VNU Journal of Science: Earth and Environmental Sciences, Vol. 41, No. 1S (2025) 139-153

e

VNU Joumal of Science: Earth and Environmental Sciences

Journal homepage: hitps:/js.vmredu.vivEES

Original Article

Analyze Rainfall Distribution During Tropical Cyclones
in Vietnam Using TRMM 3B42 Satellite Data

Vu Thanh Hang®", Nguyen Ngoc Nghia?, Pham Thanh Ha?, Pham Thi Thanh Nga®

WNU Hanoi University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam
2935 Air Regiment, 370" Division, Air Defense — Air Force Service,
Bien Hoa Airport, Dong Nai, Vietnam
3Vietnam Institute of Meteorology, Hydrology and Climate Change,
23 Nguyen Chi Thanh, Lang, Hanoi, Vietnam

Received 25" August 2025
Revised 15" October 2025; Accepted 30" October 2025

Abstract: In this study, the information of 63 tropical cyclones (TCs) landfalling in Vietnam during
2000 and 2019 is collected to investigate the spatial and temporal distribution of TC-induced rainfall
in relation to ENSO phases and landfall directions. The results indicate that ENSO exhibits distinct
influences at different stages of the TC lifecycle: the La Nifia phase is associated with increased
rainfall over a broad area before landfall, whereas the EI Nifio phase is linked to the peak rainfall
intensity occurring at the time of landfall, followed by a rapid decline. Asymmetric TC-induced
rainfall structures are more evident during El Nifio phase, while in La Nifia phase, they typically
exhibit more spatially uniform and widespread rainfall distribution. Landfall direction also indicates
significant differences in TC-induced rainfall characteristics. TCs landfalling from the southwest
tends to produce more intense and localizes peak rainfall near the TC center, which rapidly weakens
after landfall. In contrast, TCs landfalling from the west and northwest generate broader rainfall
areas with longer post-landfall persistence. Overall, landfall direction makes a greater influence on
the structural variation of TC-induced rainfall than the ENSO phases.
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Tém tat: Trong nghién ctru nay, thong tin cta 63 con bdo d6 bd vao Viét Nam trong giai doan tir
nam 2000 dén 2019 dugc thu thap dé nghién ciru phan bd khong gian va thoi gian ciia mura bio trong
mbi lién hé voi pha ENSO va cac huéng d6 bo. Két qua cho thdy ENSO tac dong khac biét theo
timg giai doan tién trinh ciia bdo: pha La Nifia lam gia ting lwong mua trén pham vi rong trude khi
bao d6 bo, trong khi pha El Nifio gén lién voi sy tap trung cuyc dai mua ngay tai thoi diém bio d6 bod
nhung nhanh chéng suy giam sau d6. Bén canh do, cAu trac mua bét ddi xtng dugc thé hién ro rét
trong pha El Nifio, trong khi pha La Nifia thuong c6 sy phan bd mua dong déu va rong hon. Ngoai
anh hudng ciia ENSO, huéng d6 bo ciing tao ra su khac biét dang ké: bao hudng Tay Nam thudng
gy mua cuc dai 16n hon va tap trung hon trong pham vi hep gan tdm béo, nhung nhanh chong suy
yéu sau khi vao dat lién; nguogc lai, cic truong hgp bio d6 bo theo hudng Tay va Tay Bic c6 vung
mua 16n phan b rong hon, duy tri 1du hon sau khi bdo d6. Huéng d6 bo ciia bdo anh huong nhiéu

hon dén sy thay ddi cau trac truong mua do bio so v6i pha ENSO.
Tir khéa: Mua do b&o; Bio db bd Viét Nam; S6 liéu mua vé tinh TRMM 3B42; ENSO

1. Mé dau

Béo 1a mdt trong nhiing loai hinh thién tai
gdy nén nhitng dot mua lon dién rong kéo dai,
cung véi do 1a 1 lut, 1i quét, sat 16 dat 1am thiét
hai ning né vé tai san, pha hily méi truong tu
nhién cling nhu tinh mang con ngudi. Nam 1997,
Co quan Hang khong va Vil tru Québc gia Hoa
Ky (NASA) di phong mot vé tinh qui dao thip
dac biét vai muc dich thue hién Nhiém vu do
mua nhiét d6i (TRMM) st dung cam bién vi
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song chu dong va bi dong. S6 lieu TRMM da mé
ra mOt cudc cach mang trong nghién ctru bao &
tat ca cac giai doan phat trién, cho phép do luong
mua tot hon & khu vuc nhiét déi va can nhiét doi,
noi cé hoat ddng manh mé cua cac con bao va
gﬁn nhu khong co s6 liéu do dac truc tiép. Cho
dén nay, hiéu biét vé cAu trac mua bio & cac giai
doan khac nhau ciing nhu nang cao chat lugng
du bao mua trong diéu kién c6 bdo van dang 1a
thach thire dbi véi cac nha khoa hoc ciing nhu
cac du bao vién.
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Nhiéu nghién ctru di chi ra ring cdu tric mua
trong bdo rat phic tap va rat khac nhau trong
timg trudng hop [1, 2]. Cac phan tich tir anh rada
cho thay mua bao thuong duoc t6 chirc thanh
nhimg dai xodn hudng vao tam bdo [3], ving
mua I6n thuong tap trung ¢ xung quanh khu vuc
miét bio [4]. Phan b theo khong gian ciia mua
bdo dugc xem nhu 1a mot chudi cac gia tri trung
binh theo hinh vanh khuyén bao gdm mét thanh
phan trung binh phuong vi (phan ddi ximg truc)
va mot thanh phan nhidu (phan bat dbi ximg).
Trong mot nghién ctru ctia [5] dd xiy dung
profile theo huéng ban kinh ctiia mua cho 21 con
bao & vung dong va tdy Thai Binh Duong st
dung quan tric anh vi song thu dong vé tinh chi
ra rang ban kinh mua cuc dai giam khi cudng do
bao ting 1én. [6] d4 sir dung san phdm mua vé
tinh TRMM tir nam 1998 dén 2000 dé nghién
ctru phan bd mua bio & cac ving dai dwong nhiét
d6i. Két qua cho thay cuong d6 mua trung binh
theo huéng phan vi thay dbi thay doi theo cuong
d6 bao cling nhu cac vung dai duong khac nhau.
Ban kinh tinh tir tdm bdo cia ving mua cyc dai
giam khi cuong d6 bao tang lén. Tuong tu, thanh
phan bat dbi ximg cua mua bdo ciing bién d6i
dang ké theo cuong do bio va khu vuc dia 1y.
Tinh trung binh cho tit ca cac truong hop thi
viung mua cyc dai ¢6 vi tri & goc phan tu phia
trudc, tuy nhién Iéch trai hodc phai tuy thudc vao
cuong do bao. [7] da s dung s6 liéu TRMM va
chira rang anh huong cua do dut gio thang dung
va chuyen dong cua con bdo s& anh huong dén
su bit ddi ximg ctia truong mua bio. Khi do dut
gi6 16n hon 5 m/s thi nd s€ dong vai tro quyét
dinh tinh bat dbi xtig ctia phan bd mua bdo, tuy
nhién trong moi trudng c6 do dut gio yéu thi toc
d6 chuyén dong cta bio s& 1a yéu td quan trong
hon. Cac dic tinh dia hinh nhu dudng bo bién va
ndi ciing la cac nhan t6 anh huong dén sy phan
bé bat ddi xung cua tredng mua dic biét vao thoi
diém bao d6 bo [8]. Bén canh dé, cuong dd mua
trong bao khdng chi phu thuéc vao cuong do caa
bao khi @6 bd, ma con phu thugc vao nhiéu tuong
tac phtc tap khac. Phan b mua khi bao d6 bo
ngoai phu thudc vao chuyén dong cua chinh con
bdo con phu thudc dang ké vao khu vuc hoat
dong, hinh thai ddi leu va cac yéu té mdi truong

khac. Ngoai ra, sy cung cip am va dic tinh cua
bé mat bén dudi ciing c6 anh huong dang ké dén
su phan bb mua vi ¢6 am khdng nhirng gitp duy
tri cuong d6 bio ma con 1a diéu kién quan trong
dé gay ra mua l6n [9]. Ngoai cac nghién ctu vé
dic diém phan b mua bao nhu trén, sb liéu mua
vé tinh con duoc sir dung dé thiét 1ap mé hinh
quan tinh va thong ké khi hau cho lugng mua
nhu md hinh R-CLIPER [10]. D4y la mét trong
nhitng céng cu hiru ich dugc sir dung tai cac
trung tam du bao nghiép vu dé du bao mua do
bdo. M6 hinh R-CLIPER nghiép vu sir dung
phan b theo hudng ban kinh ciia lwgng mua bo
trung binh theo huéng phuong vi thu duoc tir s6
liéu vé tinh dé xay dung cac ving mua bio nhu
1a mot ham caa cuong do bdo [11]. Viéc cai thién
k¥ thuat du bao mua theo phuong phap thong ké
phu thudc nhiéu vao uée lugng mua tir vé tinh
va dic diém khi hau khu vuc cia mua do béo.
Do vay, viéc danh gia chat lugng mua vé tinh so
v6i quan tric mat dat ciing 1a mot Van deé dugc
quan tdm nhiéu trudc khi khai thac ngudn sé liéu
htru ich nay.

O Viét Nam, sé liégu mua vé tinh TRMM
cling duogc danh gia va khai thac véi nhiéu muc
dich nghién ctru khac nhau. [12] da danh gia 3
b6 san pham mua vé tinh A CMORPH, TRMM
va GSMaP so vai s6 liéu mua lu6i ¢ Viet Nam
(VnGP) cho khu vuc Trung B6 trong thoi ky mua
mua tir nam 2001 dén 2010. Két qua nghién ciru
thé hién TRMM c6 tuong quan cao hon, bias nho
hon, va sai s6 binh phuong trung binh quan
phuong RMSE ciing nhé hon so véi s6 liéu
GSMaP va CMORPH ¢ khu vyc Tay Nguyén
véi qui mo thoi gian thang. Thém nita, sb liéu
TRMM ciing cho két qua tt hon 2 bo s6 liéu vé
tinh con lai & cac ngudng mua tir 25 dén 80
mm/ngay. Nhom tac gia [13] da danh gia wdc
lrong mura vé tinh TRMM va GSMaP trong cac
truong hop ¢6 béo cho khu vuc luc dia Viét Nam
trong giai doan 2000-2019. Két qua nghién cau
cho thay phan bé mua bio theo hudéng béan kinh
cta ca 2 bo s6 liéu mua vé tinh kha phi hop véi
quan tric, tap trung chu yéu trong pham vi ban
kinh 500 km tinh tir tim bdo, trong d6 cuc dai
mua xuét hién ¢ khoang ban kinh 100 km. Uéc
luong mua vé tinh thuong thién thip ¢ nhiing
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khoang cach xay ra mua cuc dai trong pham vi
ban kinh 100 km nhung lai thién cao ¢ nhiing
khoang cach l6n cach xa tam béo so véi gia tri
mua quan tric. Khu vuc ven bién mién Trung
Viét Nam 1a noi c6 sai s MAE 16n nhat. Véi
nhitng danh gia theo cudong do bdo cho thiy sai
s6 MAE vai gia tri [6n nam & phia bén tréi so voi
qui dao béo, tuy nhién lai thé hién nguoc lai khi
danh gia theo khu virc bdo dé bo. Mic du dit liéu
mua tir Vé tinh van con tdn tai sai léch nhit dinh
S0 voi quan trac mat dat, dac biét trong diéu kién
dia hinh phuc tap, nhung véi uu thé vé do pha
rong va tinh lién tuc theo khong gian-thoi gian,
chiing van dugc su dung rong rdi trong cac
nghién ciu vé ciu trac truong mua. Tai Viét
Nam, [14] di st dung dit liéu GSMaP dé phan
tich dic diém mua do bdo theo ving d6 bo va
cudng d6 bdo. Két qua cho thiy cuong do mua
trung binh ¢6 xu hudng ty 1€ thuan véi cuong do
bdo, va viing mua cyc dai c¢6 xu huéng dich gan
vé phia tdm bo khi béo tién vao dat lién. Ngoai
ra, vi tri ving mua cuc dai ciing thay doi dang ké
tdy theo khu vuc dd bo.

Viét Nam la qudc gia co duong bo bién kéo
dai va dia hinh phuc tap, nén ciu tric mua do
bdo c6 thé khac biét dang ké theo ving, phu
thuoc vao hudng dd bo, toc do di chuyén cua
bdo, ciing nhu cac yéu té méi truong. Bén canh
d6, bién dong cua luong mua & cac khu vuc cua
Viét Nam ciling chiu tac dong cua ENSO [15-17].
Dic biét, mirc d6 anh hudng cuia ENSO ddi véi
lvong mua cé sy khac biét dang ké theo tung
vung va tung khoang thoi gian trong nam
[18, 19]. Trong khi d6, s6 li¢u mua quan trac trén
mat dat ¢ cac khu vuc ven bién va ving bién con
han ché. Dit liéu vé tinh véi do phan giai khong
gian va thoi gian cao, c6 thé bo sung khoing
trong nay bang cach cung cip thdng tin lién tuc
va dong déu trén pham virong, bao gom ca trudc
va sau khi bio db bo. Hau hét cac nghién cau
hién nay ¢ Viét Nam méi chi tap trung vao thong
ké lugng mua tong thé hodc phan tich tac dong
cua bdo ¢ quy mo vung, trong khi cac dac trung
khong gian — thoi gian ciia mua do bao theo tirng
hudng d6 bo hoic theo cac pha ENSO vén chua
duoc khai thac day du. Xuat phét tir thuc té do,

nghién ciru nay st dung bd di liéu mua vé tinh
TRMM 3B42 d phan tich dic diém phan b
mua trong qua trinh bdo d6 bo vao Viét Nam.
Phéan tich dugc thuc hién cho 63 con bdo anh
huong truc tiép dén lanh tho Viét Nam trong giai
doan 2000-2019, ddng thoi xem xét theo céac pha
ENSO khac nhau va theo hudng d6 bo. Nguon
sd liéu va phuong phap nghién ctru s& duoc trinh
bay & Muc 2. Céac két qua va thao luan s& duoc
dé cap chi tiét & muc tiép theo.

2. S6 lidu va phwong phap nghién ctru
2.1. 86 ligu TRMM 3B42

San phdm mua vé tinh TRMM 3B42 1a mot
san phdm vé tinh quan trong cung cip s liéu
mua trong Nhiém vu Do dac Mua Nhiét Doi
(TRMM - Tropical Rainfall Measuring
Mission), dugc phat trién boi Co quan Hang
khong va Vii tru Hoa Ky (NASA) va Co quan
Tham hiém Hang khong Nhat Ban (JAXA).
TRMM 3B42 bit dau hoat dong tir nam 1997,
cung cap s liéu mua v6i do phén giai cao ca theo
khong gian va thoi gian. Mién bao phi cta san
pham tir 50 d6 vi Bic dén 50 do vi Nam véi do
phan giai khong gian 1a 0,25 d6 va do phan giai
thoi gian 1a 3 gio. Trong nghién ciru nay, so ligu
dugc khai thac dé phan tich dac diém va danh gia
gia udc lugng mua 24 gio trong nhiing truong hop
bao d6 bo vao khu vue Viét Nam giai doan tir nam
2000 dén 2019. B9 s lidu nay dugc tai vé truc tiép
theo duong dan: https://giovanni.gsfc.nasa.gov.

2.2. 86 liéu bédo

S6 lidu quan tric 63 con bdo d6 bd vao Viét
Nam tir ndm 2000 dén 2019 duogc thu thap tir
nguén co s& dir ligu cua Co quan Khi tugng Nhat
Ban JMA (Japan Meteorology Agency) c6 do
phan giai theo thoi gian 12 3 gi¢. Dt liéu nay bao
gom thong tin chi tiét ctia ting con bdo nhu tén
quéc té, thoi gian hoat dong cua con bao, vi tri
tam bao, toc do gi6 cuc dai, khi ap myc bién cuc
tiéu. Quy dao cua cac con bao dugc minh hoa
trén Hinh 1.
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Kinh d6

Hinh 1. Minh hoa qu¥ dao cac con bio d6 bo vao Viét Nam trong giai doan 2000-2019.

Bén canh do, tap s6 liéu bio duogc phan chia
theo 2 nhom 1a: i) Huéng dd bo gdbm: Tay Béc
(TB, tir 292,5° dén 337,5°, 24 truong hop), Tay
(T, tir 247,5° d&én 292,5°, 37 trudng hop), Tay
Nam (TN, 202,5° dén 247,5°, 2 truong hop);
ii) Pha ENSO gom: El Nifio (E, 11 truong hop), La
Nifia (L, 16 truong hop), Trung tinh (N, 36 truong
hop), dugc phan chia dya trén dir liéu ONI tai:
https://origin.cpc.ncep.noaa.gov/products/analy
sis_monitoring/ensostuff/ONI_v5.php, Cu thé,

cac giai doan duoc xac dinh 1a El Nifio hodc La
Nifia néu gia tri ONI duy tri > +0,5 hodc < -0,5
trong it nhat 5 thang lién tiép; cac giai doan con
lai duoc xem 1a pha trung tinh. Chi tiét ctia con
bao theo timg nhom duoc théng ké ¢ Bang 1.
Viéc phan chia nay nhim muc dich xem xét syr
khac biét vé ddc diém phan bd mua bio trong cac
truong hop riéng ciing nhu kha nang udc luong
mua tuong trng cia TRMM.

Béng 1. Théng ké 63 con bdo d6 bd vao Viét Nam trong giai doan 2000-2019 va phan nhom.

< A Huén Pha « A Huén Pha
Niam STT Tén bao aé b@g ENSO Nam STT Tén béo aé b@g ENSO
2000 1 KAEMI B L 2012 32 PAKHAR B L
2 WUKONG T L 33 KAITAK T N
2001 3 DURIAN B N 34 GAEMI T N
4 USAGI T N 35 SONTINH TB N
5 LINGLING T N 2013 36 BEBINCA B N
2003 6 IMBUDO B N 37 JEBI B N
7 GONI T N 38 MANGKHUT B N
8 KROVANH T N 39 WUTIP T N
2004 9 CHANTHU T N 40 NARI T N
2005 10 WASHI T N 41 HAIYAN B N
11 VICENTE T N 2014 42 RAMMASUN B N
12 DAMREY B N 43 KALMAEGI TB N
2006 13 XANGSANE T E 44 SINLAKU T E
14 DURIAN TN E 2015 45 KUJIRA TB E
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2007 15 TORAIJI B L 46 VAMCO T E
16 FRANCISCO B L 2016 47 MIRINAE B N

17 LEKIMA T L 48 DIANMU T L

18 PEIPAH TN L 49 RAI B L

2008 19 KAMMURI T N 2017 50 TALAS T N
20 HAGUPIT T N 51 SONCA T N

21 MEKHALA T N 52 DOKSURI T N

22 NOUL T L 53 DAMREY T L

2009 23 SOUDELOR T E 54 TINO T L
24 MUJIGAE T E 2018 55 SONTINH B N

25 KETSANA T E 56 BEBINCA T N

26 MIRINAE T E 57 USAGI B E

2010 27 CONSON TB L 58 TORAJI B E
28 MINDULLE TB L 2019 59 MUN B N

2011 29 HAIMA T N 60 WIPHA T N
30 NOCK-TEN T L 61 PODUL T N

31 NESAT B L 62 MATMO T N

63 NAKRI T N

2.3. Phurong phdp phan tach chudi Fourier

Hinh 2. Minh hoa Iu6i tron gia dinh véi tam hinh
tron rng va&i tdm bao.

Phuong phap phan tach chudi Fourier FFT
(Fast Fourier Transform) duoc st dung rong rai
dé xem xét sy bt d6i xing cua trudng mua bio,
trong d6 tinh toan thanh phan mua bao tir song
s6 0 (WN-0 tmg véi thanh phan mua d6i x(mg)
dén cac sd song cao hon (WN1-4 tmg véi thanh
phan mua bat ddi xing) [6, 7]. Dit liéu cudong do
mua duge coi 1a tin hiéu ddu vao sau do phéan tich
cac pho tan sb khac nhau dé danh gia sy phan bd
lugng mua trong bdo. Mot ludi tron gia dinh
dugc thiét 1ap (Hinh 2), khoang cach giita cic
vong tron 1 10 km tinh tir tim bao dén khoang
cach ban kinh 500 km. Viéc lua chon ban kinh
nay dya trén nhiéu nghién ctru truéc ddy cho
thdy pham vi mua chinh cia bio thu(‘)’ng nam

fGoy) =

f( Q11) +

trong khoang 400-500 km tinh tir tdm bao, dic
biét & khu vuc Tay Bac Thai Binh Duong [13; 20-
22]. Trén mdi vong tron gdm 64 diém cach déu
nhau duoc ndi suy tir luéi 6 vudng ban dau bang
phuong phép ndi suy song tuyén tinh (Hinh 3).

Or: R 0=

Hinh 3. Minh hoa phuong phap ndi suy song
tuyén tinh.

Gia sir rang mudn tim gi tri ciia ham f chua
biét tai diém (x, y) (diém P mau xanh 14 cay trén
Hinh 3) va da biét gia tri cua f tai 4 diém Qu1 =
(X1, Y1), Q12 = (X1, ¥2), Qa1 = (X2, Y1), Q2 = (X2,
Y2), trude tién thuc hién phép néi suy tuyén tinh
theo hudng x (liy gia tri diém Ry, R, trén Hinh
3) nhén dugc:

f(Q21) (1)
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fx,y,) =
Tiép theo thuc hién ndi suy theo hu:ong y ta co:
f(gcl y)
2
}}}/ y f(x y1)
1
X, Y2)
3"2 - )’1f 2
Yoa— Y (X2
= (Q11) +
Y2 — W1 <x2 - x1f e
X
+3’ V1 ( 2
Yo —=YV1\X2— X1

- X1
(0 @

®3)

.
— f(sz)>

1
= G0, =y @6z = 002 = )+ fQe) (= 202 = ¥)
+ f(Q12) (2 — )y — y1) + f(Q22) (x — x)(y — }’1))

Sau khi ndi suy so lidu tur ludi Vuong sang
luéi tron gia dinh, tai moi vong tron h¢ s6 Fourier
bac nhét dugc tinh todn bang cach sir dung tat ca
cac udc luong mua nhu sau [23]:

=8 8, cos(q)h

NPT ©
b =a 8R;sin(q,)d

trong do R, 1a w6c luong mua riéng 16 thir g,
la gbc pha twong img véi uéc lugng mua so voi
chuyén dong ctia con bdo. Thanh phan mua bt
dbi xtmg ctia song s6 1 (WN-1) ¢6 thé duoc biéu
dién nhu sau:

M, =€a, cos(q)+bsin(g)/ R~ ()

trong d6 R 1a cuong dd mua trung binh tinh trén
toan bd vong tron. Tuong tu, ap dung cong thirc
(5) dé tinh cac thanh phan mua bat d6i xtimg cta
song s 2 dén 4.

3. Két qua va thao luin

3.1. Phdn bé khéng gian-thoi gian ciia mwea bdo
theo cac pha ENSO

Hinh 4 thé hién phan b cuong do mua trung
binh theo hudng ban kinh dén khoang cach 500

km tinh tir tim bdo & cac lat cit thoi gian so véi
thoi diém bdo d6 bd theo pha ENSO. Nhin
chung, tac dong cua ENSO ddi véi phan bd
cuong do mua cod sy khac biét giira thoi gian
truée va sau khi bao d6 bo. Trudce thoi gian do
bd khoang 12 gid, cuong d6 mua cuc dai trong
khoang ban kinh 50—100 km, v&i cuong do cao
hon ¢ pha La Nifia so v¢i El Nifio, phan anh moi
truong am thuan loi hon cho d6i luu trong La
Nifia. Tai thoi diém tir 6 gid dén khi d6 bo, cuc
dai mua lai xuat hién 15 & pha El Nifio v6i cuong
d6 >7 mm/h sat tdm bao, trong khi La Nifa va
trung tinh thip hon. Tuy nhién, ving mua cuc
dai nay chi tap trung ¢ pham vi hep. Sau thoi gian
d6 bo tir 6-12 gio, cudong do mua suy giam
nhanh (<2-4 mm/h), sy khac biét gilra cac pha
ENSO khoéng con 16 rét, cho théy tac dong cua
hoan luu 16n bi chi phdi boi ma sat va dia hinh
dat lién. Nhu vay, ENSO c6 anh huong dén phan
bd cuong d6 mua bio khac nhau theo giai doan:
La Nifia lam gia ting mua trude khi bio d6 bo
trén pham vi rdng, trong khi El Nifio lai tap trung
mua cuc dai tai thoi diém bao dd bo nhung suy
yéu nhanh sau do.

Hinh 5 cho théy su khac biét o rét vé phan
bb khong gian va thoi gian ctia mua bao theo cac
pha ENSO. Dé phan tich duoc vi trf tap trung ctia
mua bao, tAt ca cac con bdo da dugc xoay sao
cho huéng di chuyén cta con bio tring véi
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huéng bac. Trude thoi diém bio d6 bo 12-6 gid
(Hinh 5a, b), mua thuong tap trung léch vé phia
truede va bén trai tdm bao, trong d6 nam El Nifio
xuét hién vung mua manh hon va tap trung hon,
con nam La Nifia mua trai rong trén pham vi 16n,
trong khi ndm trung tinh ¢é céu tric can bang,
khong thé hién cuc dai rd rét. Tai thoi diém bio
dé bod (Hinh 5c¢), mua cuc dai thé hién rd nhat
trong pha EI Nifio xung quanh khu vyc tam bao.
Nguoc lai, nam La Nifia va trung tinh mua phan

a)

c)

e)

bd ddng déu hon. Sau d6 bo 6-12 gio (Hinh 5d,
e), mua suy giam nhanh & ca ba pha ENSO va su
khac biét gitra cac pha khong con rd rét. Diéu nay
c¢6 thé do vai tro chi phdi ciia ma sat bé mat va
dia hinh sau khi bdo vao dét lién. Nhu vay, c6 thé
théy trong pha ElI Nifio mua cuc dai tép trung tai
thoi diém d6 bo, trong khi pha La Nifia thi ving
mua trai rong hon ¢ nhitng thoi diém trude khi
bao d6 bo.

b}

d)

Hinh 4. Phan b6 cudng d6 mua trung binh (mm/h) theo huéng ban kinh (km) tinh tir tim bao theo pha ENSO
(duong xanh: pha El Nifio; duong xam: pha La Nifia; dudng cam: pha trung tinh) va trung binh céc trudng hop
(duwdng vang) & cac lat cat thoi gian so vai thoi diém bao d6 bo: a) trude 12 gid; b) trude 6 gio;
¢) thoi diém dd bo; d) sau 6 gio; e) sau 12 gio.
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Hinh 5. Phan b6 cudng d6 mua trung binh (mm/h, t6 mau) theo pha ENSO: ndm trung tinh (trén); nam EI Nifio
(gitta); ndm La Nifia (du6i) ¢ cac lat cat thoi gian so voi thot diém bao do bo: a) trude 12 gio; b) trude 6 gio;
¢) thoi diém d6 bo; d) sau 6 gio; ) sau 12 gio;.

Hinh 6 cho thiy cdu tric mua bat dbi ximg
(thanh phan WN-1) trong pham vi ban kinh 500
km quanh tdm bao theo cac pha ENSO va & cac
thoi diém khac nhau trude va sau khi bao d6 b9.
Két qua chira rﬁng trude khi bdo db bo (Hinh 6a,
b), phén bd bit dbi xting cua ving mua l6n da
xudt hién rd rét véi xu thé tap trung vé phia
trudc-bén trai (mau cam do) trong cdc nam trung
tinh va El Nifio, trong khi ¢ pha La Nifia, mua c6
cuong d6 yéu hon nhung phan b rong hon, lan
sang ca phia trudc-bén phai. Pac biét, trong pha
El Nifio voi sy phan cyc ro rét gilta phia trudce-
bén phai (mua tang) va phia sau-bén trai (mua

giam). Tai thoi diém bio db bo, phan bd mua bét
d6i xtmg van duy tri rd rét & pha El Nifio va trung
tinh, trong khi ¢ pha La Nifia cuong d¢ yéu hon
va phan bd déu hon quanh tim bio. Sau khi bao
dd bo, ciu truc bat dbi xtng nhanh chong suy
yéu: sau 6 gio chi con thiy rd & pha El Nifio; dén
sau 12 gio, su bt ddi ximg gan nhu bién mat,
truong mua tré nén dbi xing va ddng nhit hon
quanh tim bdo. Két qua nay phan 4nh qua trinh
suy yéu va tan ra cta hé théng bio sau khi d6 bo,
dong thoi nhan manh sy khéac biét vé cuong do
va dic trung phan bd mua bit ddi xing giita cac
pha ENSO.



148 V. T. Hang et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 41, No. 1S (2025) 139-153

8) b}

"0 ==
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d) e)

Hinh 6. Thanh phin mua bat ddi xtmg cua WN-1 (mm) tinh tir tim bdo dén ban kinh 500 km theo pha ENSO:
nam trung tinh (trén); ndm El Nifio (gilta); ndm La Nifia (du6i) 6 cac lat cat thoi gian so v6i thoi diém béo d6 bo:
a) trude 12 gio; b) trude 6 gio; ¢) thoi diém do bo; d) sau 6 gio; €) sau 12 gio.

3.2. Phdn bo khong gian-thoi gian ciia mua bao
theo huong do bo ciia bdo

Hinh 7 mé ta chi tiét sy phan b cudng do
mua trung binh theo ban kinh tir tdm bao trong
cac hudng d6 bd khac nhau (Tay Bic, Tay va
Tay Nam) tai cac thoi diém trude, trong va sau
khi bdo dd bo. Trude khi bio db bo 12 gio, lugng
mua manh nhét tip trung rd rét & cac con bio di
chuyén theo hudng Tay Nam, voi gia tri cuc dai
dat khoang 7-8 mm/h trong pham vi ban kinh
hep 50-100 km tinh tir tdm bao. Trong khi do,
céc con bio huéng Tay va Tay Bic c6 cudng do
mua thip hon, khoang 5-6 mm/h va phan b
rong hon, v6i dinh mua thuong xudt hién &
khoang cach xa hon (100-120 km). Dén 6 gid
truée khi d6 bo, xu thé nay van tiép tuc duy tri,
khi cac con bdo huéng Ty Nam van ghi nhan

mua cuc dai xuat hién & khu vuc 1an can tim bio
so voi hai huéong con lai. Tuy nhién, cuong do
mua & hudng nay lai suy gidm nhanh hon khi ra
xa, thé hién su tap trung mwa manh chi yéu trong
pham vi gan tdm bdo. Tai thoi diém bio d bo,
cac con bao hudng Tay Bic va Tay Nam ¢ khu
vuc v6i cuong do mua 16n déu tap trung trong
pham vi 50-100 km tinh tir tdm bdo. Nguoc lai,
cac con bio huéng Tay cho thiy pham vi mua
16n & khoang cach xa hon tinh tir tdim bao nhung
van tap trung trong khoang ban kinh 100 km. Sau
khi bio d6 bd 6 gio, cuong d6 mua & tt ca cac
hudng déu suy giam rd rét, mic du cac con bio
huéng Ty Béc va Ty van thé hién cuc dai mua
v6i gia tri khoang 4-5 mm/h & gin tim bio. Cac
con bdo hudéng Tay Nam c6 cuong do mua suy
giam nhanh hon, chi con khoang 1 mm/h tai ban
kinh 100 km. Tai thoi diém 12 gio sau khi bdo
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dd bd, cudong dd6 mua ¢ tat ca cac hudng gidm
dang ké xuong dudi 2 mm/h va sy khac biét gitra
cac huong do bo hau nhu khong con 16 rét. Diéu

a)
/_/" i\
/ NS
\\\\\
—
. ¢
"\ )
/ \\\
SN
e)

nay cho thay qua trinh suy yéu nhanh chong cua
cac h¢ thong gay mua do bao sau khi d6 bo vao
dat lien.

b)
\_M =
d)
~Ng

Hinh 7. Tuong ty nhu Hinh 4 nhung theo hudng d6 bo cia bio.

Hinh 8 thé hién phan bd khong gian va thoi
gian ciia mua béo theo cac huéng bio do bd. Cu
the, tai 12 gio trude khi d6 bo, lugng mua tap
trung manh nhat & ving trung tim nhung c6 xu
hudng [éch nhe sang trai tdm bao, ving mua cuc
dai chi yéu nam ¢ phia trude so véi huéng dich
chuyén cua con bio. Ving mua 16n trai rong ra
xung quanh tdm bdo vo6i khoang ban kinh
100km, véi cudong do giam dan khi xa tam. O
huéng Tay Bic, mua ciing tip trung & giita, 1éch
nhe sang trai. Cudng d6 mua bio d6 bo theo
hudng nay 16n hon so véi hai huéng Tay va Tay

Nam, vung mua cyc dai xuét hién & vung sat
trung tdm va lan rong ra xung quanh. Nhitng con
b&o c6 hudng d6 bd Tay Nam cho thay mua 16n
tap trung & trung tAm va nim ¢ phia trudc con
bao 10 rét hon so véi hai hudng con lai. Trudce
khi bdo d6 bd 6 gid, phan bé mua khong khac
biét nhiéu so véi 12 gidr trude khi bdo d6 bo. Mua
van tip trung & cac khu vuc tuong ty nhung
cudng d6 mua c6 xu huéng giam. Dén thoi diém
bao tién vao dat lién, ving mua 16n trong truong
hop bdo d6 b theo hudng Tay Nam c6 xu hudng
& phia trude nhung 1éch sang ca phan bén phai
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nhiéu hon so v&i cac truong hop bio d6 bo theo giam rd rét va phan bd ving mua 16n ciing khong
hudéng Tay va Tay Bac. Thoi diém sau khi bao con thé hién rd nhu céc thoi diém trude do.

do bo 6 gio va 12 gio, cuong d6 mua bao suy
2) b) c) d) e)
§ 8 ° 8 §8 & ° § §& % ° § §8§ R ° B EE ® ° %8 3§

¥
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Hinh 8. Twong tu nhu Hinh 5 nhung theo hudng bio d6 bo: tay (trén); tiy bac (giita); tdy nam (dudi).

"o

"0

e

2%

-0

Hinh 9. Twong tu nhu Hinh 6 nhung theo hudng bdo d6 bo: tay (trén); tiy bic (giita); tdy nam (dudi).
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Hinh 9 13 két qua phan thich thanh phan muwa
bat dbi xing theo phuong phap Fourier cho 3
hudng d6 bo. Tir hinh ta ¢ thé thay, tai thoi diém
12 gid trude khi bao dd bo, vung mua cuc dai
ctia cac con bdo d6 bo theo hudng Tay va Tay
Bic tap trung chu yéu vao phia bén trai con bao
trong d6 ving mua cyc dai ctia cac con bio d6
b theo hudng Tay thé hién phan bd déu hon ca
vé phia trudc va phia sau theo huéng bao di
chuyén. Ving mua cuc dai ciia cac con bdo )
b theo hudng Tay Bic ¢ xu hudng nam & phia
trudce va bén tri so voi tdm bao. Tuy nhién, viung
mua cuc dai cta cac con bdo db bo theo hudng
Tay Nam tap trung ¢ phia trudc con béo va phan
bd déu sang hai phia so voi huong di chuyén cua
b30. Qua céc thoi diém, ving mua cuc dai c6 xu
huéng di chuyén theo chiéu kim dong ho dbi véi
cac con bdo co6 huéng dd bo Tay Bic va Tay
Nam, trong khi d6 viing mua cyc dai cua cac con
bdo d6 bd theo hudng Tay c6 xu hudng xoay
theo chiéu nguoc lai. Gia tri bién d6 mua bat dbi
xtng giam dan qua cac thoi diém do bo trong tat
ca cac truong hop.

4. Két luan

Nghién ctru nay da tap trung phéan tich dic
diém phan bd khong gian va thoi gian cia mua
bao ¢ khu vyc Viét Nam trong cac pha ENSO va
theo cac hudng d6 bo ciia bio. Thong qua cac lat
ct thoi gian trude, trong va sau khi bao dd bo,
két qua cho thay co su tuong dong vé su suy
giam nhanh cudng d6 mua theo khoang céch tr
tam bao, didc biét & khoang cach trén 150 km.
Nhan dinh nay phu hop véi cac nghién ctru trude
day vé phan b6 cudong do mua béo [2, 13 20-22].
Bén canh do, cac két qua ciing cho thiy c6 su
khac biét & rét trong cic pha ENSO ddi véi
cuong do va cdu trac mua bio. Cu thé, trong pha
La Nifia, mua thuong c¢6 pham vi phan b rong
hon va cuong d manh hon trong giai doan trudc
d6 bo (12—6 gio), phan anh diéu kién hoan luu
am thuan loi cho ddi luu phat trién. Nguoc lai,
trong pha El Nifio, cuong do mua cyuc dai Xuét
hién tai thoi diém bio d6 nhung pham vi hep hon
va suy giam nhanh sau khi bio tién vao dat hen
Su khéc biét nay ciing dugc phan anh trong ciu

trac bat d6i xting khi phan tich WN-1véi pha El
Nifio thé hién sy phan cuc manh giira phia trudc-
bén trai (tang mua) va phia sau-bén phai (giam
mua) so voi huéng di chuyén cta bao, trong khi
& pha La Nifia ¢6 cdu trac mua dong déu hon.
Sau khi bdo d6 b tir 6-12 gio, sy khac biét giira
cac pha ENSO dan mat di do tac dong chi phdi
ctia ma sat bé mit va dia hinh dat lién.

Bén canh d6, cac két qua thu dugc ciing chi
ra hudng d6 by dong vai tro quan trong trong
phan bd khong gian cia cuong do va cau trac
mua bdo. Cac con bdo di chuyén theo huéng Tay
Nam thuong gdy mua cyc dai manh nhét va tap
trung trong pham vi hep gan tim bao (50-100
km), song sy suy giam dién ra nhanh chéng sau
khi d6 bo. Nguoc lai, bdo hudéng Tay va Tay Béc
c6 pham vi mua 16n rong hon va duy tri 1au hon,
dac biét 1a trong giai doan 6 gid sau d6 bo. Chu
trac bat d6i xtmg cho thiy ving mua cuc dai ¢
cac truong hop bio d6 bo theo hudng Tay Bac
va Tay Nam ¢ xu huéng dich chuyén theo chiéu
kim dong ho qua cac thoi diém, trong khi d6 cac
con bdo d6 bo theo hudng Tay lai c6 sy dich
chuyén theo chidu nguogc lai. Cac két qua trén
cung cho thiy hudng bdo d6 bo anh hudng t6i
cau tric truong mua bao rd rét hon so \ cac
pha ENSO, diéu nay cho thdy mét s6 nhan t6 nhu
dic diém duong bo, dia hinh day,... cling tac
dong dén cau trac mua do bio [8]. Nhiéu nghién
ctlru ciing da chi ra rang phan bé mura khi bao d6
bd con phu thudc dang ké vao khu vuc hoat
dong, hinh thai ddi luu, toc do dich chuyén, cling
nhu yéu t6 mdi truomg khac [24-26]. Do do, dé
hiéu r& hon vé vai trd va muac do tac dong cua
cac yéu td nay, can thiét co nhitng nghién ciru
chuyén sau hon trong tuong lai.

Céc két qua trong nghién ctru nay khong chi
cung cép birc tranh khai quat vé dic diém phan
bd cua truong mua bio theo khong gian va thoi
gian trong cac truong hop bio d6 bo vao Viét
Nam dudi anh huong cia ENSO va theo hudng
d6 bd ma con cung cép co s6 khoa hoc cho viéc
nang cao chit lugng du bao mua do bio. Viéc
xéc dinh dugc ciu tric truong mua do bio trong
timg pha ENSO va theo timg hudng do bo sé
gitip dua ra cac du bao chi tiét va chinh xac hon,
tir d6 ho trg cong tac phong tranh thién tai, giam
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thiéu thi€t hai va nang cao kha nang thich trng
v6i bién doi khi hu trong trong lai.

Loi cam on

Nghién ctru ndy cdm on sy ho trg vé so li¢u

va y tuéng nghién cou tr d& tai mi sb
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