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Tém tit: Bai bao dua trén dir liéu qui dao bdo chuan (best-track) trén Bién Pong dé xac
dinh céc con bdo, ap thap nhiét doi c6 tinh chat thay doi huéng bat thuong trong qui dao
giai doan 2011-2021. Cac tiéu chudn xac dinh bat thuong vé sy thay d01 hudng dya trén mot
s6 nghién ctru gan day cho khu vuc T4y Bac Thai Binh Duong, bao gdm: quy dao bao gdm
XTND quay trai trong 24 gio voi goc quay (so sanh vo6i duong di trung binh trong 12 gid
trude va sau khi xuét hién quay) > 30° (ki hiéu 1a XTND quay trai), XTND quay phai trong
24 gio voi goc quay (so sanh voi duong di trung binh trong 12 gio trude va sau khi Xuét
hién quay) > 45° hoic bao dang di chuyén theo hudng tay bac dot ngot chuyén huéng sang
dong hodc dong bic nhung phai c6 khoang cach <2,5 vi d6 gitra hai diém cia quy dao bang
1 kinh d6 dong so voi diém quay cia XTND (ki hiéu 13 bdo quay phai). Bén canh d6 1a viéc
khao sat thong ké theo cac nam c6 tinh chat EINino hodc LaNina lién quan dén sb lugng
XTND xay ra cac bat thudng trong qui dao nay.

Tir khéa: Di chuyén bét thuong cia XTND trén Bién Dong; ENSO.

1. M& dau

Nhu da biét, hau hét cac con bio va ap thap nhiét d6i (goi chung 1a XTND) dugce hinh
thanh trén blen va ¢6 xu hudng di chuyen vao dit lién trong qua trinh phat trién trong do
ngudn cung cip niang luong chi yéu dén tir dai duong. Khi di chuyén vé phia dit lién, quy
dao va cudng do cua bdo va ATND s€ bi anh huong va thay d6i do ciu trac cua bio, trudng
dong dan va ngudn cung cip nang luong bi thay d6i do tac - dong cua dat lién (dia hinh, duong
bo bién, ma sat, ...). Ngay ca truong hop khi bao khong d6 bd vao dat lién, ma di chuyén doc
theo bo bién co dla hinh thi cau tric cua béo, dac biét la truong gio t1ep tuyén s& bi anh huong
dang ké nhur khi nghién ciru co bao George khi di chuyén vé phia quan dao Hispaniola [1] va
con béo Ingrid khi di chuyén doc theo bo bién gan Darwin [2].

Mot cach khai quat, khi con bio di chuyén vé phia dat lién va t6i mot khoang cach nao
d6 thi s& bi anh huéng boi cac hiéu tmg tir dat 1ién nhu hinh dang va hudng cta bo bién, do
cao dia hinh (tiy theo d6 cao dia hinh c6 thé giy ra hiéu ung chin [3-4]). Két qua khao sat
quy dao XTND trén khu vuc Tay Bic Thai Binh Duong (TBTBD) cho thdy cac XTND di
chuyén hudng tiy hodc tay bic thuong cé sy thay d6i hudng dot ngot vé phia bac voi dic
trung 13 di chuyén cham theo hudng tdy va ting tdc nhanh sau khi dot ngdt chuyén 1én phia
béc [5]. [6] d3 cho rang su thay d6i hudng 1én phia bac cia XTND trén ving TBTDB 1a do
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su tuong tac gitta hoan luu XTND véi déi giéo mua quy mo 16n trong d6 pham vi tuong tac
vao khoang 2500 km. [7] da chi ra su doi huéng cia XTND thuong duoc gin lién véi dang
xody thuan ctia mot hinh thé séng quy mé can thang va lan truyén vé phia Béc—Téy Bic trén
khu vuc TBTBD. [8] nghién ctru vai tr6 cua hoan luu gi6 mua toi sy chuyén huéng cua
XTND cho thiy sy chuyen huéng xay ra tai vi tri tim XTND gan v6i tam ranh gié mua hodc
tai diém chia d6i dong dan duong trén quy mé dao dong MJO va chinh su tang cuong cua
déi gié tdy nam quy mo synop da lam XTND di chuyen vé phia bic va dwa XTND vao quy
dao dong bic. Trong nghién ctru nay da sir dung sb liéu tai phan tich két hop véi mé phong
tr m6 hinh khu vuec.

Xéc dinh su thay d6i dot ngot khi XTND di chuyén thuong dua trén vi tri thay doi trong
12 git dén 24 gio cia XTND. Bai bao s& s& duya trén céc tiéu chuan khi nghién ctru dic diém
di thudng cua qui dao trén ving TBTDB [9-10]. Sb liéu tinh toan va phuong phap xac dinh
céc dic diém di thuong cua qui dao bio trén Bién Pong duoc trinh bay trong phan 2. Phan 3
1a cac két qua tinh todn trong d6 c6 m¢ rong thém céc goc tinh todn cho viéc xac dinh di
thudng qui dao so v6i nghién ciru gde cia Cheung. Mot s6 thong ké vé cac XTND xdy ra sy
thay d6i dot ngot trong quy dao & nhimg niam xay ra EINino hodc LaNina ciing dugc thyc
hién. Phan 4 dwa ra mot s6 két luan ban dau cho giai doan 2011-2021.

2. S6 liéu va phwong phap nghién ciru

Trong nghién ctru sir dung s6 liéu quy dao bio chuan (best-track) ciia Trung tdm canh
bao bio Tokyo (Nhat Ban), 1y tai duong din: https://www.jma.go.jp/jma/jma-eng/jma-
center/rsmc-hp-pub-eg/besttrack.html. Chi tiét cac XTND giai doan 2011-2021 duoc dua ra
trong Bang 1.

Biang 1. Cac XTND (tén qudc té) giai doan 20112021 sir dung trong nghién ctru.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
SARIKA SANVU SONAMU HAGIBIS KUIJIRA MIRINAE MERBOK BOLAVEN PABUK NURI
HAIMA TALIM SHANSHAN RAMMASUN LINFA NIDA TALAS SANBA MUN SINLAKU KOGUMA
N"I:')Ecll\l( DOKSURI BEBINCA KALMEGI VAMCO DIANMU ROKE SON-TINH WIPHA MEKKHALA  CEMPAKA
NESAT VICENTE RUMBIA SINLAKU MUJIGAE RAI SONCA BEBINCA PODUL HIGOS
HAITANG KAI-TAK CIMARON HAGUPIT MELOR MERANTI  HAITANG BARUAT MATMO NOUL CONSON
NALGAE GAEMI JEBI AERE HATO MANGKHUT NAKRI LINFA DIANMU
BANYAN ?'(IJI\IJ\IH MANGKHUT SARIKA PAKHAR YUTU KAMMURI NANGKA LIONROCK
WASHI BOPHA UTOR HAIMA NAWAR TORAJI PHANFONE SAUDEL KOMPASU
WUKONG USAGI TOKAGE GUCHOL USAGI MOLAVE
NOCK-
WUTIP TEN DOKSURI GONI
NARI KHANUN ATSANI
KROSA DAMREY ETAU
HAIYAN HAIKUI VAMCO
PODUL KIROGI KROVANH
KAI-TAK
TEMBIN

Cac tiéu chuan xac dinh di thuong theo nghién ctru [9-10] vé su thay d6i huéng dua trén
mot s6 nghién ctru gan day cho khu vue Tay Bic Thai Binh Duong bao gdm: quy dao XTND
bao gdm XTND quay trai trong 24 gid vdi goc quay (so sanh véi duong di trung binh trong
12 gio trudc va sau khi xuat hién quay) > 30° (ki hiéu 1a 1a XTND quay trai — RL, Hinh 1a),
bao quay phai trong 24 gid vdi goc quay (so sanh véi duong di trung binh trong 12 gio trude
va sau khi xut hién quay) > 45° (Hinh 1b) hodc XTND dang di chuyén theo hudng tay bic
dot ngdt chuyén hudng sang dong hodc déng bac nhung phai co khoang cach < 2,5 vi d6
(Hinh 1c). Céc tiéu chudn nay duoc goi tit 1a tiéu chuan . D& mé rong khao sat, chung toi s&
b sung thém truong hop véi goc quay trai 1a > 25° va truong hop véi goc quay phai 1a > 35°,
goi tit 1a tiéu chuan IL
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Hinh 1. So db minh hoa tiéu chi xac dinh quay tréi (a), quay phai (b va c) cia XTND theo nghién
ctru cua Cheung (2004, 2006) [9-10].

Dbi v6i viee khao sat bo sung s6 lugng XTND cé nhitng sy thay d6i vé hudng bit thudng
trong qué trinh di chuyén trong nhitng nim c6 EINino hoic LaNina, ching tdi str dung dir
lieu cia Trung tdm Dy bdo khi hau qudc gia cia My (NCEP) tai duong din
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php trong
d6 sir dung chi s6 ONI (Oceanic Nino Index) dé xac dinh pha hoat dong ctia Nino.

3. Két qua nghién ctru

Str dung tiéu chuan I, cac giai doan XTND thay d6i huéng dot ngot sang trai hodc phai
da dugc tinh toan va minh hoa lai chi tiét trong hinh 2, trong d6 dudng mau do thé hién su
thay d6i hudng dot ngot cia XTND. Chi tiét hon vé thong tin XTND c¢6 sy thay doi hudng
dot ngdt (quay trai, quay phai) theo tiéu chuan I va II va ting v6i phan loai cac ndm EINino
hodc LaNina duoc dua ra 1an luot trong bang 2 va 3.



https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
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# | Hinh 2. Quy dao chi tiét cia XTND di chuyén trén

Bién Pong tir nim 2011-2021 va céac thoi diém co
su thay doi hudng dot ngdt (quay trai, quay phai)

theo tiéu chuén I (dwoc béi do trén quy dao).

2021°

Bang 2a. Thong tin XTND c¢6 sy thay doi hudng dot ngdt (quay trai, quay phai, dwoc boi vang) theo

tiéu chuén 1.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
SARIKA SANVU SONAMU HAGIBIS KUJIRA  MIRINAE ~ MERBOK  BOLAVEN PABUK NURI CHOI-WAN
HAIMA TALIM SHANSHAN  RAMMASUN LINFA NIDA TALAS SANBA MUN SINLAKU KOGUMA

NOCK-TEN DOKSURI BEBINCA KALMEGI VAMCO  DIANMU ROKE SON-TINH WIPHA MEKKHALA CEMPAKA
NESAT VICENTE RUMBIA SINLAKU MUJIGAE RAI SONCA BEBINCA PODUL HIGOS LUPIT
HAITANG KAI-TAK  CIMARON HAGUPIT MELOR  MERANTI  HAITANG BARIAT MATMO NOUL CONSON
NALGAE GAEMI JEBI AERE HATO MANGKHUT NAKRI LINFA DIANMU
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
SON-
BANYAN MANGKHUT SARIKA  PAKHAR YUTU KAMMURI NANGKA LIONROCK
TINH
WASHI BOPHA UTOR HAIMA NAWAR TORAJI PHANFONE SAUDEL KOMPASU
WUKONG USAGI TOKAGE  GUCHOL USAGI MOLAVE RAI
NOCK-
WUTIP DOKSURI GONI
TEN
NARI KHANUN ATSANI
KROSA DAMREY ETAU
HAIYAN HAIKUI VAMCO
PODUL KIROGI KROVANH
KAI-TAK
TEMBIN

Bang 2b. S6 lugng XTND c6 sy thay d6i hudng dot ngot ing véi phan loai cac nam EINino hodc LaNina.

Nam S6 con Con di thuwong Di thwong Quay trai Quay phai ENSO
2011 8 6 17 16 1 La Nina
2012 9 5 35 19 16 La Nina
2013 14 9 33 25 8 La Nina
2014 5 2 6 6 0 El Nino
2015 5 3 12 6 6 El Nino
2016 10 6 14 5 9 El Nino
2017 16 9 47 32 15 La Nina
2018 9 5 29 22 7 El Nino
2019 8 6 27 13 14 El Nino
2020 14 10 34 25 9 La Nina
2021 9 8 24 18 6 La Nina
Téng 107 69 278 187 91
El Nino 37 22 88 52 36
La Nina 70 47 190 135 55

Bang 3a. Thong tin XTND c¢6 sy thay ddi huéng dot ngdt (quay trai, quay phai, dwoc boi vang) theo
tiéu chuan II.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

SARIKA SONAMU KUJIRA MIRINAE MERBOK - PABUK NURI CHOI-WAN
HAIMA SHANSHAN RAMMASUN LINFA NIDA TALAS SANBA MUN SINLAKU KOGUMA
NOCK-TEN DOKSURI BEBINCA KALMEGI VAMCO DIANMU ROKE SON-TINH WIPHA MEKKHALA CEMPAKA

- VICENTE RUMBIA SINLAKU MUJIGAE RAI SONCA BEBINCA PODUL HIGOS LUPIT
HAGUPIT - MERANTI HAITANG BARIAT - NOUL CONSON

HAITANG KAI-TAK
NALGAE GAEMI AERE HATO MANGKHUT NAKRI LINFA DIANMU
BANYAN SON-TINH MANGKHUT SARIKA PAKHAR YUTU KAMMURI NANGKA LIONROCK
WASHI BOPHA UTOR HAIMA NAWAR TORAIJI PHANFONE SAUDEL KOMPASU
- USAGI TOKAGE GUCHOL USAGI MOLAVE RAI
WUTIP NOCK-TEN DOKSURI GONI
NARI KHANUN ATSANI

HAIYAN HAIKUI VAMCO
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
PODUL KIROGI KROVANH
KAI-TAK

TEMBIN

Biang 3b. Trong d6 mau xanh tng véi cac con dugc xac dinh thém tir tiéu chuan II va sé luong
XTND c6 sy thay d6i hudng dot ngdt img v6i phan loai cic ndm EINino hodc LaNina.

Nim $6 con Con di thuwong Di thuong Quay tréi Quay phai ENSO
2011 8 7 26 21 5 La Nina
2012 9 8 48 27 21 La Nina
2013 14 11 41 28 13 La Nina
2014 5 4 8 6 2 El Nino
2015 5 3 17 10 7 El Nino
2016 10 6 16 5 11 El Nino
2017 16 10 63 46 17 La Nina
2018 9 6 40 29 11 El Nino
2019 8 7 30 19 11 El Nino
2020 14 11 44 28 16 La Nina
2021 9 8 42 31 11 La Nina

Téng 107 81 375 250 125

El Nino 37 26 111 69 42

La Nina 70 55 264 181 83

Theo cac bang thong ké tai cac bang 2.b va 3.b ¢o thé thiy sb luong XTND c6 su thay
d6i dot ngot vé hudng t6n tai nhiéu & cac nam c6 pha LaNina hon 1a pha EINino. Theo nghién
ctru [10], su thay d6i huéng ciia XTND lién quan dén ba nhan té gdm: truong ap co ban (tirc
1a lyc gradient khi ap), lyc Coriolis (hay luc 1€ch dia tinh) va ndi lyc cua XTND gay ra boi
su quay cua trai dat (trong ty nhu da dugc chi ra trong nghién ctru [11]). Tuy nhién, sy diéu
chinh lai hodc thay d6i dot ngot ctia trudng dong dén (steering current) quy mé 16n hodc cia
cac hé thong thoi tiét do hoan luu bét thuong lién quan dén ENSO sé& lam thay d6i 4p suat va
truong gio. Do do, nhitng thong tin vé quy mo 16n, ddc biét 1a nhirng dac diém di thuong cua
ENSO c¢6 thé gitup hiéu duoc cac di thuong trong khi di chuyén ctia XTND. O pha EINino,
su thay d6i dot ngdt cua ranh phia tiy co thé lam ting cuong do cia cao ap can nhiét (Sub—
tropical high pressure, ki hi¢u STHP) va do d6 c6 kha nang hoac day STHP vé phia nam dé
tang cuong sy phat trién ctia phan phia bic cua XTND va lién quan dén sy léch trai cua
XTND. O pha LaNina, su rat lui cia STHP vé phia dong va/hodc cuong d6 giam dan cia nd
¢6 xu hudng lam cho ciac XTND khong con chiu anh hudng boi dong dan dwong dan dén cac
chuyén dong quay vong.

4. Két luan

Duya trén s6 liéu quan tric XTND cta JMA trong giai doan 2011-2021 va cac tiéu chi
xac dinh thay d6i huong di chuyén cia XTND (tiéu chi I theo nghién ctru [10] va tiéu chi
duogc thay di dwa trén tiéu chi I), bai bao da thong ké duoc sé luong con XTND co su thay
d6i bat thuong (di thuong) trong qué trinh di chuyen Cu thé, theo tiéu chi I, trong tong sd
107 XTND dugc nghién ctru, cd 69 con c6 thay doi bat thuong trong d6 co 22 con xay ra
trong thoi ky hoat dong cua EINino va 47 con xay ra trong thoi ky hoat dong cuia LaNina.
Trong thoi gian hoat dong cua 107 con nay, tong cong c6 278 1an co su thay ddi huéng di
thuong trong d6 ¢6 187 1an quay trai va 91 lan quay phai. Cac két qua twong tu ciing dugc
tim thay khi 4p dung tiéu chi II nhung s6 lugng con XTND, sb 1an thay d6i huéng di chuyén
bét thudng (quay trai va phai) déu ting 1én do véi khi 4p dung tiéu chi I do 4p dung goc xac
dinh nho hon.
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Két qua thong ké cho thay sd trudng hop doi hudng di chuyén sang trai chiém ty 16 nhidu
hon nhiéu so voi quay phai. Nguyén nhén 13 do anh hudng cta ap cao can nhiét Tay Bic Thai
Binh Duong hodc do ndi tai cia XTND. Ngoai ra, dya trén phan loai theo cdc ndm c6 anh
huong cta LaNina hodc EINino, sé lwong cac XTND c6 thay dbi quy dao di thudng ¢ cac
nam c6 LaNina 1a 16n hon so vdi cadc ndm c6 EINino (cho ca quay trai va quay phai vdi bién
d6 16n hon 50%). Trong nghién ctru tiép theo, sai s6 du bao ciia cac mé hinh khu vuc va toan
cau (bao gdbm dy béo tat dinh va td hop) s& dugc khao sat chi tiét, qua do danh gia bd sung
tinh dy bao duoc cta cac qua trinh thay d6i dot ngot vé hudng di chuyén cia cac XTND trén
Bién Dong.
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Statistics of abruptly recurving tropical cyclones over the East Sea
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Abstract: The paper is based on the best-track dataset of tropical cyclones (TCs) over the
East Sea in period of 2011-2021 in order to find out the abruptly recurving TCs. The criteria
is chosen including: 1) a tropical cyclone which recurves left within 24 h, with a recurving
angle (comparing its mean path of 12h before and after the occurrence of its recurvature) >
300; A tropical cyclone which recurves right within 24 h, with a recurving angle (comparing
its mean path of 12h before and after the occurrence of its recurvature) > 45° or a tropical
cyclone moving northwestward which suddenly turns to east or northeast but there must be
a distance < 2.5° latitude between two points of the track at 1° longitude east of its recurving
point is a recurving-right tropical cyclone. In addition, the roles f ENSO on the occurrence
of the abruptly recurving TCs is also analyzed.

Keywords: The abruptly recurving TCs over the East Sea; ENSO.



