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I-PLANKTON

Izityalo ezikhuphayo,

ubulembu (algae),
kunye nezinye
iibhaktheriya
ezinokufota.

Wake wazibuza ukuthi ososayensi bazi kanjani ukuthi kwenzekani ekujuleni
kolwandle? Kunentlobo ezimbalwa zamarobhothi akwazi ukutshuza ngaphansi
kwamanzi olwandle futhi abuyise idatha esuka ngaphansi kwamanzi. Olunye
uvhlobo Iwerobhothi, olubizwa ngokuthi i-Argo float, luhamba phakathi
ekujuleni kolwandle nemisinga bese lufika phezulu kanye njalo ezinsukwini
ezilishumi (10), ukuze luxelele ososayensi ngolwazi oluqokeleliwe. Njengangoku,
kunamarobhothi e-Argo angaba yi-4,000 agcina iliso elwandle olwandle zonke
insuku. La marobhothi akala izinga lokutshisa nokuba netyiwa elwandle, kanti
amanye abheka imingcele eyahlukahlukene yamakhemikhali neyebhayoloji.
Amarobhothi e-Argo anikeza ixhoba le-oceanographer, ukunceda ososayensi
bagonde ukuba ulwandle lusebenza kanjani nokuba alukhomayelelana nje
nezinto eziphila elwandle, kodwa luxhumana nomhlaba wonke.

KUTHENI IZAZINZULU ZIBEKA ILISO
KULWANDLEKAZI LWE-EARTH’S?

Ulwandle lubaluleke kakhulu empilweni yabantu ngoba lusinika ukudla, imithi, izinto
zokuhamba, Kanye nokungcebeleka. Ulwandle luphinde lube likhaya lentlobo ezininzi
zolwandle ezenza uMhlaba ube nobuhlobo kubantu. Umzekelo, i-plankton encinane elwandle
ikhupha ngaphezulu kwe-50% womoya esiwuphefumlayo. Ulwandle lwakha ngaphezu kuka-
70% wendawo yoMhlaba futhi ludlala indima enkulu kwiplanethi.
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IMOZULU

Inkcazo yepateni
yexesha elide
yemozulu kwindawo
ethile. Oku
ngokughelekileyo
kugikelelwa
njengomyinge
wedatha
eqokelelweyo
(umzekelo, ubushushu)
ubuncinane
kwiminyaka
engamashumi
amabini.

I-GREENHOUSE
GASSES

ligesi ezibamba
ubushushu emoyeni
kuquka i-carbon
dioxide, i-methane,
i-nitrous oxide kunye
neegesi ezine-
fluorinated.

Greenan et al. ROBHOTHI ZEARGO

Ngenxa yazo zonke ezi zizathu, ososayensi sebeneminyaka emininzi bazi ukuba kubalulekile
ukuhlola ulwandle, ukulugonda bhetele nokuyaleza inguquko ezingase zenzeke.

Izazinzulu ezifunda nge atmosfera nazo zinomdla wokugwalasela ulwandle kuba imozulu
esiyifumanayo yonke imihla iphenjelelwa lulwandlekazi. Umzekelo, ngaba ukhe wawabona
amanzi ephuma ngumphunga kwindlela eshushu? Kwenzeka into efanayo elwandle, xa
amagondo obushushu elwandle ashushu abangela ukuba abe ngumphunga, nto leyo
ehambisa amanzi ukusuka elwandle ukuya emoyeni. Xa sele esemoyeni, amanzi anceda
ekwenzeni amafu, ikhephu nemvula. Ke, ukubeka iliso ngcono kweemeko zolwandle
kukhokelela kugikelelo lwemozulu olungcono.

»

Ezinye izazinzulu ziingcali zokufunda imozulu yomhlaba. Imimandla ene-“tropical climate
ifumana ukukhanya kwelanga okuninzi ngonyaka. Oko kwenza umphezulu wolwandle
ufudumale kwaye uvelise amafu kunye nemvula, ngoko ke imozulu kule mimandla idla
ngokuba shushu kwaye ifumile. Kodwa imozulu inokutshintsha ngokuhamba kwexesha.
Ngokomzekelo, ezinye izinto ezenziwa ngabantu, ezinjengokughuba iimoto okanye
ukufudumeza amakhaya ethu, zinokongeza iigesi ze<em>greenhouse emoyeni. ligesi
zeGreenhouse zisebenza njengengubo, zibamba ubushushu kunye nokufudumeza
umphezulu wombhlaba. Ukugwalaselwa kolwandle kubalulekile ekugondeni indlela iigesi
zegreenhouse ezinegalelo ngayo kutshintsho Ilwemozulu kuba ulwandle lunokufunxa
ikharbon diokside kunye nobushushu obuvela kwiatmosfera yomhlaba kwaye luzijikeleze
ngemisinga yolwandle.

IROBHOTHI ZE-ARGO: ABADLALI BOLWANDLE
LWESIHLALA!

Ukufunda ulwandle, izazinzulu kufuneka zigokelele idatha iminyaka emininzi. Enye
indlela ebalulekileyo yokufumana olu Iwazi kukuhamba ngeenganawa ukuya kuthatha
imilinganiselo (Jonga kwakhona le nqaku leMida yeNggondo eNtsha). Kodwa kukho iindawo
ekunzima ukuba iinganawa zifike kuzo, njengeArctic neAntarctic. Ebusika bukwavelisa
ulwandle olulwayo ekunzima ukuba iinganawa zisebenze kulo. Ukugokelela imilinganiselo
kwiilwandlekazi ze-Earth’s kuwo onke amaxesha onyaka, izazinzulu zayila iirobhothi zeArgo
(Umfanekiso 7).
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Umzobo 1: (A) Umzobo obonisa amacandelo aphambili erobhothi yeArgo
(Ikhredithi yomfanekiso: © Thomas Haessig). (B) Igela labafundi bezikolo
eziphakamileyo abanerobhothi yeArgo. Aba bafundi bebethatha inxaxheba
kuphuhliso Iwenkqubo ye-Adopt-a-float eCanada. )
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I-SENSORS
Isixhobo esibona
kwaye siphendule
kuhlobo oluthile
lwegalelo elivela
kwindawo
ebonakalayo.

UBUTYUWA
Umlinganiselo
wokuxinana kwetyuwa
elwandle. Oku
kunokubizwa ngokuba
yityuwa.

UXINANISO
Ubungakanani bento
kwinto (ubunzima
bayo) yahlulwe
ngokuba ingakanani
indawo ethathwa yinto
(umthamo wayo).

Greenan et al. ROBHOTHI ZEARGO

Ezi robhothi zeArgo zibizwa ngokuba yi-“floats,” kwaye ziphethe izinzwa zokuqokelela
idatha yolwandle. Nangona sizibiza ezi robhothi “zidada,” zinyuka zisihla elwandle. 1zazinzulu
zibeka iirobhothi zeArgo elwandle zisuka ezinganaweni. Zakuba ziselwandle, zitshona kwi-
1,000m kwaye zihamba ngokukhululekileyo kunye nemisinga yolwandle kobo bunzulu
kangangeentsuku ezili-9. Ngomhla we-10, bantywila baye kwi-2,000m, emva koko banyuke
baye phezulu, bethatha imilinganiselo yolwandle xa benyuka. Xa befika kumphezuly,
bathumela idatha abayiqokeleleyo kunye nendawo yabo kwizazinzulu ngokusebenzisa
iisathelayithi, ngaloo ndlela bevumela izazinzulu ukuba zakhe i-database yolwazi malunga
nale nxalenye yolwandle. Emva koko, babuyela kwi-1,000m kwaye baqgale umjikelo kwakhona
(Umfanekiso 2A). Izazinzulu zisebenzisa iinkqubo zekhompyutha ukujonga umgangatho
wokulinganisa kunye nokudlulisela ulwazi kwisiseko sedatha (Umfanekiso 2B). Imilinganiselo
ifumaneka ngokukhululekileyo kuye wonke umntu ngaphakathi kwe-24 h yeerobhothi
ezibonakala phezulu (Umfanekiso 2C).

-

Umzobo 2: (A) I-Argo edadayo ikhukuliseka kunye nemisinga yolwandle eyi-1,000m ngaphantsi
komhlaba. Rhogo ngeentsuku ezili-10 itshona ukuya kwi-2,000m ize inyuke iye phezulu, igokelela
idatha yolwandle xa inyuka. Phezulu, idibanisa kwisathelayithi kwaye ithumela ulwazi olugokelele
kumagela esayensi kwihlabathi jikelele. (B) Ulwazi lugcinwa kuvimba weenkcukacha ukuze wonke
umntu alusebenzise, yaye lunceda ekuphuculeni ugikelelo lwemozulu Iwasekuhlaleni. (C) Kukho
izicelo ezininzi zedatha ye-Argo ephucula ubomi bethu bemihla ngemihla (Ikhredithi yomfanekiso:
© Thomas Haessig).
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lirobhothi zeArgo zirekhoda uxinzelelo, ubushushu kunye nemilinganiselo yetyuwa.
Ubutyuwa ngumlinganiselo wokuxinana kwetyuwa elwandle. Ubutyuwa kunye nobushushu
kunye bumisela ukuxinana kwamanzi olwandle. Uxinzelelo luxelela izazinzulu ngobunzulu
apho imilinganiselo yobushushu kunye netyuwa ithathwa khona. Elwandle, imitha enye
(m) ubunzulu imalunga nokufana nedecibar enye (dbar) kuxinzelelo. Emoyeni, uxinzelelo
oluphezulu noluphantsi ludala iinkqubo zethu zemozulu. Elwandle, iindawo ezixineneyo
eziphezulu nezisezantsi zidala imisinga, ehambisa amanzi amaninzi kwihlabathi jikelele.
Ukugonda indlela amanzi ahamba ngayo elwandle kubalulekile kuphando ngemozuly,
kunye nokukhusela izityalo nezilwanyana ezihlala elwandle.

Xaizazinzulu zagala ukuyila uthungelwano lweerobhothi zeArgo ngasekupheleni kweminyaka
yoo-1990, zazifuna ukuba idatha incedise imilinganiselo yobude bolwandle eqokelelwe
visathelayithi egama linguJason. Kwintsomi yamaGrike, uJason wakhwela inganawa
egama linguArgo, ekhangela uboya begolide. Ke ngoko, izazinzulu zolwandle zazibiza
ezi robhothi iArgo idada. Idatha yobude bomphezulu wolwandle ukusuka kwiisathelayithi
inokudityaniswa nedatha ye-Argo ukwazisa izazinzulu malunga notshintsho kwimisinga
yolwandle. lirobhothi zeArgo bezizulazula elwandle kule minyaka ingama-20 idlulileyo kwaye
zigokelele ngaphezulu kwezigidi ezi-2 zemilinganiselo kwihlabathi liphela'. Namhlanje kukho
phantse i-4,000 yeerobhothi zeArgo ezigokelela imilinganiselo yolwandle.
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ISIQULATHO
SOBUSHUSHU BE-
OCEAN
Ubungakanani
bamandla ngendlela
yobushushu
obugcinwe elwandle.

IMODELI
YEKHOMPYUTHA
Inkqubo esebenza
kwikhompyuter
ukulinganisa
inkqubo yehlabathi
yokwenyani efana
neatmosfera
yoMhlaba okanye
iilwandlekazi.

Greenan et al. ROBHOTHI ZEARGO

lirobhothi zeArgo zinikwa amandla ziibhetri kwaye zisebenza ubusuku nemini yonke imihla
yonyaka. Ngenxa yezi robhothi, izazinzulu ngoku zinokubeka iliso kulwandlekazi lwe-Earth’
kunanini na ngaphambili. libhetri kwiirobhothi zeArgo zihlala ngaphezulu kweminyaka
emihlanu. Xa iibhetri zisetyenziswa phezulu, ezi robhothi ziya kungasebenzi kwaye zizike
emazantsi olwandle. Ngelixa oku kunokubonakala ngathi kungcolisa ulwandle, impembelelo
yokusinggongileyo elwandle incinci kakhulu xa ithelekiswa nezinye izinto ezingcolisayo,
kwaye idatha yolwandle eqokelelweyo ixabiseke kakhulu ekugondeni uMhlaba.

IIROBHOTHI ZEARGO ZINOKUSIXELELA NTONI
NGOLWANDLE?

Ukususela ngo-1970, ulwandle Iuthathe ngaphezu kwe-90% yobushushu obudalwe
yigesi ye-greenhouse evela kwimisebenzi yabantu. Amagondo obushushu kwiindawo
ezininzi zeelwandle zehlabathi anyukile. Enye indlela izazinzulu ezibeka esweni ngayo
oku kukusebenzisa imilinganiselo yobushushu netyuwa ukubala ukuba bungakanani na
ubushushu obongeziweyo kumaleko wolwandle, obizwa ngokuba bubushushu bolwandle
(Umfanekiso 3). Ngokusebenzisa idatha eqokelelwe ziirobhothi ze-Argo, izazinzulu ziye
zafumanisa ukuba iziganeko ezigqgithisileyo ezifana namaza obushushu zenzeka rhogo
elwandle, kanye njengokuba zisemoyeni. La maza obushushu baselwandle abangela ukuba
izilwanyana zaselwandle zifudukele kwezinye iindawo ukuze zifumane amanzi apholileyo.
Noko ke, izityalo nezilwanyana ezingakwaziyo ukushukuma ziya kuthwaxwa ngala maza
obushushu aselwandle.

A Heat Content = Energy

o
(=1
=]

B

Temperature

26-Dec-2013
13:17 UTC

Depth (m)
=
8

0 10 20
Temperature ( C)

4]
S
=]

E C
< "-VT‘ < 1000 Salinity
h g = 26-Dec-2013
S 4500 1\3:17 uTC
Change in ocean heat content (W/m?) NOAA € tegov 200
[ Ta— — | Data: PM 34 35

] 0 6 Salinity (PSS-78)

Umzobo 3: (A) Utshintsho kubushushu bolwandle kwi-700m ephezulu yolwandle ukusuka kwi-
1993-2020. Isiqulatho sobushushu ngumlinganiselo wamandla kwaye sibalwa ukusuka kwigondo
lobushushu kunye netyuwa. Phakathi kuka-1993-2019, ubushushu bolwandle bunyuke ukuya kuthi
ga kwi-6 Watts ngemitha yesikwere kwiindawo zolwandle (bomvu mnyama). Eminye imimandla
yaphulukana nobushushu (obuluhlaza okwesibhakabhaka), kodwa xa iyonke, ulwandle
Iwafumana ubushushu obungakumbi kunoko Iwaphulukana nalo. (B) Umzekelo wobushushu
kunye (C) nemilinganiselo yetyuwa evela kwirobhothi yaseArgo kufuphi neHawaii, echazwe

' ngoDisemba 26, 2013.

Ukunyuka komphakamo wolwandle Iwehlabathi sesinye isiphumo esikhulu sokutshintsha
kwemozulu. Njengoko amanzi olwandle efudumala, nawo ayanda, nto leyo engomnye
woonobangela abaphambili bokunyuka komphakamo wolwandle. Ukunyuka komphakamo
wolwandle kunokuba neempembelelo ezimangalisayo kubomi bethu bemihla ngemihla
kuba kunokubangela izikhukula, ukhukuliseko, kunye nokwenza amanzi acocekileyo
angaselwa ngenxa yokuxutywa namanzi olwandle anetyuwa (Jonga le nqaku leFrontiers
for Young Minds ngolwazi oluthe kratya malunga nokunyuka komphakamo wolwandle).
lirobhothi zeArgo sisixhobo esiphambili ekubekeni iliso ekunyukeni komphakamo wolwandle
Iwehlabathi kuba zibeka iliso kwindlela iilwandle ezitshintsha ngayo i-Earth’s.

Ukugcina umkhondo wolwandle nako kukhokelele kuphuculo logikelelo |lwemozulu.
Ukusebenzisa igondo lokushisa kunye nedatha yetyuwa ethunyelwe emva kweerobhothi
ze-Argo, izazinzulu zongeze imodeli yekhompyutheni yolwandle kwizibalo zabo zemozulu.
Ukuba nedatha yokwenyani yolwandle kule mifuziselo kuphucula ukugonda kwenzululwazi’
malunga nendlela umoya kunye nolwandle ezinxibelelana ngayo. Oku kubaluleke kakhulu
ekugikeleleni izaghwithi ezinamandla ezifana nezaghwithi, iinkanyamba, kunye nezaghwithi,
ezifumana amandla azo amaninzi kwiindawo ezifudumeleyo zolwandle.
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Greenan et al. ROBHOTHI ZEARGO

UKUHAMBA NZULU KWAYE KUMACALA AMATSHA

Ngaphambili, iirobhothi ze-Argo zazithintelwe kwi-2,000m ephezulu yolwandle, emele <50%
yomthamo wolwandle Iwehlabathi. Kunzima kakhulu ukuyila iirobhothi ezinokuhamba
ziye emazantsi olwandle, kodwa izazinzulu neenjineli zisandul’ ukuphumelela ekwenzeni
iirobhothi ezithile ezinokuntywila nzulu kangange-6 000m?2 Ukwenza isampulu yolwandle
ukusuka phezulu ukuya ezantsi kuya kwenza ukuba izazinzulu zigonde ngcono utshintsho
kubushushu nakumanzi acocekileyo, kwaye oku kuya kubonelela ngolwazi olungcono
malunga nokunyuka komphakamo wolwandle Iwehlabathi.

Sikwigqalwe entsha apho oomatshini be-Argo ngoku bekwazi ukwenza imilinganiselo
enxulumene neekhemikhali kunye nobomibaselwandle?. Oku kuya kunika ulwazingotshintsho
kumyinge weoksijini kunye nekharbon dayoksayidi elwandle, umzekelo. Ulwandle lwehlabathi
okwangoku luphulukana neoksijini kwaye lufunxa ikharbon dayoksayidi engakumbi
evela kumoya womhlaba. Olu tshintsho luneempembelelo kwindalo yaselwandle, kuguka
nakwizazisi ezixhasa ukutya kwabaninzi bethu.

lirobhothi zeArgo sisixhobo esinye kwibhokisi yezixhobo ze-oceanographer’s. Bayinxalenye
yenkqubo yehlabathi ebizwa ngokuba yiGlobal Ocean Observing System (GOOS). Kunye
namanye amagabane kwi-GOOS, ukughubela phambili kwiirobhothi ze-Argo kuya kusinceda
ukuba sakhe umfanekiso wehlabathi wempilo yolwandle kunye nendlela etshintsha ngayo
ngokuhamba kwexesha. Nawe ungazibandakanya naba bakhi-mkhanyo baselwandle.
Njani? Ngokwamkela idada. Unokukhetha irobhothi yeArgo, uyinike igama, kwaye ulandele
uhambo Iwayo lokujikeleza ihlabathi. Unokufunda ngakumbi malunga ne-Argo kwiSikolo se-
Intanethi se-Argo nakwi-Ocean Observers. I-adventure yolwandle ilindile!
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kumphakamo wolwandle olubangelwa kukutshintsha kwemozulu.

ANNIE P. WONG

UAnnie ngusosayensi wophando kwiYunivesithi yaseWashington eSeattle, WA, eUnited
States. Uyingcali yolwandle eyaqala kwisayensi yaselwandle igokelela idatha yolwandle
kwiinganawa. Ngoku usebenzisa idatha ye-Argo ukufunda ubutyuwa bolwandle kwaye
unomdla kwiilwandle ezijikeleze i-Antarctica. Uyinxalenye yeQela le-Argo DataManagement
elinceda ukusabalalisa idatha ye-Argo kuluntu.

TAMMY MORRIS

UTammy Morris yinzululwazi ephezulu  kwiYunithi yaselLwandle yeNkonzo yeMozulu
yaseMzantsi Afrika eseKapa, eMzantsi Afrika. Uyingcali yezolwandle ephononongayo
echithe iinyanga ezininzi elwandle kwiinganawa zophando ezisebenza ngezixhobo zokujonga
ulwandle ezifana neArgo floats, drifters, kunye ne-morings. Uphando Iwakhe lugxile
kwinkqubo enkulu ye-Agulhas yangoku, kunye nonxibelelwano lwakutsha nje noLwandlekazi
oluMazantsi.

EMILY A. SMITH

UEmily ngumphathi weenkqubo ezininzi ezibandakanya i-US Inkqubo yeArgo, iGlobal
Sea Level Observing System (GLOSS), izilayidi zolwandle kwimisinga yemida, kunye
neemveliso zobushushu bolwandle. U-Emily unoxanduva lokulawula uhlahlo lwabiwo-mali
kunye nocwangciso lobuchule Iweenkqubo zokugwalasela. Ukwalungelelanisa inkqubo
ye-Adopt a Drifter, eququzelela intsebenziswano nezikolo zase-US nakwamanye amazwe,
ukuze bakwazi ukulandelela iibhoyi ezikhukulisekayo kwaye basebenzise idatha ngexesha
lokwenyani kumagumbi abo okufundela. Ngaphambi kokuza kwi-NOAA, u-Emily uchithe
iminyaka eligela efundisa abafundi besikolo esiphakathi, kwaye le nkqubo inceda ukumgcina
enxibelelene nehlabathi lezemfundo.

MARINE BOLLARD

[-Marine inoxanduva |wemisebenzi yokufikelela kwi-Euro-Argo European Research
Infrastructure Consortium (ERIC). I-ERIC izinikele ekuphuhliseni igalelo lexesha elide
laseYurophu kwinkgubo yokubeka iliso yolwandle ye-Argo yehlabathi, ngenjongo yokuxhasa
ukugonda okungcono kunye nokugikelelwa kolwandle, indima yalo kwinkqubo yemozulu,
kunye nempilo yolwandle. Unezidanga ezimbini ze-master’s kubunjineli be-hydrogeology
kunye nobuntatheli besayensi. Ngaphambi kokuza kwi-Euro-Argo, uMarine uchithe iminyaka
eligela epapasha iincwadi zesayensi kunye namangaku ngeenjongo zemfundo kunye
noluntu.
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