984-1975) plssl 9 d3gue &yl 5-SJs Iuidlugl § Gas
s dl Gl 1ies iy o 595 dwyald G ) a3l ey malad dnds Gowr 393
DY L s (02 0bb @ (btlhl) o y5all 8lgall s
(Ol el Gles!
Ly e dwl=ll bl odo usiss
29 888 oL A B «d 555 gl VI
L) Col (Olasdl gl=d go—=5 )
L4l «Pangaealzily lyowl dusly LIS o
o= -dyall Hlgall e JSle e s
e dke Bussas gl T ) 4L ode Cudzas
s sl k0 0dg) sbodsll Josis.plgsl
29 «3Bxdls JI3050) blsdl g bl dasde
bshe Lyl s sbodsll mozd 0l 3bULI
iy dalisd] &Sl eIV oy peled]
259 @ BY1 290V O ] Buazdl dulyul]
QoS3 sl o Jolgzbl aeladl e g3l
5L § do =l Jgudl 4 LS §5-SAl) (3 ,=!
(L 3] 8L (Sl (- 81 oy tass (LT
Ay g.logwlé ot uis , asYl , odl % iy
e aelall § leisy U8 el emslll O

I s by Jasll s Lsiw Oliastiw gody Laylude ds pu als Osle 30 Jls—
& b ] Jsmitw ooV, ol OF dalyall ods 5 4050 atizms Yl 32all Ly Gus
Lazdls O oy dpiliaydl 3o dsale e Coon 3258 Lyl gyalple Ogske O9-ie
Nationaledl 3] 2 .z JUsaisls 8 O3ysly ««“Nature-dsubally Lo s JLodl 30zl §
& Gl el ,edll oo OUL e Sassel w3y Lyl dods Geographic

a8 )39 39U SV o a3 d B0y Jorw g3y dpgysYl sLadll ISy

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

oI ol Slge (7) IS

dalixe yolas e Ioleiel (oWl Jas (o i y0all

bl e e ] Jyots Ly ooV ol OF ) Ll 00 Lizgloue slole Ll
Legloml OLak)l § Ll Suss Gl dueglgund] OlbLad] cumun &3y (ldiul) § gulbY)
398uST dssle s ez ooz s D95 ale 2y il wid ,eaYl ol gl §
ikl QL dahatk 4588 g0 « Lusdl @ LT pussl dsale oo Lizglguz slodes « Ll ol
9=l Oy gl Eo ¢« UL Js bl i § «Oluunisly sliall ,odll Lyhid] jasYl ol &
Bace § 3-&Jl lie Lisg Iie 5-LS 60 dlsbs sliel 8 ddes yaoYl ,ondl 18 & oodis 35 3929
= s)sezdl 32l s Je Sigasd Taz 8B s Buss g « b golul L33 s w33 Y
832 § Lol B dll sLadl d s § Sas 321 LS adsll 33580 sy « 1Sl
Ay Y1 LA (3 ) 5ol g it 9] B)LE & Ay V1Bl ma Lyl

& Bysan dizgloun Olblis Gga o oo §-al liia Syas ] 6ol il cud! O]
JSS s ddhaial) dagall) &5Ladl) ygally oWl ddd)) suewdl S oY) yodl dahie
A5 Olbladl o Lol Bs Sy GLelall Lad ity dojysie ddhill O po—ds
gss dl o= Ly seo Y 5ondl O Ldhaill § Lzslouad] Ol iily 3siidl oda s
J-ie baome J] Jgoxiy 05 59 oyl yoms guigl) ookl SLEY) ] 052 ) ;Y S
OL3 Logas. giudl (pdle e Labuage ) plsll dboyls 5s5 08 03 (g « gl okl
d=d Cas Lyl @ 3sn ) dm ool Do) dgpline Ul o oo J) eV ol i3

£2022 55 - 21443 Basdl] 95 - d )9~ bl dusll dutually dedl k] Syl e dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

o Al LS5 ,aY1 8514l Jlads] J) duo)¥1 8 il § OSymall Gol bt (opiad] e
IS5 1S Lelyd dSiin Lwls Ligysl (i3 g el gosle Jlads) dlIiSy dpgizdl 155 0]
G208 Lol l Gl Oluhyll GaST . gl el sy boed cdogzslsuedl dosd] 0dg) domes
Lyl 8yl dds § LV B 1 O €Ol sluall ,adll s slos¥b olsll
olow Y b slaie i 391 8)LAD 434 dgadl § Lol 8Bl o busie o
8Ll Lygizd] 455, 8LAN Gy Gaod 0l dagil) dpline dasd o Lo y5 o etiwd]
Olog) os 8)lue o Lél pasdl 5oy LS Sl Cued Ll OHLS OLS Lagas.dds 1891
o Busis shayy &y Lglaoule g dild 45055 o ol dsile jotno (o ikl do 9355
(Tbid) o) e UMt 553 bl B350 Joszmy oy ozl Lypmas & e
% o) elo ity dguaibl bo : ooV yod) clo s

dlll/Baslall & youd) S oo daaly 4y dglos 9 ol GLLI i)
& sl ] oed) Jial oo (Gladdly Glomod) lyd by LSRG sl )Ll L Ll e
Downwelling lasla)l el 4> & Wil J) olel s gl Upwellinga_slall 1zl Ul
ghw § eyl L5,0 os JS oe Aol o o dhamms 8yl 50 (gyondl LI o Ladlly
fgl ) o) SN litl] iy oS Laygone Joor 3l I oyl e 02381 01309 23Y)
il Do § GuSlg o J] ol Jawl/gB (s slislly sl sbo ) Uhis MBL aslall
Glseod! g g &y yod) OLSLA § Jtazk) elicsd) uslall Clinll dlisy Lo ooal (s Jaslyll
AN Ol ¢é9 3929 dslall sLLl Jaicy (Zoo/Phytoplankton & gued) d1:SJ1) 3l
dorrw 555 5ol €18 (e LN sLL U o9 i oxdl A3l py0 5Ly Susl o ls
8y dzyd) Ladgzy 3blie & oaedl sLL 800 Lyl wslall g yond) (i) §blis ety
sl s gy 03] (Chlorophyll-a) J_dsyslSU JLsdl 5-S1 ] d3LEYL (SST omdl prba
8539487l gl GLL Clid) 3ble ¢ OLSINR s diliie 5855 gl I (g mnd] GLAI
% 25 3 Ok Lo Gl (Sl sl die 3blis ;855 JLils LS gs L Gt
dolusa (50 % 5 b8 U8 g g mmd) LU (il 3blis (e bl § Sl docall 0
UL a8, ol JS_i5 amechanisms SLJT/ Jelgs 3 Jlis .400)Y1 8,501 § youdl b
Cariole’s (J ,65 85-89Ekman transport LS| J3U Seasonal Winds Lo )l : 29 «s =<
JSa5 gl QLU i) 8y ol &yl atwly @ ud § plo y90 SLIYI 0da (30 JST9 Force
Ekman transport 9L J30 Seasonal Winds zLoJ| : 29 (gl JLL il 8, ol
ool dylatwly mo ud § plo ys3 SLIYI oo o JSs .Cariole’s Force 55 8535
Syl GLL ezl

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



chane Al 8 bl - (lidaond] e i @i 3 o 9.1

eI joedl § & yoed) SHL) Jalgs) dewladl LS 2( 8 ) JSad)

v ™ A

(2022) dalize jolas e oWl das Gotydall
95,5 U i) dubes lyg ST OLSSIL o L

OLeS) JBL @)l 18 5med) GLL Clid] ddos &pghsl ) ENL OLSWISLA) Jois
o A o) SN SLIY odee St (Cariole’sForce) Jd2sS 833 (EkmanTransport)
8y9-aay .8 -eadl QUL L) ST suss Sl o L] oS g ymmmdl GLUT o li) ddos Ly
& sl slag 2Ll 5o JS doss L8 U] 6982 boms ol sls s e 2 )l g 1dale
bl gyl SLL Clid] daob (ad rgyond) GLL Clid] 8, alls &)t wly Jasy <Lid]
ond) sle dBLSS d5)lde dle d8LS OIS 4o you Slgo moad § J-exy 948 ((Downwelling)
OL3 :03] . dlie Jaudl sLbl 8ly0 doryd dad doryiy A8y ol L8 508 ol 05 w9
dl dle d8LS OIS dlgs (ogb9 gasd dodd doyon ddeas 0§yl L il Lidas
Ld Gasw O dgigns 45 dage 8yalls b)) g podl GLLN i) 8, al 103 . o) L3
o)) ol JBWI Ll (805 dpas ol ASIiE sy ol SLsSH s 1iSU slos
OB Bl $)92 D550 Sy sl ] soedl s (oo ol sl @ O] xS
soedl g8 8 ULy SUsus ol

S9deil) bl dwlus Al bl Qlaid) 83,2kl Lz glgSo¥I daidl ol U] Layl s
O dsgiie dogaze OLS S gog . yaiwd] G)liodl (ol ddye Lglzoy b «g))od!

£2022 55 - 21443 Basdl] 95 - d )9~ bl dusll dutually dedl k] Syl e dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

Oleall pasd Lol pa sy, 855 O (S praad! J] gLl ele glasy] St syl LT
G sl bl Oleidl GLib Libga yeoY) youdl Ogte § Ol sio Blis uss d il )bl
Cleill 3ble s ddhaie ¢l § sLLI 8)l,o Oleys sl agiss *olS 16000 doluws (-hass
W) hpall Jead § ) J] gL sle gLisyY oyl (s o)) s ddlaill § dsle L
58 loms 0Ly 552 § dplersbl Glsidl s ylod) Loyd Juzus B2 (s Lo gazme O s
Ly dosluall ;891 e L8 (SST) joomdl g Bylyo doryd Guld il @eld (s
dm ol Oloyse Coodswl IS J] L8LYL .l J] LAl elo glasy) bl
gLl sl pLasyl Jyass da S Jadl o gdly bl J] gLl sl gLisy¥ dyolll g 3lgull 3siox)
o sl O il ode gl dsle ) Olsainll e dpall sl gz W bl
@ iz LySUs oo, bl Oleddl sla 8ylyo Sloys e JaS dusluall L3 SST Olowio
((Dinwiddie (2018)3Lejlly G Swolipall LLEIYI (e Lys)ud
:(Upwelling) wslall g o) U1 i)

g8 oo Ll el LUl Lgud sy dulos d5Ll iphaudl J) L)l elo gLisyl g o
L JSidl § oS dohaw 505 ol

’ (Upwelling) as\uall gyzmadl oLadl cliall 7 39i:( 9) JSAI
 amdan el phacke e -

N el lell o

AT B oLal) e oy el i e 3yl Lol

Adlize jolas Je sbeae¥ly oWl dos oo 1yball
OLdebl - 3L sle G311 Lol sl dlaciwl oy S sl o))l dsy
05539 -Jaudl s «del U] grmndl sLbl 335> (Gl 09-S3Mig3ll 3 «09-SHsaedl] 95 s
b e 2Lyl coys Lodis Jolull Job s pa ) J] gLl sl glis,y dJlie B9, Lal]
s oS e oLl 2y 0 sy Godaad] sLL 2805 el e s gy 3l 2L I

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna




e Al ) ol - (ylcamntl cyamm i @il o 5 g A

dl gLl sls glasyh omwl ddasdl 0don B3y Jucusy deds 03 3l sl oo Joomd x|
oLl Js b eg potall y ol § phad] ] gLl clo glas)l Susy o «Upwellingpa .l
2l s Lawss Lal gl Jl rbad! sl g o ) a8l dbasl Sy
500 Bl Dl & pohad) el 3,5 oludl sl Js b (s ol LUl 0515 &
0355 Lo 8ale bl J] gLl elo L5,y ot uba ] ] @iy $3d) bl 05505 g LAl
Ol i boos ool sLLI 31381 polisdl 0da oassy Aslisl] polisll dabg 839, 5T
o 3blis dzss Le Sole i .4l duzglon doli] a 0555 Lo LJL odadl <Ll i
(el USadl) 15t bl 3] gLl sl L)) 055 Cger Buszr Soames
:Oceanic Downwelling :Jalg)l g youd) W) i)

dsld ] ,oudl gl o LS AT elo bga thaslyll g yodl GLL litl oady
ylye Aoy plasdl sl cdoglo gLty 9o ABUSU) gLasy) camw 09-509.81 cLbl d8LS &
Lg youdl L3 J) LJled) d8LSY OIS ol 3blis § clbl byio ddas Guss O mdsn 14
bl L) D> § uSls (OceanicDownwelling) ol ausb] LU i) oo
Guasw.(Oceanic Upwelling) s—slall GLLI &) 8, alb Gigus Coyo ddasal) 4881 g3
e Olegy dling sl OL3ST e By ol § nldl GLLI Ll

Sz pdleg G315 slo bgua-
ey 2L clo dgm0 -

Com Oludall 8 9L sl gLl Godaadl sLU Ulasial oo (aS oMsl o))l s
Jo Ll Jsg b e bl ) glall el plasyy dlie g, dall (5SS . Jaudl e « sl ] G8u5»
05 oy sl ol e s g 3 2Ll @i doldl s Job s o))l g Lois
oy ol 0l By 53 iy dsdd 03 63l s Lb) Joome Joomd grla el Cod (o oL iy
Jsb e potall hobl § gl ] gL elo gLyl Sasmy.cqubad] J] glall el gLyl
& 2l s Lois Layl cglll she bogon (o ol cdiaSisll dglasd] Sy Jorlgadl
Wl plal] 500 BUabl ol § duomhaadl slLb) 3,555 bl Jasdl Js b s dumba ] <L) 0513
bl i85 839, ST (55 Lo SoLs prlaaadl J] gLl sl glisy¥ donsts el J] @iy s3I
Lo Ll odaadl sl 0dio O iy bos orad ] sLL) «massr L3138)) polusdl oda 4513l
sbo gLyl 0550 L Bz dpo $-blis uzrgi Lo Sole I A dle dpzglon dumls] 4 5550
(Dinwiddie (2018) 3L gl J] ol GLSNIRIL il L1 glLall

2022 g9y - 21443 Busdl] 93 - &593- gludl susll Lidly ddl ] Ol p32)) Ao



o1 5ol sle A A g8 gy ety AL o1 LY

e &b.u sle 8ylyo doyd e & yodl Ol L3512 (10) JSad!

| i
TF T ™ A
: NASA, 2019 uall
Sroud) QUL Bl OlLS 4S50 e s 8,550y oudl prda i ele d8LS :(11) JSid)

RUNIIE

1020 1021 1022 1023 1024 1025 1026 1027 1028

(+215 3- )l el S

Ibid: yoal)
.(East, W. Gordon (1965 : yoal)

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

:Resume :8,35? dlog
sy rmd daland¥ly ) led 4 gymm (Lol blis gyodl LAl CES sy
(ool UL «masty L3108l SUsSall hhaas dasllly de aslall (gl 1 (ol <L
dzs Lo Bols i 4l dzglon dali] A 0550 Lo LILE ol sLL i OF s Lo
i) QL) 53555 =5Ld rha ) U] gL sle L)) §5S0 Cm Bz dpo Gl Lin
LS g3s3 g 8:LaSs BloeVl s ;0oYl yondl Jg b e dslo bl Camdil) 56 JodY
s J] 58y oo deawshl 2Ll @805 mhaud] J) gLAN elo £lasyls eVl yodl cla &
s oYl ol Osi & ) ) glall o glasy) ) 635 boo duseha ! d3UI JSU)
Lawshl gLyl dhwlgy Bl Lilys & ddesdl 0de § oSowdll o9 (Ekman) OleSy) J&5
deawshl gLyl 853 Codos pdany eldd e Sl .l yon § d ) dpgindl Ay
Ciog J] A3LeYLs STy st ¢ Lad] ds—ooll o ) gg—adll slbl 8yl Olays
el dlazoed] Lz gJoSoVl HUYI (s sl (S bl J] gl sLs glasyl LTy bl
g 5=l s 0,75 ol bl polanl Slus] Jouss dS § Lg qrhaudl J) gLall cLe gLyl
Ao ) Gl Oy cLdy Buay oy yod) Gaodiad] 315 IS Jling.dihibl ¢ oolsad]

Allege dalixl) 3g=2)) Glegamay
1)

i)l m 805 Ol doludl ms @3lo0b s 3l Loyl o—Seugs] Jo-all J] patss
ddos § rhaadl U1 805, STy Goel sle o JLillg (L] oos liogmy Jaional) il
Ly 81 o e Gl s s $dlg pan V) 1 ondl & gl ) gLl clo gLasyhy o
gl ] gLl els glisyl § Joludl Jsb s 8paiad) 2l ) o g ) 832 d i
A Lsliall ;8 o Llasl 0do ge @i 5-Sgs - doodll sLb) § sy bl Gilesdl s
OLLI § 35S OS] aegs 5y ol grhaw 8l doyd Gl Sl 20V Jgor 533
glasyl bl Capogd &80 Y dsliall LBVl oy .dcliall 3V oios Lajdss -l
85821 (e desazg Lythylae UM e Oy Olasll se oYl ol @ il ) gld) clo
& ol J] gLl ele glasyl O (S rds39 elbl prhaas Caod 8 ik 8yl ol Sl Jugewsd
U3 ] L8LaYL gl baomdl & Ul dsly 2Ll el ! § g odun ,aoYl ol
& A ymdl Lol e had! ] gLl ele glasyl ;35 oS (e esall pibilladn bl
Loy bl Olseidl OLs dulal) dmidye 8y)yod] Gloryd Comuol 13] 1L Juw s 0V ol
e OUY e I § pesad &y yod) sl 1,8 O oo & «Ogally iy s
Y] byl 0da Cadss § dslu a8 35LJ1 oLl § prhdl J] gld)) sl gLyl O (s o))
OLdsbl OS5 g Las) e dodl SUSII jasy e dudw Cblge Lanl 4 (5950 48 4]
) ] gy ) ddeesdl sLLL G

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna




o1 5ol sle A A g8 gy ety AL o1 LY

s a5 Y g dsbg oyl By5edls Ly 31 8)L8 o 500Vl ond] J_adiilogas
CBgll § I Yo.dd Ay gl § Jo 8 1ok 355 ooty yu bl ddyeg dieskS 2250
Continental) &)Ll Ca o3l ol dglas o9 oyl 8, 5edly Ly 381 e IS IS5 (JLal
ol il e a5y bwste goiw Jdomg bogin yooY ol @ty Lytousis (Drift
Ol 8y Jsl slosll bl (GLLYI 55,0 B0 e i (oo Ol aweg Bumde Lul)d 9
sda ] Joogills. yshte 450 “OLE” o (g0 gdss dyiall 4SS ;e ol gl
ool die (15555 354 pmuy) U3l dpdladl OULy golul dorgy slodsl puseiwl Lot
L3 dle youd) g8 ashs e Sasiwdl Olaglell s Ydd GaoV) yoxdl glLd) §,2uall
sesuall Olige s Sl ) AleSIl Olulyll) dows

595V ysloe Jite ddsb) y ol g5 JSLue BLiasS| de dodlodl S9is aslwg
I g 0oVl oed) joomb Lodledl bLET jlse 05Ul al8g . BlasVl (umy sl o -3 8V
oS JU Jwr Ao 1LY 3985 Lyt ol deogl ) i g8 dLilod) Jasxl) g
Ly G 905V H5mmn s Busleill dpdlel) GesBoll & dgalicie 1393 8ye JsT 052Ul
25 desd dgalice Olomw 09 ygobl Job e Buial) do)) 8l clow § CLEWY)
=09 Ko FSYIg Lt lol) bolis SV 3bULl § dols Olhasll gled § 4y ,sall b udl
s db gaie 33351 S9-23 8,58 U3l SLlus BlosYl (ol Jaslys Caned g5l duol
L lasS-gumd] OMdoatll Is (e L] IS u ST 035 - jan Yl s oxdl (o5 slosil znz §
sz Olomay” 5529 Gyl Slly el S Laehass ¥ ) L3N G BULI s hinall Gl
G241 pas (J3V3ls dndlad!l SUL wousdl Joloed] s “desdall ool 8 8) ddlasS
FSThe” oliga Wl pasy suimys dicw Ogsle 13 500 St yoo Yyl § aoed] mwss Ly
&l Sy dpieo Uaoms asy b 5eoYl 5oedl O iy lig “Loges Js-dbl yasll Chsd (s
09l 120 525 00 g lo @il @bV ookl Ggind lpline Mo elligs Glil oy
pidy 4S) kel aimll 3 LB Jooee I Y (29,2l 390l O 05l £¥5- 0S5y9.diw
Ll 3bULl § dwoldd] s 1S o 5 IS 3o oYl yodl § Aoy LL Joa8Yl ywdsd]
Lido ] ddoad] e 3981 ALl g3leid] Lyo 85 b ) oY) yondl § ulslls bl
A3 oy 7AW Hleudly die ST aonkly Ja3ye Jasladls elall tad i (SLbI odidl o
&bl 5l Convergence L youdl OlyLa) sLall 03529 3l o 1S § Srala)l oda bLS)l
.((DivergenceKampfeéChapman, 2016 L 38,43

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

toielgyl)

(PDF) Jo¥l (30 adysn yamYl yodl :(2016) dgsd] dizsloumd] dolukl din @850(1)

07 & J=oYl (e Cidiyye HnmYl 5 oxI4(2017) dydgsll dz gzl doludl Liin g 850(2)
2016 5l

Ao (dholad] duSAl) Ol oo (2017) Ld9=ud) duzgloumdd] dolkl d 2 = 390(3)
-Way Back Machine :z 330 (J—s. 2017 : joiw 13 L bgdone

(4)American Meteorological Society (2021) “Air-Sea interaction: Teacher’s guide”. .
Retrieved 19  February.

(5)Aikayo, Ndui (20210.) “Assesstment of Sea Surface Temperatures (SST) and Seasonal upwelling
in SW Portugal” (PDF). University of Algarve. p. 54. Retrieved 19 February 2021.

(6)Bakun, A; Nelson, CS (1991). “The seasonal cycle of wind-stress curl in subtropical eastern
boundarycurrentregions”. JournalofPhysical Oceanography. 21 (12):1815-1834.

(7)Browder, RD; Ware, DM (2007). “Long-term variability in zooplankton
biomass in the subarctic Pacific ocean’. Fisheries Oceanography. One (1): 32-
38. Do0i:10.1111/j.1365-2419.1992.tb00023.x.

(8)Chelton, DB; Schlax, MG; Freilich, MH; Milliff, RF (2004). “Satellite Measurements
Reveal Persistent Small-scale Features in Ocean winds”. Science.303 (5660): 978-
983. Bibcode:2004Sc¢i...303..978C. Doe:  10.1126/science.1091901. PMID 14726595.

(9)Greene, Chad A.; Blankenship, Donald D.; Gwyther, David E.; Silvano, Alessandro;
Wijk, Esmee van (2017). “Wind causes Totten Ice Shelf melt and acceleration”. Science
Advances.-11-013-(11)e1701681.Bibcode:2017SciA....3E1681G...d0i:10.1126/
sciadv.1701681.ISSN23752548. PMC 5665591. PMID 291099.

(10)https://wiki.met.no/_media/windfarms/brostrom_jms_2008.pdf on the influence
of large wind farms on the upper ocean circulation. Géran Brostrom, Norwegian
Meteorological Institute, Oslo, Norway.

(11)Bakun, A. B. (1990). “Global Climate Change and Intensification of Coastal Ocean
Upwelling”. Science. 247 (4939):

(12)Blanchette, CA; Wieters, EA; Briotman, BR; Kinlan, BP; Schiel, DR (2009). «Trophic

structure and diversity in rocky intertidal upwelling ecosystems: a comparison of

community patternsacross California, Chile, South Africa,and New Zealand». Progress
in Oceanography.83 (1-4): 107-116. Bibcode:2009PrOce..83...107B. Doe: 10.1016/j.
pocean.2009.07.038.

2022 g9y - 21443 Busdl] 93 - &593- gludl susll Lidly ddl ] Ol p32)) Ao



o1 5ol sle A A g8 gy ety AL o1 LY

(13)DM; Prell, WL (1993): Jump up toa b c Anderson, DM; Prell, WL (1993). «A
300 KYR Record of Upwelling off Oman During the Late Quaternary: Evidence
of the Asian Southwest Monsoon”. Pale-oceanography. 8-(2):193-208. Bibcode:
1993PalOc...8.193A. Doe: 10.1029/93pa00256.

(14)(14) Curry, P; Bakun, A; Crawford, RJM; Jarre, A; Quinones, RA; Shannon, LJ;
Verheye, HM (2000). “Small Pelagic in Upwelling systems: Patterns of interaction
and structural changes in “wasp-waist” ecosystems”. ICES Journal of Marine
Science. 57 (3):  603-618. Doe:  10.1006/jmsc.2000.0712.

(15)Mann, K.H., Lazier, J.R.N. (2006) Dynamics of Marine Ecosystems: Biological-
Physical Interactions in the Oceans. Oxford: Blackwell Publishing Ltd. ISBN 1-4051-
1118-6

(16)Reynolds, J.D. (2001): Jump up to a b c d Jennings, S., Kaiser, «Marine Fisheries
Ecology.» Oxford: Blackwell Science Ltd. ISBN 0-632-05098-5

(17)Kampf J., Chapman P. (2016) “Upwelling Systems of the World” Cham: Springer
International Publishing AG. ISBN 978-3-319-42524-5

(18)(18) Knauss, J.A (1997). Introduction to Physical Oceanography. Waveland Press,
Inc. ISBN 978-1-57766-429-1.

(19)Lalli, C.M., Parsons, T.R. (1997) “Biological Oceanography: An Introduction” Oxford:
ElsevierPublications. ISBN 0-7506-3384-0

(20)Rasmussen, EM; Carpenter, TH (1982). “Variations in tropical sea surface temperature
and surface wind fields associated with the outer Oscillation/EINino”. Monthly Weather
Review. 110:354-384. D0i:10.1175/1520-0493(1982)110<0354:VITSST>2.0.CO;2.

(21)(21) Sarhan, T; Lafuente, JG; Vargas, M; Vargas, JM; Plaza, F (1999). «Upwelling
mechanisms in the northwestern Albertan Sea”. Journal of Marine Systems. No.23 (4):
317-331. D0i:10.1016/5s0924-7963-(99)00068-8.

(22)USA National Ocean Service, NOAA (2011) Upwelling: A Report.

(23)US Research project, NSF and Oregon State University Archived August 4, 2009, at
the Wayback Machine

(24)BBC2: Television program» Oceans 3/8 The Red Sea, - 9 pm Wednesday 26 November
2008

(25)By M. D. D. Newitt2014)» ): A History of Portuguese overseas expansion, 1400-1668,«
p-87, Rutledge, ISBN 0-415-23979-6.

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

(26)East, W. Gordon (1965). (The Red Sea: Geography Behind History W.W.
NortoneCompany. pp174-195 -ISBN.8-00419-08-004419-393

(27) Encyclopedia Britannica: (2008).Red Sea: Encyclopedia Britannica Online Library
Edition”.

(28)Fernandez-Armesto, Felipe (2020):Pathfinders 1A Global History of Exploration ‘W.W.

Norton&Company.

(29)Lieske: E. and Myers. R.F (2004) .Coral reef guide; Red Sea London. HarperCollins ISBNO-
00-715986-

(30)NOAA. “Upwelling”. Retrieved 19 February 2021.

(31)RobertDinwiddie (2008): Ocean: TheWorld’s LastWildernessRevealed. DorlingKindersley,
London, p.452.

(32)Robert Dinwiddie (2018)Red Sea Map and Map of the Red Sea Depth, Size and
History Information Page». www.worldatlas.com

(33)Schmitt (1996): “Cardinal colors in Chinese tradition”. Unpublished Report, New York.

(34)SiliotticA. (2002):Verona, Geodia: Fishes of the Red Sea. ISBN-2-42-87177-882.

(35)N.B: Reference Documentation:

2022 509y - 21443 dusdl 93 - &y93- pilud) dusll Ly ddl kol Oluwlyuld p3a)) Ao



o1 5ol sle A A g8 gy ety AL o1 LY

Appendices : 3=
iy JST (1)

Ashall BRI - g B Gl o aliat o gad) g Uk} - g RN ) B Calit)
 » B > p
':,diﬂu-'\ihh)qﬂ}
li T
4-""

i
!
:
i
L]
i
i
L)
.
I
!
]
L]
]
i
!
L]
i
]
]
1
!
1
i
[]
!
1

|

S

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

REFERENCES:

(1)Acha, E. M., H. W. Mianzan, R. A. Guerrero, M. Favero, and J. Bava, 2004: Marine
fronts at the continental shelves of austral South America: Physical and ecological
processes. J. Mar. Syst., 44, 83-105.

(2)Blumberg, A. E, and G. L. Mellor, 1987: A description of a three-dimensional coastal
ocean circulation model. Three-Dimensional Coastal Ocean Models, N. Heaps, Ed.,
Vol. 4, Coastal Estuarine Science, Amer. Geophysics Union, 1-16.

(3)Bogazzi, E., and Coauthors, 2005: Spatial ~correspondence between areas of
concentration of Patagonian scallop and frontal systems in the southwestern
Atlantic. Fish. Oceanography, 14, 359-376.

(4)Campagna, C., F. Quintana, B. J. Le Boeuf, S. B. Blackwell, and D.
E. Crocker, 1998: Diving behavior and foraging ecology of female southern elephant
seals from Patagonia. Aquatic, Mamm, 24, 1-11.

(5)Campos, E. J. D, D. Velhote, and I. C. A. da Silveira, 2000: Shelf break upwelling
driven by Brazil Current cyclonic meanders. Geophysics. Res. Lett., 27, 751-754.

(6)Chapman, D. C., 1986: A simple model of the formation and maintenance of the shelf/
slope in the Middle Atlantic Bight. J. Phys. oceanography, 16, 1273-1279.

(7)Chapman, D. C., 2000: A numerical study of the adjustment of a narrow stratified
current over a sloping bottom. J. Phys. oceanography, 30, 2927-2940.

(8)Chapman, D. C., 2002: Sensitivity of a model shelf breakfront to the parameterization
of vertical mixing. J. Phys. oceanography. 32, 3291-3298.

(9) Chapman, D. C.,, and S. J. Lentz, 1994: Trapping of a coastal density front by the
bottom boundary layer. J. Phys. oceanography. 24, 1464-1479.

(10)Chapman, D. C,, and S. J. Lentz, 1997: Adjustment of stratified flow over a sloping
bottom. J. Phys. oceanography, 27, 340-356.

(11)Canady, G. T., 1978: The arrested topographic wave. J. Phys. oceanography, 8, 47-62.

(12)Garcia, V. M. T,C. A. E.Garcia, M. M. Mata, R. C. Pollery, A. R. Piola, S.
R. Signorini, C. R. McClain, and M. D. Iglesias-Rodriguez, 2008: Environmental
factors controlling the phytoplankton blooms at the Patagonia shelf-break in
spring. Deep-Sea  Res., 55, 1150-1166.

(13)Garrett, C., P. MacCready, and P. Rhines, 1993: Boundary mixing and arrested

Ekman layers: Rotating stratified flow near a sloping boundary. Annul. Rev. Fluid

Mech., 25, 291-323.

£2022 g5 - 1443 Susill 95 - &390~ bl dusll dutudly &bz Sl p3IAN dlzna



o1 5ol sle A A g8 gy ety AL o1 LY

(14)Gawarkiewicz, G., and D. C. Chapman, 1992: The role of stratification in the
formation and maintenance of shelf break fronts.]. Phys. Oceanport.,22,753-772.

(15)Hill, A. E., 1995: Leakage of barotropic slope current onto the continental shelf. J.
Phys. oceanography, 25, 1617-1621.

(16)Houghton, R., 1997: Lagrangian flow at the foot of a shelf breakfront using a dye
tracer injected into the bottom boundary layer. Geophysics. Res. Lett.,24,2035-2038.

(17)Houghton, R., and M. Vises, 1998: Upwelling and convergence in the Middle Atlantic
Bight shelf break front. Geophysics. Res. Lett., 25, 2765-2768.

(18)Lasta, M. L., and C. Bremec, 1998: Zygochlamys patagonica in the Argentine Sea: A
new scallop fishery. J. Shellfish Res., 17 , 103-111.

(19)Loder, J., B. Petrie, and G. Gawarkiewicz, 1998: The coastal ocean off northeastern
North America: A large-scale view. The Sea, A. R. Robinson and K. H. Brink, Eds.,
Vol. 11, The Global Coastal Ocean, Wiley, 105-133.

(20)MacCready, P, and P. B. Rhines, 1993: Slippery bottom boundary layers on a slope. J.
Phys. oceanography. 23, 5-22.

(21)Mellor, G. L., and T. Yamada, 1982: Development of a turbulent closure model for
geophysical fluid problems. Rev. Geophysics. Space Phys., 20, 851-868.

(22)Middleton, J. E, and D. Ramsden, 1996: The evolution of the bottom boundary layer
on the sloping continental shelf: A numerical study. J. Geophysics. Res., 101, 18061
18077.

(23)Palma, E. D.,, and R. P. Matano, 1998: On the implementation of open boundary
conditions to a general circulation model: The barotropic mode.]. Geophys.
Res., 103, 1319-1341.

(24)Palma, E. D., and R. P. Matano, 2000: On the implementation of open boundary
conditions for a general circulation model: The three-dimensional case. J. Geophys.
Res., 105, 8605-8627.

(25)Palma, E. D.,R. P. Matano, and A. R. Piola, 2004: A numerical study of the
Southwestern Atlantic Shelf circulation: Barotropic response to tidal and wind
forcing. J.  Geophys. Res., 109 .C08014, doi:10.1029/2004]JC002315.

(26)Peterson, R. G., 1992: The boundary currents in the western Argentine Basin. Deep-
Sea Res., 39 , 623-644.

(27)Pickart, R. S., 2000: Bottom boundary layer structure and detachment in the

£2022 905 - 1443 Basil] 95 - dyy90- @bl dusl] dutully didl k] Syl p3UAN dlzna



e Al ) ol - (ylcamntl cyamm i @il o 5 g A

shelfbreak jet of the Middle Atlantic Bight.]. Phys. Ocenogr., 30 , 2668-2686.

(28)Piola, A. R., and R. P. Matano, 2001: The South Atlantic Western Boundary Currents
Brazil/Falkland (Malvinas) Currents. Vol. 1, Encyclopedia of Ocean Sciences, Academic
Press, 340-349.

(29)Ramsden, D., 1995: Response of an oceanic bottom boundary layer on a slope to
interior flow. Part I: Time-independent interior flow. J. Phys. Ocenogr., 25 , 1672—
1687.

(30)Rhines, P. B., 1970: Edge-, bottom-, and Rossby waves in a rotating stratified
fluid. Geophys. Fluid Dyn., 1, 273-302.

(31)Rodhouse, P. G., C. D. Elvidge, and P. N. Trathan, 2001: Remote sensing of the global
light-fishing fleet: An analysis of interactions with oceanography, other fisheries and

predators. Adv. Mar. Biol., 39, 261-303.

(32)Romero, S. I, A. R. Piola, M. Charo, and C. A.
E. Garcia, 2006: Chlorophyll-a variability off Patagonia based on SeaWIFS data. J.
Geophys. Res., 111 .C05021, do0i:10.1029/2005JC003244.

(33)Smagorinsky, J., 1963: General circulation experiments with the primitive equations,
I. The basic experiment. Mon. Wea. Rev., 91 , 99-164.

(34)Sutton, P. J. H., 2003: The Southland Current: A subantarctic current. N. Z. J. Mar.
Freshwater Res., 37 , 645-652.

(35)Trowbridge, J. H., and S. J. Lentz, 1991: Asymmetric behavior of an oceanic boundary
layer above a sloping bottom. J. Phys. Oceanogr., 21 , 1171-1185.

(36)Trowbridge, J. H., and S. J. Lentz, 1998: Dynamics of the bottom boundary layer on
the northern California shelf. J. Phys. Oceanogr., 21 , 1171-1185.

(37)Vivier, E, and C. Provost, 1999: Volume transport of the Malvinas Current: Can the
flow be monitored by TOPEX/POSEIDON? J. Geophys. Res., 104 , 21105-21122.

(38)Wang, D-P., 1982: Effects of continental slope on the mean shelf circulation. J. Phys.
Oceanogr., 19 , 532-541.

(39)Wright, D. G., 1986: On quasi-steady shelf circulation driven by along-shelf wind

stress and open ocean pressure gradients. J. Phys. Oceanogr., 16 ,1712-1714.

£2022 sisy - 51443 Basl] 93 - & 95~ glud] Susll dkedlly dudlyzed] Slwlyald 31 dlona



o1 5ol sle A A g8 gy ety AL o1 LY

1! 3> ANNEX"+APPENDIX
1- Momentum Balance:1):3)J) g3 &lge W O¥sleb) (339 s ol (S)

Olodbhas- 2

$y2all haadl slassl =) JajsS 868 dalze=f=fk .28 GIUI @8l als :V/
B8V Lamyl 5 glswyl =A &l Bsd Jelee K s sl Bes=D
ol L

3 @l o]l £S5 Jais sl Caad) GLUN b)) Glws oS :0¥slsem 3

T Ll 3-89 &?—aéyb kS“’T)—” GUb el LS o U—BSS”
om on

N = 5 -
ol adx - aw
g ST
Ve = ax T aw
(8]

ngZJ’ 9p o D 3p dp o 3D s
= R D ax do " Ay I ay do -

o

eVl Hodl § cdshll 5 o2l o] U Cdal gy dlie- 4

oA ghall pUaRl) =g L1 i B il ) g Ul g Ll it B ity
7T 5 > B >R
A ¥t A 8 o ) i) alar ["’m‘ (fike) o)
4 . i ), 5l Al

l il

——

£2022 55 - 21443 Basdl] 95 - d )93~ bl dusll detually ddl k] Slulyal) e8I dlzna



Aalrawll e Layilg A1aglgajgoguall palbrgll
(Eng.ﬂ.ll—n_ng_q_um Aupell ASlggll Ligia Aalul Adhig)

L33 el 4lS - Lol gl - ehLith) e Ly Sl [ i s .
§ro dsolz -

: palscud)
Lol dshie dolowdl s doglodygasdl 4 alghallsl L UL , 3T Lulyudl Jolus
vasilasd] el dulywy Lahiall skl godl 35k s by Ddgmud] g sl ASLally
ss-all il ws § duhll dmal pasdsy Ldhill Golwd) Oizdl 3blie ool JSis s
bl 0dg) plowdl Giios JS_al slowls dolwdl Lelio § (2)Y) phaw ,allae y95 e
L) ol o ol sy sLal] Ll 3 5555 dwlyall ddhie § diobd) dpetl] ddos O
Gl Jalseg duzglone Oldas o dasilll duzglsd)sagumdl blral) diolwd) daidll ¢ 553
Jlre § Lyl Lkoslls Loalsll dnall Jatg dobud) dale blse IS5 s LYl
GbULl § dols dmglsd)sasumll dolwll skt § dusubll ,alghll Al (e Solawl
B)ladl Sladdl of dyglymall Oladl dools bLeT e aasll dlis Sl A5 ol doyslyonall
FST o el 03 U dalyll Blaca] ooy « dygeedlly ool Jalss Lad Jaics -l
a6152.93) 19 Al ol Lulls Budail] pgibly Joslowtl) doo)] ggikl Lyoanls pio oo
o5 Sl 0,3, mlabl el ) dlagdl dwlyllly sBobl (6 mxtl] dwlyd dss « &bl g3salls
3L,k pldl Sl omeg g3LaiB¥l sl pozme s Ol docd OS5 ¢ doglal
zlhw)s (phaudl ,alas o Laydy BagSUls Claglly dudg¥ly Jludl ) 3blbl el
ol G3Laly Jlsdll 3l (5391 gl blstk O dzg (dsliall Olszailly OL)
Blucal 3o dwd )l Clludl gal s domadl 0de COlS Epoe dihilly dolwl)
Oly ddhilly dolewdl polis ool s (2 haw lse OF J] dwhyill Cliogsy « dwlyal]
Gty Lyl 90555 « )Y s sallaeg JSal s Lulul i i glssT 2pae
okt molshl ol HlusY usy g lasaadly ddlgadl Olaglebl o GLuiss gsl
Ll glig dgud Laos glie IS ) Joud) 3bligs dahill dizglo8)gaguedl dol)
Lo, LSLal) « oWl Lihis « dobadl ¢ duoglsdygngeed) , alall doliall OledsY)

a_\»bg.v_aﬂ

£2022 sigy - 51443 Sasl] 93 - & 95~ gld] dusl dukedlly dudlyzend] Slwlyald o3l dlona



(30l - A3 gauad! Ay yal! ALl Qi AL Aikaa) L) e 18319 A 5198 0 gl UML) ———

Geomorphological features and their impact on tourism , Albaha
region , southern Saudi Arabia as a model
Dr. Dawla Mohamed Ahmed Suliman- University of Bahri —College of
Humanities —Department of Geography
Abstract:

The study deals with the impact of scenes or geomorphological
phenomena on tourism in the Al-Baha region in the Kingdom of Saudi
Arabia through the on-site investigation of the region by studying these
characteristics, which constitute the most important tourist attraction
areas in the region. The importance of the study is to highlight the
importance and role of manifestations of the surface of the earth in the
tourism industry and find forms that attract tourists to these areas that the
tourism development process in the study area It is concentrated in the
terrain milestones, the most prominent of which is the diversity of the
tourist value of geomorphological monuments resulting from geological
processes and sculpting and semicircle factors, which constitute
important milestones for tourism. The scientific and practical importance
of studying in the field of benefiting from these natural phenomena is
in the development of geomorphological tourism, especially in desert
areas or those that possess many patterns of desert environments Or
the hot environments in which sculpting and weathering factors are
active, and to achieve the goals of the study, more than one approach
has been merged, the most important of which is the descriptive
analytical approach, the applied approach, quantitative, cartographic
and photographic methods, and the study of the on-site investigation and
the field study of these great manifestations to enrich the information,
and the result of the questionnaire on the size of economic income was
And the size of the number of tourists for those who go to these areas
(mountains, valleys, plateaus, caves and other surface manifestations)
and (forest tourists and industrial resorts) found that the land surface
landmarks are an effective role and the basic attraction of tourism in
the region, as this result was one of the most important methods to
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achieve the goals of the study, and the study concluded that the land
surface features are one of the most important elements of tourism
in the region and that all types of development are adopted Basically
on the forms and manifestations of the surface of the earth, the study
recommends the application of geographic information systems and
technologies and remote sensing to choose the most appropriate places
for the development of geomorphological tourism in the region and in
the regions of countries that are similar to the climate and environment
similar to the study climate
Key word:Geomorphological manifestations, tourism, Albaha area,
kingdom of Saudi Arabia
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Jabal Sabran water and strategic security for the neighboring
isolation
Najeeb qaid Abdullah Al -benaa
Abstract:

Sabran Mountain is a7-8 kms long and2-3 kms wide plateau.
Geographically ,it is located within Eshamayatain district to which Etturbah
is the urban center in addition to its administrative significance as the capital
city of Elhujariah .Etturbah has become the capital city of Taiz governorate
due to the migration of many displaced persons from Aden and other areas.
Sabran Mountain is bordered by Sabran and Madahej sub-districts to the east,
Thabhan and Esseeriatayn sub-districts and Etturbah to the west ,Sharjab sub-
district to the south ,and Elmashareqah sub-district and Mahdan villages to
the north.Given such features ,there are silly suggestions to turn the mountain
into scattered settlements ,on the one hand ,and a military camp and a
university ,on the other .The above voices have never taken into account that
the waste and activities of such constructions would affect the environment
of the neighboring areas and cause a lot of pollution to the water resources
and nature .The present study proposes to keep Sabran Mountain free from
pollutions threatening its peaks that represent a source and course of rainfalls
which feed the groundwater reservoirs for the neighboring sub-districts .The
floods running onto its valleys feed the wells ,dams ,and pools in addition
to irrigating the agricultural fields .In case ,the mountain is to be exploited
by force without considering the area‘s environmental particularity ,that
could be done with the minimum effects by recompensing the landowners.
It would be good if the project is changed into a garden to serve the local
community .The present study highlights the essential services helpful for the
communities around Sabran Mountain ,namely the activities that go in line
with the people‘s values and do not cause water pollution .I propose removing
any recent constructions that may threaten the neighborhoods ‘water security.
As for the garden project to be successful ,it should be adopted by interested
businessmen who have experiences in tourist investments and promotion .The
garden would be a breathing space for Elhujariah‘s large population who lack
such leisure places .Those investors ,however ,must be highly acquainted with
the environmental threats to Sabran Mountain .The people inhabiting Sabran
villages are in urgent need of more water to meet the increase in population.
Key words: Mountain <Sabran «Villages ¢<Plains <Neighboring sub districts.
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Measuring farmers’ environmental awareness of pesticide use in the
Dongola locality(2012-2013)
Ammar M.S. Abdalla - Department of Crop Protection, Faculty of Agricultural
Sciences (FAS), University of Dongola
Wessal Y. H .A - Department of Crop Protection, Faculty of Agricultural
Sciences (FAS), University of Dongola
Abstract:

Environmental awareness of pesticide risks is critical, as the better,so
that the greater the awareness in dealing with agricultural chemicals, the
less harm will be and the greater the desired benefit.The study aim to
determine the level of farmers’ pesticide use awareness in the Dongola area,
as well as how to store and dispose of excess pesticides. A questionnaire was
created to collect the essential data and disseminate it to the local farmers.
For each project, five vegetable farms were chosen, and each farmer was
interviewed on his farm, filling out a questionnaire. Personal interviews with
officials in domains connected to the research’s issue, such as agricultural
project management, crop protection, hospitals, and others, were conducted.
The results of the analysis revealed that the education rate amongmiddle
farmers in North Dongola is relatively high when compared to those in South
and East Dongola (66.7 % secondary, 73.3 % university, 68 % primary), and in
South Dongola (22.7 %, 26.7 % primary secondary, respectivelyThe study also
revealed that 16.7 % of university students in Dongola city did not receive
guidance from project management regarding the optimal use of pesticides, as
extension services are provided to farmers of cash crops only, such as wheat,
This may result in a clear decline in environmental awareness among farmers
in the locality despite their long-established farming practices and pesticide use.
However, without good  guidance on how to properly use this
practice, it is of no use, as the study showed that some diseases might be caused
by exposure to pesticides without taking precautions or wearing protective
clothing. A study shows that allergic diseases and poisoning eye diseases
are the most common among farmers, with a percentage of 32.9 %, 16.3
%, and 38.8 %, respectively. In addition, improper handling of pesticides
has resulted in poisoning cases.Moreover, we know from the questionnaire
that 38.8 % of farmers suffer from poisoning. The study concluded that there
are effects of unsafe use of pesticides as a result of lack of awareness
of safe use, so this topic requires many successive studies to know the
extent of the damage accurately and the possibility of solving these
problems and achieving their effects.

Key word: Environmental Awareness Farmers Pesticide Dongola locality
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The northern countryside of Khartoum Bahri locality: A study in the
geography of rural urbanization
Ahmed Mubarak Bubiker Al mubarak
Abstract:

The importance of the study stems from the importance of the
northern countryside of the city of Khartoum Bahri, which represents
one of the city’s regions. The study aims to study urbanization in the
northern countryside of Bahri. The study used the case study method
and the descriptive method, the historical method, and the contemporary
scientific method. The researcher also relied on field work, and one
of the most important findings of the study is the dependence of the
northern countryside villages on agriculture, which is one of their
most important activities. Between the northern countryside and
the city, and the various uses of land in the countryside, including
residential, industrial, commercial and agricultural And other health
and educational uses, water and electricity services, and the decrease of
the rural population due to migration from the countryside to the city,
which led to the underdevelopment of the rural areas.

Keywords: northern countryside, marine, agriculture, urbanization
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Rural markets and space d namics in
urban Sudan, the case of Suq Hilaat

Kuku in Khartoum North

University of Khartoum,

Department of Geography
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Abstract:

This research objects to show transformations of structure and
functions of Suq Hilaat Kuku, which was a rural market coincided
with the rural economy of western limit of the Butana plain, as due
to space dynamics. The research adopted the analytical approach and
used expert-observation, interviewing, and firsthand experience of the
author’s living there for more than two decades, and GIS analysis of
relevant maps as sources of data. The Suq has transformed from mere
a small rural market to an urban- rural market with the dominance of
the urban services and emergence of new axes to its close geographic
neighborhood coincided with space to accommodate rapid residential
growth, demand for urban services, and wide agricultural investment.
Area development will make continual challenges to Suq Hilaat Kuku
where strategies and policies of market area planning are required.
There should be a response to the worldwide trends to conserve some
parts of such historic rural markets per se while keeping it working
within modern urban markets.

Key words: rural economy, geographic nodes, geographic dynamism,
spatialinfluences,urbanization
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Rural markets are centers for trade and commerce activities. They
widely spread in different geographical settings where in some countries
they have been conserved and protected as a national heritage. Such
types of markets are keeping doing their roles in rural Africa regardless
of onsets of urbanization. A rural market is a geographic place where
rural goods, products and commodities are sold and bought. Their
internal structure is simple where specialization by type is obvious.
They are placed on rural main cross roads that are easily accessed
by local transportation modes or by animals. In many geographic
situations, rural markets form a set of connected rural networks that
work collectively to serve villagers and big residential centers in their
neighborhoods either daily, ones or twice a week or more. Rural people
mobility to such markets is bounded by their household needs or by

commercial incentives of return.

Rural markets are centre- places and could be considered as
growth poles with their own market areas and therefore, could serve for
diffusion of information for rural population and a place where further
economic change could be initiated in rural areas. Rural development
is likely to have a useful effect on the whole economy because rural
-based growth is accompanied by improvements in income distribution,
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reduction in income inequality and inevitably involves increased
investment in human capital of the poor, can empower governments
to reform distortionary taxes and thus increase overall efficiency in the
economy (Mwabu et al. 2004). In Africa, food assembly markets are a
key part of the institutional framework in which efficient and effective
food marketing channels can develop (Dijkstra, 1996). According to
Agboola (2022) marketplace as a place of cultural inheritance, social
field for users, aesthetically oriented zone and a third place, are forming
an integral component for the future rural neighborhood planning and
development.

The majority of rural markets in Khartoum state have experienced
transformation to become urbanized market areas due to space dynamics
coincided with urban population growth and demand for urban goods,
however, some of them are still keeping on their old functions serving
villagers in their immediate vicinities. These had made of some of these
rural markets focal marketplaces and important nodal points for trade
and commerce exchange that inevitably influenced enhanced rural
economy. Suq Hilaat Kuku which is an old rural market and was a part
of a network of rural markets in the Butana plain has experienced these
transformations in last decade that worth to be investigated.

This research objects to trace changes of structure and functions
of Suq Hilaat Kuku, which was a rural market coincided with the rural
economy of western limit of the Butana plain, as due to space dynamics.
The sources of data included; field visits during January and February
2021 where Suq Hilaat Kuku was divided into four geographic sections,
in each section one head person was selected conditionally being worked
there for more than two decades and has practiced trade works and
commerce activities, and are able to highlight transformations occurred
in that Suq. This was further supported by direct expert-observation
and firsthand experience of the author’s living there for more than two
decades. Arc map 10.5 was used to produce detailed maps for location
and some other purposes required by the research based on Google
maps 2020.
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The study area

Kuku village is located on the curvature of the Blue Nile to direct
westwards to meet with the White Nile at “Mugran” confluence to form
the River Nile. Eastwards of Kuku village developed a small rural market
“Suq”. It dates to the times when Khartoum North was predominantly
agricultural along the Blue and River Niles and their adjacent with a
geographic sphere of rural economy of animal keeping and rainfed
agriculture contained by the scattered rural villages in the Butana plain.
The study area is now a part of east Nile locality (Figure 1).
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Figure 1: location of Suq Hilaat Kuku
Source: GIS analysis based on Google maps 2020
1- The market area of Suq Hilaat Kuku: a rural market within a
rural economy
The old market area of Suq Hilaat Kuku prior to 1898 included Kuku
and Hag Yusuf villages, some closer villages in western limit of Butana
plain, and some closer villages on the right bank of the Blue Nile
besides, some remote villages in the Butana plain which come to this
Suq once a week. These rural villages of the Butana plain produce and
sell traditional commodities such as traditional yogurt and gee, hens and
eggs, sorghum, vegetables and fruits, tanned animal skins, etc., and they
buy sugar, tea, cooking oil, clothes, shoes, animal medicines, animal
fodder for their animals to feed during the dry season when all grass
areas have been run off. These exchanges are very important to sustain
rural households as peasant farming is not exclusively ‘subsistence-
oriented’ in the sense that all production is wholly for consumption- but a
certain proportion is for sale.
Suq Hilaat Kuku was confined to serve that rural economy in particular
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till 1898 when its market area was extended to include Aziz Kufuri’s
plantation when the British government gave him a concession on the
muddy plain covering the area northwards of Suq Hilaat Kuku to contain
the open space of some old villages scattered on the western edge of the
Butana plain. To the east of Kufuri’s plantation the British also founded
a veterinary hospital to protect and cure the animal wealth of the Butana
plain and also a small factory was established to produce milk which
was known as “Alban Kuku”. This was followed by opening of lands for
fodder production where a pump station was built on the Blue Nile. Both
of Kufuri plantation and “Alban Kuku” are used to produce and distribute
fresh milk to residents in urban Khartoum and Khartoum North towns.
These have added an economic value to Suq Hilaat Kuku as it served the
huge numbers of laborers working in these two establishments.
Southwards of Suq Hilaat Kuku existed a large and open space for
animal grazing and rainfed-agriculture. By so, Suq Hilaat Kuku formed
a small geographic point within a wider open space of a dual economy
of traditional and modern agriculture and animal keeping (Figure 2).

A
The River Nile

Kufuri’s plantation and Alban Kuku

/;";—\ Rural economy of western

Butana plain {mainly traditional rainfed

The BlusN K_S"q_._/ agriculture and animal raising)
|~

Rural economy on the Blue Mile
andthe Butana plain (mainly
agricultural and animal raising+
mud- brick production)

p

Figure 2: The market area of Suq Hilaat Kuku as a rural market

Division of old Suq Hilaat Kuku took some sort of specialization (Figure 3)
to serve the rural economy of its vicinity. The western part was specialized
for the preparation of milled fodder produced from the remains of cotton
seeds and Dura. It was also specialized for the maintenance of Lorries
particularly Ford and Bedford brands. Tractors maintenance was also found
in this part of the Suq prior to its transfer to the new extension in the northern
part of it. There were also some veterinary pharmacies serving for animal
raisers in the eastern part. In the central point there were sellers of vegetables
and fruits, butchers, and shops of spices. The internal market conditions
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of Suq Hilaat Kuku were somehow remained per se restricted to provide
rural goods to a certain type of consumers where some of them were mainly
sellers-and buyers.

Alban Kuku
e MainRoad
)
Foddermills
1 + C | Veterina
Tractorand entra I v
Hilaat - area pharmacies
K agricultural Hag Yusuf
'FIlIJ u machinery village
village maintenance
The
Blde J HilaatKuku village ]
Nile -
[ Ruralvillages on the Blue Nile and nearby of the Butana plain ]

Figure 3: Area division of Suq Hilaat Kuku as a rural market
2- Space dynamic of Suq Hilaat Kuku during sixties and
seventieth of the 20™ century

The rural landscape of Suq Hilaat Kuku experienced modern urban residential
plans in mid-1960s when the new planned extension of Hag Yusuf was
allocated to some citizens living in Khartoum North town and elsewhere.
These new residential areas were located eastwards for Suq Hilaat Kuku
by a distance of nearly four Kilometers. There was a space between them
which was occupied by the old Hag Yusuf village. This was part of a process
where most of the urban population growth in Sudan has been absorbed
through residential densification “sub-letting in existing districts’” and through
“illegal” occupation of sites on the edge of towns (Post, 1994). Also, at early
seventies the surroundings of the old village of Hag Yusuf became a lodge
for the immigrants and citizens who illegally occupied the lands which was
a part of a process of the growth of squatter settlements which have come to
form a tight ring around Sudan’s capital cities (El Bushra et al., 1995). They
were either inner-city slum areas which are either engulfed or annexed by
urban expansion; and squatter settlements that built on illegally occupied by
newcomers (Eltayeb, 2003); or later, outer slums which are areas planned by
the authorities and distributed to landless. These types of squatter settlements
have come to dominate the landscape of the Suq Hilaat Kuku which has
changed to take the form of rural-urban interface, contrary to the former
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entirely rural landscape.
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Figure 4: Space dynamic of Suq Hilaat Kuku during sixties and seventi
Source: GIS analysis based on Google maps 2020
The internal structure and division of Suq Hilaat Kuku by the end
of eighties of the past century remained more rural than being urban
(Figure 4). It kept doing its rural —bound services to its geographic
neighborhood of the Butana. There were, of course, some new changes
accompanied residential transformations, such the expansion of car and
tractors related services, retail sale commodities, area extension of the
Suq eastwards and southwards with few multi-storey buildings. The old
villages of the Butana plain kept their mutual commercial relations
with Suq Hilaat Kuku where one could observe the coming of old buses
full with people and traditional commodities brought to be sold and buy
some households needs by their money returns. It was observed the
coming of considerable numbers of customers who generated money
income to this Suq to develop to a predominantly urban market.

3- Recent urbanization in east Nile locality and influence on

Suq Hilaat Kuku

East Nile locality witnessed an observed residential development during
the period 2005-2019, following the opening of Munshia Bridge in 2005
that linked Khartoum town with east Nile locality. The eastern part of
Khartoum town represents a recent “urban growth pole” in Khartoum
town. Excessive increase in land rent in Khartoum east drove many
peoples to seek for alternatives among which, and preferably due to
geographic proximity and affordable land prices and rents, was the east
Nile residential areas which are part of the skeletal plan for development
and promotion of Greater Khartoum for the period 1991-2000 over
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an area of 8000 hectares for development, where 4700 hectares were
allocated to residential areas to enroll growth up to the year 2000 (Banaga,
1994). The plan basically proposed the development of urban centers
neighboring the already existing occupied areas to enroll population
activities and services provided that being connected by transportation
networks. Some residential areas developed rapidly around and close
to Suq Hilaat Kuku such as Huda; Gadisia; older residential areas of
Hajj Yusuf and Hilat Kuku, “Hai” Gama’a, Hai Nasr; and Munshia
east, and very recently Blue Nile Hai. Along the Ring Road connecting
Gaily Oil Refinery with Munshia Bridge many residential areas were
developed such as Tilal; Wadi Akhdar “Green Valley”, IDD Babiker,
and also along Al-Ailafoun High Way connecting with Soba Bridge.
Many service centers including central markets; car maintenance works;
private clinics, banks branches, oil service stations, schools; and some
University colleges. Another influence on the geographic domain of Suq
Hilaat Kuku has come from competition for rural lands for agricultural
purposes. Huge private and Arab agricultural investment schemes made
ofthe east Nile locality a “regional growth pole” in Khartoum State. This
has contributed in the development of market areas Suq Kuku where its
geographic domain extended via transportation networks connecting
remote residential areas with central places in East Nile locality and
other areas in Khartoum state (Alredaisy, 2011).
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Figure 5: Urban residential growth around Suq Hilaat Kuku in early 21*
century
Source: GIS analysis based on Google maps 2020
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4- Suq Hilaat Kuku : an urban-rural market within an
urban- rural economy

These external market conditions came to influence Suq Hilaat Kuku which
made of a nodal point for transportation and to extend new commercial
and trade axes in its geographic neighborhoods to accommodate with new
conditions.

The influence of rapid and wide residential development of the area of
east Nile made of Suq Hilaat Kuku a nodal point for transport network
which was accompanied by building and extension of asphalt roads.
Growth and provision of urban services such as oil stations, banks, and
police stations, building materials, telephone sales, fruit and vegetables
has added a juncture for urban economy in Kuku market. A reversed
transportation axes has initiated from the central and last transportation
stations are linking residential areas in Kuku’s neighborhoods with
Khartoum and Omdurman towns and the central station of Khartoum
north town (Figure 6). All long transportation lines initiating from the
central stations in Khartoum, Omdurman, and Khartoum north to serve
the areas of Hag Yusuf and the areas further east, and the areas extending
parallel to the Blue Nile southwards, pass by Suq Hilaat Kuku. Also,
many internal short transportation lines has initiated from Suq Hilaat
Kuku to serve all these areas. These transportation lines converge and
diverge in Suq Hilaat Kuku nodal point. This made ease of accessibility
to Suq Hilaat Kuku by costumers to generate more money income to

contribute in further expansion in provisioning of urban services.
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Figure 6: Suq Hilaat Kuku as a nodal point within the
transportation network in Greater Khartoum

The rapid development of Suq Hilaat Kuku influenced its neighborhood
through translocation of commercial and trade activities along divergent
axes where three major commercial axes could be distinguished (Figure 7)
including:

a- An eastwards axis along with the Hag Yusuf Street (axis 1).

b- A southwards axis following Al-ailafoun Street (axis 2).

c- A northwards axis facing Suq Hilaat Kuku (axis 3).

Figure 7: Axes of spatial expansion of Suq Hilaat Kuku

Source: GIS analysis based on Google maps 2020

Along these three axes commercial and trade activities were allocated
with the inclusion of some new services that were not there before. These
activities took place on the outer skirts of the neighboring residential
areas to Suq Hilaat Kuku including Dar-Elsalam EI- Magharba,
Gadiesia, Hag Yusuf, east extension of Hilaat Kuku village (EI- Doha).
These axes were far expanded to reach some markets located on these
main streets. Axis 1 extends up to Suq Wihda, axis 2 up to the new
central market of the East Nile locality (Figure 8), while axis 3 includes
the immediate northern extension of the Suq itself and some parts of the
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residential area. Agricultural investment in east Nile locality imposed
some pressure to meet with needs for tractors and vehicles maintenance
which was basically concentrated in the new emerging axis 3. This area
accepted a fame that exceeded the limits of the locality to el- Geizra and
Nile River States where many farmers usually access. In this axis also
Kuku Zoo was established and the Faculty of veterinary sciences of the
University of Sudan for Science and Technology.

Figure 8: East Nile New Central market

Photo credit: Samir Alredaisy (December 2021)

In these three extensions modern shopping centers, banks, car service
and maintenance workshops, clinics, and schools are centered. The
estimated length of axis 1 and 2 is five kilometers suggesting the domain
of Suq Hilaat Kuku is somehow strong enough to change its geographic
neighborhood. The appearance of these modern services in these
neighborhoods suggests for further transformations on these residential
areas, particularly the residential area of Dar-Elsalam El- Magharba
which is originally a squatter settlement. The commercial influence of
Suq Hilaat Kuku on the outer skirt of this residential area raised its land
rent which made a pathway for multi-storey buildings and upgrading to
a closer standard of modern planned first class residential areas.

The modernization of commercial activities from only the traditional
ones is more seen along these three axes compared to Suq Hilaat Kuku
itself. This suggests for the commensuration for market demand of
recent urbanization in east Nile locality.
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Discussion:

Suq Hilaat Kuku was a small rural market fits with the classification
of rural markets and the organization of traders and their circulation
patterns which is elucidated as a mechanism of agricultural change and
innovation diffusion, resulting in changing economic opportunities at
intra- and inter-local and regional scales (Lado, 1988). Here, the presence
of dealings expenses naturally leads market participants to enter in
long-term trading relationships which form business networks that
shape market outcomes ( Fafchamps, 2001). It was also clear that, non-
agricultural activities play a crucial role in providing simple consumer
goods and services to the rural households such as those living in the
western limit of the Butana plain where Suq Hilaat Kuku was located.
One can also state that, this Suq was a nodal trade centre within that
plain and one can further argue that, it has fallen into disregard as an
instrument of spatial policy similar to other rural markets in developing
countries as indicated by Harry (no date). Similarly, it can be stated
that, Suq Hilaat Kuku faced challenges of rural financial intermediation
of shortcomings and systemic weaknesses of rural financial markets,
urban biased policies and poorly designed interventions not based on
the realities of rural markets as stated by Coetzee (1998) similar to other
rural markets in Africa.

During its earlier stage of development Suq Hilaat Kuku has its
own Labor market which was well established to run this Suq and which
was based on its immediate and remote geographic space of the rural
villages of the western limit of the Butana plain. This is contrary to the
conventional impressions that labor markets do not exist in villages of
the semi-arid tropics. Of course, wages vary considerably, and are not
uniform across workers or villages or the agricultural season (Saleem,
1987). The factors of age, sex, and category of origin and category of
destination appear to have influence on the pattern of Sudanese labor
mobility (Ahmed et al., 1979) as could be stated for Suq Hilaat Kuku
since there was labor mobility of the villagers who come to sell and buy
goods as it was an integral part of the network of rural markets in that
wide geographic area.

Suq Hilaat Kuku has experienced space dynamics since the mid of
the sixties of the past century and in early 21 century in the wider East
Nile locality. This has transformed Suq Hilaat Kuku from mere a rural
market to a complex of an urban market. This is an expression of wide-
scale geographic changes in urban settings of Sudan due to population
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increase and urban trends of demand for housing. Since East Nile is a
part of Khartoum State it has shared the component of that population
increase and demand for housing. The population of Khartoum State
doubled 140 times during the period 1905-2000, and while the number
of population doubled by 12 times at the national level it doubled here
by 50 times (EI Bushra et al., 2005). The occupied area doubled 250
times during that period (EI Bushra et al., 2005), particularly by the
begging of 70" of the past century by influxes of migrations where it
was “until 1970s dominated by pull factors — economic growth, while
from 1970s onwards pull factors-drought and conflict with high level of
displacement prevailed where the majority of urban poor seeking better
livelihoods opportunities, security and services” (Pantuliano et al.,
2011). Net migration increased from 0.2 million in 1983 to 0.5 million
in 1993, and then to 1.8 million in 2008 (Abdel Ati, 2012), which have
over pressed on the already existed high population density of 169/km?
for whole the State (National Council for Population, 2002).

This population increase in Khartoum State is accompanied by the
demand for land for either housing purposes or urban services which
were very essential in transforming Suq Hilaat Kuku to an urban market
complex. This conforms to the 20™ century where the phenomenon of
urban spread out had illustrated urban land use fragmentation where in
many cases new uses, such as agriculture or residential functions were
introduced in the area. In addition, many natural areas were divided as a
result of the construction of new roads and housing needs (Marjan et al,
2002). The government in Sudan has allocated plots of land for many
urban residents to build a house in many of new residential areas in East
Nile locality such as Hai El-Nasr, El-Faiha, and El-Huda, for example.
This policy refers back to the British rule in Sudan which has disrupted
the traditions of self-reliance and resulted in them being replaced by the
notion of government as the provider of services including housing and
the development of self-help groups, initially in squatter settlements is
the microcosm of this larger process (Haywood, 1986). Later, housing
has been viewed as consumer goods which must be given a very low
priority in development issues and this view undermined the contribution
of the housing sector to economic development (Matovu, 2000).

In addition, the new developments of squatter settlement are
another component of population increase in east Nile locality. The
rapid growth of squatter in the immediate vicinity of Suq Hilaat Kuku
and far areas contain the United Nations estimates which suggested that
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nearly one billion people live in slums worldwide representing 1/6™ of
the planet’s population and is expected to double by 2030 (Beardsley et
al., 2008), where one in seven people on the planet are expected to reside
in urban informal settlements by 2030 (Corburn et al., 2017) and “If no
action is taken, the number of slum dwellers worldwide is projected to rise
over the next 30 years to about 2 billion” (Dasgupta et al., 2009). These
developments account for 71.9% of the population in Sub- Saharan Africa
(Dasgupta et al., 2009), and comprise some 30-70% of the housing stock in
many cities and towns in developing countries, and their scale is attributed
to the inadequacies of housing finance systems and land development,
along with the pressing demographic growth and mass poverty (Pugh,
2000). These squatter developments imposed further demand for urban
services by way of market centers such as Suq Hilaat Kuku.

Within these formal and informal residential settings the
provisioning of services in the east Nile locality included hospitals,
central markets, banks, petrol-stations, and building of new asphalt
streets which connected the different areas together to get through the
Munshia- Bridge to the modern world of east Khartoum town where
famous areas of El-Riyadh, El- Taief, El- Munshia, El- Safa, and Burri
are there. Al-Riyadh neighborhood was planned and developed in
1972 with large plots (875-600 m2), wide crossing roads and balanced
environment. Recently the area shifted to more compact urban form
of high density, it is transformed towards mixed-use integrated
development with more intensive use of land and less-residential use
(Awad, 2019). Evidently, the increasing economic importance eastern
Khartoum town as a location for modern urban residence and services
have significantly influenced its neighboring residential area of Burri, a
third class residential area, for example, by raising its land rent which
ultimately encouraged some residents to sell their houses and move to
east Nile locality which in turn influenced Suq Hilaat Kuku to cope
with increasing demand for modern urban services through internal
transformation and development of new commercial axes. These new
commercial axes formed corridors of development that geographically
extended far to form concentrations of new urban services.
Although agricultural and green lands and unused areas decreased
continuously from 1972 to 2001 in Greater Khartoum (Khartoum State),
where urban growth percentage was 300.47% in the period of 1972 to
2001 and the percentage of agricultural and green land decreasing was
83.59% with respect to the year of 1972 as a baseline (Ahmed, 2009),
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rapid growth of residential areas in East Nile locality was accompanied
by huge private agricultural investment schemes which made of the east
Nile locality a “regional growth pole” in Khartoum State.

Urban development trends in Sudan also included the establishment
of new industrial areas, food security projects through licensing of
private agricultural schemes. These development trends took place at
a larger scale in east Nile locality. Their repercussions are the increase
of population and demand for services which made a challenge for Suq
Hilaat Kuku rural market for either to survive or to perish. This Suq has
successfully developed to meet commercial demand of both its rural
and urban population and further became a geographic node of domain
for translocation of commercial activities through emerging commercial
axes in nearby residential areas. This indicates to the changing of the
significance of the location in accordance with modern urban needs that
enabled Suq Hilaat Kuku to expand in theses neighboring residential
areas. It also enabled for the development of many new market areas
have such as Suk Kuku and East Nile central market, for example,
where their domains extended southwards and eastwards along the
main roads passing by to connect via transportation networks with
towns of Khartoum and Khartoum north and Omdurman and the remote
residential areas of the locality with central places in the locality and
other parts of Khartoum state (Alredaisy, 2011). Along the Ring Road
and Al-Ailafoun Highway many residential areas were developed
and similarly, many service centers including central markets, car
maintenance works; private clinics, banks branches, oil service stations,
schools; and some University colleges (Alredaisy, 2020).

It is also important to consider changes occurred in the Butana plain
whose economy is basically based on livestock keeping and trade which
influenced by drought and rainfall variability in the last decades. This
has affected Suq Hilaat Kuku where livestock trade is integral part of
its rural economy. it is expected that shortfall in that side has taken
place as was supported by the available information which suggested
that the numbers, quality, sources and destination areas of livestock are
affected by increasing demand, decreasing availability of vegetation,
and unreliable water supply in semi arid areas (Trilsbach, et al. 1986).
Although Suq Hilaat Kuku has become more urbanized than a rural
one, it is still supplying rural services to the villagers in the locality. It
still is conserving its old function as rural market within a wide network
of rural markets that includes Suq Abu-Delaig in the far northeast, Suq
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Hassan Wad Haissouna in the far north, and Sugs of Al-ailfoun and Soba
in the far south. This network of rural markets used to work collectively
in a mutual nature to serve the old rural economy of western limit of

Butana plain. They are still keeping their old roles similar to many rural

markets in Africa although some of them were somehow became more

urbanized, however, lesser compared to Suq Hilaat Kuku.

Conclusions

This research tried to outline transformations happened to Suq Hilaat

Kuku which was basically a rural market located on the edge of the

western limit of the Butana plain. The main results suggest for:

1- Space dynamics have several implications on transformation
of Suq Hilaat Kuku from mere a rural market to an urban
market.

2- These dynamics were close and open space dynamics.

3- Close dynamics depicted transformations happened inside
the Suq itself, and concerned with expansions in its older
existed divisions or appearance of new specialized divisions
of services.

4- Open dynamics manifested transformations bounded with
outsider space to this Suq and connected with population
growth in its geographic neighborhood due to residential
growth, demand for urban services, and agricultural
investment in East Nile locality.

Area development will make continual challenges to Suq Hilaat Kuku

where strategies and policies of market area planning are required.

The Butana Integrated Rural Development Project is premised on the

assertion that, in the Butana region, livestock production and marketing

constitute the means to build up the assets of poorer smallholders,
increase women’s economic role, and improve household food security
and living conditions (IFAD, 2019). This could contribute n making
of Suq Hilaat Kuku an specialized market in purely rural products to
compete with older famous markets in Khartoum State such as Suq

Omdurman. It is also expected that, Suq Hilaat Kuku will benefit from

economic returns of this project as gained by rural household for further

good purchasing power, exchange of goods, and capital transfer and

exchange within its domain and outer. In addition, there should be a

response to the worldwide trends to conserve some parts of historic

rural markets such as Suq Hilaat Kuku per se while keeping it working
within modern urban markets.
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