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TOM TAT: Cong ngla OpeNDAP (Open source Project for a Network Dataess Protocol)
duoc S dung dé truy aip ldy 9 liéu toan @u cho khu vc An B¢ Duong phic w nghién ¢u. Dong
hdi liwu An B¢ Duong da duwoc tinh toan trong thi gian dai hang am, cac Kt qui tinh toan cho
thdy: Ton tai cAc dong Hi lwu munh chiy lién wc tr TAy sangPdng cach xafdt lién nam trong
khaing Vi dé tir 5°Sdén 5N va dong i liu sat by phia Tay ¥i téc do trén 100 cm/s. Ngoai ré
An B¢ Duong, i nhiéu viing xdt hién cac xody ndéc synop c6 kich thic lén wi duong kinhdén
hang tam km vadc dg dong trong cac xoay nayitrlén, trén 100 cm/s. Theodhglan cac wc
x0dy nréc nay khéng hoan toanim njt cho ma thmng xuyén di chudn. i chiéu cac Kt qui
nghién @u wi cac hic anh cong b cia NASA cho ty c6 & phu bop.

Tir khéa: An B Duong, DoNg ki lizu, ROMS, x0aywc Synop

MO DAU

An Do Duong ladai duong Ion thir ba trén
thé gisi, bao phi khaing 74 tréu knt, d6 sau
trung binh khéng 3.890 mMbia hinhday An
Do Dwong ¢om cac day nudida ¢ ghé, con
hoat dong. NHing day ndi nay cé hinhadg
chir “Y” nguoc, Vi dinh trén 4i bién Aradian,
con hai nhanhi@ no6 tdn tr trai dai bén adi
chau Phi va Uc. Cac dongiliuu thinh hanhe
An D¢ Duong phic tap va phn lén bi anh
huong boi ché do gié mia. Gié mua cét do
gi6 1éndén 45 km/h xdt hién tai phia Bic, ti
bién Arabian va 4i vinh Bengal. Trong th
gian khdng thang 4dén thang 10,An Do
Duong chu anh hrong aia gi6 mua Tay Nam
va nhing thang conai chiu anh hmng aia gio
mua bong Bic. An bo Duong c6 &m quan
trong & mat kinh £ va 1a ving sn xuit dau
I6n nhit trén tié gisi bao @m & vinh Persia,
Bengal va Hin Arabia, ¢ day c6 lrong diu
khéng 16 nam dudi bién.
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ROMS [1] 14 m& ngin mo cia md hinh
hoan {ru dai duong dugc Sr dung ©ng rai
trong @ng dong khoa lc, hrong ngroi nghién
ciru Sr dung va phat tdn ting nhanh trong
nhitng nim gin day, dac biét 1a tai cac nréc va
cac @ quan nghiénteu cé ring hrc tinh toan
thip. Do tin cy caa mé hinh ROMStuoc danh
gi4 cao qua so sanh cégt kijua md pteng ché
do thay dong fec hoc trong vang Win gia dinh
trong trong hyp don gian da co bi giai tich
(Huang va Spaulding “19951a c6 bi giai tich
khi tinh daodong truyén vao kénh caio sau
khéngddi, khdng c6 ma séatay, daodong mrc
nuéc co biéndd 50 cmduoc dua vao nét dau
cia kénh kin c6 kich thoc 12 x 12 km.
Truong hop thir hai la xem xét tinh phuolp vé
phan 16 van toc dong chy theo plwong phing
dung aia mjt kénh kin éing co kich tixéc 12 x
12 km c6dd sau la 40 made tacdong aiatng
Suat gi6 0,1 N/m2). ROMSiugc rat nhiéu nha
nghién & dung va phat tdn voi nhiéu qui md
khéng gian va thi gian khac nhau:ut dai ven



bd t6i cac dai duong thé gisi; md phong cho
vai ngay, vai thangst hang clic ram.

Ngay 8/3/2014 may bay MH370i@ hang
hang khong Malaysia ah tich mot cach biin
sau khi ét canh tr san bay qbic te Kuala
Lumpur (Malay3|a)de dén tha d6 Béc Kinh,
Trung Qwc. Trong VEc tim kiém xac may bay,
luc Iuorng tim kém < pha| tinh toan va thu ép
pham vi noi may bay c6 th lao XLﬁng bién.
Tuy nhién nhém wu d6 khong 1 d& dang chat
nao vi vung in Nam An Do Duong la not
khu wrc bién bién dong vé cung Bt thuong.
Tai day Wi nhu:ng dong hi luu lién tuc thay
doi van toc va hréng mbi ngay, khén lec
Iuong tim kém gip rat nhiéu khé kHin trong
viéc lan tim diu wvét cia nhing vat thé troi dat,
ciing nhr xacdinh xuit phatdiém aia ching.

. Indian

At s

Hinh 1. Vung bén phia tay Australia glapov
An D6 Duong, nvi dugc cho 1a MH370 cé th
bay qua (ch«ien thang 6/20144n chra xac
dinh dugc may bay i ¢ dau). Australia &tim
kiém & vung bén nay, tr An Do Duong dén
quin dao Cocos (chm do, Dd hoa:
Mapsofworld

Céac nghién gu, tinh toan, mé ping dong
hai lvu An D6 Duong aia cac nha khoaok
Viét Namdang trén cacap chi khong nhﬁu
ma throng dang #i cac Kt qua nghién ¢u Ve
cac vung, nin aia Bién Béng la cli yeu Viét
Namdang trénduong i nhap quic t vé moi

Nghién @u dong ki luu An B Duong ...

linh wrc va hén nay véc hoi nhap nghién ¢u

cac hoanuu dai dwong thé gisi cia cac nha
khoa hc bién Viét Namdangduoc dit ra. Do
vay viéc ap ding md hinh & tri &é nghién Gu

dong hi luu An Do Duong trong i canh hin

nay la @n thiét dé chiing ta cdivgc nhiing hicu

biét nhiéu hon nita \é tinh cHit, quy Iut, hinh

thai dia cac dong 4 luvu An Do Duong G vé

mat dinh tinh @ng nhr dinh hrong.

CO SO VA PHUONG PHAP NGHIEN

cuu

~ Co s nghién @u, tinh toan dong 4 luu

An Do Duong trong nghiénteu cia tac gi la
trién khai 4p dng va phat tdn méd hinh
ROMS. Céc phong trinh chi pbi ciaa ROMS
dugc thiét 1ap dua trén ba & toa do: Bé Céc -
Sigma - Cong trc giao. K toa dd D& CAc \bi

x ting theo lréng PonNg,y ting theo lrdng Bic
va z ting theo lxéng thing dung tir dudi 1én.
B& mit ty do aia bién duoc xacdinh i vi tri z
= {(x,y,t) vaday tai vi tri z = - H(x,y). Trong
d6, V 1a vector ¥n tc theo plrong ngang
Vv6i cac thanh pin (u, v) w la thanh pin

thing dang, T-S 1a thanh gim nhigt - mui va
O la toan & gradient theo pkong ngang. Khi
d6 ROMS dua ra ky phueong trinh: Plrong
trinh lién tc doi véi chat long khdng némtugc,

hai phrong trinh dong lrong theo phrong
ngang, plrong trinhdéng hrong theo pirong
thang dtng, phrong trinh tang thai, plrong
trinh khuyéch tan nhit do, phrong trinh
khuyéch tando mudi [2]. Bang cach Hin ddi tur

toa do D& Céac &, y, 2 sang & toa do6 khong
thir nguyén (Sigma) theo pbng thing ding
(X', y', O0), saudd sr dung cac toanit X'= X,

y'=y, I-ZI_+ZZ (z=¢ “0=0",z=H
“ g =-1"), ching ta thkrc hién cac phép Bn doi

hé toa do Bé Cac sang ditoa do Sigmad mit

bién z = ¢ dén day bén z = -H c6 ba do

khong thr nguyéno =0vao = -1. Khidé
nhan duoc 7 phrong trinh chi phi cia ROMS
trong t¢ toa d6 Sigma [3].0 hé toa d6 cong
tryc giao, king cach & dung cac toanit & n
vubng goc va cac biéma min tinh tring i

cacduong ding & n, khi ham anh x duoc xac

ag =

20¢
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dinh thi cac B 5 do m({,/7), n({,n) cing hop Colorado va Trung tamili¢u Khi hiu
duoc xacdinh. Cac B s5 do mvan cia  toa Quéc gia (National Climatic Data Center -
do cong trrc giao lién Kt cac khang cach sai NCDC).

phan theo hiong &, 77 véi cac cung thc t, thay Tai bién long $ lisu thay tridu duoc tinh tr
thé va bén déi cac phrong trinh a ROMS M6 hinh thiy triéu toan au TPXO7.1 [9]. M6
trong t¢ toa do D& CAc § duoc 7 phrong trinh - hinh - TPXO7 & dung dr liu tr

tu-ongl'l-ng trong I‘é toad6 cong t[I'C giao [4 5] TOPEX/Poseidon toan ag phlen }én 7.1
(TPXO7.1),day la ndt mo hinh thiy tridu dai

Mién nghién @u nim trong khéng tir 35°S  gyong toan &u rét hiru ich cho nghiénia dai
- 3d)N va 1§N 12(5)N chia thanh 137 x 199 du-ong t[—E g|0-| Trong mo hinh nay cac Song
diém nut \6i kich thréc buéc lusi dy daodong thanh pn s dugc tinh toan va éi suy cho cac
trong khang 45,63 - 55,57 km vax khaing  iém lusi ciia viilngAn Do Duong [10].
45,51 - 55,57 kmbia hinhday bén duogc noi
suy tr & ligu dia hinh day bén toan éu Théng lrong neée ngyt be mit (freshwater
ETOPO-2 caio phan di 2’ va duoc chia thanh flux), nhiét do, luong bay li, luong mra, ¢
5 |op theo & toadd Sigma (1 toadd Sigma [6, SO sic cing ke mit bien theo sdt thoi gian
7]). St dung diéu kién én dinh va i tu theo (rong mm dugc lay tir COADS.

tién Chum Courant — Fredrichs - Lewy (diéu Bién long hréng séng khonguoc si dung,
kién 6n dinh va i tu - xem chi tét Durran d6 sau nkb nhit trong mén tinh duoc liy la
[8) hmin = 30 M.

Ngudn sb liéu KET QUA NGHIEN CUU

S6 liéu nhigt mudi & An Do Duongdugc St S§ lisu diu vao
dung KAy tr cac $ liéu phan tich NOMADS i
(NOAA Operational Model Archive and st wx spessots e, tine indexce N
Distribution System) do Trung tam B li¢u : T, ; *
Khi hau Qubc gia (NCDC) Trung tam D bao § : » :
M6i truong Quc gia (NCEP) va Phong Thi *™ |~
nghiém Thiy dong lwc (GFDL) cung phi hop
xay drng. Muc tiéu chinh éa NOMADS la to
diéu kien cho moi nguoi truy cap vao cac mo g
hinh $ tri du bao thi tiét (NWP) aing nhr R
hoan lru dai duong (GCM), phat tdn moi lién ;
két gitra cac éng dong nghlen @u mod hinhva *=§°
hop tac @ng ddng gira cac nha khoaok bién, 250 0% 7508 1000
thoi tiét va khi Hu. S5 liéu gi6 dugc lay thong
qua md hinh khi quyn (COAMPS) va it s
ligu ¢ tinh scatterometers (QUIKSCAT). Gliu
so ligu gio B mat duoc trich tr by SO lisu Khi o
quyn - Dai dwong ®©ng hop (The ;
Comprehensive Ocean - Atmospheric Data S¢ i {--
- COADS).Déy & @ so dir liéu dugc xay drng :
va duy tri &i My boi Trung tam Nghlen eu 0o A
Khi quyn Quic gia (NCAR) va @c Khi :
quyen - Pai duong Quic gia (NOAA),dac biet s -
la Trung tdm Chn doan Khi tu (Climate :
Diagnostics Center CDC), & hop tac Nghién s 4
ctu cac Khoa bc Méi truong (Cooperative
Institute for Research in Environmental .
Sciences - CIRES) tidg trrong Dai hoc Tong Hinh 3. Nhiét d6 be mat

o :

=1

Hinh 2. D6 mui bé mat

tenp, max speed=45 cmds, time index=E

259 G0RE 7a%E 100°E
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zalt, time index=6 - j=1 salt, time index=E - j=4&
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Hinh 4. D6 mudi tai cac biéndng

temp, time index=B — J:4B
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Hinh 5. Nhiét d6 tai cac biéndng
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Hinh 6. Truong gié k& mat ngay thir 105
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Hinh 7. Truong gi6 [ mit ngay thir 285
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Trong nghién gu aia tac gi bai bao cac
dong hii luu An DBo Duong duoc tinh toan
bang md hinh ROMS trong kldang thoi gian
dai hang am. Két qua tinh toan, & liéu dong

Nghién @u dong ki luu An B Duong ...

chay, nhiét do, d6 mubi, dao dong mrc nuéc
cho toan vung nghiéntta dugc ghi vao nit
file c6 dudi .nc (andoduong his_0001.nc) lién
tuc 02 g mot lan (tr O giv ngay 1/1/2013 -
31/12/2013).

Khi mé phong caodleu kién thoi tiét An Do
Duong tai nhung thoi dlem a the trong qua
kht, tAc gi da sr dung $ lidu v didu kién
bién khai thadugc tir cac mo hinh vaccsy dir
ligu toan au (OGCM). Tai bién Iong sr dung
cac $ lieu tir Atlas bin toan au, Wi cac bién
long cé thiy tridu (muc nréc va dong tidu)
dugc tinh & mé hinh thiy triéu TPX07.1. Cac
két qua sir dung TPXO7.1 cho nghiénra duoc
thé hién qua cac hinh 2-7, mlnh)adleu kién
tai cac bién dmg aia trrong nhist mudi, truong
gi6, biéndos song thanh pgin va théng kong
nudc thing giang B mat caa ving nghién ieu
trong rim 2013.

fmplitude [m] of tide : K1

3004

3005

259 50°E 750E 100°€E

Hinh 8. Biéndd song thiy tridu K1

surface freshwater flux (E-P) - days 16
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Hinh 9. Théng lrong nréc b mat ngay thir 15
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1009E

K ét qua tinh toan va phan tich

Cac Kt qua tinh toandugc thé hien qua fan
d6 phan b truong vector dong cly thé hién
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dong hi luu c6 B do trén 100 cm/s vaudi  dic diém ¢ trén, An D6 Duong con xidt hién
100 cm/s, cho phép ahdinh cac Kkt qua tinh  nhiéu xo&ydoi di lién nhau.

toan ¢ cadac diém nhr sau: Vung bén Thailand - Myanma - India

Ton tai dong hi lvu manh c6 ¢ d6 dong  thuong xut hién xoay mge dai duong e do
trén 100 cm/s, cly lién wc tr Tay sangdong cao. Trong khiio vung India - Pakistan - Oman
nam trong khang v do tur 5°s den 5N. Theo - Yemen hi hiém khi xuit hién cac xody néc
thoi gian dong Bi luu bién doi, trong nhéu dai duong nay.
khoang thyi gian dai, dong & luu nam trong
mot dai cé huéng t@p trung (tr Tay sangong,
hinh 10).0 nhiéu khaing thi gian khac ,dong
hai luu khong 8p trung phan & theo di d6 - ioos
nita ma lan Gsng ra hai bén. Xu thchung @a e
dong hi luu nay vin la Tay san@oéng, nhrng o
trong trng vung da dii dong hii luu Taybong
lai xuat hi¢n cac xoay adc lén (hlnh 11). Theo
mot sb ghi nkin vé tu li¢u aia cac tau qua An ;g
bo Duong danh giao day 1a i duy nhit trén
thé gisi c6 cac dong 4 luu lién uc chiy Vvé
phiabdng Wi toc do rat cao, nhtu lGc |én &i 2 =

mét ot glay, nréc cubn nhanh nht so \6i tat Hinh 10. Dong Hi luu manh &p trung fr Tay
ca c&c vung kiin khac trén thgisi. sangbdngAn Do Duong (@ Vi ¢ 5°Sdén 5N )

Lubn xut hien va bn tai dong hi luu
manh 6m sat b phia TayAn b6 Duong tir
Nam Phi (South Africa)dén S6 Ma Li
(Somalia) theo igng Nam Bic vai toc do trén
100 cm/s. Khac & dong hi lvu Tay bong,
dong hii luu by tay ludn &p trung, khéng
rong va hém xuit hién cac xoay néc manh (tir
cac hinh 10 tr Ién). Ngay én dong fai luvu
nay, bén b dong Madagascariog co dong i
lwu manh @p trung clay theo hréng ngroc lai
(tir Bic xubng Nam).

30

3

Xuat hién va bn tai nhiéu xoay nréc, xoay
nuéc An Bo Duong c6 kich tiéc Ion voi Hinh 11.Dong fii luu Taybong mnh my
dudng kinh co th 1én ©i 50 kmdén hang tim rong ra hai bén (o 7°Sdén 7N)
km, theo tdi gian cac xoay wmsc nay dch
chuyén 'sang ngang, lén vaénmg Céac uc xoay
nay XLﬁt hi¢n gin khap An Do Duong nhrng
cha yéu xuit hién nhiu trong di tir Nam Phi &i
Australia. Vung kin nay co nhiu xody mréc
l6n thc do dong trén 100 cm/s (xern tac hinh
10 try 1én). V6i toc do nay, cac xoay woc dai
du:orng mng $ cubn troi tét ca vat the trén bén,
giong Vvoi 1ong hdic I6c xody tréndat lién (toc
do thip hon rat nhidu. Xody mroc thuong la
nhirng vung méc hinh tron c6 ap 4t cyc cao
haic arc thap va vi chufzn dong quay a@a trai -
dat nén mrée bién hit dau chuyn dong xung  Hinh 12. Dong hii lvu TayDong hi Xuat hién
quanh chang - & hiéu wng Coriolis). Ngoai cac xody noc (Vi do &S dén &N)

35°%
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Dong chiy caa An Do Duong co dong chy
manh bin dong kit thueong, nhéu ving dong
| e \ chay cuwn vao nhau vaab thanh cac xoayuzfxc
> 00 emts " ¥, 2 va cac xoay méc nay co 8¢ manh ding gbng

2 nhu nhitng voi ©Bng tréndat lién. Theo coéng
cua NASA, nhitng xoay nayda dugc ¢ tinh
chup dugc. So santinh ¢ tinh (hinh 15) ¢
cac wc xoay va teong dong chy theo tinh
toan (hinh 14) cho tly cac xoay tinh toaa vai
vung An Do Duong trong thich i anh &

- tinh. Khi md pteng cac dong hoanrli An o
“ ™ Dyong tacdong dén qué trinh phat tan racéih

Hinh 13. Dong hii luvu Taybong chia thanh tronggqua trlngdu thqong NOAF\)Ada phéc ha
hai nhanh cily song song (phiads) ra dong hoanuu nhbt gitt rac thii (hinh 15, 16
én phi). Khi dua ra \an dé nay NOAA da

Ngay 8/3/2014 may bay MH370 noi trenkhuyén cao vingAn Do Duong c6 cac dong
dugc cho la mt tich mbt cach bian trén ving hai Tuu lién wc_chiy vé phiabong ma khang
bién Nam An D¢ Duong. Vi nhing It AW qung phii dat lién. Tir d6 cho thy cac Kt qua

nghién @u nay cho thy néu may bay 6i vao  tinn toan va phac #lo dong fii luu cia NOAA
vung c6 dong & luu va cac wc xoay bn thi 13 y,ong 6i phu hop.

céc \it thé cia may bay tréi gt rit nhanh va
kho xacdinh. Trong ndt gio cac \it thé nayda
bi day di mot quangdu:orng xa daadong trong
khoang 36 km (tlAm chi con bin) so \6i diém
XUAt phat Do chu&n dong aia dong fi luu
manh va @a cac xoay méc nén cac #c anh
chup vit thé trén bén aia W tinh cac méc v&  +
rac @uorc cho 1a éa MH370) khéng kin moi
nguoi ngac nhién. \& tinh aia Trung Qudc
chyp anh dugc nhing Vat thé & vi tri cach wi

vé tinh Uc phat hin vat thé khac chip cachdé

2 ngay lon 120 km, con @mh W& do W& tinh .
Phéap clp dugc lai nam cachd6 800 km.

35°

Hinh 14. Buc tranh @a dong hi luu An Do
Duong do tinh toan

So séanh Kt qua tinh toan véi cac cong b
anh vé tinh

30°E 40°E SOE &0°E T0°E BOPE 90'E 100°E  1IO°E

H|nh 15. Buc tranh wc xoay @ia NASA (bén trai) vaiec tranh phac ¢a aia NOAA
vé dong hi lvu An Do Duong
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Hinh 16. Buc tranh m6 pbing dong i luu dai duong thé gigi (bén trai, ngan [11]) va hirc tranh
dong hii lvu An Do Duong (bén phi) caa NOAA

KET LUAN

Ton tai dong hii luu manh c6 bc do dong
trén 100 cm/s, cly lién tuc tu Tay sangbong
nam trong khang v do tir 5°S dén 5'N. Theo
thoi glan dong &i luu bién d6i, lan ©ng ra hai
bén va xdt hién cac xoay asc lon trong di
hai luu nay Song songsév dong hii luu Tay -
Dong con én tai dong hi luu manh ém sat b
phia Tay Anbo Duong tir Nam Phidén S6 Ma
Li theo hréng Nam - Bic va bén b dong
Madagascaroh tai dong hii luu manh chiy
theo hréng tir Bic xusng Nam.

Xuit hién va on tai nhiéu xody mréc An

D¢ Duong co kich tirge 16n voi duong kinh ¢ 5

thé 1én ©i 50 kmdén hang tim km. Theo thi

gian cac xoay nayich chuy:n sang ngang, én,

xuong va nliing wrc xoay xuat hign gan khap
An D6 Duong nhrng chi yéu xuit hién nhiéu
dai tr Nam Phi &i Australia.

bay la nghlen 6u hoan tru dong chy dai
duong bén ngoai Bn Dong, $ dung cong
nghs OpeNDAPde truy cp va ﬁy S0 liéu toan
cau cho Kt qLa phu top voi cac anh & tinh
cia NASA cong B. Cac Kt qui nghién ¢u rat

c6 gia ti tham kho va cung ép thong tin cho

cac hat dong hang hi, ciru ho, giang diy va
cac nghién €u khac ¢ ving bén An Do
Duong.
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STUDY ON OCEAN CURRENT IN INDIAN OCEAN USING
NUMERICAL MODEL

Pham Xuan Duong
Institute of Oceanography-VAST

ABSTRACT: OpeNDAP technology (Open-source Project for a NekwData Access
Protocol) is used to get access to global datalfatian Ocean region for research. The ocean
currents in the Indian Ocean has been computedrfany years, results show that: The strong
currents exist continuously in Indian Ocean. THewffrom west to east that are away from the
mainland and in the range fronf$to 8N latitude, and the current near west coast hasdpaf
over 100 cm/s. Also, in many parts of Indian Octwere are the large synop vortices that have
diameter of about hundreds of kilometers, and fieed of vortices is very great, over 100 cm/s.
Over time, these vortices do not stay at the salmeepbut move frequently. The results by using
numerical modelling are compared with NASA satellitages and have the correspondence.

Keywords:Indian Ocean, ocean currents, ROMS, large Synoficas:.
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