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Tém tit: Bai bao trinh bay két qua cai tién sang ché doc quyén “Thiét bi canh béo i tir xa
sir dung song vo tuyén” cua tac gia Nguyén DPtrc Hung dé phu hop vai didu kién thuc té,
phuc vu giam sat muc nudce theo thoi gian thyc va phét tin canh bao 1 cho cong ddng dan
cu sinh song trong Iuu vuce song, sudi nho. Thong qua viée st dung tiéu chuan Rayleigh dé
lra chon bing tan song radio, hé thong duoc thiét ké thém cac phuong an truyén dit liéu,
céc giao thire két ndi, bd sung bo tich hop, luu trir dir liéu, 1ap trinh cau truc dir liéu va bao
trang thai thiét bi. Sau khi ning cip, thiét bj canh béo 1 tir xa st dung song v tuyen c6 thé
két n01 v6i cac dau do muc nudc hién dai, cac diém do str dung chung mét tan sd song vo
tuyén, c¢6 thém tinh nang truyén dir liu qua GPRS, 3G/4G va tich hop, luu trix dit liéu. Tién
hanh thir nghiém hoat dong ctia hé¢ thong tai phong thi nghiém va ngoai troi két qua dat
dugc, bo phan thu, phat két ndi tot véi nhau qua song radio HF, thir nghiém gia dinh véi 03
murc canh bao cho théy, bd phan do myc nudc hoat dong tdt, bo phén phat canh bdo da nhan
dugc tin hiéu va phat thong tin canh bao twong tmg v6i 03 mirc gia dinh. Cac thong so thir
nghiém déu dat két qua tdt, hé théng nay co thé ap dung vao thuc té phuc vu gidm sat, canh
bao muc nudc 1i thoi gian thuc cho khu vye song, sudi nhé & nude ta.

Tiwr khoa: Canh bao sém muyc nudc; Li trén cac luu vuc song nhd; Cong nghé¢ quan trac va
canh bao muc nudc.

1. M& dau

Trén thé gidi, viéc tng dung cong ngh¢ quan trac va truyen tin phuc vu giam sat, canh
béo 1ii theo thoi gian thyc rt phat trién, mot sb nghién ctru ndi bat nhu: Thiét ké Hé thong
giam sat 1d sir dung mang khong day (Wireless Flood Monitoring System) ctia nhdm nghién
ctru [1] thugc Khoa Cong nghé ki thuat Pai hoc Pahang, Malaysia, hé théng canh bao st
dung cac cam bién myc nudc dang siéu 4m (st dung cong ngh¢ radar dopple) va mang truyen
tin GSM, Bluetooth, hé théng canh béo c6 thé cung cap thong tin canh bao qua tin nhén theo
03 mic “An toan”, “than trong” hay “nguy hiém” dua trén cic mic myuc nudc di dugc xac
dinh trudc (cip bao dong). Nhom cac k¥ su cong nghé thong tin ciia Truong Dai hoc k¥ thuat
Jalgaon, Thai Lan da ing dung cong nén tang IOT (Internet of Things) dé xay dung Hé thong
giam sat, theo doi thoi gian thuc myuc nudce, luu lugng, lugng mua dé thuc hién giam sat 1t
tai tinh Nakhon Si Thammarat, mot tinh phia Nam Thai Lan [2]. Nhom nghién ctru thudc
Khoa K¥ thuat dién va Khoa Co khi, Dai hoc Bach khoa Bang Lhokseumawe Indonesia thiét
ke thanh cong. He théng canh bao sém c6 tén EWS (Early Warnlng System), hé thong bao
gdm hai phan, mot 14 bo phan giri thong tin (sender) 13 mot cam bién muc nude siéu 4m, hai
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1a bo phén nhén thong tin (recelver) gdm phan thu tin hiéu, model 4m thanh va cdi bio dong,
hai b phan nay duoc két nbi bang song Radio. H¢ thong nay da giap cho co quan quan ly
tham hoa gtri thong tin ngay lap tirc dén ngudi dan dé dam bao an toan cong cong khi thién
tai xay ra [3].

Trong bdi canh cac loai hinh thién tai, dac biét 1a 14, 10 quét ¢6 xu hudng ra tang tan suat
lan cuong dg, uy hiép truc tlep dén tinh mang va tai san cua nhan dén, dac biét la d01 voi
cong ddng cac dan toc thidu sb thuong co tap quan sinh sdng tap trung ven cac song sudi nho,
& nudc ta ciing da c6 nhiéu cong trinh nghién ciu vé xdy dung hé thdng giam sat, canh bao
lii theo thoi gian thyc. Vi du nhu: Dya trén nén tang WebGIS, két hop voi mé hinh thuy van,
cong ngh¢ hoc mdy (machine learning) [4] da xay dung Hé théng giam sat, canh bao 10, lut
va han han theo thoi gian thyc, He thong c6 kha nang ty dong cung cap thong tin vé lugng
mua, muc nude va ban dd ngap lut theo thoi gian thuc qua tin nhén, email khi muc nude vuot
bao dong 2 tr¢ 1én, déng thoi hién thi cac vi tri, diém tranh Iii, duong tranh Iii. Mot s6 sang
ché xuat phat tir nhu cau thue té nhu sang ché thdng canh bao 1t str dung song di dong [5]
hay sang ché “Thiét bi canh bao 1 tir xa sir dung song vo tuyén” di dugc cap bang sang ché
doc quyen [6].

Nhin chung, céc nghién ciru, ché tao hé thong giam sat, canh bao lii trén thé gidi déu co
nhing dic diém chung nhit dinh d6 13: cung cip thong tin canh bao theo thoi gian thyc toi
tryc tiép nguoi dan theo cac muc bao dong thong qua bo cam bién do myuc nude két ndi qua
mang khong day véi thiét bi xtr 1y, luu trit dit liéu va cung cap thong tin canh bao to1 nguoi
dan qua Umg dung di d0ng, loa phat &m thanh, dén tin hi¢u. Day la nhing dac dlem can thiét,
phu hop cho mét hé thdng canh bao 1ii theo thoi gian thuc cho khu vuc séng sudi nhod ¢ vung
d6i, nai. Pé ché tao duoc hé thong giam sat, canh bao 1i phu hop voi khu vyce song, sudi nho,
nghién ciru da tién hanh phan tich mé hinh “Thiét bi canh béo 1ii tir xa st dung song vo tuyén”
clia tac gia Nguyén Pirc Hing va nang cap mot sd bd phan cho phu hop dé c6 thé trién khai
trong thuc té.

2. Phuwong phap nghién ciru

2.1. Gi6i thiéu vé giai phap “Thiét b canh bdo li tir xa sir dung séng vé tuyén”

Giai phap cong nghé vé thiét bi canh béo lii tir xa sir dung song vo tuyén cia tac gia
Nguyén Puc Hung di dugc cip Bang doc quyén giai phap hiru ich sé 1557 theo Quyét dinh
s0 54049/QbD-SHTT, ngay 08 thang 8 nam 2017 cua Cuyc s¢ htru tri tué. Sang ché nay dé cap
dén thiét bi canh bao nudc i tir xa sir dung séng vo tuyén, thiét bi ndy c6 cau tao gdm 02 bd
phén: B phén do myc nude va phat tin hiéu (B6 phat) va bé phan thu tin hi¢u dua ra thong
tin canh bao (B¢ thu), hai by phan nay dugc két n6i v6i nhau bang séng vo tuyén radio [6]

B phat: trang bi 03 cam bién myc nude ky hidu 101, 111 va 121 , tuong tng v61 03 cap
bao dong, cac vi mach dleu khién IC 104, 114 va 124 ¢6 chue nang diéu khién cac ro—le trung
gian diéu phdi cap ngudn cho bd ‘phan phat tin hi¢u v6 tuyen tuong tng F.S1, F.S2 va F.S3
(Hinh 1). Khi mye nudc 1én (xuong) dong cac mach cam bién myc nudc, tin hiéu radio s&
phat ra tuong ing vai cac tan sd. B phan thu sé phat ra tin hiéu canh bao muyc nudce téi nguoi

dan (Hinh 2).

B0 thu bao gé)m: Ang ten thu song, mach thu tin hiéu tan s6 F1 tuong rng voi myc nude
béo dong cép 1, trong tu F1 mach thu F2 va F3 tuong tng vi muc nudce bao dong cp 2 va
3 (Hinh 2). C4c mach nay s& ndi ra loa phat thanh duoc cai dat giong néi “Hién nay nudc li
0 muc bdo dong 1, 2, hoac 3” dé canh bao cho cong déng dan cu tai noi lép dat bg phan thu.

Giai phap hiru ich cua tac gia Nguyén Dtrc Hing ¢6 co ché, nguyén 1y hoat dong, dac
diém cau tao kha gidng v6i md hinh tram giam sat, canh bao lii d dugc nghién ciru ché tao
o mot 5O quoc gia trong khu vuc.
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Hinh 1. So db khéi B phat tin hiéu canh bao mirc nude lii cua tac gia Nguyén Dic Hing.
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Hinh 2. So do khéi B thu tin hiéu canh bao nudc lii va phat am thanh.

Y tuéng nay co the dap ung duogc van dé hd trg canh bao I thot gian thue cho nguoi dan
trong khu vuc song su01 nho. Qua nghién clru, giai phap hitu ich van con nhiéu bat cap nhu:
(1) str dung nhiéu tan sé radio (3 tan sé cho 3 mirc bao dong cho cing mot tram) gdy phuc
tap cho thiét ké phan két ndi va dan t6i hién tuwong sai 1éch vi tri bao dong khi ldp dat nhiéu
diém do dan t6i tan s thu bi trung nhau; (2) thiét ké méi chi co ddu do myc nudc dang cong
tic (switch) khong thé giam sat muc nude mot cach lién tuc, khong c6 mé dun két ndi véi
cac thiét bi khac nhu dau do mua; (3) chi don thuan sir dung séng radio dé truyén tin, khong
da dang cac giai phap truyén tin; (4) khong c6 bo phan tich hop, luu trir dir licu. Pé dua giai
phap nay vao mg dung dugc vao thyuc té, can thuc hién nghién ciru, cai tién. Vi ndi cai tién
dugc dé xuat nhu sau:

— Mdi tram s& chi str dung chung tan s radio cho tat cac mirc bdo dong va mdi mirc bao
dong s& duoc ma hoa riéng thay vi mdi mirc bao dong truyén theo mot tan sb radio khac nhau
nhu thiét ké ban dau.

— Cai tién d¢ thiét bi c6 thé canh bao & moi cap do khac nhau (thay thé cam bién do bang
thiét bi hién dai hon nhu radar do muc nudc), déng thoi thiét ké cac bo mach theo hudng tinh
gon, dé giam kich thudc, khéi lwong va giam mirc tiéu thu ning lugng.
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— Thiét ké thém cac giai phap hd trg két ndi, truyén tin nhu RS232/485, Ethernet, SDI—
12 [7-8], HF/VHF/UHF, 3G/4G/SMS, Nb-IoT... dé c6 thé mo rong két ndi, truyén tin véi
cac thiét bi khac [9].

— Thiét ké 01 bo tich hop dir liéu (Datalogger) c6 chirc ning thu thap, luu tri, truyén
phat tin hiéu dén vi tri 1ap dat tram thu canh bao dit tai khu vic dan cu va truyén vé co so dir
li¢u khi tugng thuy van cua bai Khi tugng Thuy van khu vuc, dong thoi dinh danh, xac dinh
vi vi tri dat tram va két ndi, tich hop thém céc thiét bi do mua ty dong.

2.2. Gidi phdp cdi tién

a) Lua chon tan sb radio

S6ng vo tuyén (song Radio) 13 loai séng dugc st dung rong rii trong y hoc, qudc phong,
tham do tai nguyén khoang san, nghién ctru vii try, thong tin lién lac..., song c6 tan sb tir
3KHz dén 300GHz tuong duong budc song (A) tr 100 km dén 1 mm [10]. Song vo tuyén
dugc chia thanh cac loai (bang tan) theo khoang tan s6. Mbi bang séng déu dugc ing dung
cho cac hé théng thong tin phu hop voéi timg dic diém moi truong thyc.

Song vo tuyén véi budc song A co dic diém khi truyén tdi bé mat map mo thi séng phan
xa thuong bi tan xa, chi con mot phan niang luong song phan xa dugc truyen t6i diém thu,
diéu nay lam anh hudng dén cudng 4o dién truong tai diém thu. Nhu vy, dé lya chon dugc

khoang tan so song phi hop véi khu vy song subi nho, noi co dia hinh d6i nui cao, can phai
xét toi yéu td d6 cao cuia dia hinh [11].

. TiaA
\ \ P Tia B Mit song 1
N A A ¢ 4 Mit song 2
\ \'\ P | /< « )
\\ N /7 e / *TT'J
\ A s // ’C
3 A" */"/ //
\ +/Jl' -— /
- ——_——
I
(@) /77 (b)

Hinh 3. M6 hinh phan xa bé mat cia song vo tuyén: (a) Mt cit dia hinh thuc; (b) M6 hinh Iy twdng
hoa clia bé mat map mo.

Dé x4c dinh su phu hop ctia dia hinh voi tan s6 song lira chon, tiéu chuan Rayleigh duoc
sir dung dé danh gia. Tiéu chudn Rayleigh dugc xdy dung trén co so bé mit dugc 1y tuong
hoa véi tia A duoc phan xa tir phan trén cia bé mit map mo con tia B dugc phan xa tur phan
dudi. Cac mit song twong tng AA' va CC' duoc biéu dién trong Hinh 3b. Tir déy ta c6 sy sai
khac vé quing dudng cua hai tia nay khi dat ti cac diém C va C' tai mit song CC' sau khi
phan xa tai B va B' 1a:

Ar = (AB+BC) — (A'B' = B'C’) = ﬁ(l — cos20) = 2hsin® (D

Trong d6 Ar la doc 1éch vé quang duong giira tia t6i va tia phan xa; h 1a d6 mép mé cua
dia hinh (d¢ cao); 0 1a géc pha cua tia toi.

Do d6 su sai léch vé pha (Ag) la:

4’Ith sin®

Ap = —A A 2

Néu d6 cao h 1a nhé so voi blIO’C song thi su sai léch vé pha cling nhé va do dé bé mat

dugc coi 1a bang phang. Thyc té sy sai 1éch vé pha chay tir 0 dén 7. Khi Ap =7 cc tia phan

xa s& triét tiéu nhau, truong tong bang 0. Khi goc sai pha A > /2 thi su phan xa song c6

tinh chit tan xa. Nhu vay moi lién hé giita d cao dia hinh va budc séng A cua bing song theo
tiéu chuan Rayleigh duoc xac dinh tir cong thire (3):
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(3)

41h sin 6

Ap = <z > hayh >

8sin0O

b) Thiét ké tinh ning m& hd tro da dang ket ndi, truyén tin

H¢ thong giam sat, canh bio muc nude can duoc mo rong cac giao thire két ndi dé tich
hop thém thiét bj do muc nudc sir dung cong ngh¢ tién tién hon nhu radar do muc nuée, hodc
dau do mwa dé cung cip thém thong tin vé lugng mua. Dé thiét ké mé rong cac giao thire két
ndi, nghién ctru tién hanh khao sat dic tinh k¥ thuat cua cac thiét bi quan tric muc nude, mua
phd bién trén thi truong hién nay.

D4 v6i két néi, truyén tin tir cac dau do t6i bd phén thu phat, canh bdo 18 va b luu triy
datalogger ngoai str dung song radio, can thiét ké bd sung thém cac phuong an truyen tin phd
bién nhu: Lora, GPRS, SMS, 3G/4G dé da dang céc kénh truyén tin trong moi diéu kién méi
truong.

¢) Lua chon giao thirc truyén tin va to chtrc quan 1y dit lidu va thong s thiét bi

MQTT (Message Queueing Telemetry Transport) 1a mot giao thirc mang kich thudc nhd
(lightweight), hoat dong theo co ché publish—subscribe (tam dich: xuit ban—ding ky) theo
tiéu chuan ISO (ISO/IEC 20922) va tiéu chuan cta T6 chirc thuc ddy céc tiéu chuan thong
tin ¢6 cdu trac (OASIS) dé truyén tin nhén giita cac thiét bi [12-13]. Giao thirc nay hoat dong
trén nén tang TCP/IP. MQTT duoc thiét ké cho cac két ndi cho viéc truyén tai dit liéu cho
cac thiét bj & xa, cac thiét bi hay vi diéu khién nho c6 tai nguyén han ché, hoic trong cac ing
dung c6 bang thong mang bi han ché [14-15]. Véi tinh nang wu viét trén, giao thire MQTT
duoc Iya chon dé str dung 1am nén tang quan tri truyén tin cho hé thdng giam sat muc nudc.

I AMPLIFY

Temperature
sensor

MQYT
NosQL
o8
MQ” MQTT
Motion

sensor

N”FS and/or MQTT

Moisture
sensor

Mobile device Computer

MQTT Bridge

Hinh 4. M6 hinh tinh naing MQTT Bridge trong MQTT.

Dé t6 chiic quan 1y dit lidu va bao trang thai thiét bi, nghién ctru st dung céu trac dinh
dang JSON (JavaScript Object Notation). Dy 1a mot ki€u dinh dang dir li¢u tuan theo mét
quy luat nhat dinh ma hau hét cac ngén ngit 1ap trinh hién nay déu c6 theé doc dugce [16-17].

{ 1.

"station id":374964, // ID tram do s
"sensors": [ {// Do muc nwdc
"Isid": 5271270, "Isid": 5307508,
"data": [ "sensor type": 1,
{ "data_structure_type": 10,
"ip_v4 netmask": "255.255.255.0", "data": [
"battery_voltage": 70, {
"wifi rssi": -70, "ts": 1558741927,
"network_error": 2, “distance mm™:5123
"ip v4 gateway": "192.168.0.1", “level ecm™ : 11387

Hinh 5. Cau tric JSON trong quan 1y dit liéu va bao trang thai thiét bi.
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3. Két qua va thao luin

3.1. Cdc tinh nang sau khi dwoc cdi tién

Thong qua céc giai phap cai tién va k¥ thuat dién ti, tin hoc, nghién ciru dd nang cép
thanh cong Thlet bi canh bao 1t tir xa sir dung song vo6 tuyén dua trén nguyén mau thiét ké
cua tac gia nguyen Puc Hung da duoc cip doc quyén giai phap hitu ich. Cac tinh ning sau
khi duoc cai tién nhu sau:

Tir thiét ké ban dAu st dung 03 tan s song radio cho 03 murc canh bao muc nudc, nghién
clru da cai tién chi st dung mot tan s6 song cho tat ca cac tram do. Mdi tram do duoc cai dat
maé dinh danh (m tram) dé phan biét giita cac tram véi nhau. Ung dung tiéu chuan Rayleigh
cho khu vue ddi nti ¢ Viét Nam, bang tan song radio phu hop nhét duoc lua chon cho cac
tram & khu vuc song, sudi nho 1a bang HF (High Frequency) véi dai tan tir 3 MHz dén 30
MHz).

Qua két qua khao sat mot sb thiét bi quan tric muc nude théng dung hién nay ctia mot
s6 hang hién dang sir dung phd bién ¢ Viét Nam nhu Vaisala [18], Sutron [19-20], Campbell
Scientific [21] déu st dung cac chuan dau ra két ndi 1a SDI-12, RS232/RS—485. Thi bi canh
bao myc nudc 1l tir xa sir dung song vo tuyén da duoc nghién ciru va nang cap cac chuan két
nbi SDI-12, RS232/RS-485 dé c6 thé md rong két ndi voi cac loai dau do khac.

B¢ tich hop dir liéu datalogger dugc stir dung dé luu trir va truyén nhan dir li¢u véi giao
thire truyén tin MQTT va TCP/IP véi cdu trac dir lidu chuan theo JSON da dugc 1ap trinh,
cai dat.

3.2. Két qua thir nghiém thiét bj

Sau khi cai tién, thiét bj da dugc nhém nghién ciru tién hanh thir nghiém trong phong thi
nghiém va ngoai tro1 voi cac tinh nang thu, phat song HF va tinh nang phat canh bado do muirc
nudce. Két qua thir nghiém nhu sau:

a) Thir nghiém mo dun truyén—nhan qua séng HF

Thir nghiém tai phong thi nghiém c¢6 muyc dich kiém tra nhiing tinh ning ctia bo phat va
thu HF c6 theo dting thiét ké hay khong. Panh gia cong xuat phat xa ciia bd phat qua cac loai
anten khac nhau cong Xuét nhan duoc.

HF Module
RX

HF Module
T

- PC

Hinh 6. M6 hinh thir nghiém truyén tin HF.

Mo dun HF s& duoc két ndi v6i may tinh qua cong RS 232 (Hinh 6), st dung chuong
trinh AIRSPY SDR Studio phién ban 1.0.0.1858 dé thiét 1ap cac thong sd vé tan sb, kénh,
bién d6 song, cong suit cho timg mé dun [22]. Thir nghiém lan 1: bd phan thu va phat duoc
két ndi voi nhau bang day tin hiéu va bo tai gia dé giam cong suat phét tir bd phan phét theo
cac murc giam 10, 100, 1000, 100.000 va 1000.000 lan. thir nghiém 1an 2: bd phan thu va phat
dugc lép cac loai ang ten khac nhau dé danh gia cong suat thu duoc.

Két qua thir nghiém tai phong thi nghiém: cing mét cong suét phat, khi thay cac loai ang
ten khac nhau, cong suat thu sé& co sy thay ddi twong tmg, diéu nay do mdi loai ang ten c6 hé

s6 d6 nhay khac nhau, chudi ban tin giri va nhan 1 twong dong nhau, ti 1& gbi “bit” 15i trung
binh 3,0x10°*.



Tap chi Khi twong Thuy van 2022, 743, 1-9; doi:10.36335/VNJHM.2022(743).1-9 7

Sau khi thir nghiém tai phong thi nghiém, nhém nghién ctru d tién hanh thir nghiém
ngoai troi véi mot diém phat dit tai Thi trAn Pong Anh va mot diém dit tai Pai hoc Bach
khoa Ha Noi, diém thu duoc dat tai phong thi nghiém (try s& Téng cuc Khi tugng Thuy van).
Két qua dat duoc twong tu, chudi ban tin giri di tir b phan phat dugc nhan day du tai bo phan
thu (Hinh 7).

(b)

Hinh 7. Két qua thir nghiém truyén tin ngoai trdi: (a) Két qua thir ghiém tai DH Bach khoa; (b) Két
qua thir nghiém tai Dong Anh.

b) Thir nghiém c4dc mirc canh bao

Sau khi thyc hién thir nghiém mire d¢ thu, nhan song HF cta bo phén phat va thu, nhom
nghién ctru da két ndi mdé dun do muc nudc voi bd phan phat (voi tan sd va cong sudt da
duogc cau hinh tir trudc) va md dun canh bao (coi, loa, dén, bang tin hiéu) véi mé dun thu. Hé
thdng s& duoc thiét 1ap gia dinh & 03 mirc canh bao muyc nudc 10 cm, 20 cm va 30 cm (Hinh
8).

Module Module

B\
HF canh bdo
Module A,

HF N

Hinh 8. M6 hinh thir nghiém canh bao muc nude.

Két qua thtr nghiém thu dugc: bd do muc nude hoat dong tdt, gui tin hiéu cadc mic canh
bao té1 md dun phat HF, cung thoi diém dé mo dun thu tin hi¢u cling nhan dugc song tdi va
phat cac tin hi€u canh bdo tuong trng v6i 03 mure gia dinh.

4. Két luan

Hau hét cac nghién ctru ché tao hé thong quan tric déu c6 dic diém giéng nhau 1a canh
béo i thoi gian thyuce theo cac mirc bao dong 1ii, thong tin canh bao duoc truyén tai bang am
thanh va tin hiéu den dé canh bao cho cong dong chu dong cac giai phap ing pho. He théng
nay bao gdbm hai bo phan chinh: Bo phén phat bao gdm cam bién do muc nudc theo thoi gian
thyc c6 chirc nang giam sat sy 1én xudng ciia myc nude va phat ra song vo tuyén dén bo phan

canh bao (BO phén thu) duoc 1ap dat tai khu vuc dan cu sinh sdng ndm trong pham vi anh
hudng cuia 1t

V6i myc tiéu dua thong tin canh bao nhanh nhat, sém nhit toi cong dong dan cu de
nguoi dan kip thoi chuan bi cong tac g pho, giai phap str dung song vo tuyén dé két ndi
thiét bi quan trac voi bo phan canh bao lap dat tai khu vuc dan cu 1a mot giai phap hiru hiéu
dé cung cap thong tin canh bao theo thoi gian thyuc. Giai phap nay c6 thé giai quyét dugc bai
toan kho khan trong cong tac du bao, canh bao 1, dac bi¢t 1a luu vuc song, subi nhoé & nudce
ta.
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Trén co s mo hinh canh bao 1 st dung séng vo tuyén ciia tac gia Nguyén Dirc Hung,
Dé tai nguyén ctru khoa hoc cap Bo “Nghién ctru xay dung hé théng canh bao mirc nudc i
tir xa su dung song vo tuyén cho céc luu vuc song nho” duge phé duyét thuce hién, Kkét qua h¢
nghién ctru va thir nghiém duoc trinh trong nghién cru ndy chinh 1a mot phan cta san pham
dé tai néu trén.

DPong gop cua tac gia: Xay dung y tuong nghién cau: V.N.L., T.Q.N.; Lya chon giai phap,
dé xuét cai tién cong nghé: N.M.H.; Viét ban thao bai bao: T.Q.N.; Chlnh stra bai bao: V.N.L.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong duoc sao chép tur nhitng nghién cuu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Research and selection of monitoring technology solutions to
build flood warning systems for sub—basins in Vietham

Tran Quang Ngoc®", Nguyen Minh Hai', Vu Ngoc Linh?
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Abstract: This paper presents the results of improving the exclusive patent “Remote flood
warning device using radio waves” by author Nguyen Duc Hung to suit actual conditions,
serving water level monitoring over time. Realize and broadcast flood warnings to
communities living in small river and stream basins (sub—basin). Through the use of
Rayleigh standard for radio frequency band selection, the system is designed with additional
data transmission options, connection protocols, additional integrators, data storage, and
structured programming. data and device status reports. After upgrading, the remote flood
warning device using radio waves can be connected to modern water level gauges,
measuring points using the same radio frequency, with additional data transmission features.
over GPRS, 3G/4G and integrated, data storage (datalogger). Testing the operation of the
system in the laboratory and outdoors, the results are obtained, the receiver and transmitter
are well connected via HF radio waves, the hypothetical test with 03 warning levels shows
that the part The water level gauge works well, the alarm transmitter has received the signal
and broadcasts the warning information corresponding to 03 levels of assumption. Testing
parameters have achieved good results, this system can be applied in practice to monitor
and warn real-time flood water levels for sub—basin in Vietnam.

Keywords: Water level early warning; Floods on sub—basin; Water level monitoring and
warning technology.
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Tém tit: Bai bao trinh bay nghién ctu vé xéc dinh céc ddc diém hoat dong cia XTND trén
Bién Pong va d6 bo vao dat lién Viét Nam, str dung phuong phap hdi quy timg budc xay
dung bd cong cu du bao han mua s6 lwong XTND trén Bién Pong va do bo vao dat lién dua
trén mdi quan hé voi cac chi s6 hoan luu va cac dao dong quy mé Ién nhu ENSO, IOD,
QBO, v.v... Két qua nghién cau cho thiy thang 9 la giai doan c¢6 nhiéu XTND hoat dong
trén Bién Dong va do bo vao dat lién nudc ta nhat. Pa s6 (75%) XTND do bo vao dat lién
la ATND va bao, chi c6 25% la bdo manh va bio rit manh. S6 lugng XTND trén Bién Pong
giai doan 1991-2020 c6 xu hudng ting nhe so voi giai doan 1961-1990, khoang 4,2%;
nguoc lai, $6 luong XTND dd b6 lai c6 xu hudng giam nhe (khoang 3,1%). M6 hinh du bao
duogc xu thé ting giam XTND trén Bién Pong va d6 bo so véi trung binh nhiéu nim nhung
con ¢6 xu huéng thién thap, sai s6 16n chii yéu ¢ nhitng mua c6 nhiéu hon 8 XTND trén
Bién Pong va nhiéu hon 5 XTND d6 bo vao dat lién.

Twr khoa: Xody thuin nhiét déi; Dy bdo han mua; Hbi quy tung budc; Bién bong, Viét
Nam.

1. Mé dau

Bién Pong 1a viing bién thuc Tay Bic Thai Binh Duong (TBTBD), noi thudng c6 nhiét
d6 bé miat nude bién cao, cé didu kién thuan loi cho viéc hinh thanh va phat trién bao. Khoang
60% cac con bdo thong thudng va biao manh, 25% cac con bio rat manh van con duy tri dugc
cap d6 khi di chuyén tir TBTBD di vao Bién Pong. S6 luong xody thuan nhiét d6i (XTND)
anh huong truc tiép nhiéu nhét dén cac tinh tir Quang Ninh—Ha Tinh (tir 6 téi 8 con bio/nam),
it hon (tir 3 t6i 5 con bdo/ndm) & cac tinh tir Quang Binh—Binh Thuan va it nhat nhét (dudi 3
con bao/nim) d6 b vao khu vuec Nam Bo [1]. Nhing thiét hai vé nguoi, vé doi séng cla
nguoi dan vung chiu dnh hudng cua bao va ap thap nhiét d¢i 1a rat nghiém trong. Do d6, bao
va ap thap nhiét doi 1a mot trong nhimg chu dé thuong xuyén dugce quan tim va nghién ciru
trong nhiéu thap ky qua.

S6 luong bdo Bién Pong c6 xu huéng giam, tuy nhién s6 luong bdo rat manh lai co Xu
hudng gia tang trong nhimng thép ky gan day [2-4]. Phan 16n cac nghién ctru str dung bo s6
liéu cua cdc trung tAm béo quoc té nhu: JTWC, RSMC, v.v... Piém khac biét ctia nghién ctru
nay la bo s6 liéu XTND dugc st dung dé nghién ctru 1a b s6 liéu cua Trung tam dy bdo Khi
tugng thuy vin qudc gia. Bo s6 liéu nay da duoc hiéu chinh st dung cac s liéu quan trac
tang cuong khi XTND c¢6 kha ning d6 bo vao Viét Nam nén co do chinh xac cao hon so v6i
cac bo sé lieu quéc té, dac biét 1a ddi véi bai toan du bao s6 luong XTND db bo.

Tap chi Khi tugng Thity vin 2022, 743, 10-22; doi:10.36335/VNJHM.2022(743).10-22  http:/tapchikttv.vn
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XTND d6 b nhidu vao khu vyre Pong Nam A giai doan tir thang 7 dén thang 10, tring
voi giai doan XTND hoat dong nhiéu & khu vuc TBTBD. B¢ bién mién Bic cia Viét Nam
12 mot trong nhitng dia diém bio thudng xuyén dd bo. S6 lwong XTND ¢ khu vuc Tay Bic
Thai Binh Duong néi chung, Pong Nam A néi riéng ¢ nam La Nina va ENSO trung tinh
nhiéu hon El Nino [5]. S6 luong XTND trén bién Pong ¢ nhitng nim El Nino it hon cac nim
La Nina [6-9]. Sb luong XTND trén Bién Dong vao nim La Nina 13 khoang 12—13 con, El
Nino 1a 8-9 con va ¢ pha trung tinh la 11-12 con. Tuy nhién cuong d6 bao trong nhirng nam
El Nino lai manh hon nhiéu nhirng nim La Nina [6, 7].

Dao dong tya hai nim (QBO) dd dugc ching minh 13 c6 anh huéng dén tan suit béo
trong mua bao & Dai Ty Duong, Thai Binh Duwong va QBO ciing c6 moi lién hé v6i ENSO.
XTND c6 xu hudng thuong xuyén di vao ving bién phia Péng Trung Québc vao pha QBO
Tay va thudng xuyén di vao ving bién phia Dong Nhat Ban vao pha QBO Péng [10]. Trong
pha QBO Tay c6 nhiéu XTND hinh thanh & vung xich dao cia TBTBD hon, XTND hinh
thanh & ving ngoai xich dao TBTBD it hon. Hon nita, quy dao cia XTND ciing thay doi
dang ké theo cac giai doan QBO khéc nhau. V&i pha QBO Pong, rinh gié mua dich chuyén
vé phia bic va nhiéu XTND hoat dong & gan Pai Loan hon [11].

Dao dong ludng cuc An D6 Duong (IOD) ciing 12 mot trong nhitng dao dong quy mé
16n anh huéng dén hoat dong cia XTND ¢ TBTBD. Su thay d01 nhiét ¢ nudc bién (SST) &
An D6 Duong dugc phat hién la c6 anh hudng dén tan xuat xuat hién XTND ¢ TBTBD, cu
thé 1a SST & phia dong An Do Duong lanh di di thuong thi s lugng XTND hinh thanh &
TBTBD nhiéu hon trung binh nhiéu nam, nguoc lai SST am 1én thi sd lugng XTND lai giam
di. Do sy thay d6i SST & dong An Do Duong anh huéng dén hoat dong ctia gié mua mua he
va song Kelvin xich dao & TBTBD, hai yéu t6 dong luc chinh tac dong dén sy hinh thanh cua
XTND [12]. Trong nghién ciru nay, IOD 13 mot trong nhitng nhan t6 dugc xem xét dé dua
vao mo hinh du bao sé luong XTND trén Bién Pong va sé lugng XTND db bo vao Viét
Nam.

Ngoai ra, dao dong Bic Cuc (AO) ciing 1a mdt trong nhitng dao dong duoc xem xét dua
vao mo hinh dy bao do da dugc chimg minh 1a c6 anh huéng dén hoat dong ctia XTND vao
mua heé ¢ khu vie TBTBD. Nhitng nam cé chi sé AO thap (cao), c6 nhiéu XTND hinh thanh
& phia dong (tay) kinh tuyén 150°E hon, XTND di vao khu vuc Han Qudc, Nhat Ban (Bién
Poéng va Nam Trung Qudc) nhiéu hon [13]. Tan suat xuit hién XTND & vi do trung binh
(khu vuc Nhat Ban, Han Quéc, DPai Loan) c6 twong quan thuan véi AO mua xuan trude do,
nguoc lai, tan suat xuat hién XTND ¢ vi d6 thap (khu vuc Philippines) lai c6 twong quan
nghich véi AO mua xuén [14].

Hai phuong phép thudng dugc st dung dé du bao han mua s6 luong XTND la phuong
phap thng ké va phuong phap dong luc, trong d6 phuong phap thong ké van dugc sir dung
nhiéu hon vi tinh don gian va hiéu qua d6i véi cac bai toan du bao mua. Céc tac gia [15-19]
c6 str dung cac phuong phap théng ké khac nhau nhu hdi quy tuyén tinh, mang than kinh
nhan tao sir dung dau vao la cac chi s6 khi hau, chi s6 hoan luu quy mé 1én... va cac bo sb
liéu quy dao bao khac nhau du bao cho toan khu vyc Tay Bac Thai Binh Duong [15-16] Bién
Pong [17-18] va riéng khu vyuc Trung Trung B6 [19]. Nam 2019, nghién cttu thir nghiém du
bo han 6 thang s lugng XTND hoat dong trén Bién Dong Bang phuong phap thong ké [18]
dua trén bo sb liéu XTND tir nam 1981-2015 cua Trung tim khi tugng chuyén ving cua
Nhat Ban (RSMC Tokyo). Cac thanh phén chinh dugc dua vao md hinh 1a 14 chi s6 khi hau.
Trong cac md hinh, mé hinh hoi quy tuyen tinh da bién xac dinh hé s6 hdi quy bang phuong
phap binh phuong téi thiéu (OLS) cho két qua du bao tot nhat. K¢é thira két qua nghién ctru
cua [18], bai bao nay cling sir dung mo hinh h01 quy tuyén tinh da bién, uéc luong hé so hoi
quy bang OLS dé xay dung m6 hinh dy bao s6 lugng XTND. Nam 2021, phan két qua cua
bai bao nay vé du bao sb luong XTND dé dugc su dung dé danh gia, so Sanh Véi cac phuong
phap du bao méi [20]. Piém khac biét ciia nghién ctru nay 1a du bao s6 lwong XTND han 3
thang, ngoai viéc du bao sd lugng XTND hoat dong trén Bién Pong, nghién ctru nay ciing
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dy bao thém sb lugng XTND dd bd vao Viét Nam. Nghién ctru nay thtr nghiém cac bd $6
liéu c6 d6 dai khac nhau (60 nam va 40 nadm gan nhat) va cac bd chi s6 khi hau khac nhau va
cac tham so khac nhau dé tim gia bd so li¢u, tham so phu hop nhat cho mo hinh dy béo.

2. S liéu va phwong phap

2.1. 86 liéu nghién ciru

S6 ligu XTND trén Bien Dong tir nam 1961-2020 duoc théng ké boi Trung tim dy béo
Khi tuong thiy van qudc gia dugc st dung dé nghién ctru mdi quan hé giira s6 lugng XTND
trén Bién Pong va céac yéu t6 quy mo 16n, xdy dung cong cu du bao han 3 thang s6 lugng
XTND hoat dong trén Bién Dong, s6 luong XTND d6 bo vao dét lién Viét Nam theo cac khu
vuc [21].

Trong nghién ctru nay, XTND d6 bo vao dat lién 1a khi vi tri tim ciia ap thap nhiét d6i
hodc bao nam trén dat lién, mot s6 XTND do bd vao dit lién Trung Quéc trude khi dd bo vao
dat 1ién nudce ta, nhung cudng do van dat cip bio hodc ap thap nhiét doi thi ciing duoc coi 1a
bao hoac ap thép nhiét déi dd b vao nudc ta. Cuong do khi d6 bo duge quy udc la cuong do
cia XTND ¢ 6p quan tric ngay trude khi hodc dung tai thoi diém XTND db bo vao dat lién,
ap thap nhiét d6i suy yéu thanh ving thip trudc khi d6 bo s& khong duge tinh 13 XTND d6
bo.

MINO3.4
NING2
4]
west east NINO4 s NINO3 NINO1
Drarwin S0l Tahiti
Indian Ocean - IQD Pacific Ocean - NINO

Hinh 1. So d6 cac khu vuc giam sat ENSO (cac ving NINO1, NINO2, NINO3.4, NINO3, NINO4)
va 10D (chénh léch giira di thuong nhiét d6 nudc bién ¢ dong va tiy An D6 Dwong) (ngudn:
http://mww.bom.gov.au/climate/enso/indices/about.shtml).

Céc chi s6 dugc dua vao mo hinh phai thoa mén diéu kién:

- Chi sb lién quan dén hoat dong cia XTND nhu ENSO, ludng cuc AnbDo Duong (IOD),
dao dong ban nién (QBO), khu vuc Tay Bic Thai Binh Duong;

- B6 s6 liéu di dai, cu thé 1a tir nim 1961-2020;

- S6 liéu dugc cap nhat lién tuc, ddy du véi do tré khong qua 2 thang.

Bang 1. Danh sich cac chi s6 khi hau dugc tham tham gia tuyén chon xdy dung mé hinh du bao.

STT Ky hi¢u Chi sb Ngudn

1 NINO12 Dj thuong nhiét do nudc bién https://psl.noaa.gov/data/correlation/ninal.anom
vung Nifio 1+2 .data

2 NINO3 Dj thuong nhiét do nudc bién https://psl.noaa.gov/data/correlation/nina3.anom
vung Nifio 3 .data

3 NINO4 Dj thuong nhiét do nuéc bién https://psl.noaa.gov/data/correlation/nina4.anom
vung Nifio 4 .data

4 NINO34 Di thuong nhiét d6 nuéc bién https://psl.noaa.gov/data/correlation/nina34.ano
vung Nifio 3+4 m.data

5 BEST Chi s ENSO theo chudi thoi https://psl.noaa.gov/data/correlation/censo.data

gian
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STT Ky hiéu Chi s Ngudn
6 ONI Chi s6 Nifio dai duong https://psl.noaa.gov/data/correlation/oni.data
7  DMI Chi s6 Ché do ludng cuc https://ds.data.jma.go.jp/tcc/tcc/products/elnino/
index/sstindex/base_period_9120/DMI/anomaly

8 WP Tay Thai Binh Duong https://psl.noaa.gov/data/correlation/wp.data

9 QBO Dao dong Quasi—Biennial https://psl.noaa.gov/data/correlation/qbo.data

10 AO Dao dong Béc Cuc https://psl.noaa.gov/data/correlation/ao.data

11 SOl Chi s6 Dao dong nam https://psl.noaa.gov/data/correlation/soi.data

12 REQSOI Chi s6 Di thuong dao dong nam  https://www.cpc.ncep.noaa.gov/data/indices/req
ving xich dao soi.for

13 RINDO Dj thuong khi 4p muc bién gan  https://www.cpc.ncep.noaa.gov/data/indices/rin
khu vuc Indonesia do_slpa.for

2.2. Phuong phap nghién ciru

Hbi quy timg budc 1a md hinh hdi quy duoc xdy dung tir mot tap hop cac bién doc 1ap,
md hinh tirng bude thém vao hay loai bo cac nhan td du bao dya vao mdt tiéu chi da duge
xéc dinh trude, dén khi khong con bién nao dé thém vao hay loai bo nita. Hi quy tirng bude
c6 3 phuong phap:

- Forward: bit dau tir viéc khong c¢6 bién nao trong mé hinh, 1an luot thém timg bién vao
mo hinh dya trén tiéu chi da chon, xem xét viéc thém bién d6 co ¥ nghia théng ké khong,
dung lai néu viéc thém bién khong lam mo hinh cai thi¢n thém.

- Backward: bat dau tir viéc mo hinh c6 tit ca cac bién doc lap, 1an luot loai bo ting bién
dua trén tiéu chi di chon, xem xét viéc loai bo bién d6 co Vv nghia théng ké khong, dung lai
néu viéc loai bo bién khong giip mo hinh cai thién dang ké.

- Both: két hop cua hai phuong phép trén, kiém tra y nghia thong ké cua timg bién duoc
dua vao hay loai bo.

Tiéu chi lya chon mé hinh hdi quy ting bude dugc str dung trong nghién ciru nay la gia
tri p (p—value), m6 hinh dung gié tri p dé xem xét thém va bt bién du bdo vao mo hinh, tuyén
chon ra nhung bién ¢ ¥ nghia nhat Gia tri p klem tra xem hé sd hoi quy c6 bang 0 hay
khong, gia tri p cang cao thi h¢ s6 hoi quy cang tién dén 0, bién du bao cang it c6 anh huong
dén bién phu thudc Y, gia tri p cang thap c6 nghia la bién du bao cang c6 nhidu tac dong dén
Y.

Budc dau tién, xac dinh gia tri p-enter va p-remove. M hinh bét dau tinh toan hdi quy
don tirng bién va so sanh gia trj p ca timg bién dy bao. Néu khong co gia tri p nao nho hon
p—enter thi khong c6 bién nao dugc thém vao md hinh. Néu cé gia tri p nhé hon p—enter thi
bién du béo co gid tri p nho nhét s& duoc thém vao mé hinh.

Sau d6 cac bién du bao con lai s& 1an lugt dugc thém vao mé hinh va tinh toan hoi quy
dé tim ra bién co gia tri p nho hon p—enter va la p nho nhat dé thém vao mo hinh. Viéc thém
cac bién vao mo hinh s& 1am thay doi gia tri p ciia cc bién trong mé hinh, néu c6 bién c6 gia
tri p 16n nhat va 16n hon p-remove thi bién d6 sé& bi loai ra khoi mo hinh. Cac budc nay sé
duogc thye hién ldp lai nhiéu lan, dén khi khong co bién nao trong m6 hinh dugc thém vao
hay loai bo nira.

Trong nghién ctru nay, céc bién phu thudc chinh Ia ) lugng XTND hoat dong trén Bién
Pong va s6 luong XTND d6 bo vao dat lién Viét Nam, cac bién doc lap chinh la cac chi sO
khi hgu trung binh thang trong 3 thang tru6c mua béo. Do sO luong bién doc lap tuong ddi
nhiéu, khong phai chi sb nao ciing c6 m01 quan hé t6t Vvoi bién phu thudc nén phuong phap
hoi quy timg budc dugc sir dung dé tuyén chon nhén t6 du bao phu hop.

Vi bd 6 lidu 60 nam, tir nam 1961-2020, sd lidu tr ndam 1961-2010 duge su dung dé
xay dung mé hinh dy béo, s liéu tir nam 2011-2020 14 bo s6 liéu doc lap duge st dung dé
danh gia mo6 hinh. Gia tri p—enter va p-remove s€ duoc khao sat dé lua chon ra cap tham )
phtt hop nhit dé 1ap phuong trinh dy bao s6 luong XTND trén Bién Pong. Gia tri p-enter va
p—remove dugc khao sat trong khoang tir 0,1-0,4, trong do, p—enter < p—remove (hay cac
bién dugc dua vao co tac dong dén Y nhiéu hon bién loai bo).
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3. Két qua va thao luin

3.1. Bac diém hoat dong cua xody thudn nhiét doi trén Bién Dong

Theo thong ké ctia Trung tdm Dy bdo khi tuong thuy van qudc gia, trong 60 ndm (1961—
2020), trén khu vyuc Bién Pong c6 756 XTND hoat dong. Trung binh c6 khoang 12-13 con
béo va ap thap nhiét d6i (ATND) hoat dong trong mot nam, trong s6 d6 c6 khoang 4-5 con
bio va ATND d6 b vao nude ta. Nam 2017 1a nam c6 sb luong XTND hoat dong trén Bién
Dong nhiéu nhét, tong c6 22 XTND hoat dong, trong khi d6 ndm 1969 chi c6 4 XTND hoat
dong va 1 nam c6 it XTND hoat dong nhét. Phan tich sé liéu XTND d6 bo, nam 1976 khong
6 XTND d6 bd, nam 2002 chi c6 1 XTND d6 bd vao nudc ta, nam 1964 va 1973 1a ndm c6
nhiéu XTND d6 bo nhit, gap d6i trung binh nhiéu nim, véi 10 XTND d6 bo.

S6 lwong XTND hoat déng trén Bién Déng tir nam 1961-2020

25

20

. khéng @b b
. abd bé

1961 1970 1980 1990 2000 2010 2020
nam

Hinh 2. Sy thay d6i s6 luong XTND hoat dong trén bién Dong tir nam 1961-2020, mau xanh 1a sd
luong XTND dd bd vao Viét Nam, mau do 1a sb luong XTND khong d6 bd vao Viét Nam.

Ty 18 XTND hoat déng trén Bién Béng Ty 1& XTND d6 bo vao Viét Nam

24% phan.loai phén.loai
. . 35% J S
ﬂ Ap thap Ap thap
Béo Béo
. Béo manh . Béo manh
30% B B0 rét manh B 5o rdtmanh

40%

Hinh 3. Ty 1€ 4p thép nhiét déi, vdo, bio manh, bdo rat manh hoat dong trén Bién bong (bén trai) va
d6 bo vao Viét Nam (bén phai).

Hinh 3 cho thay ty 1& ATND hoat dong trén Bién Dong chiém 24% tong s6 XTND, con
lai 76% 1a bio (30% bao, 20% bio manh va 26% bao rat manh). Trong tong s6 756 XTND
hoat dong trén Bién Pong, c6 293 XTND (38.8%) d6 b vao dit lién nudce ta. Trong sb 293
XTND d6 bo vao dat lién, phan 16n 14 ap thap nhiét déi va bio (75%), trong 60 nam chi co
54 con bao manh (18%) va 21 con bdo rat manh (7%).

XTND hoat dong trén Bién Pong nhiéu vao giai doan tir thang 6 dén thang 12, trong d6
thang 9 c6 nhiéu XTND xuét hién nhat, trung binh c6 khoang 2 XTND hoat dong, c6 rat it
XTND hoat dong trén Bién Dong tir thang 1 dén thang 4. XTND d6 bo nhiéu vao nudc ta &
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giai doan tir thang 7 dff:n thang 11, trung binh c6 1 XTND d6 bo vao dét’ liéq vao thang 9 va
thang 10, tr thang 1 dén thang 5 va thang 12 c6 rat it XTND va do bg dén dat lién nudc ta.

S6 lwong XTND hoat déng trén Bién Déng va db bé vao Viét Nam
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Hinh 4. S6 lugng XTND hoat dong trén Bién Pong va d6 bo vao Viét Nam qua céc thang.
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Hinh 5. Ty 16 XTND d6 bo vao timg khu vic va sé lugng XTND d6 bo timg thang vao timg khu vic.

Phan b theo khong gian thi XTND d6 bo nhiéu nhat vao khu vuc Bic B6 va Thanh Hoa
(37%), sau d6 1a cac tinh tir Nghé An dén Thira Thién Hué (28%), cac tinh tir Pa Ning dén
Binh DPinh va Phu Yén dén Ninh Thuan XTND d6 bo it hon (14-15%), XTND db bo it nhat
vao khu vuc cac tinh tr Binh Thuin dén Ca Mau va Ca Mau dén Kién Giang (chi co6 18
XTND d6 bo vao khu vuc nay trong 60 nim).

Phan bd theo thoi gian thi XTND anh hudng dén cac khu vuec muodn dan tir Bic vao Nam,
XTND chit yéu do bo vao cac tinh Bic B va Thanh Hoéa tir thang 7 dén thang 9, trong do
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thang 7 1a thang c6 s6 lugng XTND d6 bd nhiéu nhat vao khu vuc nay; tir thang 8 dén thang
10 XTND d6 bo vao céc tinh tir Nghé An dén Thira Thién Hué, trong d6 thang 9 1a thang ¢
s6 luong XTND d6 bo nhidu nhét vao khu vuc nay; tir thang 9 dén thang 10 XTND d6 bo
vao céc tinh tir Pa Nang dén Binh Dinh; tir thang 10 dén thang 11 XTND d6 bé vao cac tinh
tir Pha Yén dén Binh Thu4n va Binh Thuan—Ca Mau—Kién Giang.

Chia chudi thoi gian 60 nim thanh 2 giai doan: 30 nim dau (1961-1990) va 30 nim sau
(1991-2020). Sb lwong XTND hoat dong trén Bién Pong ¢ giai doan 30 ndm sau nhin chung
nhiéu hon 30 ndm dau (giai doan dau c6 362 con, giai doan sau c6 394 con). Thang 9 13 thang
¢6 nhiéu XTND trén Bién Dong nhét (trung binh khoang 2 con bio hoic ATND hoat dong),
mua XTND & ca 2 giai doan déu bat dau tir thang 6. Nhung & giai doan 30 nim sau, mua
XTND kéo dai dén thang 12, trung binh c6 khoang 1 con bdo hoic ATND hoat dong trong
thang 12. S6 lwong XTND 0 giai doan 30 nam sau tang vao thang 8, thang 9 va tang nhiéu
nhat 1a vao thang 12 (gan gap d6i). Sb luong XTND tang ¢ thang 12 chu yéu duoc dong gbp
tir s6 luong ATND va bdo rat manh xuét hién trén Bién Dong.

Sé Ivong XTND hoat dong trén Bién Béng

100

80

€0 | | — giai.doan
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Hinh 6. S6 lwong XTND hoat dong trén Bién Pong cac thang & giai doan 30 nam dau (1961-1990)
va 30 ndm sau (1991-2020).

1961-1990 1991-2020

Hinh 7. Ty 1¢ Ap thap (TD), bio (TS), bio manh (STS) va bdo rat manh (TY) hoat dong trén Bién
Pong ¢ giai doan 30 ndm dau (1961-1990) va 30 niam sau (1991-2020).

O giai doan 30 nam sau, so lugng ATND ting gip 2 1an ¢ giai doan 30 nam dau, sb
luong bao, bao manh, bao rit manh co xu huong giam (giai doan dau c6 305 con bio, giai
doan sau c6 269 con bao).

Xu huéng XTND trén bién Pong ting nhung so luong XTND d6 bo vao Viét Nam lai
c6 xu huéng giam, va s6 lwong XTND giam chi yéu 12 bdo. O giai doan 30 ndm dau c6 151
XTND db bo, giai doan 30 nam sau c6 142 XTND dd bd vao nuée ta. Nhin chung 5 thang
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dau nam c6 rat it XTND dd b, tir thang 6 $6 lugng XTND d6 bd vao Viét Nam bit dau tang.
O giai doan 30 nim dau, XTND d6 bo tap trung vao giai doan tir thang 6 dén thang 11; & giai
doan 30 nam sau, XTND d6 bo it hon vao thang 6 va ting nhanh vao thang 7, s6 luong XTND
d6 bd vao thang 12 ciing nhiéu hon ¢ giai doan 30 nim dau. O giai doan 30 nim dau, thang
9 va thang 10 13 hai thang c6 nhiéu XTND dé bo nhat, trong khi d6 ¢ giai doan 30 nam sau
thang c6 XTND db bo nhiéu nhat va tang vot 1a vao thang 9. Thém vao do s6 luong XTND
& thang 8 va thang 10 ciing giam twong ddi nhiéu.

Sé lwong XTND db bd vao Viét Nam
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1961-1990
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Hinh 8. S lugng XTND db b vao Viét Nam céc thang & giai doan 30 nim dau (1961-1990) va 30
nam sau (1991-2020).

1961-1990 1991-2020

TY

Hinh 9. Ty 1& Ap thip (TD), bio (TS), bdo manh (STS) va bio rat manh (TY) d6 b vao Viét Nam
& giai doan 30 nim dau (1961-1990) va 30 nam sau (1991-2020).

3.2. Khdo sdt gid tri p va bé chi sé phit hop

Nghién clru nay thuc hién 3 thir nghiém:

Thir nghiém 1: St dung b s6 liéu 60 ndm, 9 chi s6 khi hau bao gdm: NINO12, NINO3,
NINO4, NINO34, ONI, SOI, QBO, DMI, WP.

Thir nghiém 2: Str dung b s6 liéu 40 nim gan nhét, 9 chi s6 khi hau bao gom: NINO12,
NINO3, NINO4, NINO34, ONI, SOI, QBO, DMI, WP.

Thir nghiém 3: Str dung b6 s6 liéu 60 nam, 13 chi s khi hau bao gdm: NINO12, NINO3,
NINO4, NINO34, ONI, SOI, QBO, DMI, WP, BEST, AO, RINDO, RESOI

Ung voi mdi thir nghiém lai cho ra két qua gia tri p t6t nhat cua ting thir nghiém, bo sb
lidu cho két qua sai s6 thap va thoa min cac diéu kién kiém nghiém F 14 thir nghiém 1 voi
gia tri p—enter = 0,4 va p—remove = 0,5.
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Bing 2. C4c phuong trinh du béo s6 lugng XTND trén Bién Dong va d6 bo vao Viét Nam.

Mua Phuong trinh du bio s6 lwgng XTND trén Bién Pong
Théang 6-8 JJA =4.819 + 0.925*DMI_5 — 2.122*NINO3_3 — 0.317*SOI_3 + 5.852*NINO4_5 —
5.006* NINO4_4 + 1.556*ONI_3 — 1.135*ONI_5 - 0.022*QBO_4

Théang 7-9 JAS =5.572 - 0.587*NINO12_5 — 0.438*WP_6 — 4.694*NINO4_4 + 4.121*NINO4_5
+2.207*ONI_4 + 0.849*DMI_5 — 0.74*NINO3_4

Thang 8-10  ASO =5.368 — 0.721*WP_6 + 0.096*QBO_5 — 0.076*QBO_7 — 2.021*DMI_7 —
4.66*NINO4_7 - 0.764*SOI_6 + 1.136*DMI_5 — 0.383*NINO12_5 +
1.583*NINO4_5 + 0.898*NINO34 7

Théng 9-11  SON =4.915 — 10.264*ONI_8 — 0.536*WP_6 + 0.653*WP_8 — 3.29*DMI_7 +
1.199*NINO12_8 — 1.117*NINO3_6 + 14.588*ONI_7 — 2.499* ONI_6 — 0.54*SOI_7
+1.373*DMI_6 — 4.332*NINO34_6 — 0.391*WP_7

Thang 10-12  OND = 3.686 + 0.442*SOI_9 — 0.038*QB0O_9 — 3.218*DMI_7 — 1.496*NINO4_7 +
1.39*NINO12_8 — 1.542*NINO3_8 + 1.614*DMI_8 — 0.332*WP_7 + 0.311*WP_8

Phuong trinh du bio so6 lrgng XTND do bd vao Viét Nam
Thang 7-9  JAS = 2.331 + 2.928*DMI_5 — 0.059*QBO_4 — 2.752*DMI_4 — 5.737*NINO3_4 —
1.009*DMI_6 + 0.396*WP_6 + 0.538*NINO12_5 + 6.443*NINO34_4 —
2.202*NINO4_4 + 0.334*SOI_6 + 0.722*NINO12_4 — 1.497* ONI_4

Thang 8-10  ASO = 2.644 + 0.633*SOI_6 — 0.262*SOl_7 — 2.48*NINO3_5 + 0.784* NINO12_7 +
2.302*NINO34_5 — 1.622*DMI_6 + 1.202*DMI_5 — 0.952*NINO4_7

Thang 9-11  SON =2.52 — 0.663*NINO4_8 — 0.208*WP_6 — 0.722*SOI_7 + 0.659*SOI_6 —
1.095*DMI_7 + 0.547*WP_8 + 0.384*NINO12_8 + 0.493*SOI_8 + 0.02*QBO_6
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Hinh 10. So sanh két qua dy bao sb luong XTND trén Bién Pong trén bo sb liéu doc 1ap (2011—
2020).
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Hinh 11. So sanh két qua du bao s lwong XTND d6 bo vao Viét Nam trén bo sb liéu doc 1ap (2011
2020).

Nhin chung, mé hinh dy bao duogc xu thé ting/giam sé lugng XTND trén Bién Dong.
Nhu vay, cac chi s6 khi hau ¢6 twong quan voi $6 lugng XTND trén Bién bong va co thé du
béo duoc s6 lugng XTND. Piéu niy ciing chimg minh cho anh hudng cta cac qua trinh quy
mo 16n véi hoat dong ciia XTND trén Bién bong. M6 hinh du bao tot sb lugng XTND nam
2011, 2012 (sai s6 khoang 1-2 con), dy bao chua duoc tot vao nam 2013, 2014, 2017. Mb
hinh khong dy bdo dugc nhiing nam c6 > 8 XTND hoat dong. V61 XTND dd bo vao Viét
Nam, mé hinh khong bat dugc t6t xu hudng ting giam XTND nhu véi XTND trén Bién
Dong. Mo hinh khong du bao dugc nhitng nam c6 > 5 XTND d6 bo.

Bang 3. Bang sai s6 danh gia du bao (ME, MAE, RMSE) ctia mé hinh duy bao sé lugng XTND trén
Bién Pong va XTND d6 bo han mua (3 thang).

Sai 50 XTND trén Bién Pong XTND d6 b)
JIA JAS ASO SON OND JAS ASO SON
R 0,553 0,57 0,716 0,791 0,762 0,708 0,573 0,616
ME 0,9 0,2 -0,7 -1,9 -1,7 -0,9 -0,3 -2
MAE 2,5 2 2,1 2,5 2,5 1,7 2,3 2,2

RMSE 3,114 2,449 2,775 3,114 3,536 2,214 2,627 2,933

Mo hinh dy bao c¢6 xu hudng sb lwong XTND it hon thuc t& (ME < 0), sai s6 MAE
khoang 2-2,5 XTND trén Bién Pong, tir 1,7-2,2 XTND d6 bo vao dit lién nudc ta. Voi
XTND trén bién bong, mo hinh du bao cho mua JAS (thang 6,7,8) tdt hon cac thang con lai
véi sai s6 du bao 1a 2 con, tuong quan ctia phuong trinh du bao XTND mua ASO (thang 8,
9, 10), SON (thang 9, 10, 11), OND véi sb lugng XTND trén bién Pong 1a twong dbi tot (>
0,7). Vi XTND db bo vao Viét Nam, phuong trinh du béo c6 sai sd thap nhat 1a mua JAS
(thang 6,7,8) véi sai s6 du bao 1a 1,7 con, phuong trinh dy bao mua JAS ciing ¢6 trong quan
tot hon mia ASO va SON.

Nghién ctru [18] du béo s6 lwong XTND trén Bién Dong tir thang 6 dén thang 12 co sai
s6 MAE 16n nhit 1a khoang 3,7 con. Nhu vy, du bao han 3 thang cia nghién ctu nay cho
két qua sai s6 thap hon.
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4. Két luan

Trung binh nim c6 12—13 XTND hoat dong trén Bién Dong, trong d6 c6 4-5 XTND d6
bd vao dit lién Viét Nam (khoang 38-40). 75% sb XTND d6 bo 13 ap thap nhiét d6i va bio,
25% la bio manh va bdo rat manh.

Théng 9 1a thang c6 sb luong XTND hoat dong trén Bién Dong nhiéu nhét (khoang 2
con) va ciing 1a thang c¢6 s6 luong XTND d6 bo nhiéu nhét (khoang 1 con). C6 rat it XTND
hoat dong trong 4 thang dau nam va rat it XTND d6 bo tir thang 12 ndm trude dén thang 5
nam sau.

S6 lwong XTND trén Bién Dong giai doan 19912020 c6 xu hudng ting nhe so vai giai
doan 1961-1990, khoang 4,2%; nguoc lai, ) luong XTND dd bd vao Viét Nam lai co xu
huéng giam nhe (khoang 3,1%). S6 lwong XTND trén Bién Pong ting chii yéu 1a ap thap
nhiét doi va phan 16n ting & thang 12, sé luong XTND dé bd vao dét lién nude ta cling ting
vao thang 12. Nhu vdy, mua XTND trong nhimg ndm gan day co xu hudng keo dai hon.

Co6 thé sir dung phuong phap hdi quy timg bude dé du bao so luong XTND trén Bién
Dong, ude lugng hé sé hdi quy bang phuong phap binh thuong tdi thiéu, gia tri p—enter =
0,4, p—remove = 0,5 va str dung bo so li¢u XTND 60 ndm (1961-2020), 9 chi s6 khi hdu dugc
dua vao mo hinh bao gém: NINO12, NINO3, NINO4, NINO34, ONI, SOI, QBO, DMI, WP
cho két qua du bao tdt nhat. M6 hinh du bao nhin chung du bao dugc xu thé tang giam XTND
trén Bién Dong so véi trung binh nhiéu nam, du bao c6 xu hudng thién thap, sai s6 du bao
khoang 2-3 XTNBD, sai s6 16n cha yéu ¢ nhitng mua ¢6 nhiéu hon 8 XTND. M6 hinh chua
du bao duoc t6t xu thé cling nhu s6 lugng XTND nhiét doi do bd vao Viét Nam, thuong dy
bao hyt nhitng muia c6 nhiéu XTND d6 bo hon trung binh nhiéu nam (nhiéu hon 5 con).
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A seasonal prediction method for the number of tropical cyclones
in East Sea and landfall in Vietnam
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Abstract: This paper presents a study on the characteristics of tropical cyclone activity in
East Sea and landfall in Vietnam, use the stepwise regression method to build a seasonal
statistical prediction model for those two numbers of tropical cyclones (in East Sea and
landfall in Vietnam) based on the relationship with climate indices and large—scale
processes such as ENSO, 10D, QBO, etc. The results show that September has the most
tropical cyclone activity in East Sea and landfall in Vietnam. The majority (75%) of tropical
cyclones that hit Vietham’s mainland are tropical depressions and tropical storms, and only
25% are severe tropical storms and typhoons. The number of tropical cyclones in East Sea
in the period 19912020 tends to increase slightly compared to the period 1961-1990, about
4.2%; on the other hand, the number of landfall tropical cyclones slightly decrease (about
3.1%). The model predicts well the tendency of increase or decrease in the number of
tropical cyclones compared to the average, but it is less than the observation in general. The
seasons with more than 8 tropical cyclones in East Sea and more than 5 tropical cyclones
landfall in Vietnam show larger errors.

Keywords: Tropical cyclone; Seasonal prediction; Stepwise regression; East Sea, Vietnam.
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Tém tat: Luong mua uéc luong tir radar da duoc khai thac va ing dung ¢ rat nhiéu noi trén
thé gidi cho cac m6 phong thiy van nho uu diém vé mit phén bd khong gian so voi lugng
mua quan tric & cac tram mat dat. O Viét Nam, do h¢ thong radar thoi tiét moi dugc ning
cap va x@y dung du t6t trong vai nam gan ddy nén viéc khai thac va img dung cho thuy van
van con rat han ché. Boi vi lugng mua uéc lugng tir radar thuong bao gom nhiéu sai s6 dén
tir cac ngudn khac nhau nén trude khi stir dung dé moé phong va du bao dong chay, viéc thuc
hién hiéu chinh dé giam thiéu sai sb 1a rat can thiét. Vi vay, nghién ctru nay duoc thuc hién
dé hiéu chinh luong mua wéc luong tir radar nham muc dich cai thién chét luong dau vao
cho bai toan md phong dong chay ¢ Viét Nam. Hai phuong phap khi hau va ky thuét loc
Kalman dugc 4p dung lién tiép nhau dé nang cao do chinh xéac lugng mua wéc lugng tur
radar. Két qua ap dung thir nghiém cho luu vuc séng Mi cho thiy chat lugng luong mua
udc luong tir radar da tang 1én dang ké v&i su cai thién cua cac chi tiéu sai s6 trung binh, hé
s6 twong quan va sai s quin phuong.

Twr khéa: Lugng mua udce lugng tir radar; Hi¢u chinh; Phuong phép khi hau; K¥ thuat loc
Kalman; M6 phong dong chay.

1. Pt van dé

Luogng mua 1a mot trong nhitng bién dau vao quan trong nhat trong mé hinh mua—dong
chay [1-3]. D6 chinh x4c phan bd mua theo khong gian va thoi gian dong vai tro quyét dinh
den do chinh xac m6 phong dong chay cua cac mo hinh thuy van. Trudc day, khi cong nghé
vién tham chua phat trién, dir liéu lvgng mua sir dung lam dau vao cho cac mé hinh thuy van
duogc 1y tir cac tram quan tric mat dat (sau day goi tit 1a lwong mua mat dat). Uu diém cua
loai dit li¢u nay la chiing c¢6 do tin cdy cao ¢ tai hodc trong pham vi nhdé xung quanh vi tri dat
tram [4]. Tuy nhién, do nhiéu van dé khac nhau ma sO lwong tram quan tric van chua dugc
lap dat du day, dap tmg duoc yéu cau chi tiét phan bd khong gian cua cac m6 hinh mé6 phong
mua—dong chay, dic biét 1a cac mo hinh thuy van thong s phan bd. Dé giai quyét van dé
nay, nguoi ta thuong sir dung cac phuong phap noi suy dé tinh toan gia tri luong mua &
nhitng diém khong c6 tram quan tric. Dleu nay co6 thé dan dén nhiing sai so dang ké do su
phan hoa ctia lwgng mua theo khong gian rat 16n, hé qua c6 thé gay ra sai s trong mo phong
dong chay. Pé giam thiéu sai s6 dén tir phan bd khong gian cta luong mua, viée khai thac
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dir liéu mua wéc lugng gian tiép qua vién tham di dwoc nghién ctru va ing dung thir nghiém
trén thé gidi tir nhimg nim 1980. C6 thé ké dén mot s6 hé thdng khai thac hiéu qua dit liéu
radar cho mé phong va du bao 1ii trén thé gi¢i nhu Nimrod [5], GANDOLF [6] va cac hé
théng dang van hanh ¢ Nhat Ban, Han Qudc, ... O Viét Nam, dit liéu mua wéc luong tir vién
thim gan ddy da dwoc khai thac nhiéu hon, dic biét 1a tir vé tinh. Mot ngudn dir lidu wée
luong mua tir vién tham khéc 1a tir radar mic du da nhan duogc nhiéu sy chu y nhung gﬁn nhu
chua duoc khai thac cho cac muc dich thuy van do hé théng radar & Viét Nam mai thuc su
van hanh 6n dinh trong mot vai nim gan ddy. D liéu mua wdc lugng tir radar (sau day goi
tat 1a lugng mua radar) cé nhiéu vu diém ndi bat so vai dir liéu mua uée lugng tir v€ tinh nhu
1) luong mua radar thuong chinh xac hon lugng mua v¢ tinh (trong pham vi quét hiéu qua
cua radar) [7-8]; 2) thoi gian tré ngén rat nhiéu cho vé6i vé tinh (radar thuong tré 5-10 phut
trong khi vé tinh tré ngan nhat 1a khoang 30 phut). Vi vay, khai thac dir liéu mua radar co
tiém nang 16n dé giam thiéu duoc sai s6 khong gian cua lwong mua trong bai toan mé phong
thuy van.

Giéng nhu dit liéu mua udc lugng tir vé tinh, lwgng mua radar chira dung nhiéu sai s6
dén tir cac ngudn khac nhau [9-11]. Nhitng ngudn sai s nay duoc chia thanh 2 nhém bao
goém 1) nhém anh hudng dén d6 phan hoi vo tuyén (vi du: dia hinh, su suy giam cua song
dién tir trong khong khi, anh sang mat troi, song dién tir tir cac nguén phat khac, ...) va2) su
khong phu hop cia quan hé Z-R (d6 phan hoi vo tuyén—luong mua). Vi vay, trude khi sur
dung dir liéu mua radar cho mé phong mua—dong chay, can thiét phai hiéu chinh dit liéu mua
radar dé giam thiéu sai s6.

C6 nhiéu phuong phép di duoc dé xuat, phat trién va tmg dung trén thé gidi dé hiéu
chinh luong mua radar. Mdi phuong phap déu c¢6 nhitng wu va nhuoc diém khac nhau [12—
18], trong do, phuong phap khi hau (climatology) va ky thuét loc Kalman la hai phuong phap

¢6 nhiéu wu diém va dugc sir dung pho bién nhat trén thé gidi. Nghién ctru ndy sé ap dung
hai phuong phép khi hau va k¥ thuat loc Kalman dé thir nghiém hi¢u chinh lugng mua radar
0 Viét Nam.

2. Phuwong phap, khu vire nghién ctru va sb liéu sir dung

Nhu d dé cép, dit liéu mwa radar chtra dung nhiéu sai sé dén tir nhiéu ngudn khéc nhau.
Vi vay, trude khi sir dung muc dich mo phong thiy van, can thiét phai higu chinh lugng mua
radar dé giam thiéu sai s6. Quy trinh hiéu chinh tong thé cac budc thuc hién dugc trinh bay
trong Hinh 1. Luong mua mit dat duge sir dung trong toan bo qua trinh hiéu chinh bao gom
1) tich hop véi lugng mua udc lugng tir radar ban dau dé 1am dau vao cho phuong phap khi
hau (mdt phuong phap thong ké dé khir sai s6 hé théng); 2) tich hop voi lugng mua da hidu
chinh tir phuwong phap khi hau dé 1am dau vao cho k¥ thuat loc Kalman; va 3) tich hop véi
luong mua da hiéu chinh béng k¥ thuat loc Kalman dé tao ra luong mua “tot nhat” dé lam
dau vao cho md hinh mua—dong chay.

Lwong mwa quan Lwong mwa woc
trédc mat dat Iong tir radar

— Lwong mwa sau hiéu chinh béng phwong phap khi hau

|

Phwong phap

Ky thuat loc
Kalman

— Lwong muwa sau hiéu chinh béng ky thuat loc Kalman

Lwong mua tich hop

M6 hinh mwa - dong chay

Hinh 1. So d6 cac budc hiéu chinh lwong mua radar.
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2.1. Phuong phap khi hau

So dd cac bude thyuc hién hiéu chinh luvong mua radar bang phuong phap khi hau dugc
trinh bay trong Hinh 2. Pau tién, lugng mua radar dugc ndi suy vé cac diém tram bang
phuong phap nghich dao trong s6 khoang cach (Inverse Distance Weighting — IDW). Luong
mua radar cung véi lugng mua mat dét tai cac diém tram duoc chia vao cac khu vue khéc
nhau dé tinh toan luong mua trung binh cho timg khu vuc. O bude ké tiép, cac dudng xac
suét tich lily (Cummulative Distribution Function — CDF) cia luong mua radar va mat dat
duoc xay dung cho timg khu vuc. Tur két qua xay dung duong CDF, sai s6 giira lwong mua
radar va luong mwa mat dit & cac muc xac suét tich liiy khac nhau & timg khu vuc duoc xac
dinh (cong thic 1) va sir dung dé hiéu chinh lwong mua radar tai cac 6 luéi (cong thire 2).
Ngoai ra, do dit li€u lugng mua mat dét chi ¢6 tai cac vi tri tram, lwong mua radar tai cac
diém tram cling dugc hiéu chinh dé st dung cho danh gia su thay ddi cua d6 chinh xé4c cua
lwong mua radar sau khi 4p dung phuong phap khi hau.

CDF,

Bias = Rg‘% (1)
AWS

Trong d6 Bias 1a sai s6; k 12 mirc x4c suét tich iy c6 gié tri béng 0,01, 0,05, 0,1, 0,15,
0,20, ..., 1,00; radar va AWS tuong tng l1a ky hi¢u cho lugng mua radar va lugng mua mat
dat. Can luu y 1) gia tri Bias 14 gi4 trj trung binh cac khu vuc, gia tri nay duoc sir dung dé
tinh toan lai cho timg tram; 2) lugng mua radar nam trong khoang gié tri thudc mirc xac suat

tich Iily nao thi s& sir dung gia tri Bias & cdc mirc x4c suét tich lily tuong tng.
Reor,i = Bias * Rradar,i (2)

Trong do Rcor 1a lugng mua sau hi¢u chinh, i 1a khu vuc thir i.

Lwong mwa quan trac Lwong mwa uwédc
mat dat lwong tw radar

!

N6i suy vé diém tram |

! !

Chia cac tram vao cac khu vuc |

} :

Lwong mwa mat dat Lwong mwa radar

trung binh khu vuwc trung binh khu vyc

Budng xac suat tich Pudng xac suét tich
Iy lwegng mwa mat dat 0y lwvoeng mwa radar

Sai sé gitra lwong mwa mat dat va radar & cac mic
xac suat tich Iy

A 4
s

D%nh gia <—| Lwong mwa radar sau hiéu chinh & vi tri tram |
két qua l

|  Luong mua radar sau hiéu chinh & cac 6 luéi |

Hinh 2. So d0 céc bude hidu chinh lugng mua wéc lugng tir radar bang phuong phéap khi hau.

2.2. Ky thudt loc Kalman

KY¥ thuat loc Kalman dugc diéu chinh lai cho phu hop véi bai toan hi¢u chinh lugng mua
radar duoc phat trién boi [18]. Phuong phap nay gom 2 budc, dugc tham khao nhu “Cap nhat
theo thoi gian” va “cdp nhat khi cé gia tri thyc do”™. O bude thir nhét, sai sb trung binh cta
lwong mua wdc lugng tir radar Pt va hiép phuong sai cua sai s6 hé théng (error covariance)
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Pt dugc du doan cho budc thoi gian ké tiép. O budc thir hai, sai sé du doan va hiép phuong
sai dugc cap nhat khi co s6 liéu thuc do. Bt dugc gia thiét tuan theo qua trinh tu hoi quy bac
1 (the first—order autorgressive process, AR (1)) [19]. Cac budc thuc hién hi€u chinh lugng
mua udc luong tir radar bang k§ thuat loc Kalman duoc trinh bay trong Hinh 3. Pau tién, sai
sd trung binh cua luong mua radar (d4u ra ciia phuong phap khi hiu) duge tinh toan theo

cong thuc:
n
1 G;
Be = —Z logio (_lt> 3)

Trong d6 B 12 sai s6 trung binh cta Iu’O’ng mua radar; Git 1a lvong mua quan tric mat dat
tai tram thir i ¢ thoi diém t; Rit 1a lugng mua u6ce lugng tu radar tai tram thir i ¢ gio thir t; va
n 1a s6 luong tram quan tric mat dat. Khi tinh toan Bt can luu y trudng hop Riy tién t6i 0.
Trong trudng hop nay, B s& tién téi vo cing va s& duogc coi nhu 1 khong co dit liéu (missing).
Bo=0
Po :(1_P§)XU§

Cap nhat theo thei gian v
(“Predict”)

Tinh toan sai sb & thoi diém t
By =pg X Br 1+ W,

'

Tinh toan phwong sai hé théng &
thoi diém t
Pr_:Pf;XPt—lJr(l*Pf;)XUE

F 3

A 4

t=t+1

Co dir Héu: radar &
thoi diém t?

ﬁr_ =pp X lSAt—l

Khéng

Cap nhat khi cé gia tri thwc do 4
“Correct”) 4 Py =(1—pp) Xaf

Tinh toan Kalman gain
K, =P; X (Pf +0Mr) !

¢

Cap nhat sai s6
Be =B +Ke X (Ve — Br)

'

Cap nhat phuong sai hé théng
P =(1—K) XPr

t=1t+1

Hinh 3. So dd cac bude hiéu chinh lvgng mua woc lugng tir radar béng k¥ thuat loc Kalman.

O bude ké tiép, sai s6 va phuong sai hé théng ¢ thoi diém t dugc tinh toan nhu sau:
Br = pp X Br-1 + W, (4)
Pt_=péxpt 1+(1—pé)><0[23 )
Trong d6 pp 1a hé s6 tu tuong quan (lag—1) cua B; Wi ~ (O, 62,) 1a nhiéu (white noise),
du’oc xac dinh voi gla thlet n6 tuan theo phan bd chuédn c6 gia tri trung binh 1a 0 va phuong
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O giai doan cap nhat, gia tri Kalman gain dugc xac dinh theo cong thire (6), cac gia tri
va phuong sai h¢ thong P dugc cap nhat dua trén gia tri cua Kalman gain va dir li¢u thuc do
tai cac tram mat dat.

Ke=P x (P + Glz\dt)_l (6)
Be = Bt + K¢ X (Yo = BD) (7
P.=(1-K)xP~ (8)

Trong d6 Gf,[t 1a phuong sai ctia hiéu sai s6 thuc do va du bao (Mt = Y — Br); M: duoc
gia thiét tudn theo phan bd chuidn c6 gia tri trung binh 13 0 va phuong sai Gf,[t
(GMt = GYt - GB = l i 10Y1t 0[23); Yt 14 sai s6 th};c do.» ‘

PAu ra cia ky thuat loc Kalman duoc str dupg deé chuyén lai tir dinh dang logarit vé dang
thuong (cong thirc 9) trude khi dugce st dung dé hi€u chinh lugng mua radar (cong thure 10).

B, = 10LBe+0.5P¢] 9)
Rcor = Rclim * Bt (10)
Trong d6 Pt va Pt 1a ddu ra cta k¥ thuat loc Kalman.

2.3. Chi tiéu danh gia

Do dit liéu mua thue do chi ¢6 & cac diém tram nén viée danh gia chi c6 thé thuc hién &
cac diém tram. Néu két qua hiéu chinh & cac diém tram t6t hon so v6i dir liéu mua radar ban
dau thi két qua hiéu chinh & cac diém ludi ciing duoc gia thiét 1a tot hon. Céc chi tiéu s dung
dé danh gia bao gdbm ME (sai s6 trung binh), hé s6 twong quan (CC) va RMSE (sai s6 quan
phuong). Cong thure tinh cac chi ti€u nay nhu sau:

ME — Yiz1(Rradari — Raws;i) (11)
__n -
Zinzl(Rradar,i - Rradar) (RAWS,i - RAWS) (12)

CC=

E—) [
\/Z?=1(Rradar,i - Rradar) \/(RAWS,i - RAWS)2

o (13)
MSE = | (Rradar; — Raws)?

i=1

2.4. Khu vuc nghién ciru va so liéu s dung

Luu vuc song Ma dugce lua chon 1a khu vuc thir nghiém trong nghién ctru nay. Day la
luu vic song xuyén bién gidi co dién tich khoang 28.400 km? (khoang 17.600 km? & Viét
Nam va 10.800 km? nam trén lanh tho lao), bat ngudn tir tinh Pién Bién, chay qua tinh
Huaphanh, Lao va tinh Thanh Hoéa trudc khi d6 ra Bién Dong. Ngoai dong chinh, song Ma
¢6 hai phy luu 16n 12 séng Chu va song Budi. Luu vire song Ma 1a mot luu vuce song 16n, nam
trong nhiéu khu vue khi hau khac nhau va nim trong pham vi quét cua 3 radar Viét Tri, Vinh
va Pha Din. Do d6, trude khi thuc hién hiéu chinh, can phai chia thanh cac khu vuc c6 dac
diém giéng nhau dé hiéu chinh. Dua trén dic diém luu vuc song Ma va pham vi quét cuia cac
radar, luu vuc song Ma duoc chia thanh 5 khu vuc bao goém 1) Thuong lwu song Ma: tinh
dén ho chira Trung Son, ndm trong pham vi quét cua radar Pha Din; 2) Trung luu song Ma:
tir ha luu hd Trung Son dén tram Ly Nhéan, ndm trong pham vi quét cua radar Viét Tri va
radar Vinh; 3) Luu vuc séng Budi: phan luu vuc song Budi, ndm trong pham vi quét cua
radar Viét Tri va radar Vinh; 4) Luu vuc séng Chu: phan luu vuc séng Chu tinh dén tram
Xuan Khanh, ndm trong pham vi quét cua radar Vinh; va 5) Ha luu song Ma: tir ha luu tram
Ly Nhén va Xuan Khanh dén cira bién, nam trong pham vi quét ctia radar Vinh. Ban d6 luu
vuc song Ma va 5 khu vuc hiéu chinh dugc thé hién trong Hinh 4, trong khi nhitng dac diém
chinh cta 3 radar Pha Din, Viét Tri va Vinh dugc trinh bay trong Bang 1.
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Hinh 4. Ban dd luu vuc song Ma va 5 khu vyc hiéu hinh.
Bang 1. Dic diém chinh cua cac radar quét t6i luu vuc séng MA.
Radar  Band  Kinh dé Vido Phancye  Dankinh - Nim cai djt/cap
i i : hi¢u qua nhit
Vinh S 105,6999 18,6473 Pon cuc 200 2017
Viét Tri C 105,3048 21,4194 Ludng cuc 120 2020
Pha Din C 103,5170 21,5713 Ludng cuc 120 2018

S6 liéu mua thuc do timg gid tir nam 2020 dén 2021 duoc thu thap tir 145 tram trén hé
thong CDH (center data hub) ciia Tong cuc Khi twgng Thuy van. Dir liéu nay dugc phén tich
va xu ly tai tung tram dya trén cac danh gia vé tong luong mua nam, tong s6 thoi gian c6 dir
liéu va tong s0 thoi gian c6 mua. Cudi cung con 72/145 tram dugc gitt lai va st dung. Trong
do, khu vyc thugng luu song Ma cé 6 tram, trung luu song Ma c6 16 tram, ha luu song Ma
c6 27 tram, song Chu c6 11 tram va song Budi c6 12 tram.

S6 liéu mua 10 phut uéc lugng tir radar (CAPPI) cho luu vuc séng Ma tir 01/6/2020—
31/12/2020 va tir 01/06/2021 dén 31/12/2021 cung cép boi Pai Khi tugng Cao khong, Tong
cuc Khi twong Thuy van duge sir dung dé hiéu chinh. Dit liéu mua radar duoc wéc luong tir
do phan h01 vO tuyen thong quan moi quan hé Z-R Marshall-Palmer [20] ¢6 d6 phan giai
1km; cac van dé vé nhiéu, chong chéo (overlap), ... da dugc xir Iy boi AMO. S liéu mua
mat dat va radar déu duoc tinh vé luong mua 6 gid tru:(')c khi hiéu chinh dé déng b6 véi lwong
mua quan tric tai cac tram khi tuong (nhiéu tram chi c6 lugng mua 6 gio).

3. Két qua va thio luin

3.1. Két qua hiéu chinh lwong mua radar bang phwong phdp khi hdu

Két qua xay dung dudng xac suat tich lity (CDF) cho luong mua mat dat va radar tich
lity trong 6 gid & cac khu vuc duoc thé hién trong Hinh 5. Nhin chung, luong mua mat dat
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va radar khong c6 sy khac biét dang ké & cac mie CDF nho hon 0,5, riéng ¢ khu vuc thuong
luu song M3, su khéc biét ro rang chi xuét hién tir mic CDF 16n hon 0,65. Luong mua udc
lwong tir radar c6 xu hudng thién cao so v6i luong mwa quan tric mat dat ¢ tat ca cac khu
vuc. Luong mua quan tric mat dat 16n nhét & khu vuc thuong luu, trung luu, ha luu song Ma,
song Chu va song Buoi lan luot 13 24,3 mm, 55,4 mm, 62,9 mm, 68,2 mm va 41,1 mm, trong
khi d6 lvong mua radar 16n nhat & cac khu vuc nay lan luot 1a 38,0 mm, 99,2 mm, 104,0 mm,
121,0 mm va 100,8 mm.

Két qua hiéu chinh lugng mua radar cho cac khu vuc dugc thé hién qua su thay ddi cua
cac chi tiéu ME, hé sb trong quan va RMSE trude va sau khi 4p dung phuong phap khi hau.
Sy thay ddi cta cac chi tiéu danh gia & cac khu vuc duoc trinh bay trong hinh tir Hinh 6. Két
qua cho théy, d6 chinh xac cua lugng mua radar sau khi hi¢u chinh & tat ca cac khu vuc da
ting 1én dang ké v6i ME va RMSE giam manh, trong khi hé sb trong quan ting nhe trir khu
vuc song Chu va song Budi ¢ hé s6 twong quan giam nhe. Gia tri trung binh cac tram cua
ME va RMSE tuong mg giam manh tir 0,85 mm/6h xubng 0,25 mm/6h va tir 8,5 mm/6h
xuéng 6,5 mm/6h ¢ thugng luu song Ma; tr 1,5 mm/6h xuéng 0,1 mm/6h va tir 13,0 mm/6h
xudng 9,2 mm/6h & trung luu séng M3; tir 1,75 mm/6h xudng 0,35 mm/6h va tir 14,7 mm/6h
xudng 9,8 mm/6h ¢ ha luu séng Ma; tir 1,75 mm/6h xudng 0,1 mm/6h va tir 13,5 mm/6h
xudng 9,0 mm/6h & khu vyc song Chu; tir 0,8 mm/6h xudng —0,4 mm/6h va tir 12,0 mm/6h
xudng 9,0 mm/6h & khu vuc song Budi. Co thé dé dang nhan thiy d6i véi nhitng tram co gia
tri ME am (déc biét 1a & khu vuc song Chu va song Budi), sau khi hiéu chinh, ME & nhiing
tram ndy tiép giam xudng va kéo xa khoi gia tri “tot nhat” (ME bang 0).

Tir nhitng phan tich & trén cho thdy hiéu chinh lwong mua wdc luong tir radar bang
phuong phap khi hau c6 thé nang cao duoc do chinh xé4c ciia lugng mua radar véi cac chi
tiéu ME, hé s6 tuong quan va RMSE duoc cai thién ¢ hau hét cac khu vyec. Tuy nhién, do
lwong mua radar trung binh khu vyc chua higu chinh ¢6 xu huéng thién cao, dan dén viéc
sau khi thye hién hi¢u chinh cho céc tram, lugng mua ¢ cac tram c6 xu hudng thién thép tiép
tuc thién thap hon. Diéu nay 1 khong thé tranh khoi va ciing 1a mot han ché cua phuong phap
khi hau.

o Thuong luu séng Ma o Trung lwu séng Ma
’ — Mua mat dat ) —— Muwa mat dat
Mua Radar Mua Radar
0.8 4 0.8 4
0.6 0.6
=} =}
o o
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— Mua mat dat —— Mua mat dat
Mua Radar Mura Radar

0.8 08

0.6 0.6

CDF
CDF

0.44 0.4

0.2 0.2

0.0 T T T T 0.0 T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 120
Lugng mua (mm) Lugng mua (mm)




Tap chi Khi tiwong Thaty van 2022, 743, 23-35; doi:10.36335/VNJHM.2022(743).23-35 30

ME {mm/6h} H# s6 tuong quan ME {mm/6h}

H¢ s6 tuong quan

RMSE (mm/6h)

song Buai
1.0
—— Mua mat dat
Mua Radar
0.8 1
0.6
8

0.4 1
0.2 1
0.0 T T T

0 20 40 B0 B0 100

Luong mua (mm)

Hinh 5. Két qua xay dung duong xac suét tich liily mua radar va mit dat cho 5 khu vuec.
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3.2. Két qua hiéu chinh lwong mua radar bang ky thudt loc Kalman

Béang 2. Céc trdn mua st dung cho hi¢u chinh béng k¥ thuat loc Kalman.

Toéng lwong mua trung binh khu vwe (mm)

Ky hiéu Trin mwa Ha luu Séng  Trungluu SO6ng  Thweng luu
songMa  Chu songMa  Budi song Ma
Evl 2020/08/01/07 —2020/08/07/07 1485 2116 1913  166,2 122,2
Ev2 2020/08/09/19 —2020/08/14/19 86,1 77,1 109,0 1194 58,7
Ev3 2020/08/15/19 — 2020/08/22/01 103,1 1437 1992 1784 134,6
Ev4 2020/09/17/13 — 2020/09/20/13 108,0 143,5 89,7 103,6 25,3
Ev5 2020/10/14/01 — 2020/10/20/01 2433 2937 2196 2252 45,2
Evé 2020/10/28/19 — 2020/10/31/19 85,6 102,2 58,0 73,0 13,0
Ev7 2020/11/15/07 — 2020/11/17/01 58,2 434 29,3 35,5 57
Ev8 2021/06/11/13 — 2021/06/14/01 53,5 60,8 71,8 98,2 46,1
Ev9 2021/07/07/07 — 2021/07/10/13 86,5 41,8 71,4 92,0 15,5
Ev10  2021/07/21/19 —2021/07/24/19 105,0 110,8 140,0 137,1 94,1
Evll  2021/08/26/01 —2021/08/28/19 87,5 55,8 51,7 40,0 22,3
Evl2  2021/09/07/13 —2021/09/09/19 172,8 114,2 95,1 95,2 17,8
Ev13  2021/09/13/19 —2021/09/16/19 108,9 96,9 31,8 32,2 19,2
Evl4  2021/09/22/13 —2021/09/27/07 279,7 196,7 1776 148,2 29,0
Evl5  2021/10/09/19 —2021/10/12/01 80,0 64,3 89,3 126,3 24,5
Evli6  2021/10/13/19 —2021/10/17/01 140,2 190,3 1143 1204 27,1
Evl7  2021/10/28/19 —2021/11/02/13 58,8 53,8 44,8 52,6 39,9
100 : I I Thurgmg uu sing Ma w00 : I Trung Ivu s6ng Ma
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Khong gidng v6i phuong phap khi hau (sir dung chudi dif lidu trong thoi gian dai dé hidu
chinh), k¥ thuat loc Kalman chi dugc 4p dung cho cac tran mua, nghia Ia chi khi c6 mua 16n
thi phuwong phap nay méi dugce kich hoat. Chi tiéu dé lya chon céc tran mua 1a ¢6 lugng mua
16n va kéo dai. Chi tiét cac tran mua duoc lya chon trong 2 nam 2020 va 2021 dé hiéu chinh
bang k¥ thuét loc Kalman dugc trinh bay ¢ Bang 2, trong d6 cac Ev tir 1 dén 10 duoc st dung
dé hiéu chinh (calibration), cac Ev tir 11 dén 17 duoc str dung dé kiém tra (testing).

Két qua tinh toan beta thyc té (bang cong thirc 1) va beta du doan (dau ra cua ky thuat
loc Kalman) cho 5 khu vuc duoc thé hién trong cac hinh tir Hinh 7. Cac Ev tir 1 dén 17 1a ky
hiéu cho cac tran mua. Két - qua cho thy duong qua trinh sai s thuce té va dy doan twong dbi
phu hop v6i nhau v6i hé sb twong quan tai tat ca cac khu vuc déu trén 0,98. Pidu ndy mo ra
kha nang cao k¥ thuat loc Kalman c6 kha nang nang cao dugc do tin cdy cia luong mua udc
luong tir radar.
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Murc do hi€éu qua ctua hiéu chinh lugng mua udc luong tir radar bang ky thuét loc Kalman
dugc thé hién thong qua sy bién ddi ciia céc chi tiéu danh gia bao gom ME, h¢ sO tuong quan
va RMSE. D0 tin cdy ctua lugng mua radar sau hi¢u chinh s¢ tang Ién néu ME va RMSE tién
t6i 0, hé s6 twong quan tién ti 1. Két qua tinh toan sy thay ddi ctia cac chi tiéu cho tat ca cac
tran mua & 5 khu vue dugc thé hién trong hinh tir Hinh 8. Céc chi tiéu cho lwgng mua radar
trude va sau khi higu chinh bang phuong phéap khi hau va ky thuat loc Kalman dugc thé hién
1an luot bang cac duong mau den, mau xanh va mau d6. Can luu y rang két qua tinh toan cac
chi s6 cho lwgng mua radar truée hidu chinh va hiéu chinh bang phwong phap khi hau & trong
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muc nay co6 su khac biét so véi két qua trong muc 4.1 do két qua tinh toan cac chi tiéu & muc
4.1 1a cho toan bd chudi dit lidu (01/06/2020-31/12/2020 va 01/06/2021-31/12/2021) trong
khi két qua tinh toan trong ndi dung nay chi cho 17 tran mua. C6 thé dé dang nhén thiy do
chinh xdc cua lugng mua radar da tang 1én dang ké sau khi 4p dung cac phuong phap hi¢u
chinh véi sy cai thién cua cac chi s6 ME, hé sé twong quan va RMSE & tat ca cac khu vuc,

ngoai trir truong hop ¢ luu vue song Buoi co gia tri ME kém hon trudce khi hiéu chinh (cac
chi s0 khac van dugc cai thién). Xet gia tri trung binh tat ca cac tram trong mot khu vuc, chi
s6 ME ¢ thuong luu séng Ma cho ki thuat loc Kalman khong tot bang phwong phap khi hau
(tang tir 0,50 mm/6h 1én 0,61 mm/6h). Tuy nhién, danh gia cho timg tram thi chi s6 ME van
duoc cai thién véi 4/6 tram ¢ ME tién gﬁn t61 0 hon. Céac khu vuc song khéc déu cho théy
su cai thién cua chi tiéu ME: Trung luu song Ma tang tir —1,40 mm/6h 1én —0,35 mm/6h; Ha
luu song Ma tang tir —0,80 mm/6h 1én 0,17 mm/6h; S6ng Chu tang tir —2,26 mm/6h 1én —-1,51
mm/6h; Song Budi tang tir —2,66 mm/6h 1én —1,76 mm/6h. Hé s tuong quan & cac khu vuc
déu ting manh so véi trude khi 4p dung k¥ thuat loc Kalman (két qua hiéu chinh bang phuong
phap khi hau). Hé s tuong quan trung binh céc tram & thuong luu séng M ting tir 0,15 1én
0,19; ¢ trung luu song Ma tang tir 0,11 1én 0,22; ¢ ha luu song Ma tang tir 0,11 1€n 0,22; &
khu vyc s6ng Chu tang tir 0,08 1én 0,19; va & khu vuc séng Buoi tang tir 0,04 1én 0,14. Xét
cho ting tram, hé s twong quan & hau hét cac tram déu tang 1én, trir 1 tram ¢ thuong luu
song Ma va 1 tram & khu vuc séng Buéi giam xudng. Chi s6 RMSE gan nhu khong c6 sy
thay doi so voi két qua hiéu chinh tir phuong phap khi hau & tat ca cac khu vuc.

Ttr nhitng phén tich & trén cho 5 khu vuc cho thay hiéu chinh lwong mua wdc luong tir
radar bang k¥ thuat loc Kalman c6 thé tiép tuc nang cao dugc dg chinh xac cia lugng mua
udc lugng tur radar sau khi dé hi€u chinh bang phuong phap khi hdu voi cac chi tiéu ME, h¢
s0 tuong quan va RMSE duogc cai thién ¢ hau hét cac khu vuc, dic biét 1a hé sb twong quan.
Tuy nhién, két qua hiéu chinh & mét sb tram lai ¢6 xu huéng kém chinh xac hon so véi trudc
khi hiéu chinh. Piéu nay la khong thé tranh khoi va cling 12 mgt han ché cua ky thuat loc
Kalman.

5. Két luén

Nghién ctru nay duoc thyc hién dé hiéu chinh lwong mua radar bang phuong phap khi
hau va ky thuat loc Kalman cho luu vuc song Ma. Luong mua udce lugng tir radar dugc noi
suy vé cac diém tram va dugc dat vao 5 khu vyc hi€u chinh khac nhau. Luong mua trung
binh cac tram & mdi khu vuc duge loai bé gia tri 0 trude khi xay dung duong xac suat tich
lity (CDF). Dya trén duong CDF ctia radar va tram quan tric, sai s & cac mirc xac suat khac
nhau dugc tinh toan va sir dung dé hi¢u chinh lugng mua radar cho cac tram va cac diém luéi
0 cac ngudng luong mua tuong Umg. Két qua hiéu chinh duoc danh gia & cac diém tram sir
dung 3 chi tieu ME, h¢ s6 tuong quan va RMSE. Ket qua cho thdy do chinh x4c cta lugng
mua udc luong tir radar da dugce cai thién dang ké & tat ca cac khu vuc trén luu vuc song Ma
sau khi hiéu chinh bang phuong phap khi hau véi gia tri ME ¢6 xu hudng tién t6i 0, hé sd
twong quan tang nhe va RMSE giam xudng. Tuy nhién, & nhitng diém tram c6 ME nho hodc
am, lugng mua radar sau khi hiéu chinh c6 xu hudng tach xa khoi gia tri “t6t nhat”. Piéu nay
c6 thé duoc giai thich 1a do lugng mura radar trung binh khu vuc chua hidu chinh c6 xu huéng
thién cao, dan dén viéc sau khi thuc hién hiéu chinh cho céc tram, luong mua & cac tram co
xu hudng thién thap tiép tuc thién thip hon. Pay 1a mot han ché ctia phuong phap khi hau.
Dé khic phuc duoc han ché ciia phuong phéap khi hau, k¥ thuat loc Kalman tiép tuc duoc ap
dung dé hiéu chinh. Sai s6 dang logarit giita lwong mua radar va quan trac mat dét cho 17
tran mua xay ra vao nam 2020 va 2021 ¢ cac khu vuc dugc tinh toan va lam dau vao cho ky
thuat loc Kalman dé lién tuc du doan va cap nhat trong thoi gian thuc. Két qua cho théy do
chinh x4c cua luong mua radar da tiép tuc dugc nang cao dang ké & tt ca cac khu vuc trén
luu vuc song Ma sau khi hi¢u chinh k¥ thuat loc Kalman véi gia tri ME ¢ xu hudng tién tGi
0, hé sb tuong quan ting manh va RMSE gan nhu khong d6i. Ky thuat loc Kalman ciing da
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chimg minh dugc kha nang giai quyet nhuoc dlem cta phuong phéap khi hau véi viée cac
tram c6 gia tri ME am da tién gan vé 0 va hé sb trong quan ting 1én dang ké. Tuy nhién, két
qua hi¢u chinh & mot $6 tram lai c6 xu hudng kém chinh xac hon so véi trude khi hi¢u chinh.
Diéu nay 13 khong thé tranh khoi va ciing 13 mot han ché cua k¥ thuét loc Kalman.

DPong gop cua tac gia: Xay dyng y tuong nghién cru: N.HM., MV.K; Xu ly sO lieu:
N.P.N., V.T.T.V.; Tinh toan két qua: N.H.M., V.T.T.V., P.T.D.; Viét ban thao bai bao:
N.H.M., P.T.D.; Chinh stra bai bao: N.H.M., H.V.D.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy hd tro vé miat dir liéu va phuong phéap
ludn cua dé tai “Nghién ciru cong nghé dir bdo dong chdy lii han ngdn theo mé hinh dir bdo
muea sé tri va sé liéu radar thoi tiét. A'p dung thir nghiém dy bao lii han ngcfn cho lvu viee
S6ng MA”, ma s6 TNMT.2022.02.16, do BO Tai nguyén va Moi trudng tai tro.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Bias correction of radar rainfall estimates for improving
hydrological simulation
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Abstract: Radar rainfall estimates have been exploited and widely used in the world for
hydrological simulations thanks to the advantages of spatial distribution compared to
observed rainfall at ground stations. In Vietnam, due to the weather radar system has been
upgraded and installed in recent years, the exploitation and use for hydrology is still very
limited. Because radar rainfall estimates often consist of many errors arising from various
sources, before using for flow simulation and prediction, bias correction is very necessary
to minize errors. Therefore, this study was conducted to correct the radar rainfall estimates
in order to improve the input quality for runoff simulation in Vietnam. Two methods
including climatology and Kalman filtering technique are applied consecutively to increase
the accuracy of radar rainfall estimates. The results of applying to the Ma River basin show
that the quality of radar rainfall estimates has increased significantly with the improvement
of mean error, correlation coefficicent and root mean square error.

Keywords: Radar rainfall estimates; Bias correction, Climatology method; Kalman filtering
technique; runoff simulation.
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Tém tit: Trong nghién ctru nay st dung mo hinh hai chiéu dé giai quyét bai toan truyén
tai rac thai nhya khu vuc cira séng ven bo Pa Nang—Quang Nam bang mé hinh MIKE
21/3 Couple Model FM ciia DHI ¢6 sir dung thanh phan thuy dong luc (HD) va thanh quy
dao vat thé tréi (PT) ap dung dbi véi bai toan truyén tai rac thai nhwa. Két qua tinh toan
dugc hiéu chinh, kiém dinh va mo phong dua vao danh gia so sanh yéu t6 muc nudc giita
tinh todn va thuc do tai cac vi tri cac tram Thuy van (Cém L¢, Cau Lau va Hoi An), tram
Hai van (Son Tra va Dung Quit) giai doan 2018-2022. Ma cac két qua danh gia theo cac
chi sb tuong quan (R) 16n hon 0,9, chi s6 NSE 16n hon 0,74 va chi s6 RSR nho hon 0,2.
Céc két qua tinh toan truyén tai rac thai nhya bién dong theo mua vdi cac thang dién hinh
cu thé nhu thang 07/2021 (mua hé) véi xu hudng di chuyen tir Nam 1én Bic, thang
12/2021 (mua déng) véi xu huong di chuyén tir Bac xudng Nam. Budc dau két qua tinh
toan cho thdy c6 thé phat trién cac nghién ctu tiép theo voi diéu kién dau vao sat thuc
hon.

Tir khéa: Rac thai nhya; MIKE 21/3 Couple model FM; Myc nuéc; Pa Néing, Quéang
Nam.

1. Mé dau

O nhi®m bién do nhua 12 mot van dé toan cau va thach thirc (su tdn tai cua nhua trén
bién, hiu qua dbi vai sinh vat bién va sitc khoe con ngudi) d6 ra cira séng ven bo [1] ra
bién khoi [2]. Sy nguy hai dén méi trudng sinh thai toan cau ting 1én boi rac thai nhua [3]
v6i the do tir 1,7x108 tAn nam 1950 dén 3,68x10° tin nam 2019, trong d6 73,5x10° tan soi
to tong hop [4] va ude tinh khoang trén 10° tin nam 2020 [5]. Xap xi 2,7x10° tin rac thai
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nhya troi nodi trén bién véi khoang 5,25x10' hat nhya [6], v6i khoang 103 dén 105 hat/m®
[7]. Ngudn goc vi nhya ¢ sinh thai bién deu c6 tir nude song, dat lién va khong khi [8- 11].
Sy da dang vé ngudn nén rc thai nhwa rat da dang vé kiéu cach hay mau sic khac nhau
[12-18].

Noi chung, sy phan manh cta rac thai nhya tor manh 16n hon tao thanh cac manh nhd
thir cAp do chiu cac tac dong moi truong phong héa xung quanh nhu héa-ly va sinh hoc
[19-21]. Mbi truong bién doi phic tap tic dong lién tuc s& dan dén sy phong hoa cua cac
rac thai nhya, gdy ra nhiéu su bién dang va phan manh da dang [22]. Bén canh, cac qua
trinh thity dong luc tic dong 1én rac thai nhua da truyén tai ching phén b trong khong gian
thy dong [23-28] ma rac thai nhya cting thudc mét dang vat chat dic biét it blen doi.

Hon nira, voi sy han ché khan hiém vé dit liéu sin c6 va do dac quan trac rac bién va 6
nhiém rac nhua [29], m6 hinh m6 phong cho phép bd sung thong tin quan trac va theo d0|
qua trinh di chuyén va bién doi cua rac thai nhya trong bién [30]. That vdy, mo hinh s6 1a
cong cu thich hop dé hiéu biét vé truyen tai rdc thai nhya trong dai duong [31], dac biét
trong md hinh Lagrangian [32].

St dung mét phuong phap s0 sin co, chiing toi nghién ciru vé truyén tai rac thai nhya
di chuyen va phan bb ¢ ving bién cu thé ma duoc lya chon 13 & khu vuc cira séng ven bo
Da Nang—Quéang Nam véi cac ngudn xa thai gia dinh doc bd va céc cira séng. Cac kich ban
mo phong lua chon theo dic trung mua trong khu vuc nghién ctru v6i cac diéu kién khi
tuong, thiy vin quan tric do dac 1a thang 7/2021 (mua he) va thang 12/2021 (mau dong).
Cong cu tinh todn md phéng dugc st dung 1a mo hinh MIKE 21/3 Coupled Model FM
trong bo phén MIKE cua vién Thuy lyc BPan Mach (goi tat 1a DHI) ma lya chon md phong
trong khong gian hai chiéu. Cac thanh phan duoc lua chon tinh todn cia mé hinh nay la
thity dong luc (muc nudc—dong chay) va quy dao troi ciia vat chat. Cac qua trinh tinh toan
mé phong tuong tac gitta qua trinh thuy dong luc (s6ng, myuc nudc—dong chay) duoc thé
hién [33]. Déi véi quy dao troi cua vat chit dugc sta dung m6 hinh thanh phan PT
(Particle Tracking) dé giai bai toan Lagrangian tich hop dong thoi voi cdc mo hinh thuy
dong lyc. Nhu trén da néu ra, rac thai nhua dugce coi 1a vat chét it bién d6i nén lya chon mé
hinh thanh phan PT dé phuc vu tinh todn mé phong 1a phu hop.
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Hinh 1. Khu vuc nghién curu.

Tuy nhién, cac cdng trinh nghién ctru trén thé gisi da 1y giai vé van dé 6 nhidm rac thai
bién, trong do6 co rac thai nhya dang gia tang nhanh chong gy buc xuc cho xa hdi nhu hién
nay. Do d6, can xay dung cac chuong trinh gidm sat rac thai nhya, thyc hién cac cudc dieu
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tra thong tin vé nguén géc, $6 lugng, khdi lugng, thanh phﬁn cua rac thai nhuya. Mat khac,
khu vuc cira song ven bd Pa Ning—Quang Nam 14 khu vuc nghién ctru thé hién nhu Hinh
1, 1a ha Iuu cua hé théng séng Vu Gia—Thu Bdn véi 02 cta song chinh chay ra bién (ctra
song Han thudc thanh phé Pa Ning va cira Dai thudc thanh phd Hoi An, tinh Quang Nam).
Khu vyc nghién ctru chiu tic dong anh huéng manh mé& cua kinh té—xa hoi dia phuong ma
xa thai rac thai rac thai nhu thuong ngué)n cac con song, du lich, kinh té bién, khai thac hai
san... [34-35]. Do d6, chung t6i nghién ctru va thiét ké cac kich ban tinh toan truyén tai rac
thai nhya khac nhau gitp hiéu duoc phan b theo dic trung mua. Cac két qua nghién ctru
xem xé€t khia canh mua theo cac thang dai di¢n cu thé cho ra cc buc tranh dinh hudéng
trong twong lai dé giam sat va giam thiéu cac rac thai nhua.

2. Phwong phap nghién ctru va dir liéu sir dung

2.1. Phuwong phap nghién curu

Phuong phap nghién ctru dugc st dung 1a mo6 hinh tich hop MIKE 21/3 COUPLED
MODEL FM ma da dugc 4p dung tinh toan mo phongd ving cira séng, ven bién va trong
s6ng [33, 36-37]. M6 hinh hinh tich hop nay duoc Iya chon cac thanh phan phu hop nhu
thity dong luc (HD—Hydrodynamic) va truyén tai rac thai nhwa (vat chat) (PT—Particle
Tracking). Cac thanh phan nay thuc hién tinh toan moé phong cho bai toan truyén tai rac thai
nhya. Sy két hop giira céc thanh phan trong mo hinh ddng thoi cho phép tinh toan dong
chay va muc nuéc tac dong dén di chuyén cua rac thai nhua theo ting budc thoi gian tinh
toan nén do chinh xac két qua mo phong ciing s& duoc nang cao so vdi cac mo hinh khac.
Dudi day s€ duogc trinh bay gidi thiéu thanh phan trong mé hinh nhu la:

- Thanh phén thity dong luc di duoc trinh bay co s¢ khoa hoc va céc tinh nang trong bo
tai liéu hudng dan ctia phan mém MIKE [36-37]. Co s khoa hoc 13 st dung hé phuong
trinh Navier—Stock dé giai bai toan hai chiéu. Céc tinh nang co ban duge str dung cho bai
toan nay la str dung ludi phi cau trac (ludi tam giac) nham muc dich linh hoat ludi tinh, sd
nat ludi va mién tinh d01 v6i viing cira song ven b bién d6i phire tap.

- Thanh phén truyén tai réc thai nhya duoc sir dung nhu dang vat chét dac biét da duoc
thé hién trinh bay trong tai liéu hudng dan sir twong ty nhu thanh phan thuy dong lyc [36,
38] Bai toan mo phong lan truyen dugc ap dung phuong phap Lagrange cho tat ca cac vat
chat thanh cac hat c6 toa do va khdi luong cu thé, thay vi bién ddi trudng ciia phuong phap
Euler, trong d6 khdi lwong dugc biéu thi dudi dang nong d6 trung binh trong moi 6 ludi
tinh toan. Qua trinh di chuyén ctia vat chit dwoc moi truong tac dong theo ché do troi va bd
sung thém qua trinh phan tan ngau nhién.

Co s6 khoa hoc mé ta sy truyén tai rac thai nhwa dya vao qua trinh binh luu va khuéch
tan cua cac hat vat chét tudn theo phwong trinh Langevin [38]. Theo 1y giai ctia Einstein vé
quan sat chuyén dong ctia Brown, Langevin va cong sy da dua ra phuong trinh truyén tai
duoc viét duéi dang:

dX, =a(t, X, )dt+b(t,X,)Edt )

Trong d6 a(t, X¢) 1a thanh phan van chuyén (trdi dat); b(t, X¢) 1a thanh phan phan tan;
g,dt 1a s6 ngau nhién.

Trong md hinh truyén tai rac thai nhya 1a phuong phap roi rac theo Lagrangian dugc st
dung [38]. Tuy nhién, hé thong ludi tham chiéu tir puong phap Euler sang phuong phap
Lagrange nhu van toc troi ctia mdi hat khi cap nhat chuyén dong ctia mdi hat. Sau mdi budc
thot gian, cac hat dugce xac dinh trong moi 6 ludi s€ dugc chuyen d6i nguoc lai theo hé
théng luéi tham chiéu va truong ndéng do dugc tinh toan bing cach tir phuong phap
Lagrange sang phuong phap Euler ma dugc goi chuyén ddi tir tap chat diém sang truong.
Phuong trinh chuyén dbi hé tham chiéu tir phuong phap Lagrange sang phuong phap Euler
duoc viét dudi dang:
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Ny M
_ =1 i
C= s @
Trong d6 Ck la néng do trong 6 ludi thir k; k 1a chi $6 0 ludi; M la khdi lugng cua hat
thir i; Nk 1a s6 hat trong 6 ludi thir k.
Phuong phap roi rac Lagrangian nay on dinh vé mat sb hoc. Vi vy, budc thoi gian ctia
md phong theo ddi hat khong nén dugc chon dé xem xét tinh 6n dinh, ma thay vao d6 dé
xem x¢t hién tuong dugce de cap gial quyét phu hop véi thuc tién hay khong. Phuong trinh
2 duoc minh ching vé cac két qua dang phéan bd trudng theo ting 6 ludi s& dugc thé hién &
phan két qua tinh toan mo phong.

2.2. Dir liéu sw dung

a) Dia hinh, mién tinh va ludi tinh

Céc thong tin vé dia hinh di dugc thu thap vasd hod tir cac ty 1€ khac nhau theo céc
ngudn khac nhau nhu Bo Tai nguyén va Moi trudong, Bo Qudc phong va cac dé tai dy an da
thuc hién va trén internet. DTt liéu dugc xu 1y va chinh bién thanh h¢ théng nhét [39]. Dt
liéu chuan hoa va ddng bo hoa duoc sir dung thiét ké va xay dyng mién ludi tinh va truong
d6 sau ctia mién ludi tinh d6 (Hinh 2).

Mién tinh duoc thiét ké va xay dung gii han khu vuc ludi tir 15,4°N dén 16,5°N va tir
108,0°E dén 109,0°E. Ludi tinh thiét két theo dang ludi phi ciu tric (tam gidc) ma dugc xac
dinh khoang 7500 km? véi canh tam giac bién d6i tir 20 m dén 1000 m va 16112 diém luéi.
Dién tich 6 luéi 16n nhat khoang 120,000 m? va 8695 6 ludi. Bién hd dug tiép giap voi
Bién DPong c6 d6 dai khoang 225 km, bién dai nhat 14 phia dong bac khoang 78,5 km (Hinh
2a).

[deg] [deg]

16.5 N Il Avove
10

16.4

LOOFeEEEn

Quang Nam provinee

(LLLLLLLLLLL LR

b)

Quaung Ngai province

T T T T T
108.0 1082 108.4 108.6 1088 109.0 108.0 108.2 108.4 108.6 o loss 109.0
i des] Longitnde [deg]

Hinh 2. Mién ludi tinh va truong d6 sau: (a) Mién ludi tinh; (b) Truong do sau (m).

b) Piéu kién bién ho

Hinh 2 cho thay thé hién cac bién hé nhu 14 (1) 02 bién song trong d6 duoc cit ngang
qua tram Cam L& trén séng Han va tram Cau Lau trén song Thu Boén; (2) 05 bién bién theo
cac phia nhu phia T4y, phia Bic, phia bong Bic, phia Dong va phia Nam Pong Nam. Diéu
kién cac bién ho, noi ma trao 601 v6i Bién Pong s& dugc dung cong cu dy tinh muc nude
thiy triéu timg gio trong phin mém MIKE [40], va s liéu gi6 (GFS) ciia NOAA [41].
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¢) Piéu kién khi twong thily vin

+ Diéu kién bién bé mat: Sé lidu
gi6 duoc khai thac tir ngudn sé lidu tai
phén tich ctia GFS ciia NOAA, sau d6
duogc hiéu chinh voi ngudn sé liéu thuc
do tai tram Cu Lao Cham (Hinh 4). Do
nguén s6 liéu tai tram Cu Lao Cham
khong lién tuc, c6 nhiéu khoang thoi
gian khong c6 sb liéu do. Hiéu chinh
s6 liéu gi6 bang phuong phéap 1ap ham
trong quan tuyén tinh gitta s6 liéu tai
phan tich va quan tric thuc do trong
timg thoi diém ca hai déu c6 gid tri. Tir
day, sO liéu gio tai phan tich cua
NOAA duge hiéu chinh theo dé lam
dau vao cho mé hinh tinh toan md
phong (Hinh 4).

Wind speed [mis|
wind dir  [deg] m—p

y = W5289x
OR2=.1235"®

0 2 4 6 8 10 12 14 16
Cu Lao Cham station (15,94909N - 108,5352°E) (m/s)

Hinh 3. Tuong quan toc do gi6 (m/s) gitra tram Cu Lao
Cham (15.9490°N-108.5352°E) va s lidu tai phan tich GFS
cia NOAA (16.0°N-109,0°E) giai doan tir 6/11/2018 dén
26/06/2022.
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Hinh 4. Bién trinh tdc d6 gio va hoa gio tai phan tich ciia NOAA dugc hiéu chinh giai doan tir
6/11/2018 dén 26/06/2022 tai vi tri 16,0°N—109,0°E.

+ Piéu kién bién thuy tridu: Cac bién thuy triéu dugc xac dinh gia tri dy tinh thuy triéu

tir cong cu hd tro trong mod hinh [40].

+ Piéu kién bién séng: Gia tri myuc nudc ting gio quan tric do dac cla tram thuy van
Cam Lé (Hinh 5a) va tram thiy van Cau Lau (Hinh 5b) dugc st dung tham gia vao tinh
toan mo6 phong. Do cac khoang thdi gian hiéu chinh, kiém nghiém va moé phong khac nhau
nén s6 lidu thu thap duoc phai bao trim tt ca qua trinh tinh toAn mo6 phong nay.

Hinh 5. Bién trinh myc nudc timg gio quan tric giai doan tir thang 11/2018 dén thang 06/2022: (a)
tram Thay vian Cim L¢; (b) tram Thity van Cau Lau.

Bén canh do, cac gid tri myc nudc tung gid quan trac cdia tram thuy van HQi An va
tram hai van Son Tra, tram hai van Dung Quat va mot so tram do lién tuc cling dugc thu
thap dé st dung dé€ danh gia 46 ddm bao chinh xac ciia mo hinh tinh toan.
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+ Thoi gidn tinh todn: M6 hinh dugc thyc hién tinh todn mé phdng trong khoang 15
ngay phuc vu hiéu chinh, kiém nghiém va cac kich ban mé phong.

+ Thoi gian md phong: thang 7/2021 (mua he) va thang 12/2021 (mua dong).

+ Cac thong s6 khac: hé sb nhét, hé sd nham va cac hé sd khac cling sir dung cac qua
trinh hiéu chuén va kiém nghiém.

d) Diéu kién rac thai nhya

Trong nghién ctru nay, loai chit thai nhya di duoc mo phong theo 06 loai khac nhau
theo ty 16 mirc d6 ndng d6 (Bang 1) [42-43]. Cac thong s6 cua chét thai nhua dugc str dung
cho md hinh vén chuyén hat tham chiéu tir cac cong thie thue nghiém bao gém: mat do
nhuya, van tdc lang, do nham, lyc can gio, tde do phan huy, v.v. Luong réc thai nhya trong
nude duge tham khao dé tai co sé chon loc thudc VAST ¢6 mi s6 CSCL 10.01/22-22 ciia
Vién Dia 1y theo céc kich ban gia dinh. B thong s6 dau vao cho bai toan truyén tai rac thai
nhwa v&i cac kich ban gia dinh theo co ché van hanh ngudn x4 thai lién tuc trong toan bd
qua trinh tinh todn (Bang 1).

Bang 1. Thong s lya chon cua céc loai nhua phd bién phuc vu tinh toin mé phong.

Téc do thai Trong Téc dd
. . Mat dd i a Nong d S6 hat lwong hat suy giam
Loai Ten (g/mL) San pham (mg/s) (L/s) nhénhdt  (1/s)
a - ~ ~\ (mg)
1 Polyethylene (PE) 0,91-0,95 I'Il'}llJ:I:l 16ng, thung 0.1 10 0.005 le-15
Day thimg, nip 0.1 10 005 214
2 Polypropylene (PP) 0,9-0,92 chai, d@y cau,...
Phao noi, b lam 0.1 10 0.1 5e-13
3 Polystyrene (FPS) 1,01-1,09 mat, thung
chura,...
Polyvinyl chloride Phim, éng 1.0 10 0.5 7e-12
4 (PVC) 1,16-1,30 nhua...
5  Polyamide (Nylon) ~ 113-1,15 -0t danhcd, 10010 Lo el
quan 4o,...
6 Polyethylene 134139 Chai nhya,... 100 10 10.0 5e-11

terephthalate (PET)

Céc vi tri duogc lua chon dé xa thai 1a cac noi co nguén kha nang x4 thai ra moi truong
cao nhat nhu thuong ngudn cac song dd
vé (tram Cam L¢ cua song Han va tram
Cau Lau cta song Thu Bon), khu vuc
cang ca (Cang cac Tho Quang cua TP.
Pa Néang va cang ca Duy Hai cua tinh
Quéang Nam), Cang van tai (Cang Tién Sa
cia TP. Pa Nang), cang du lich (cang
Hoi An), ctra song va cura kénh (ctra song
Cu bé va ctra kénh Phu Loc) (Hinh 6).
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o
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3. Két qua va thao luan .

3.1. Két qua hiéu chinh va kiém nghiém 1
- Hiéu chinh: Vai trd cua ché dg thuy
dong luc rat quan trong dén qua trinh BEERANIAREEREERVURE
X . A 108.20 108.40
truyén tdi rac thai nhya. Do do, hi¢u Longitude
chinh md hinh tinh toan thiy dong luc Ia R YO Y
An thiét dé dam béo két qua tinh toin mé Hinh 6. So d6 phan bd cac vi tri nguon xa rac
can 0 ket qua tinh to thai nhya (hinh vudng, chit do) trong khu vuc
phong dat dugc do chinh xac phu hop. nghién ctru.
Nghién ctru nay chi ra rang mo hinh dugc
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hiéu chinh va xac thuc béng s6 liéu myuc nude quan trdc va tinh tinh tai cac tram tram Hoi
An va tram Son Tra nam trong khu vuc nghién clru. Két qua danh gia hiéu chinh duoc thé
hién trinh bay trong Hinh 7 va Bang 2. Bac diém muc nude chua hi€u chinh va hi¢u chinh
1a chiing thé hién mdc cao do cua cac vi tri tram chua duoc dua vé mdc qudc gia nén khi so
sanh s& dugc hiéu chinh dé dua vé cing mbc ma thong thudng cac vi tri tram nay 13 tram
héi van hodc tram do dac tir cac dé tai, du an.

o—Hobs ——Hsim —+—Hobs

Q,ﬁ’ése& £ &
[o%l o4 Jo ro o

p o ¥a %wu% by
.

o a0
0

Hinh 7. Bién trinh myc nudce thyc do (Hobs), hiéu chinh (Hobs 01) va tinh toan (Hsim) giai doan
tir ngay 05/01/2020 dén ngay 20/05/2020: (a) Tram Son Tra; b) Tram Hoi An.

Béang 2. Banh gia d6 chinh xac théng k& muc nudc (m) cua tram Son Tra, tram HOi An va cac tram
do lién tuc phuc vu hi€u chinh m6 hinh.

Thoi gian Tram Pic diém R RSR NSE
T 05/05/2019 - Son Tra Chua hiéu chinh 0,916 0,981 -15,064
U ram Son Tra . ,
dén 22/05/2019 Hiéu chinh 0,916 0,125 0,739
Tram HOi An Chua hiéu chinh 0,979 0,077 0,931
T4t 05/01/2020 T Son Trs Chua hiéu chinh 0,951 0,879 2,773
U ram Son Tra . ,
dn 20/01/2020 Hiéu chinh 0,951 0,087 0,852
Tram HoOi An Chura hiéu chinh 0,989 0,054 0,961

Hinh 7 cho théy murc d§ phu hop cao ca vé pha va bién d§ ctia myc nudc tai tram Hoi
An va tram Son Tra. Bang 2 trinh bay két qua danh gia cu thé d6 chinh xac gitra thuc do va
tinh toan dua trén cac chi sé nhu 1a hé sb quan hé tuong quan (R), hé s6 1éch chuan quan sat
RMSE (RSR) va hé s6 hiéu qua Nash-Sutcliffe (NSE). Gia tri hé s6 R dao dong
0,916+0,989; Gia tri RSR nim trong khoang 0,054+0,125 va gié tri NSE nam trong khoang
0,739+0,961. Cac gia tri két qua danh gia phan anh do dam bao chinh x4ac twong dbi cao.
Nén bo thong s6 nay c6 thé dugc chuyén sang budc kiém nghiém dé khang dinh rd hon.

- Kiém dinh: Pay 1a qua trinh dé danh gia khing diinh rd hon d6 dam bao cua bd thong
s6 ciia mé hinh di luva chon sau khi duoc hiéu chinh. Cac két qué tinh toén kiém nghiém
tiép tuc dugc danh gid so sanh voi s6 lidu quan tric thuc do tai cac vi tri tram muc nudc
Son Tra, tram Hoi An, tram Lang C6 (16,235°N—108,092°E) va tram Dung Quét (Bang 3).
Thoi gian tinh toan kiém nghiém 1a 15 ngay (trong gian doan khoang tir ngay 05/05/2020
dén ngay 22/05/2020).

Béang 3. Banh gia d6 chinh xac théng ké myc nudc (m) cua tram Son Tra, tram HQi An, tram Dung
Quét va tram Lang C6 phuc vu kiém nghiém mé hinh.

Tram Son Tra Tram Dung Quét Tram Lang C6
TT Chisédénhgid Chya his Tram Chua hie

Ua MEU figu chinh HOi An &0 Wy ohinh — "V V€U Hisu chinh

chinh chinh chinh
1 R 0,946 0,946 0,977 0,929 0,929 0,957 0,957
2 RSR 0,821 0,111 0,114 0,416 0,160 6,040 0,067

3 NSE —12,806 0,749 0,806 —0,575 0,767 -1081,2 0,864
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Bang 3 ciing thé hién dugc két qua danh gia so sanh giita tinh toan va quan tric thyc do
v6i d0 dam bao chinh x4c cao nhu 1a chi s6 R 16n hon 0,92, chi s6 RSR nhé hon 0,2 va chi
s6 NSE 16n hon 0,74. Thong qua danh gia két qua hiéu chinh va kiém dinh tinh toan cta
mo hinh phan anh dugc bo thong s6 lua chon 1a dam bao phuc vu cho cong tac tinh toan mo
phong cac kich ban. Mic du, mé hinh thuy dong luc co 02 yéu té chinh 1a myc nudc va
dong chay. Nhung trong bai bao nay khong dé cap dé danh gia dong chay vi ddy 1a mo hinh
md phong hai chiéu nén dong chay duoc thé hién dong trung binh cta cot nude. Do do,
nhom tac gia chua co sd liéu dong chay thuc do phu hop dé st dung danh gia.

Sau khi hiéu chinh va kiém nghiém mé hinh thuy dong luc thi bai toan truyén tai rac
thai nhya duoc tinh toan trén nén thay dong luc nay trong mé hinh MIKE 21/3, bd thong sb
cho khu vyc nghién ciru da duogc thiét 1ap (Bang 1). Két qua tinh toan mo phong rac thai
nhya trong qué trinh kiém nghiém moé hinh dugc thé hién & Hinh 8. BO thong s6 ciia mo
hinh nay dugc str dung dé mé phong d6i véi du lidu dau vao thang 7/2021 (dai dién mua
he) va thang 12/2021 (dai dién mua dong). Ma diéu kién rac thai nhua dugc x4 thai ra lién
tuc trong qua trinh tinh todn theo cac thong tin & Bang 1 trong ca hai kich ban tinh toan mé
phong. Két qua tinh toan moé phong cta cac mo hinh s& duge trinh bay trong phan 3.2 va
3.3.

Ideg) Plactics Transport in Da Nang - Quang Nam coastal zone (dee) Plactics Transport in Da Nang - Quang Nam coastal zone

(NN NN NEREn

! b)

108.0 108.2 108.4 108.6 1088 109.0 108.0 1082 1084 108.6 1088

109.0
ldeg] [deg|

10705/2020 00:00.00, Time step 120 of 120 20/05/2020 00:00:00, Time step 360 of 420

Hinh 8. Truong ndng do rac thai nhua cia loai 4: (a) sau 05 ngay (luc 7 gio ngay 10/05/2020; (b)
sau 15 ngay (luc 7 gio ngay 20/05/2020).

3.2. Két qua tinh todn trong mia gié Tdy Nam trong thing 7/2021

Thong tin phén tich tr m6 hinh chit thai nhya trong bao cdo dugc md phong voi gid
(hudng va toc do véi budc thoi gian 3 gio) va muc nude (myc nudce tung gio tai tram Cam
Lé, tram Cau Lau va thuy triéu trén bién bién [40]) vao thang 7 ndm 2021.

Hinh 9. Hoa gi6 thang 7/2021. Hinh 10. Bién trinh muc nuéc thyc do (Hops) va mo phong (Hsim)
tai tram HQi An thang 7/2021.
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Trong thang 7/2021 (mua hé), hudng gié chu yéu tir Dong Péng Nam va Pong Nam
anh huong chi yéu dén khu vuc nghién ciru (Hinh 9). Két qua tinh toan mé phong cho thay
truong thuy dong luc chiu tac dong anh hudng manh mé ciia thuy tridu ma chung dugc thé
hién kha o nét nhu Hinh 10. Panh gid so sanh muc nudc gitra thuc do va tinh toan tai tram
Hoi An tram Dung Quit va tram Son Tra x4c dinh d6 dam bao chinh x4c cao (xem Bang 4).

Bang 4. Danh gia d§ chinh xac théng ké myc nudc (m) cia tram Son Tra, tram Hoi An va tram
Dung Quat phuc vu mé phong cho mua he (07/2021).

) Tram Son Tra Tram Héi Tram Dung Quz?'lt
T Chi s0 danh gia Chua hiéu A ‘ : Chua hiéu A
. Hiéu chinh An X Hiéu chinh
chinh chinh
1 R 0,949 0,973 0,985 0,617 0,956
2 RSR 0,850 0,057 0,072 1,353 0,115
3 NSE -14,111 0,932 0,928 0,480 0,865

Két qua tinh toan mo phong nong do rac thai nhua trong nghién ctru cho thay xu huéng
phat tan rac thai nhuya trong méi truong nude (Hinh 11). Cac két qua nay cho thay rang su
thay ddi truyén rac thai nhya theo thoi gian 1a dang ké. Qua trinh nay cho thdy xu hudng
tmyén tai tir nam 1én béc va ap sat doc theo bo bién. Cac khu vuc tap trung nhiéu 1a bd bién
tay bac vinh Pa Ning, bo nam ban dao Son Tra, viing cira Dai va rai rac doc theo ven bd tir
ban déao Son Tra dén cira Dai. Khu vuc nghién ctru dugc thé hién su phan bd néng do rac
thai nhya trong khong gian kha dong nhat qua birc tranh tong thé so sanh giita cic loai sau
15 ngay tinh toan mo phong (Hinh 11). Su phan b nay cho thiy quy lut ciia cac qua trinh
bién doi 1a tp trung phu hop, khong xay ra cac truong hop khac biét di thuong theo phan
b ty 1¢ nong d6 cua ngudn dau vao theo Bang 1. Su phan bb cua rac thai nhya thay doi
manh mé& theo ham lugng ngudn dau vao dang ké.

h:»sl‘ Plactics Transport in Da Nang - Quang Nam coastal zone e J Plactics Transport in l) Nang - Quang Nam coastal zone 19 Plactics Transport in Da Nang - Quang Nam coastal zone
1625 N == 5 S O3 T 16. 1628 = S o =

50 10520 108.30 0840 108,50 oK.10 0820 0830 0% 40 108,50
1dex] 19z (]
16/07/2021 00:00:00, Tiane siep 360 of 416 16/07/2021 00:00:00. Time step 360 of 416 16/07/2021 00:00:00, Time siep 360 of 416

[ Plactics Transport in Da Nang - Quang Nam coastal zone |den
1628 o = 1624

T HNENENENNRERRT]

Hinh 11. Truong nong do rac thai nhya tong cong ciia cac loai sau 15 ngay (lic 07 gio ngay
16/07/2021) (a) Loai 1; b) Loai 2; ¢) Loai 3; d) Loai 4; ¢) Loai 5; g) Loai 6).
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3.3. Két qua tinh todn gié mia Pong Bdc trong thang 12/2021

Tuong tu nhu thang 7/2021 (mua he), thang 12/2021 (dai dién mua dong) ciing dugc
tinh toan mo6 phong qua trinh truyén tai rac thai nhua. Thong tin dau vao phuc vu mé hinh
tinh toan truyén tai rac thai nhya dugc tinh toan véi diéu kién gio, muc nudc song ra va
thity triéu cua thang 12 ndm 2021. Trong mua dong, huéng gi6 chu yéu tir Pong Bic. Két
qua cling dugc danh gia so sanh myc nudc gitra thuc do va tinh toan tai tram Hoi An, tram
Dung Quét va tram Son Tra ¢6 d6 chinh xac twong quan cao (Bang 5).

Bang 5. Panh gia d§ chinh xac théng ké myc nudc (m) cia tram Son Tra, tram Hoi An va tram
Dung Quat phuc vu mé phong mua dong (12/2021).

Tram Son Tra Tram Héi Tram Dung Quit
TT Chi so danh gia Chua hiéu A R : : Chua hiéu oA ,
. Hiéu chinh An Yyt Hiéu chinh
chinh ¢ chinh ¢
1 R 0,811 0,968 0,963 0,789 0,956
2 RSR 1,199 0,069 0,202 0,777 0,190
3 NSE -18,268 0,910 0,832 0,569 0,792

Vao thang 12/2021 (mua dong), dudi tic dong cua gié thi hé théng hoan luu c¢6 xu
huéng di chuyén tir tir bac xudng nam. Tuy nhién, hé théng hoan luu ven bién s& hinh thanh
cac diac diém ché do riéng biét, cd noi dong chay 1éch khdi dong chinh, tao ra cac xody ven
b quy md nho do tac dong anh hudng cua dia hinh va dudng bo. O khu vuc xa bo, hién
truong dong déu hon khu vuc gan bo do anh huong cia thuy triéu nén co su xoay ddi
huéng theo con nude nudc triéu 1én xudng trong ngay.
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Hinh 12. Truong nong dd rac thai nhya tong céng cia cac loai sau 15 ngay (lac 07 gio ngay

30/12/2021) (a) Loai 1; b) Loai 2; ¢) Loai 3; d) Loai 4; ¢) Loai 5; g) Loai 6).
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Tuy nhién, cac két qua tinh todn nong do rac thai nhya trong nghién ctu cho thdy xu
huong phat tan rac thai nhya trong moi truong ciing dugc quyet dinh boi hé thong hoan luu
nay (Hinh 12). Cu thé, loai 4 cho thay rang sy thay doi truyen tai nong do rac thai nhua
theo thoi gian 1a dang ké (Hinh 12d). Qua trinh nay cho thy nong do rac thai nhya c6 xu
hudng truyén tai tir bic xudng nam va chay ap sat doc theo bd bién. Pic biét, do dic diém
hinh thai duong bo di tao ra hé théng hoan luu din dén phan bd rac thai hau hét & trén vinh
Pa Ning. Cac khu vuc tip trung ndng d6 rac thai nhya 16n 1 vinh Pa Néng, khu vuc nho
lan cén cang ca Tho Quang, vung cura Dai va theo ven bd phia nam ctra Pai. Sy phan b
clia rac thai nhya thay d6i manh mé theo m6 phong twong tu nhu thang 7/2021.

Hon nita, d4nh gia xem xét theo cip d6 ndng d6 dau vao khac nhau thi cac két qua tinh
todn sau 15 ngay ciing dugc thé hién tuong tu thang 7/2021 (Hinh 12). Céc loai dugc thé
hién su phan bd ndng d6 rac thai nhua trong khong gian kha dong nhat qua buc tranh tong
thé so sanh v&i loai 4. Sy phan bd nay cho thdy quy ludt ciia cic qua trinh bién déi la tap
trung phu hop, khong xay ra cac truong hop khac biét di thuong theo phan bb ty 18 nong do
ctia nguon dau vao. Hinh 12g thé hién v6i ngudn dau vao nong do 16n nhat cho thy phan
bd rac thai nhua trong khong gian sau 15 ngay kha rd nét thong qua phan giai mau trén hinh
anh v6i cac khu tép trung cao (mau d6, mau cam), trung binh (mau vang, xanh 14 cay), thap
(mau xanh nude bién) va ving khong bi anh hudng.

Can phai luu y rang chua c6 kich ban ndo théa man chinh xac ndng do cua rac thai
nhya trong cac vung khéac nhau, dac biét la qua trinh téng hop cac cac dir liéu quan sat do
dac chua thong nhat va dong nhét voi nhau. Diéu nay c6 thé 1a do thuc té s6 lugng cac loai
dau vao rong rai hon

3.4. Thao luan

Nghién ctru nay 1a mot truong hop 1y tuong tir nhiéu khia canh. Thyc té, 6 nhiém nhya
clia cac bién chau A 16n hon mét bac so véi cac dai duong trén thé gisi [44]. Ma do khdi
lwong rac thai khong dugc quan 1y tot nén chung thai ra cac ving bién chau A 14 16n nhét
trén thé gidi [45].

O nhiém nhya bién 1a ngay cang gia tang gdy ra suc ¢p d6i v6i moi truong. Do tac
dong anh huong bat loi nghiém trong dén cac hé sinh thai blen va do chi phi rat 1on dé xur
ly 6 nhiém nay nham lam sach cac bai bién [1]. Tuy nhién, cn ¢ chung tay gop strc cua
cong dong va mot bude tién dot pha trong nghién ctru s€ cai thién chét luong thong tin c6
san vé 6 nhiém rac thai bién, doi hoi tiéu chuan hoa cac bd dir ligu [29].

Cac cong trinh nghién ctru ¢ nhiéu nudc vé rac thai nhya nhu nghién ciru phén tan trén
toan dai duong do sdng dd ra va sinh hoat ngudi dan ven bién [46], nghién clru ving bién
Nhat ban do tac dong séng, gié va dong chay mit [47], ving bién An Do Duong [48], toan
dai duong [49]. Tuy nhién, hién nay c6 rat it 4n pham lién quan tinh toan mo phong phan
bd trong khong gian ¢ Viét Nam. Gan déy, nghién ctru rac thai nhwa chil yéu theo dang
khao sat va phan tich thu thép mau xac dinh cdc ngudn va phéan loai 0 ven bién Thanh Hoa
[42] trén song Sai Gon Dong Nai [50], trén song Huong [51], mét sO vi tri ¢ thanh phd Da
Néng [52], .v.v. Nhung d6i v6i bai toan truyén tai hay lan truyén khuech tan cua rac thai
nhwra trong khong gian bién ddi theo thoi gian duoc nhic dén con rat han ché. Két qua tinh
toan dugc ching minh truyén tai rac thai nhya bang phan bb nong do thay ddi theo thoi
gian do tac dong hoat dong thity dong luc tai khu vuc ctra song va ven bd Pa Nang—Quang
Nam.

4. Két ludn

Trong bai béo nay, bai toan truyén tai rac thai nhya duoc nghién clru voi cac dau vao
gia dinh 06 loai nguon goc rac thai nhya khac nhau ap dung véi khu vuce cua song ven bo
ba Nang—Quang Nam theo diéu kién thuc té ctua thang 7/2021 va thang 12/2021 bang
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phuong phép tiép can Lagrange (theo ddi hat di chuyén). Céng cu tinh toan 1a md hinh
MIKE 21/3 Couple FM (HD va PT) véi diéu kién dau vao thuc (gi6, muc nudc, thiy triéu).
Céc két qua danh gia hiéu chinh va kiém nghiém theo s6 liéu muc nudc so sanh giita tinh
todn va quan tric thuc do theo céc chi sb thong dung dam bao do chinh xac cao. Dy trén bd
thong s6 ctia mo hinh da dugc hiéu chinh va kiém nghiém tin cdy. Sau do, tién hanh tinh
toan mo phong céac kich ban (thang 7/2021 va thang 12/2021) dbi v6i 06 loai rac thai nhua
cu thé: D6i voi thang 7/2021 (dai dién mua heé), nong do rac thai nhwra phan bd chi yéu &
mot sb khu vire ven bo phia Tay Béic vinh Pa Ning, ving 1an cin cang c4 Tho Quang va rai
réc dai ven bo tir ban dao Son Tra dén khu vuyc cira song ctra Pai. Nguoc lai, thang 12/2021
(dai dién mua dong), su phan bd tap trung rac thai nhwa manh hon, rong hon nhu toan bd
vinh Da Nang, ving bién cira Dai va keo dai doc theo bo blen vé phia Nam. Cac yéu t6 dau
vao la ché d6 thuy dong luc s& quyét dinh viéc phan bd ndng do rac thai & ving cira song
ven bo va viing bién xa cua khu vuc nghién ctu.

Toém lai, day chi la két qua nghién ctu tinh todn ban dau van chua thé hién duoc hét
cac dic trung ven bo va cira song; thoi gian hiéu chinh va kiém nghiém van con han ché;
dic biét 1a dau vao rac thai nhya chua dugce cu thé hoa thay ddi theo thoi gian; ham lugng
clia cac ngudn phét thai rac nhua 1a dong nhat; va tinh chat cic qua trinh bién ddi va tuong
tac vé vat 1y, hoa hoc va sinh hoc trong hé sinh thai twong tac vdi nhau chua dugce thé hién
rd nét. Nén khu vyc ndy van can c6 nhitng nghién ctru cu thé va sau hon dé thé hién 16t ta
dugc bue tranh téng thé hon va ing dung cho cac van dé lién quan khac.

Pong gop cua tac gia: Xay dung y tudng nghién ctru: N.Q. Trinh, B.D. Cham; Lua chon
phuong phap nghién ctru: N.Q. Trinh, B.D. Cham, H.H. Giang.; X ly s6 liéu: H.T. Binh,
L.Db. Hanh., N.T. Son, B.T. Thao, L.T. Hung, H.H. Giang, N.Q. Vinh.; Viét ban thao bai
bao: N.Q. Trinh, B.D. Cham, H.H. Giang; Chinh stra bai bao: N.Q. Trinh, N.Q.Vinh.

Loi cam on: Tac gia xin chan thanh cam on dé tai co sé chon loc cép Vién Han 1am Khoa
hoc va Cong nghé Viét Nam voi ma s6 dé tai CSCL 10.01/22-22 do TS. Nguyén Qudc
Trinh lam cht nhi€ém, Vién Dia Iy — Vién Han 1am Khoa hoc va Cong nghé Vi¢t Nam la co
quan chu tri da ho tro, cung cép co s& dit liéu dé thuc hién bai bao nay.

Loi cam doan: Tap thé tic gia cam doan bai béo nay 1a cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo & dau, khong sao chép tir nhitng nghién ctru trude day; khong cod
su tranh chap g1 ich trong nhom tac gia.
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Abstract: In this study, a two—dimensional model is used to solve the problem of plastic
waste transmission in the coastal estuary area of Da Nang—Quang Nam by DHI's MIKE
21/3 Couple Model FM model using hydrodynamic components (HD) and Particle
Tracking (PT) applied to the problem of plastic waste transmission. Calculation results are
calibrated, tested and simulated based on comparative assessment of water level factors
between calculated and observated at hydrological stations (Cam Le, Cau Lau and Hoi
An), marine-hydrometeorological stations. (Son Tra and Dung Quat) period 2018-2022.
These results are evaluated according to the correlation index (R) greater than 0.9, the
NSE index greater than 0.74 and the RSR index less than 0.2. From the calculation results
of plastic waste transmission, there are seasonal fluctuations with specific typical months
such as July 2021 (summer) with a tendency to move from South to North, December
2021 (winter) with a tendency to move from South to North. direction of movement from
North to South.The calculation results show that it is possible to develop further studies
with more realistic input conditions.

Keywords: Plastic waste; MIKE 21/3 Couple; Water Level; Da Nang; Quang Nam.
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Nghién ctru, ché tao va thir nghiém thiét bi do mwe nuwdéce tw dong
khong tiép xuc bang cong nghé radar
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Tém tit: Hién nay, cac thiét bi do tu dong trén mang ludi quan tric khi tuong thiy van hau
nhu phu thudc hoan toan vao thiét bi ngoai nhap, viéc nghién ctru, ché tao, tién téi 1am chu
cong ngh¢ san xudt thiét bi do ty dong khi tuong thuy van la rat can thiét. Bai bao nay trinh
bay két qua nghién ciru, ché tao va thir nghiém thiét bi do muc nudc tu dong theo nguyén
Iy do khong tiép xuc bang cong nghé radar. Dua trén nghién ctru ly thuyét vé& nguyén 1y hoat
dong cua radar do muc nudc, thudt toan phéan tich phd FFT (Fast Fourier Transform) va
thuat toan tim dinh chinh xac (Peak detection), két hop v6i cac hoat dong thiét ké, ché tao
dién tur, nghién ctru da san xuét thanh cong thiét bi do myuc nudc khong tiép xuc theo nguyen
Iy radar sir dung song diéu tan lién tuc (Frequency Modulated Continuous Wave). Thiét bi
do sir dung song tan s6 60GHz c6 thé do muc nude tir 0,5 dén 40 m, do phan giai cho phep
do duoc t6i 0,001 m, do chinh x4c cua thiét bi sau qua trinh thur nghiém 1a £0,003 m. Thiét
bi da dugc Trung tdm Quan tric khi twong thiy vin kiém dinh va cap gidy chimg dinh dat
yéu cau ky thuat do luong.

Tw khoéa: Do myc nudc ty dong; Ché tao radar do muc nuéce; FMCW radar do muc nudc.

1. Mé dau

Ngay nay, voi sy phat trién manh me cua ky thuat dién tur, vién thong va cong nghé thong
tin, cac thiét bi phuc vu quan tric, giam sat cac yéu td khi tuong thuy van ngay mét tr¢ nén
hién dai, cho phép thuc hién cac phep do lién tuc, c6 dg chinh xac rat cao, tu dong truyén tin
hiéu theo thoi gian thyuc, gop phan ning cao chit lugng dit liéu phuc vu cong tac giam sat,
du bao, canh bao khi tugng thuy van [1].

Thuec hién chién lugce ty dong hoa, hién dai hoa nganh khi twong thuy van, nang cao nang
luc cho h¢ thong ‘quan trac hd trg du bao va canh bao thién tai, trong nhiing ndm qua mang
lu6i tram quan tric Kkhi twong thuy van dang dan thay thé cac thiét bi quan tric thu cong bang
cac thiét bi quan tric hién dai, ty dong quan tric thong qua cac du an dau tu ciia Nha nudc,
cac khoan vién trg ODA. Tuy nhién, cac du an hau hét déu dau tu qua hinh thirc mua sim
thiét bi cia mot s6 héng chuyén san xuét thiét bi do khi tugng thity vin ¢ nudc ngoai (tur My,
Phan Lan, Han Qudc, Trung Qudc...) do trong nudc hién tai chwa co héng nao san xuat hay
lap rap [2]. Viéc phu thudc vao thiét bi ngoai nhap, vdi chi phi mua sam cao, nén hau nhu
cac tram khong duoc déau tu thiét bi du phong, dan téi quan tric bi gian doan néu thiét bi gap
su c6 hodc trong thoi gian bao tri, bio dudng.

Nhitng ndm gan déy, cic nghién ctru, ché tao ché tao thiét bi quan tric khi twong thuy
van ¢ nudc ta cling da bat diu xuat hién, mot s6 nghién clru ndi bat nhu ché tao thiét bi quan
trac luu luong nudce[3], quan tric do man [4], budc dau d3 ché tao thanh cong mot s6 thiét bi
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quan tric tu dong. Tuy nhién, phan da cac nghién ctru, ché tao tap trung vao san xuét cac
thiét bi phu tro nhu mé dun hd tro cac [ram quan tric ty dong [5], md dun chuyén dbi di liéu
quan trac thi cong sang tu dong truyen dir liéu [6], bo tich hop va truyén dit liéu [7]. Hién
van chua c6 nhiéu cac nghién ctru, ché tao cac thiét bi quan trac hién dai, sir dung cong nghé
cao, vi du nhu radar do myc nudce tu dong.

Dé gop phan giam bét sy phu thude vao cong nghé quan tric ctia nude ngoai, thong qua
hoat dong nghién ctru nguyén ly phan xa ctia séng dién tir, cau trac, tinh ning va cac thuat
toan cta radar do myc nude, nhém nghién ciru da phéi hop véi Cong ty trach nhiém hitu han
cong nghé Sonrad ché tao thanh cong thiét bi quan tric muc nude tw dong. Thir nghiém trong
phong thi nghiém va hién truong tai tram thuy van Thanh Son tinh Phu Tho, budc dau cho
két qua thiét bi hoat dong 6n dinh, sai s6 dam bao yéu cau va duoc Trung tdm Quan tric khi
tuong thay vin cp gidy ching dinh dat yéu cau k¥ thuat do luong.

2. Phuwong phap nghién ctru
2.1. Gi6i thiéu cong nghé do murc nuede bang radar

Radar (Radio Detection and Ranging) 1a viéc sir dung song vo tuyén dé phat hién cac
dbi twong trong moi truong [8]. Thiét bi radar cho phép xéac dinh khoang céch (pham vi), vi
tri goc (goc toi) va van toc Ban dau, cong nghé radar dugc sir dung trong quéin sy, nhung
hién nay duoc ing dung rat nhiéu trong cac myc dich dan sy nhu giam sat giao thong, hang
khong, hang hai, thién vin hoc, giam sat dai duong, khi twong thiy vin, do do cao, quan tric
dia chat va cac ung dung tu dong khéc.

Hién nay, img dung nguyén ly radar dé do myc nudc rat phd bién. Khoang cach tir be
mat dén tiét bi dugc xac dinh bang mbi quan hé gilta van toc song va khoang thoi gian truyen
nhan. Radar phat tin hiéu séng t6i vudng goc vdi bé mit nudc, song phan xa tir bé mat chat
nuéce s& duoc thiét b thu lai. Khoang thoi gian tir lac phat song t6i khi nhan dugc song phan
xa dugc ghi lai, tir 46 x4c dinh duoc khoang cach tir bé mat nudc dén thiét bi, qua dé xéac
dinh dugc d6 cao muc nudce [9].

i
s |4
f if,z
[}
e e
(@)

Hinh 1. Minh hoa thiét bi do muc nude béng céng nghé radar va hinh anh thiét bi thuc té.

2.2. Nguyén Iy co ban cia radar sir dung séng diéu tan lién tuc

Radar st dung séng diéu tan lién tuc (Frequency Modulated Continuous Wave) 1a loai
radar str dung mot loai song lién tuc & mot tan s nhit dinh [10] sau d6 duogc diéu ché tén sO
(Frequency modulatlon) trong mot khoang thoi gian T. Diéu nay tao cho tin hiéu truyén di
theo mot “d4u thoi gian”. Tin hiéu truyén t&i muc tiéu va mot phan cua né duoc phan xa tre
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lai radar, tin hiéu phan xa dugc so sanh véi tin hiéu ban dau bang cach tron tin hiéu va sau
do6 xur 1y tin hiéu thu duoc theo so do tai Hinh 2.

Thn sé Tin s6 chong chat

A PRI ——————— Séng truyén tao ra béi song
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Hinh 2. Tin hiéu radar FMCW: Tan s, thoi gian truyén nhan va tan s sau khi tron hai song.

Tai thoi diém “to” radar phat ra mot song c6 tan s6 f va van tdc V truyén téi mot bé mat
phan xa cach diém phat mot khoang cach R, song phan xa dugc thu lai tai thoi diém tn, ldc
nay song di truyén di dugc mot khoang cach 1a 2R. Khi d6, cong thirc don gian tinh khoang
cach gitra radar va bé mit phan xa la:

2R=VT =V(T, — T,) = V.AT Q)

Trudng hop st dung song diéu tan lién tyc ta c6 cong thic tinh khoang cach giira radar

va bé mat phan xa la:

)
Trong d6 PRI la khoang thoi gian 13p lai xung (Pulse Repetition Interval), V la van toc
song tmyen fp 1a tan sb sau khi tron giira song truyén va séng nhan, B 13 tan s dai bang
thong diéu tan [11].
Vi cac gia tri V, B va PRI da dugc xac dinh trude, khoang cach R dugc xac dinh chinh
xéc khi tan s6 song tron f, duge xac dinh chinh xac. Phuong phéap phan tich phd FFT va thuat
toan tim dinh chinh x4c (Peak detection) s& duoc ing dung dé xac dinh tan s6 nay.

3. Két qua va thao luin
3.1. Thiét ké, ché tao phan citng, phan mém cho thiét bi

3.1.1. So d6 khdi thiét bi va thiét ké phan cimg thiét bi

Thiét bi do myc nudc bang radar sir dung song diéu tan bao gdm hai bo phan chinh: (1)
Mo dun phat song bao gdm: bd phan tao song (Waveform Generator) dugc két ndi véi mach
chuyén d6i sé trong tu (DAC-Digital-to—analog converter), mach dao dong diéu khién bang
dién ap (VCO-Voltage controlled oscillator) va Ang ten phét song. (2) M0 dun thu song
gdm: Ang ten thu dugc két ndi véi bo khuéch dai tin hi¢u tap am thip (LNA-Low—noise
amplifier), b loc thong thap ¢6 chirc néng loc céc tin hiéu tan s6 thap (LPF—Low—pass filter),
bd chuyén ddi twong ty ra s6 (ADC-Analog digital converter) va bo xir 1y tin hiéu (DSP—
Digital singal prossessing) [11].
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Waveform
Generator

Hinh 3. So db khdi cua thiét bi do myc nuéc bang radar sir dung song bién tan lién tuc.

3.1.2. Hé thong nhung

Hé thong nhung (Embedded system) 1a mot thuat ngit dé chi mot hé théng c6 kha ning
tur tri duoc nhing vao trong mét méi truong hay mot hé thdng me. Do 1a cac hé thdng tich
hop ca phan cing va phan mém phuc vu céac bai toan chuyén dyung trong nhiéu linh vuc cong
nghiép, tu dong hoa diéu khién, quan tric va truyén tin. Dic diém cia cac hé théng nhung 13
hoat dong 6n dinh va co tinh ning tw dong hoa cao. Hé thong nhiing thuong duoc thiét ké dé
thye hién mot chirc ndng chuyén biét nao do [12].

Trén co s6 md hinh hoat dong cua thiét bi phan cing cta thiét bi radar dugc thiét ké theo
hé thong nhing gom: phan clng (gém céc bd phan chip vi xur ly, cac linh kién dién tir, mach

két ndi connetor...), phin mém tinh toan va diéu khién (dugc thiét ké trén ngon ngir lap trinh
C++).

40 MHz CRYSTAL

]

-~ Senrad
LPe7524) LAV - - &
PMIC

60 PIN HD
(a) CONNECTCR

Hinh 4. (a) So d6 khi hé théng nhung; (b) Thiét ké 3D cua thiét bi do muc nudc bang radar sir dung
song bién tan lién tuc.

3.1.3. Phan cung ciia thiét b

Dua trén thiét ké hé thong nhiing va so d6 khéi thiét bi, sir dung cac linh kién dién tir cua
hdng Texas Instrument nhu: Chip don tich hgp AWR1243FBIGABLRQ1 1a bd thu phat
FMCW c6 kha ning hoat dong ¢ bing tan 76 dén 81 GHz la thiét bi sir dung phd bién cho
cac hé théng radar cong suét thap [13], chip xtr Iy tin hiéu k§ thuat s& ARM Cortex 4 6 chirc
ning diéu khién tin hiéu k§ thuét so [14], chip LP8752x-Q1 quan ly nguon [15]...va cac
thanh phan dién tir hd trg két ndi khac, nghién ctru da ché tao thanh céng phan cimg cho thiét
bi radar do myc nudce (Hinh 5).
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Hinh 5. (a) Hinh anh thyc té cta bg vi xtt 1y trung tam; (b) Bo mach két néi.

3.1.4. Thuat toan va phan mém

C6t 151 phan mém cua thiét b 1a thudt toan tinh toan khoang cach dua trén tan sb fo (tan
s0 sau khi tron gitra song truyen va song nhan). B¢ xac dinh fy, thiét bi ap dung phuong phap
phan tich pho FFT va thuat toan tim dinh chinh xac (Peak detection) nham tang d¢ phan giai

[16-17].
‘Ngon ngit 1ap trinh C™ dugc nhém nghién ctru st dung dé viét phan mém nhung diéu

khién tinh toan va cAu hinh thiét bi.
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Hinh 6. Thuat toan xac dinh tan sb fi, dé tinh khoang cach.

3.2. Thiét ké phan co khi cia thiét bi

IP “Ingress Protection” hoic “International Protection” 14 tén mot hé thong xép loai cho
biét kha nang bao v¢ linh kién ctia cac thiét bi dién tir [18]. Hé thong xép hang nay bao gom
ki tu chir hodc s0, moi ki tu s€ cho biét thong tin vé mirc d0 bao vé doi1 voi mdt tdc dong khac
nhau (Hinh 7).

Ciac cap d6 bao vé IP

Hinh 7. Minh hoa cip do bao vé thiét bi theo tiéu chuan IP.
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Vi chiic nang do myc nudce, radar dugce lép dat & ngoai troi, st dung tai khu vuc song,
sudi, hd c6 do 4m cao d& gay hong hoc thiét bi khi bi nudc xam nhép. Do vay, thiét ké phan
co khi thiét bi va sir dung vat liéu lam vo thiét bi 1a nhom tinh dién va nhya HDPE dam bao
thiét bi du tiéu chuan IP67. Cu thé, theo tidu chuan IP67, thiét bi c6 thé sir dung duoc ngoai
choi, chdng mua, chong bui xdm nhap tuyét dbi (Hinh 8).

@ (b)
Hinh 8. (a) Ban v& thiét ké phan co khi; (b) Hinh anh thyc té cia radar.

3.3. Két qua thir nghiém thiét bi

3.3.1. Két qua tai phong thi nghiém

Pé xac dinh duoc do chinh x4c cua thiét bi do muc nuéc, nhém nghién ciru da tién hanh
so sanh két qua do cua thiét bi véi chuan myc nude hién dang sir dung tai phong Thiét bi va
Kiém dinh ctia Trung tdm Quan tric khi twong thuy vin va kiém tra thyc té tai tram Thuy
van Thanh Son, huyén Thanh Son, Phu Tho.

Tai phong thi nghiém, thiét bi duoc thir nghiém 18 1an do véi cac muc chuan duoc chon
tir 500 dén 3500 cm. Két qua sb lidu quan tric c6 do sai 1éch trung binh so véi muc chuan 1a
+0,3 cm, sau 18 lan thir nghiém két qua déu cho muyc nude thién cao hon so v6i muc chuan
(Hinh 9). So sanh vdi sai s6 ctia cac thiét bi quan tric muc nudc bang cong ngh¢ radar hién
nay dang str dung cho thay, thiét bi ché tao khong thua kém véi cac thiét bi nhap ngoai [19-
22].

K&t qua thtr nghiém thiét bi tai phong thi nghiém
3500 q gnic 1tarp g ghie 06
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Hinh 9. Két qua thir nghiém sai s6 do trong phong thi nghiém.

3.3.2. Két qua thir nghiém tai hién trudong
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Thiét bi duoc lép dat tai tuyén do thuy van cua tram thuy van Thanh Son, Phu Tho tir
ngdy 14 thang 7 dén 04 thing 8 nam 2022. Tai hién truong, két qué thir nghiém c6 sy khac
biét v4i thir nghiém trong phong thi nghiém, s liéu quan tric duoc thién thip hon so véi
muc nudc quan tric cua tram thuy van, v6i muc sai khac dao dong tir —5 dén 3 cm (Hinh 10).
Két qua khac biét nay nguyén nhan do mit séng khong phai 1a mat nudc tinh nhu trong phong
thi nghiém va gia tri myuc nude do bang thuy chi thuong khong co do chinh xéc cao.

Sai s0 cua thiét bi khi 1ap dat tai tram thiy van Thanh Son trong thoi gian
thir nghiém tir ngay 14/7/2022 dén 04/8/2022
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Hinh 10. Két qua thir nghiém sai s6 do tai tram thiy van Thanh Son.

4. Két luin

V61 muc dich nghién cuu, ché tao va thur nghiém thiét bi quan tric muc nudc tu dong,
trén co so 1y thuyét vé phan xa song dién tir, nghién ctru da ché tao thanh cong thiét bi quan
trac myuc nude ty dong theo cong nghé radar sir dung song bién tan lién tuc. Két qua thir
nghiém budc dau cho thdy, sai sb cua thiét bi ché tao twong dong voi sai s6 ctia céac thiét bi
ngoai nhap hién dang str dung trén mang ludi quan trac khi tuong thay van.

Nghién ctru dd dat dugc két qua kha quan, tuy nhién van con nhiéu diém han ché nhu
thiét bi méi chi dugc thi nghiém trong khoang thoi gian ngén tai mot vi tri quan tric, can c6
thoi gian thur nghiém du dai dé khang dinh chéc chan sai s6 cua thiét bj dam bao quy chuan
tiéu chuan vé sai s6 cho phép trong quan trac myc nudc thuy van trudc khi dua vao quan tric
nghiép vu va mat han ché 16n nhét 1a van phu thudc vao viéc mua linh kién cua nudc ngoai.

bong gop cua tac gia: Xay dung y tuong nghién caru: V.N.L., T.Q.N.; Lya chon giai phap,
dé xuét cai tién cong nghé: T.V.T., N.M.H.; Viét ban thao ba1 bao: T Q.N.; Chinh sua bai
bao: V.N.L.

Loi cam on: Tap thé tac gid cam on d& tai nghién ciru khoa hoc cap Bo “Nghién ciru xay
dung hé théng canh bao muc nudc 1 tir xa st dung séng vo tuyén cho cac luu vie séng nho”
da tai trg cho nghién ctru nay va Cong ty trach nhiém htru han khoa hoc va cong nghé Sonrad
d3 hd tro cong nghé ché tao thiét bi.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.
Tai liéu tham khao
1. Hashim, Y.; Idzha, A.H.B.M.; Jabbar, W.A. The Design and Implementation of a
Wireless Flood Monitoring System. J. Telecommun. Electron. Comput. Eng. 2021,
10(3-2), 7-11.
2. Anh, T.N.; Diing, L.D.; Minh, L.D.; Quang, T.V.; Binh, H.T.; Binh, P.D.; Nguyén,
N.V.; Luan, N.P. Panh gia kha ning ung dung cong nghé Radar quan tric luu lugng
nude ty dong tai mot s6 cac tram thuy van hang I khu vuc Tay Béc va Viét Bac. Tap



Tap chi Khi twong Thuy van 2022, 743, 52-60; d0i:10.36335/VNJHM.2022(743).52-60 59

10.

11.

12.
13.

14.
15.

16.
17.
18.
19.
20.
21.

22.

chi Khi twong Thiy van 2021, 729, 91-101. D0i:10.36335/VNJHM.2021(729).91-
101.

Théng, T.M.; Tuan, H.A.; Tuén, T.V. Nghién ctru thiét ké ché tao hé théng quan tric
lwu lwong dong chay va lugng mua hd trg didu tiét an toan hé théng ho thuy dién
Hoa Binh. Tap chi khoa hoc va cong nghé Viét Nam 2015, 2(7), 12-15.

Son, B.H. Nghién ctru bo chuan SWE (Sensor Web Enablement) cua OGC va ap
dung thtr nghiém xay dung cac h¢ thong mang lu6i quan trac d6 man theo tiéu chuan
mo quéc té. Chuong trinh Quan ly va Phat trién d6 thi, S& Khoa hoc va Coéng nghé
Thanh phé H6 Chi Minh, 2019.

Thai, T.H. Nghién ctru, thiét ké, ché tao module phuc vu do luong giam sat trong
tram khi tugng tu dong. Vién Nghién ctru dién tur, tin hoc va ty dong hoa. Béo cao
Téng két dé tai, 2009.

Khanh, D.V.; Quang, H.V. Nghién clru, xay dung giai phap tu dong hoa quan ly hoat
dong nghiép vu tram khi tuong thuy van va truyén tin theo thoi gian thue tir cac tram
khi tegng thiy van truyen thong. Tap chi Khi tuwong Thiy van 2017, 683, 44-51.
Han, N.V.; Ha, N.V_; Tuan, N.M. Phat trién va thir nghiém cong nghé ty dong hoa
quan tric gi(’). Tap chi khoa hoc bién dbi khi hau 2018, 8, 23-29.

Alizadeh, M. FMCW Radar System. Jul 09, 2019. https://uwaterloo.ca/centre-for-
intelligent-antenna-and-radio-systems/sites/ca.centre-for-intelligent-antenna-and-
radio-systems/files/uploads/files/fmcwradarsystem.pdf.

Hai, C.; Li, Y.; Wang, X. Digital Signal Processing for A Level Measurement System
Based on FMCW Radar. Proceeding of the IEEE International Conference on
Control and Automation, 2007, 2843-2847. D0i:10.1109/ICCA.2007.4376881.

de Oliveira, L.G.; Nuss, B.; Alabd, M.B.; Diewald, A.; Pauli, M.; Zwick, T. Joint
Radar—Communication Systems: Modulation Schemes and System Design. IEEE
Trans. Microwave Theory Tech. 2022, 70(3), 1521-1551.

Ju, Y.; Kim, S.D.; Lee, J. Development of Digital Signal Processing Module for
Level Measurement Radar. Advanced Radar Technology Laboratory, Robotics
Research Division, Daegu Geongbuk Institute of Science & Technology, Daegu,
Korea. 2013, 1-2.

Yaghmour, K. Building Embedded Linux Systems, 2006.

AWR1243 Single-Chip 77- and 79-GHz FMCW Transceiver datasheet (Rev. D).
htttps://www.Ti.com.

ARM Cortex 4 microcontroller. https://www.ti.com.

LP8752x-Q1 10-A Buck Converter With Integrated Switches datasheet.
htttps://www.Ti.com.

Colak, A.M.; Manabe, T.; Shibata, Y.; Kurokawa, F. Peak Detection Implementation
for Real-Time Signal Analysis Based on FPGA. Circuits Syst. 2018, 9, 148-167.
Bialer, O.; Jonas, A.; Tom Tire, T. Code degign for Automotive MIMO Radar,
EUSIPCO. 2021. ISBN: 978-9-0827-9706-0.

IP Rating Chart. https://www.dsmt.com/resources/ip-rating-chart/.

Vaisala. QHR104 Radar Water Level Sensor. https://www.vaisala.com.

SUTRON. Radar Level Sensor (RLS) CSI Specifications. htttps://www.sutron.com.
SUTRON. Laboratory and Field Tests of the Sutron RLR-0003-1 Water Level
Sensor. htttps://www.sutron.com.

Cambellsientific. Sonic ranging sensor. https://www.campbellsci.eu/.


http://dx.doi.org/10.1109/ICCA.2007.4376881
https://www.scirp.org/journal/articles.aspx?searchcode=Alperen+Mustafa+Colak&searchfield=authors&page=1&skid=0
https://www.scirp.org/journal/articles.aspx?searchcode=Taito+Manabe&searchfield=authors&page=1&skid=0
https://www.scirp.org/journal/articles.aspx?searchcode=Yuichiro+Shibata&searchfield=authors&page=1&skid=0
https://www.scirp.org/journal/articles.aspx?searchcode=Fujio+Kurokawa&searchfield=authors&page=1&skid=0
https://www.scirp.org/journal/home.aspx?issueid=11684
https://ieeexplore.ieee.org/author/37589372600
https://ieeexplore.ieee.org/author/37088484175
https://ieeexplore.ieee.org/author/37085692008

Tap chi Khi tiwong Thaty van 2022, 743, 52-60; doi:10.36335/VNJHM.2022(743).52-60 60

Research, manufacture and test automatic non—contact water
level measuring device using radar technology

Tran Quang Ngoc'", Nguyen Minh Hai!, Tran Van Tuan?, Vu Ngoc Linh?

1 Center for Hydrometeorological Observation; tqngoc@gmail.com
2Sonrad Science and Technology Co., Ltd; vtuan72@gmail.com
3 Department of Hydrometeorological Forecasting Management; vnlinh@monre.gov.vn

Abstract: Currently, automatic measuring devices on the hydrometeorological monitoring
network of Vietnam almost completely depend on imported equipment, research,
manufacture, and progress to mastering the technology of automatic measurement
equipment production. hydrometeorology is essential. This paper presents the results of
research, manufacture and testing of automatic water level measuring device according to
the principle of non-contact measurement by radar technology. Based on theoretical
research on the operating principle of water level radar, FFT (Fast Fourier Transform)
spectrum analysis algorithm and Peak detection algorithm, combined with design and
fabrication activities. In order to create electronics, the research has successfully built a
water level radar (type FMCW radar). Water level radar using 60GHz frequency wave can
measure water level from 0.5 to 40 m, resolution 0.001 m, accuracy of device after testing is
+0.003 m. This equipment has been tested and certified by the Center for hydrometeorological
observation and has met the metrological requirements.

Keywords: Automatic water level measurement; Fabrication of water level radar; FMCW
water level radar.
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Tém tit: Nhimng dic diém vé tan suét, cudng do, quy dao bio hoat dong trén bién Pong khi
chiu tac dong cua cac hé théng gié mua di dugc xac dinh dua trén bo sb liéu bio trong thoi
ky 1981-2020 dugc cung cip boi Co quan khi twong Nhat Ban (JMA). Qua d6 thay rang,
bio trén Bién Pong thuong hoat dong két hop v6i gié muia miia hé (GMMH) trong cac thang
thang chinh h¢ (chiém 45,3%); hay két “hop voi KKL trong cac thang mua dong (chlem
30,3%); con trong cac thang dau va cudi dong thi két hop dong thoi véi ca hai hé théng
GMMH va KKL (chiém 24,4%). Céc con bio chi chiu tac dong cua riéng KKL hoic GMMH
thudong c6 cuong do yéu hon (cap 8, cip 9). Song khi bio chiu tac dong dong thoi cua ca
KKL vda GMMH thi cuong d6 bao ting 1én v6i nhiéu con bio dat cap siéu bdo. Bio thuong
di chuyén theo hudng tay bic (khi chiu anh hudng cta cac hé thong gié mua, nhit 1a
GMMH) va di chuyén theo hudng tay va tay nam (khi bdo hoat dong két hop véi KKL hoic
dong thoi ca KKL va GMMH). Sau mét thoi gian hoat dong trén bién Péng, bio thudong
d6i huéng di chuyén xudng phia nam (khi chiu anh huéng ciia KKL), nhung lai d6i hudng
di 1én phia bac (khi chiu anh huéng cia GMMH hoic két hop ca KKL va GMMH).

Tir khoa: Bdo; Khong khi lanh; Gio mua mua he¢; Cuong d6 va quy dao bao.

1. Pt van dé

Nhu ching ta da biét, xody thuan nhiét déi (XTND) hay bdo 1a mot trong nhitng hién
tuong thién tai cé sirc tan pha 16n, gay anh huong khong nho dén kinh té, xa hoi va con nguoi.
Trén Bién Pong, bio thuong hoat dong tir thang 3 dén thang 12 [1], song mua bdo thuong
kéo dai tir thang 5 dén thang 12 [2] hay tir thang 6 dén thang 11 [3-4] véi tan suat 16n hon
trong cac thang 8, 9 va 10 [1, 3]. Hang nam, khoang 10 dén 12 XTND hoat dong trén Bién
Dong va anh huong dén Viét Nam [3]. XTND hinh thanh trén bién Tay Bac Thai Binh Duong
(TBTBD) chiém 53% [5] hodc 67% [3], con hinh thanh trén Bién Pong chiém khoang 47%
[5] hodc 33% [3]. Bd0 c6 mat do 16n nhit ¢ khu vuc giita va bac Bién Pong va it nhat trén
ving bién tir Binh thuan t6i Ca Mau [6]. Trong nhitng nim gan day, sb ngay c6 bdo va mat
do béo trén Bién Dong [7] va TBTBD deu giam [6], song s6 XTND c6 cuong d6 manh trén
cap 13 lai giatang [7]. XTND c6 tan suét 16n nhat & bién Trung Trung B¢ (trong thoi gian tir
thang 6 dén thang 10) va giam khoang 0,1 dén 0,2 con trén ving Bac Bién Pong. Chung hoat
dong chii yéu ¢ bién Nam Trung Bo (trong thang 11 va 12). Hon nita, cac XTND anh huong
dén Viét Nam thuong c6 quy dao huéng tr WNW dén WSW [8]. Cudong d6 XTND hinh
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thanh trén khu vuc Bién Pong thuong yéu hon trén bién TBTBD [3, 9]. XTND hoat dong
trén khu vuce Bién Dong c6 tdi 66% dat cudng do bao (cip 8 dén 11), 26% dat cuong do bio
manh (cdp 12 dén 13) va chi c6 8% dat cuong d6 bio rat manh (cip 14 dén 15) [9].

Cung v6i bdo va nhirng hién tuong thoi tiét cyc doan, gié mua 1a mot trong nhing hé
thng hoan luu quy mo 16n, c6 anh huong khéng nho dén thoi tiét, khi hau Viét Nam. Hoat
dong cua chung duoc thé hién thong qua hai hé théng gi6 chinh 1a: gié mua mua hé (GMMH)
va gi6 mua mua dong (GMMBP). Khong chi quan tdm dén nhitng hé qua cia gié mia ma
ngdy bit dau, két thuc ciing nhu cuong do cua cac hé théng gié mua cling di duoc rt nhiéu
cac Nha khoa hoc trong va ngoai nudc quan tam nghién ctru.

Cuong d6 cia GMMD da dugc xéac dinh dya trén gradient khi &p gitra 4p cao Siberia voi
ap thap Aleut va gradient khi ap giira 4p cao Siberia v6i rinh xich dao [17] hay gradient khi
ap kinh huéng trung binh trén ving tir khu vue Trung Bo dén ving ria phia nam cia ap cao
Siberia (15-40°N; 100-130°E) [10] hodc chi sb gi6 kinh huéng muc 925hPa trung binh trén
khu vuc mién khi hau phia bic Viét Nam (16-23,5°N; 102—-108,5°E) [10]. Hon nita, khi tdc
d9 gio kinh huéng trén vung nay co gia tri chuyen tor duwong (gi6 I¢ch nam) sang am (gid 1éch
béc) va duy tri trong it nhat 2 ngay lién tiép thi s& xac dinh 1a mot dot KKL kha nghi. Tuy
nhién, cac tac gia cung cho rang, khi c6 XTND hoat dong trén Bién Dong, chi tiéu nay thuong
sé thoa man. Do d6, gia tri bién ap 24 gio clia khi ap myc nudc bién (Pmsl) trung binh ving
(20-24°N; 105-110°E) d3 duoc dua ra. Khi gia tri bién 4p ndy 16n hon hoic bang 1hPa thi
xem 14 thoi diém KKL anh huéng dén Viét Nam [10-11].

Hoat dong cia GMMBD thuong dugce thé hién boi cac dot KKL. KKL thuong anh hudng
dén Viét Nam tir thang 9 dén thang 5 nam sau [12]. Trung binh mdi nim c6 gan 30 dot KKL
(thoi ky 1994-2003) [13] va khoang 27-28 dgt KKL (thoi ky 1981-2019) [12] anh hudng
dén Viét Nam. Tong s6 dot KKL trong cac chinh dong chiém khoang 50% s6 dot KKL trong
mua dong. S6 dot KKL c6 xu thé tang khoang 0,5 dot/1 thap ky trong mua dong, dac biét
tang 1én trong thoi ky chinh dong song lai giam trong thoi ky dau va cudi dong [12]. Cac dot
KKL dugc déc trung bdi sy manh [1én ctia dong xiét can nhiét d¢i vao mua dong. Hon nira,
su ton tai va 6n dinh cua dong xiét gi6 tdy nhanh phia nam cao nguyén T4y Tang con duoc
xem 14 dau hiéu m¢ dau hay két thaic GMMBD. Khi dong xiét nay manh 1én, 4p cao Siberia
tang cuong (khi a&p ¢ tdm 16n hon 1050hPa) thi s¢ c6 KKL [13]. Cac dot KKL trung binh
thuong c6 7 ngay, cling ¢ thé kéo dai t6i 9 ngay [14].

Tuong ty GMMB, hoat dong cia GMMH trén khu vuc Pong A néi chung va Bién Pong
noi riéng duge nhiéu tac gia quan tdm duya trén cac chi s6 gié mua dé xac dinh ngay bat dau,
két thuc va cuong do cua nd. Hoat dong cua hé théng GMMH duoc thé hién rd rét nhat thong
qua hé thdng gi6 tdy nam thdi tir ria ctia cac 4p cao cin nhiét nam ban cau vuot xich dao dua
khong khi 4m tir bién vao dat lién, gdly mua cho nhiéu khu vyc ma né di qua. Do d6, chi sb
gi6 vi hudng myc 850hPa va lugng mua trén cac ving dugc xem la nhiing ddi tuong chinh
trong cac nghién ciu vé GMMH. Ngay bat dau GMMH trén khu vuc Bién Dong duoc xac
dinh dya vao chi sb gio vi hudng trung binh ving (5°N-15°N, 110°E-120°E) trén muyc 850
hPa (U850) [15]. Pay ciing la chi s6 duoc sir dung dé xac dinh sy bién dong ctia mot sb dic
trung GMMH ¢ Viét Nam [16].

GMMH anh huéng dén Viét Nam thudng bt dau vao khoang cudi thang 4, dau thang 5
[10, 17-20], dat cuc dai vao thang 6, thang 7 sau d6 suy yéu tir cudi thang 8 dén thang 10.
Trong thoi ky La Nina, GMMH thuong bit dau sém va két thuc muodn hon trong thoi ky El
Nino [10, 19-20]. Trén khu vuc Bién Dong, GMMH thudng bit dau tir ngay 15 dén 20 thang
5 (thoi ky 1948-2001) [15], vao ngay 14/5 (thoi ky 1979-1993) va ngay 30/8 (thoi ky 1994—
2008) [21] song trong ca hai thoi ky GMMH két thuc vao khoang giita thang 10 [21]. Nhur
vay, GMMH trén khu vic Viét Nam va Bién Dong thuong hoat dong trong thoi gian tir thang
5 dén thang 10.

Co thé thiy, hau hét cac nghién ciru chi phan tich nhing bién ddi vé tan suat, cudng do
hay quy dao béo trong timg thang, nam hay qua cac nam ¢ mét thoi ky nao d6 ma chwa de
cap t6i anh huong cta cac hé thong gié mua. Mic du, mot sb it nghién ctru c6 dé cap téi anh
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huong cua cac hé théng thoi tiét dén bao song chi xem xét riéng & timg hé théng nhu KKL
[5] hay mot sb truong hop cu thé.

Trong thuc té, cac con bdo thuong hoat dong két hop véi it nhat mot hé thong gi6 mua:
GMMBD hoic GMMH hoic dong thoi ctia ca hai hé thong nay. Ciing nhu nhiéu nghién ciru
trudc do, trong nghién ctru nay, hoat dong cua GMMD duoc thé hién qua thoi gian kéo dai,
cuong do cua cac dot KKL. Khi KKL va GMMH hoat dong cé thé 1am quy dao, cuong do
hay cdu truc bio thay doi. Boi thé, dic diém hoat dong cta bdo trén Bién Péng trong cac
thang, thoi ky 1981-2020 khi chung chiu anh hudéng cua cac hé thdng gié mua s& duge phan
tich chi tiét trong bai viét nay.

2. S6 liéu va phwong phap nghién ciru

2.1. 86 liéu
2.1.1 Sé liéu bao

Nghién ctru str dung bd s6 liéu bao gém tén bao, vi tri (kinh, vi dg), cuong do (Pmin,
Vmax) 6 gio 1 1an trong thoi gian ton tai (tir khi hinh thanh dén tan rd) trong thoi ky 1981—
2020. B6 s6 liéu nay duge cung cap boi Co quan khi twong Nhat Ban (JMA) duoc download
tir website: http://agora.ex.nii.ac.jp/.

2.1.2. S6 liéu tai phan tich

Dé xac dinh thoi thoi gian anh hudong cia KKL va GMMH, bai viét sir dung bo s6 licu
tai phan tich trudng khi 4p muyc nudc bién (Pmsl) va trudng gid vi hudng muc 850hPa trong
ting 6h/1 1an. Bo s6 liéu nay c6 do phan giai 0.5%x0.5 d6 kinh/vi trong thoi ky 1981-2020,
duogc cung cép boi Trung tdim Dy bdo han vira Chau Au (ECMWF) va duoc download tir
trang web: https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-pressure-
levels?tab=form.

2.2. Phuong phap nghién ciru
2.2.1. Xéc dinh thoi ky khong khi lanh hoat dong

Dé xac dinh hoat dong cia cac dot KKL, nghién ciru di phan tich dién bién cua gia tri
bién ap 24 gio cia Pmsl trung binh viing: 20-25°N; 105-115°E. DAy 1a ving chiu anh huéng
dau tién khi KKL hoat dong trén khu vuc Bién Dong va Viét Nam. Khi d6, KKL duogc xem
nhu ¢6 anh huong dén khu vye khi bién ap 24 gio ¢6 gid tri 16n hon hodc bang 1hPa. Chi sd
nay duoc dua ra duya trén nghién ciru trude d6 khi xac dinh ngay c6 KKL anh huong dén Viét
Nam [10-11]. Tuy nhién, trong nghién ctru nay, do chi quan tdm dén hoat dong cia KKL
trén khu vuc bién Pong nén ving xac dinh bién ap 24 gio s& duoc mo rong hon sang phia
dong.

2.2.2. Phuong phéap xéc dinh thot ky gié mua mua he hoat dong

Nhu da dé cap toi trong phan 1, cho dén nay, da c6 khong it chi GMMH dugc dua ra dé
xac dinh ngay bat dau ciing nhu cudng d6 cia GMMH trén mdi ving. Trong bai viét nay,
hoat dong cia GMMH trén Bién bong dugc xac dinh dua trén chi ) gi6 vi huéng myc
850hPa trung binh trén khu vyc Bién Dong (5°N-15°N, 110°E-120°E). Day la chi s da dugc
[15-16] str dung dé xac dinh dic diém trong hoat dong cia GMMH trén khu vuc Bién Dong
va Viét Nam. Khi d6, ngay duoc xem 1a ¢c6 GMMH hoat dong néu chi sé nay c6 gia tri 16n
hon 0,5 m/s.

2.2.3. Phuong phap x4c dinh cuong d6 va quy dao cua bao

a) Xac dinh cuong do: i
Duya vao bd s6 liéu bdo tén béo trong thoi ky 1981-2020 gém: vi tri (kinh, vi dg), cuong
dd (Pmin, Vmax) 6 gid 1 lan trong thoi gian ton tai (tr khi hinh thanh dén tan ra), nghién ctru
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xac dinh cac con bao hoat dong trén khu vuc Bién Dong bao gém ca cac con bao hinh thanh
va d6 bd vao khu vuc Bién bong. Khu vuc nay dugc gidgi han bdi pham vi tir 3-26°N va 80—
120°E. Khi do, cuong do cac con bao duoc xac dinh:

B&o (Tropical Storm-TS): ¢6 Vmax tir 17—-24 m/s (tir cap 8 dén cép 9);

Bio manh (Severe Tropical Storm-STS): ¢6 Vimax tir 24-33 m/s (tir cap 10 dén cap 11);

Bio rat manh (Typhoon—TY): ¢6 Vimax 16n hon hodc bang 33 m/s (cap 12 trd 1én).

b) Xac dinh quy dao:

Quy dao ciia bdo hoat dong trén Bién Pong dugc phan tich dya trén 5 dang quy dao sau:

Dang 1: Quy dao 1éch Béc: Quy dao bdo di theo hudng tir Biac Tay Béic dén Bic Dong
Bic (NNW dén NNE), tirc 13, néu lay huéng Béc 1am trung tam thi quy dao cta bio di vao
goc quanh hudng Béc 22,5 d6;

Dang 2: Quy dao tir Bic Tdy Béc dén Tay Tay Bic (NNW dén WNW), gdm nhimng
XTND c6 quy dao 1an can huéng Tay Bic mot goc 22,5 do;

Dang 3: Quy dao thién TAy gdm nhiing con bio c6 hudng di chuyén trang véi hudng
chinh T4y hoc 1éch vé hai phia cua huéng Tay mot goc khong qua 22,5 do, tic 1a cac con
b&o ¢ quy dao tir Tay Tay Bac dén Tay Tay Nam (WNW dén WSW);

Dang 4: Quy dao léc Nam tir Tay Ty Nam dén Nam (WSW dén S), gdm nhiing XTND
c6 quy dao 1éch vé phia Nam ké tir huéng WNW;

Dang 5: Quy dao dang déc biét gébm cac con bao di chuyén vé6i quy dao thay ddi nhanh,
that nat, xody tron dc, .

Do quy dao bao thuong thay d6i lién tuc trong thoi gian hoat dong cua n6 nén quy dao
duge xac dinh trong nghién ctru ndy 1a quy dao cua bao khi di chuyén trén it nhat ' quing
duong trén Bién Pong trudc khi d6 bo vao dat lién.

2.2.4. Phuong phap xac dinh hoat dong cia bio khi két hop voi gié mua

Tén suit bdo khi chju anh huoéng cua cac hé théng 216 mua s€ dugc xéc dinh dya trén sb
liéu théng ké cac con bio hoat dong trén khu vuc Bién Pong (3+26°N, 80+120°E), bao gom
tat ca cic con bdo hinh thanh trén Bién Pong hodc hinh thanh trén bién Thai Binh Duong,
sau d6 di vao Bién Dong.

Pong thoi, cac chi sé ddc trung cho hoat dong cua KKL va GMMH da dugc xac dinh
trong thoi gian tu khi cac con bao hinh thanh dén khi tan rd. Mdi con bio, ngay sau khi di
vao Bién bong, néu mot hodc ca hai chi s6 gi6 mua thoa man thi con bdo do dugc xem nhu
s& hoat dong két hop vi mot hodc ca 2 hé thong gidé mua.

Tir d6, ddc diém hoat dong cua bao két hop véi timg hé théng: KKL, GMMH ciing nhur
ca KKL va GMMH trong tirng thang, ndm, thoi ky 1981-2020 da dugc phan tich trong muyc
3 dé thay rd tan suat tic dong cia cac hé thong gié mua dén bio.

3. Két qua va thio luin

3.1. Tan sudt hoat dong ciia bdo khi ¢6 gié mia

Nhu dé dua ra ¢ trén, GMMH thuong hoat dong trong thoi gian tir thang 5 dén thang 10
(gan tring véi thoi ky hoat dong cua béo), con KKL thi bat dau tur thang 9 dén thang 5 nam
sau. Bi vay, s6 lugng cac con bio khi chiu anh ‘huong cia GMMH chién ti 1& 16n nhét (chiém
45,3%). Trong thoi ky dau (thang 9, 10) va cudi mua dong (thang 4, 5) bdo thudng chiu anh
huong két hop ciia ca KKL va GMMH (chiém 30,3%). T4t nhién, trong cac thang mua dong,
cac con bao hoat dong s€ chiu dnh hudéng cia KKL. Thoi gian nay, bao hoat dong it hon nén
chi c6 24,4% sb cac con bio hoat dong két hop vdi KKL (Béang 1).

Bang 1. Tan suét bio hoat dong trong cac hé thdng gié mua.

Hinh thé
Tong so KKL GMMH KKL+GMMH
S6 luong 353 86 160 107
Tile % 100 24.4 453 30,3

Tén suét
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Thét vay, bao hoat dong chiu anh huong cua riéng GMMH tap trung trong cac thang
chinh he (thang 6, 7, 8), thoi gian KKL gan nhu khong hoat dong trén bién Pong. Trong sb
cac hinh thé duoc xét, toan bo bio hoat dong trong thai gian nay chi chiju anh huéng cua
rieng GMMH. Sang thang 9 va thang 10, sé luong bio chiu tac dong cua riéng GMMH giam
rd rét. Két qua ciing twong tu trong thoi gian thang 4, thang 5 khi ti 1 bao chiu anh huéng
cua GMMH lan luot khoang 33 va 63%. Vao thoi ky chuyén tiép tir mua heé sang mua dong,
bao thuong chiu anh hudng cua ca KKL va GMMH vai ti 1€ tuong g trén 86% (trong thang
9) va xap xi 82% (trong thang 10). Trong thoi ky mua déng (tir thang 11 dén thang 3 nam
sau), bao chi chiu anh hudng cia KKL (Hinh 1).

60.0

100.0 / \
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20.0 m— SL_GMMH / - 500
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Hinh 1. Dién bién trong nim cua s6 luong bio va ti 1¢ % cta noé trong cac hinh thé.

Hon nita, s6 lwong bio hoat dong két hop véi cac hé thong gié mua thudng dat cuc dai
vao thoi gian tan sut bao xuat hién 16n nhat. Cu thé, thang 7, 9 va 11 1a cac thang c6 tan suat
béo cyuc dai tuong g khi chiing két hop véi cac hé thong GMMH, KKL két hop véi GMMH
va KKL (Hinh 1).

3.2. Pic diém cuong dé bao khi két hop véi cdc hé théng gié mia

Hinh 2 chi ra ddc diém cuong do bao khi chiu anh hudng ciia cac hé théng gié mua. Khi
két hop v6i KKL hoic GMMH, bio thuong c6 cudng d6 cap 8, cap 9. Con khi két hop dong
thoi voi ca KKL va GMMH thi bao thuong co cudong do cap 12, trén cap 12.

That vay, khi chiu anh huong ciia KKL hodc két hop ca KKL va GMMH, s6 luong bao
manh la it nhat. Trong khi bio twong tac véi GMMH thi s luong bao dat dén cuong do siéu
bio lai chi c¢6 40 con (chiém 1/4 trén tong s6 XTND chju anh huong cia GMMH). Sy khac
biét vé& cudong do bao trong cac hinh thé thoi tiét mot phan do thoi gian cac hinh thé tac dong
dén bao. Nhu da phan tich & trén, thoi gian bao chiu anh huéng cia KKL hoic GMMH
thuong vao thoi ky GMMBD hodc thoi ky gitra he, thoi gian bao hoat dong trén bién Pong co
cuong do chi yéu la cap 8, cap 9. Trong khi, trong thang 9, thang 10 khi bao thuong chiu anh
huong dong thoi cia KKL va GMMH thi ti 18 bio dat dén cip do siéu bao Ién hon rat nhiéu
(Hinh 2).
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Hinh 2. Phan b cudng do bio trong cac hinh thé thoi tiét.
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Ti 1& % s lwong bao két hop véi ting hé thong theo ting loai bao thé hién & bang 2. Két
qua cho thdy véi bao thuong, sé lugng bao hoat dong két hop véi GMMH chiém ti Ié 16n
nhét véi gan 50%. Bio hoat dong két hop véi KKL (chiém 27%) va chi 24,1% s6 con bio ¢o
cuong do trung binh khi ching hoat dong két hop ca KKL va GMMH. Béo ¢6 cuong do
manh thudng hoat dong két hop véi GMMH (chiém 54,3%), két hop v6i KKL (chiém 24,6%)

con lai khoang 25,5% 1a bao két hop vai ca hai hé thong. Trong khi do, cac siéu bao hay bao
c¢6 cudng do rat manh lai thuong hoat dong ciing ca 2 hé thdng gié mua (chiém 41,5%), va
khi chi két hop voi GMMH (chiém 33,9%) hay két hop v6i KKL (chiém 24,6%) (Bang 2).

Bang 1. Ti I¢ % s lugng bao trong mdi hé thong theo cudng do bio.

Loai biio Hé thong twong tic Tong theo tirng cap
: KKL GMMH KKL +GMMH dd bio (con)
TS 27,0 (44,2) 48,9 (43,1) 24,1 (31,8) 141
sTS 20,2 (22,1) 54,3 (21,9) 25,5 (22,4) 94
TY 24,6 (33,7) 33,9 (25,0) 41,5 (45,8) 118
Tong sb 86 160 107 353

Ghi chii: Sé trong ngodc don la ti 1é % cua ting cap bdo so véi téng sé bao trong hinh thé do

_ Hon nira, trong thang 9, thang 10 va thang 11, du chiu anh hudng cua riéng KKL hay
dong thoi cua ca KKL va GMMH thi 6 luong bao dat téi cudng d6 siéu bao ciing 16n nhat.
Trong khi do, khi anh hudng cia GMMH, céc con bao c6 cap do cap 8, cap lai chiém wu thé
(Hinh 3).
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3.3. Bdc diém quy dao bdo trong cdc hinh thé

24 | 22 1 0

Hinh 4 thé hién dic diém quy dao bao hoat dong trén bién Pong khi nd két hop véi cac
hé thong gié mua. C6 thé thdy, quy dao theo hudng tiy bic van chiém da sb trong ca ba
truong hop: bio két hop véi KKL, GMMH hay két hop dong thoi KKL va GMMH. Trong
nghién ctru ndy, cac dang qui dao dién hinh duoc minh hoa trong hinh 5 khi cac con bio hoat
dong két hop dong thoi véi KKL va GMMH.

Cu thé, khi bio hoat dong két hop véi KKL thi quy dao chu dao la tay hodc tay bac (Hinh
4 va 6). Cu thé, khi bio di vao bién Pong va khi bio gan d6 bo hoic tan ra lan lugt cé téi co
tGi 74/86 va 62/86 con c6 quy dao loai nay (Hinh 5). So voi thoi diém béo di vao bién Pong,
quy dao bdo lac gan d6 bo hoic tan ra ¢ nhiéu thay doi. Co tsi 35 (chiém 40,7%) con doi
huéng sau thoi gian dau hoat dong trén bién Pong. Trong d6 ¢6 17 con dbi huéng xudng
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phia nam, phan I6n trong sé nay doi hudng tir tay bac sang thién tay hozc tay xuong tay nam
lam tang so luzorng bao di Chuyen IeCh nam IuC gan d6 bo vao dat IIen (Bang 2).
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Hinh 5. Quy dao cac con bio hoat dong trén khu vuc Bién Dong trong thai ky 19812020 khi ching
chiu anh huong cua KKL va GMMH: Léch bic (a), Tay Bic (b), Tay (c) va Tay Nam (d).

Déi voi bao hoat dong két hop vé6i GMMH, quy dao bio ph?ln 16n cling c6 hudng tay
béc, chiém gan 2/3 tong sé bao (90 con bao). S6 con lai chir yeu di chuyén léch bic hoic
thién tay (Hinh 4). Trong d6, quy dao 1éch bic ciing chiém da sb so voi cac con bio chiu anh
huong ciia KKL (Hinh 6). Khi di vao bién Pong, quy dao bdo chiu anh huong cia GMMH
thay d6i khong nhiéu. Chi ¢ 26,1% bao thay d6i huéng khi gan d6 bo hoac tan ra, dong thoi
phan 16n bao thay d6i hudng di 1én phia bic twong ty nhu khi bdo tuong tac dong thoi voi
KKL va GMMH (Bang 3, Hinh 5).

Tuong tu, quy dao bao khi chiing hoat dong ddng thoi véi KKL va GMMH cling co
hudng chi dao 1a tay bic hoic ty (Hinh 4— 5), trong d6 ¢6 khoang 50 con bdo ¢6 quy dao
huong tay va 30 con c6 quy dao huong tay béc (Hinh 5). Gan mét nira s6 con béo trong hinh
thé nay, sau thoi gian hoat dong trén bién Pong c6 xu hudng d6i huéng. Phan Ién cac con
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bdo di 1én phia bdc (26 con) va chi 13 con doi huéng xuong phia nam (Hinh 6, Bang 3).
Ngoai ra, co6 05 con luc dau cé quy dao xoan trén oc sau d6 doi hudng di chuyén theo hudng
thién Tay (Bang 3).
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Hinh 6. Cac dang quy dao ciia bao khi n6 twong tac véi cac hinh thé khac nhau luc mai vao bién
Dong (a) va lac gan d6 b hoic tan ra (b).

Bang 3. Sb lwong cac con bio dbi huéng khi hoat dong trén bién Dong trong cac hinh thé.

S6 bao dbi hwéng

Hinh thé

Téng Poi hwéng 1én phia bic Poi hwéng xudng phia nam
KKL 35 (40,7) 18 17
GMMH 42 (26,4) 23 17
KKL+GMMH 44 (41,1) 26 13

4. Két luin

Phan tich dic diém hoat dong cua bao trén bién Pong khi két hop véi cac hé théng gio
muia nhu KKL, GMMH hay ddng thoi ca KKL va GMMH trong thoi ky 19812020, bai bao
dua ra mot sb két luan sau:

- Bao thudng hoat dong két hop véi mot hodc ca hai hé thong GMMP va GMMH. Bio
thuong hoat dong két hop véi GMMH (trong cac thang chinh he, chiém 45,3%), két hop véi
KKL (trong cac thang mua dong, chiém 24,4%) va két hop ddng thoi véi KKL va GMMH
(trong céac thang dau va cudi dong, chiém 30,3%). Tan suat bdo 16n nhat xay ra trong cac
thang 7, 9 va 11.

- Béo chiu anh huong cua riéng KKL hoic GMMH thudng c6 cudng do yéu hon (chu
yéu dat cap 8, cap 9). Song khi bdo chiju anh huong dong thoi caa ca hai hé thong gié mua
thi cuong do bao thuong rat manh (trén cap 12).

- Bio thuong di chuyén theo hudng tay bac (khi chiu anh hudng cua cac hé thdng gi6
mua, nhat i GMMH) va di chuyén theo hudng tay va tiy nam (khi bao hoat dong két hop
v6i KKL hodc dong thoi ca KKL va GMMH).

- Sau mot thoi gian hoat dong trén bién Dong, bio thuong doi hudng di chuyén xubng
phia nam (khi chiu anh huong cia KKL), nhung lai d6i huéng di 1én phia bac (khi chiu anh
hudng cia GMMH hoic két hop ca KKL va GMMH).

Co thé thiy, hoat dong cua cac hé théng gié mua di phan nao anh huong dén quy dao,
cudng d6 bao hoat dong trén Bién Dong. Didu nay co thé 1a nhan t6 lam thay doi cu tric cac
truong khi twong trong bio, gdy anh hudng khong nho dén thoi tiét trén cac khu vire ma béo
anh huong. Day 1a nhimng van dé khoa hoc can duoc nghién ctru sau hon trong twong lai.
Dong gop cua tac gia: Xay dung y tudng va lya chon phuong phap nghién cou: C.T.T.H.;
T.D.L.; Thu thap va xt ly s6 liéu: B.T.T.T.H.; T.T.D.; N.B.P.; T.D.L.; C.T.T.H.; Viét ban
thao bai bao: C.T.T.H.; T.D.L.; Chinh stra bai bao: C.T.T.H.

L0'1 cam on: ’Nghién ctru nay dugc thuc hién dudi su tai trg cua dé tai nghién curu khoa hoc
cap B9, ma so TNMT.2021.562.04.
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Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Characteristics of storm activities in the east sea when the effect
of the monsoons

Chu Thi Thu Huong'*, Tran Dinh Linh?, Nguyen Binh Phong?, Doan Thi Thanh Thanh
Huyen?!, Thao Thi Dot

! Hanoi University of Natural Resources and Environment; ctthuong@hunre.edu.vn;
tdlinh@hunre.edu.vn; doanhuyen2209@gmai.com; dohunre.160300@gmail.com

Abstract: The frequency and duration of operation as well as the characteristics of intensity
and trajectory of storms those are operating in the East Sea when under the influence of
monsoon systems have been determined based on the dataset of storms operating in the Sea
East in the period 1981-2020. The results show that, storms in the East Sea often operate in
conjunction with the summer monsoon (GMMH) in the mid-summer months (accounting
for 45.3%); or combined with KKL in winter months (30.3%); while in the first and last
months of winter, it is combined with both GMMH and KKL systems (accounting for
24.4%). Storms under the influence of KKL or GMMH alone are mainly category 8,
category 9, but when it is under the simultaneous impact of both KKL and GMMH, many
storm intensity increases with many storms reaching super typhoon level. Storms usually
move in a northwest direction (when influenced by monsoon systems, especially GMMH)
and move west and southwest (when storms are active in combination with KKL or both
KKL and GMMH). After a period of activity in the East Sea, storms often change direction
to move south (when affected by KKL), but change direction to the north (when affected by
GMMH or a combination of KKL and GMMH).

Keywords: Tropical Storm; Cold air; Summer monsoon; Intensity and track of tropical
storm.
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Tém tit: Bang phuong phéap chi s, nghién ctru nham muc tiéu khoanh viing cac khu vuc
d& bi ton thuong (DBTT) do x&m nhap min (XNM) trén co sé danh gia sy phoi nhiém, tinh
nhay cam va kha nang thich tmg (KNTU) véi XNM tai tinh Vinh Long dén nam 2030, chi
ra cac khia canh, nguon lyc, d6i tuong, khu vuc dang quan tam, cac nguyén nhan chi phdi
(cac mat xich khiém khuyét) ctia hé thong—dong gop co sé quan trong dé xay dung cac giai
phap tmg pho phit hop. Chi s6 DBTT do XNM (V) hién & muc trung binh, chi phdi cha yéu
boi chi s6 KNTU (AC), chi s6 nhay cam (S) trong mdi quan hé véi chi s6 phoi nhiém (E)
khac nhau gitra cac khu vure, df)ng thot phan anh tinh vu tién trong hoach dinh cac giai phap
g phé. Pén nam 2030, trong bdi canh gia ting chi s6 E do nudc bién dang (NBD), viéc
quy hoach hop 1y kinh té—xa hoi (KTXH), déc biét trong phat trlen nong nghiép gop phan
dang ké trong giam thleu chi s6 S; cung véi su ting cuong chi sO AC thong qua dau tu, cai
thién cac nguén luc vé con ngudi, tai chinh, vat cht va xa hoi & cap cong dong ciing nhu
chinh quyén dia phuong... dong gop tich cyc cho myc ti€u giam thiéu chi s6 V—ky vong dat
mirc thap.

Tir khoa: Tinh dé bi ton thuong; Kha nang thich tng; Xam nhap min; Nudc bién dang.

1. Pt van dé

Tinh DBTT do BPKH la mirc @ ma mét hé thong (tu nhién, xa hoi, kinh té) c6 thé bi
tén thuong hoic khong co KNTU véi nhiing tac dong bét loi ciia bién doi khi hau (BDKH)
[1]. Khong chi phu thudc vao ban chat cia BPKH (su phoi nhlem) tinh DBTT con bi chi
ph01 boi tinh nhay cam va KNTU ciia hé thong [2-5]. Trong bdi canh BPKH va NBD, XNM
1a vAn dé thu hut nhiéu sy quan tAm boi nhimng thach thirc nghiém trong ciing nhu co hoi ddi
v6i cac hoat dong sinh ké ndng nghiép [6-10]. T1ep can theo IPCC [2], tinh DBTT do XNM
ngudn nudc mat dugce trién khai nghién cliru d6i v6i mot sé khu vyce va linh vyuc nhay cam
nhu ndng nghiép, thuy san, cong nghiép, cap nudc tai tinh Dong Nai [11], nude sach va vé
sinh méi trudng tai huyén Can Gio — Tp.HCM [12-13]... Cac két qua nghién ctru trong tAm
bao gdm bd chi thi danh gia tinh DBTT do XNM trong bdi canh BPKH [14], mtc d6 phoi
nhiém [15-16], mirc d6 nhay cam [11] va kha nang thich g v6i XNM [17], khoanh ving
cac khu vuc DBTT, déng thot xac dinh twong Ung cac khia canh va nguén luc han ché, tao
co s& quan trong dé hoach dinh cac giai phap nham ting cuong KNTU, cai thién tinh nhay
cam va han ché sy phoi nhiém véi XNM. Tinh Vinh Long toa lac trong ving dong bang Song
Cuu Long (PBSCL), cac hoat dong kinh té gén b6 mat thiét vai tai nguyén thién nhién, chiu
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chi phdi sau sic boi cac diéu kién tw nhién va nhing anh huong dang ké do NBD. Nam 2016
ghi nhan do man lich sur (9,2%o tai vam Viing Liém, 8,8%o tai céng Nang Am...), anh huong
hon 25.000 ha cay trong, gay thiét hai nghiém trong (gan 300 ty dong) tai cac khu vuc canh
tac nong nghiép trén dja ban huyén Viing Liém, Tra On, Mang Thit... Tinh trang XNM tiép
tuc gia tdng trong nhitng ndm 2019-2020: man xuét hién sém, xam nhép sau, tai xac lap ki
luc d6 man & cac thang ddu mua kho va kéo dai dén tan thang 3—4. Ranh min 4%o ngay cang
x4m nhap vao sau vao dét lién (hon 50 km tinh tir cira song), khong chi anh hudng dén ving
san xudt lia ma con anh huéng dén ving chuyén canh cay an trai, cAy mau cua tinh.

Nghién ctru nhdm muc tiéu khoanh vung cac khu viee DBTT do XNM tai tinh Vinh Long
dén nam 2030 trén co s& danh gia sy phoi nhiém, tinh nhay cam va KNTU déng gbp co s
quan trong dé xay dung cac giai phap ing pho phu hop.

2. Phwong phap nghién ctiru

Trén co s& danh gia dién bién va nguy co XNM céc song chinh tai tinh Vinh Long dén
nam 2030, Khung y niém danh gia tinh DBTT theo IPCC [2] dugc ap dung dé khoanh vung
cac khu vuc dang quan tam (Hinh 1).

Cudng d, tan suat, Tu nhién, kinh té,
thor gian va pham vi " xiahdi
ey

Exposure Sensitivity
(S phoi nhiém) (Tinh nhay cim)

Nhién lrc, tdi chinh,
vét chit, xa hoi

Potential Impacts Adaptive Capacity
(Téc djng tiém tang) (Kha niing thich {mg)

Vulnerability
(Tinh dé bij ton thwong)
—

Khu vue, linh vue, dbi tuong

Hinh 1. Khung y niém danh gia tinh DBTT.

2.1. Phwong phdp diéu tra, khdo sdt

Trong nghién ctru nay, 02 dot diéu tra, khao sat duoc trién khai nham thu thap cac thong
tin, dit liéu lién quan. Vi su tu van caa Chi cuc Thuy loi, Ban chi huy Phong chdng thién tai
— tim kiém ctru nan, Trung tim Khuyén néng tinh Vinh Long, S¢ Tai nguyén va Mbi trudng,
S& Cong thuong, UBND céc huyén, pham vi khao sat dugc xac dinh dai dién cho cac khu
vuc chiu nhiéu tac dong cua XNM tai tinh Vinh Long v6i cac thong tin co ban nhu mo ta &
Hinh 2 va Hinh 3.

2.2. Phirong phdp chi sé

Ap dung cac cong thire (1)—(4), chi sb tong hop cua timg cau phan dugc tinh toan dya
trén gia tri chuan hod cua chi thi i va trong 5O uu tién wi, trong do: n la sO luong céc chi thi
thanh phan; E, S, AC va V lan luot 1a chi sé phoi nhiém, nhay cam, KNTU va DBTT do
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XNM; Ei, Si, ACi, 1a gi4 tri chuan ho4 cua chi thi tht i trong cdu phan E, S, AC; Wei, Wsi,
Waci la trong s uu tién cta chi thi thir i trong cau phan E, S, AC.

(E+S+100—AC)

E=DE, xWg (1) S=)5 xwg, (2); AC=DAC, x W, (3); V = (4);
1=1 1=1 1=1
---------------------------------------------- 1"\
]
KHU I
TUQNG vire :
|
|
~ Y |
Cilp hupén: UBND 08 Sir dyng PKS-COQL | |
huyén/th] xaTP. V_Liém: 20 (dd g trwic), phong | |
Cap xi: cac xd thudc 3 TraCin: 14 - ;an EBEI" ch?ymm :
uyén ViingLiém, Tid |7 Mang Thit: 13 poo Pan CONE CUng 3
On, Mang Thit . cap thongtin |
L ¥ AN |
|
. % |
. Sir dung PKS- CBOL |
10 phicu/xd ghing vin e tiky :
03 xa'huyén CBOL trong cac linh i
2 = vuc ning nghigp, thiy | |
03 huyén s, mdi tnimg, teiny | |
Ting 90 PKS I, PCTT, XNM, .. |
¥ AN I
H. Ving Liem: xa - |
: Quéi Thién, Thanh 20 ohidu /< Véi sy hd g clm :
I Binh, Trung Ngii plicuxa CBDP, si dl,mglP‘SK- i
| 03 xd/ huyén CDhDC, phéng van nx |
I H. Tra On: xiT:‘d'n-rMh . N tidp tai cdc hé din, w | |
: Thién, Luc S Thinh, uyen tién khu vue ven séng, :
| Vinh Xuin Thng 270 PKS anh hudmg béi XNM ,
I
H. Mang Thie: TT Ca A" s |
Nhum, xi Chanh An, ) .
An Phude Véi sy hé o cim !
CBDP, sir dung PSK-
200PKSAvue || Np phéng vin true !
03 linh vire . tiep cdc hd sdn xuat I
2 néng nghiép (TT,CN, | |
Tong 600PKS |} NTTS) fai cackbuvie | |
DBTT do XNM |
rF A |
’
L -

Hinh 2. Thong tin chung vé cac dot diéu tra, khao sat.

Bang 1 trinh bay thang chi s6, dao dong tir 0-100, phan thanh 5 khoang v6i bude nhay
14 20. Cac ban d6 chuyén dé duogc xiy dung bang k¥ thuat GIS tich hop, chong ghép cac 16p
thong tin ¢6 trong so, tinh toan cac chi s6 va thong ké khong gian... thong qua phan mém
ArcGIS 10.0 trén ban dd nén ty 1€ 1: 50.000, h¢ toa do VN_2000.

Bang 1. Thang chi s danh gi4 va quy wéc mau sic.

Chi sb 0-20 21-40 41-60 61-80 81-100

E, S,V RAt thélp Trung binh RAt cao
AC Rét thap Trung binh Rét cao
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S{r phoilnhiem
(EXpoSiTe)

TINH DBTT DO XAM NHAP MAN

(Vulnerability to saltwater intrusion)

Hinh 3. Cau tric BCT danh gia, khoanh viing khu viee DBTT do XNM.

4
2
Tinh nhay cdm Khi niing thich (ng
(Sensitivity) (Adaptive Capacity)

| P minlon nhét J [ Ditu kién tw nhién ]

[ Nguf"m nhin hre ]

| Théi gian man I [Bac didm kinh t8 ]

Taichinh

| Bién dé min J [ bic difm xd hii J

3. Két qua nghién ciru

3.1. B9 chi thi danh gia tinh DBTT do XNM

B0 chi thi danh gia tinh DBTT dugc xay dung theo y niém cua IPCC, g(‘A)m 38 chi thi
thanh phan, trong d6, 4 chi thi thé hién mirc d6 phoi nhiém (E), 17 chi thi thé hién tinh nhay
cdm (S) chia lam 3 nhom (diéu kién tw nhién, xa hoi, kinh té) va 17 chi thj thé hién KNTU
(AC) cua chinh quyen va cong dong dan cu (Bang 2). Ngoai yéu cau khoa hoc can thiét, bo
chi thi can nhac tinh sin c6 cua s0 liéu cting nhu kha nang tinh toan cho timg chi thi thanh
phan nham tap hop day du sd liéu phuc vu so sanh, danh gia giira nhitng khu vuc khac nhau.
Két qua tinh todn céc chi sO E, S, AC, V tai tinh Vinh Long giai doan 2016-2030 dugc thé
hién & Bang 3.

Bang 2. B chi thi va trong sb tuong (ng phuc vu danh gia tinh DBTT do XNM.

74

Céu Nhom s re s A ~ X Trong sb
phin chi thi Chi thi thanh phan Masd  —Rigng  Nhém  Uu tién
P06 min Do min cao nhit nam E.dm 1 0,42 0,42
Sw phoi (E.dm) :
: P: Dao dong  Dao dong do man thang man nhat E.dd 1 0,25 0,25
nhiem (E.dd)
® Thoi gian  Thoi gian nhi%m man trén 1%o E.tg.1 0,33 032 0,11
(E.tg) Thoi gian nhiém man trén 4%o E.tg.4 0,67 ' 0,22
Pidu kién Cako dg:) d}a hinhb Sitn.l 0,34 0,10
- nhiéﬁ Mait d() song suoi ) ‘ S.tn.2 0,28 030 0,08
; Khoang cach tur khu vuc dugce xét dén cac cira S.tn.3 0,38 !
(S.tn) ~ 4 < & 0,12
song, cua bién
Dic diém  Tbng dén sb S.xh.1 0,09 0,03
dan sb Mat do dan sb S.xh.2 0,11 0,03
Tinh nhay Tc‘:)c do gia tang tu nhiﬁn S.xh.3 0,11 0,03
cam ) Toc do gia tang dan so co hoc S.xh.4 0,11 0,03
) Xa hoi Doituong Ty 1€ ngudi gia (>65t), tré em S.xh.5 0,15 029 0,04
(S.xh) DBTT (<5t) va dan toc thiéu so '
Ty 1€ nit/nam S.xh.6 0,09 0,03
Ty 1€ ho nghéo S.xh.7 0,18 0,05
Ty 1¢ HGD khong tiép can duoc S.xh.8 0,16 0,05
nguon nudc cap tap trung
Kinh té Ti trong nganh nong nghiép S.kt.l 0,19 041 0,08
(S.kt) Str dung dat cho SXNN S.kt.2 0,21 ' 0,09
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Ciu Nhom e s A ~ A Trong sb
phin chi thj Chi thi thanh phan Maso Riéng Nhém Ul tién
Dién tich Lta vu Bong Xuan S.kt.3 0,13 0,05
trong trot  Liia vu Hé Thu S.kt.4 0,15 0,06
Hoa mau, cdy an tréi.... S.kt.5 0,16 0,07
Dién tich NTTS S.kt.6 0,15 0,06
Nhan luc SO can bo duge phan cong linh  AC.cq.l 0,08 0,05
vuc BDKH va XNM
Nhan thirc ciia can b quan Iy vé  AC.cq.2 0,15 0,09
BDKH va XNM
Chinh Taichinh  Ngén sach cho hoat dong tmg phé ~ AC.cq.3 0,15 0,09
\ BDKH va su ¢co XNM.
(g}gig) Thuy loi sb tram quan tric man . AC.cq.4 0,11 058 0,06
' Ty 1¢ dat nong nghiép dugchotro  AC.cq.5 0,15 ' 0,09
boi cac cong trinh ngdn méan
Mat d6 kénh rach dugc nao vét AC.cq.6 0,08 0,05
Xa hoi Chuong trinh hd tro phong chéng ~ AC.cq.7 0,16 0,09
va khic phuc hau qua do XNM.
Khi ning Ty 1¢ nhan vién y té/qan s6 AC.cq.8 0,06 0,04
thich img Ty 1€ gido vién/hoc sinh . AC.cq.9 0,06 0,04
Nhén lyc Nhan thirc cia néng ho vé BBKH ~ AC.cd.1 0,19 0,08
(AC) N
va XNM
Ty 1€ lao déng c6 viéc lam AC.cd.2 0,09 0,04
Taichinh  Thu nhép binh quéin du ngudi AC.cd.3 0,12 0,05
—vatchat  Khanang tiép can thongtinkhico  AC.cd.4 0,13 0,06
Cong su ¢b (internet. TV...)
ddng Kha ndng chu dong nguon nuéc  AC.cd.5 0,13 0.42 0,05
(AC.cd) sinh hoat khi ¢6 sy ¢ (dung tich '
luu trit, thoi gian st dung...).
SXNN Da dang gibéng ciy trong chiumin  AC.cd.6 0,12 0,05
thiching Ty 1& dién tich cac cdy trdng chiu ~ AC.cd.7 0,11 0,05
XNM man/tdng dién tich cdy tréng (bao
gbdm laa)
DPa dang céc loai thuy san nuéclg AC.cd.8 0,11 0,05

3.2. Pdnh gid kha ning phoi nhiém véi XNM

D06 min cao nhit: chi s6 E.dm tai 03 huyén Viing Liém, Tra On, Mang Thit hién & muc
thap—trung binh (36-46) va c6 xu hudng gia tang trong giai doan 2020-2030. Viing Liém va
Tra On c6 E.dm cao hon béi 1an luot nam ké song Hau va song C6 Chién (gan cira séng hon
huyén Mang Thit). Dang quan tdm 1a 2 xa Thanh Binh va Trung Thanh D6ng (huyén Ving
Liém) ndm & cu lao, giita 2 song 16n 1a C6 Chién va Pang Tra—khu vuc c6 do min cao nhat
tinh Vinh Long (10%o).

Dao dong d6 min: chi s6 E.dd trung binh ctia thang man nhat trong ndm (thang 2) tai 03
huyén Tra On, Mang Thit, Viing Liém dang & mirc rat thap—thap (1an luot 14 18, 13, 24) va
c6 xu hudng gia tang dén nam 2030, dic biét tai khu vue xa Thanh Binh, Trung Thanh Dong
(mtrc cao). Dao dong do min 16n s& gay bat loi cho nhiéu hoat dong kinh té, dic biét 1a nong
nghiép, khi d0, cac bién phap thich tmg can dugc quan tam.

Thoi gian nhiém man: chi sd E.tg tai Mang Thit, Viing Liém, Tra On hién dao dong &
murc rat thap—thap (1an luot 14 10, 26, 28). Giai doan 2020—2030, chi s6 E.tg ¢6 xu huéng gia
tang, nhat 1a khu vyc xd Luc ST Thanh, Trung Thanh Pong (mic trung binh) va xa Thanh
Binh (mtic cao). Didu nay duoc gidi thich boi Mang Thit cich xa cira song hon Tra On va
Viing Liém nén thoi gian xay ra XNM ngén hon.

Kha nang phoi nhiém tong hop véi XNM: Chi s6 E.xnm hién ¢ muc thap (22, 33, 34
tuong tmg voi Mang Thit, Tra On, Viing Liém), tiép tuc gia ting dén nam 2030 (dao dong tir
26-38). Xét pham vi cap xa/thi trin, d4ng quan tim tai xa Trung Thanh Dong va Thanh Binh
(H.Ving Liém) xap xi murc cao (56 va 58) do toa lac ven song Co Chién va Pang Tra, chiu
nhiéu anh hudng cia triéu cuong va XNM (Hinh 4). Chi phéi chi yeu chi s0 E.xnm tai Tra
On,Vung Liém la d§ man, tai Viing Liém do dao dong man va tai Tra On do thoi gian man.
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GHrem

Hinh 4. Chi sé phoi nhim véi xAm nhap mén: (a) ndm 2016; (b) ndm 2020; (c) ndm 2030.

3.3. Panh gia tinh nhay cam voi XNM

Diéu kién ty nhién: chi so S.tn dang ¢ muc trung binh—cao (57-64), dang quan tam la
huyén Mang Thit. Xét theo cap xa, chi s6 S.tn phén b tir mirc trung binh—cao, déc bit tai
xd Tan Quoi Trung va Binh Phudc xap xi mirc rat cao (75 va 80), cha yéu do mat do song
sudi twong ddi cao va cao do dia hinh thap (0,75-1,8 m so v6i muc nude bién).

Dic diém xa hoi: chi sb S.xh tai 03 huyén dang & mirc thép (32-37), trong d6 Tra On la
khu vuc dang quan tdm nhét. Hau hét cac xa/thi tran tai khu vuc nghién ctru ¢6 chi s6 S.xh &
murc thap, ngoai trir cic xa Trung Nghia, Quéi An, Trung Hiéu, Hiéu Nhon (> 42, muc trung
binh). Giai doan 2020-2030, chi s0 S.xh ¢6 xu huéng giam nhung khong dang ké do cac
chinh sach cai thién chat lugng doi song ngudi dan chua ¢ nhiéu dot pha.

Dic diém kinh té: chi s S.kt hién dao dong & mirc thap—trung binh (34—54), dang quan
tAm tai huyén Viing Liém va Tra On. O pham vi cap x4, chi s6 S.kt phan bd rong hon, tir mirc
rat thap—cao (14—75). Pén nam 2030, su phu thudc vao kinh t& nong nghiép khién S .kt tai
Viing Liém gia tang, dac biét tai cac xa Trung Hiéu, Hiéu Thuén, Tan An Ludng, Hiéu Nhon,
Trung An, Trung Hiép, Hiéu Phung va Hiéu Nghia (trén mirc trung binh).

Tinh nhay cam tong hop v&i XNM: chi s6 S.xnm hién dao dong & mirc trung binh (41—
50), cao nhat tai huyén Viing Liém, chi phdi chil yéu boi cac dic diém kinh té (con phu thudc
nhiéu vao nganh néng nghiép). Xét & pham vi cap x4, chi s S.xnm phan b & mirc thap—
trung binh (35-57), dang quan tdm tai Hoa Binh, Vinh Xuéan, Théi Hoa, Nhon Binh (huyén
Tra On), Hiéu Thanh, Trung Thanh (huyén Viing Liém). Giai doan 2020-2030, chi s6 S.xnm
6 xu huéng giam do nhiing diéu chinh trong quy hoach kinh té néi chung va phat trién nong
nghiép ndi riéng trén dia ban tinh (Hinh 5).

|i<\rum'\nu - 4 z

THANG MAL ! THANG MAL
CHl SO NHAY CAM OO %O NHAY CAM

|
I b K iy v P * Nhaag whgy v
' NH BEN 1 1 .
: D » TINH BEN TRE = 2 ] i I
\ v '. & s N
v
5

I I Lang 11&

i GV |

" [ - ™ " ¥
TINIFTRA VINI TX. Binh Mk G == TINH TRA VINH

GHI CHU
—4 Ranh gidi tinh

1

e Ranh ghdi huyén i
Ranh gidi xi

a wm Sing, sl kish ! | TINHSOC TRANG

G eno
ring

-_ Tisn
fHAUGIANG © 3

| BAUGIANG © 3 =4 Ramh gidi tinh

< Rash g bayén
Ronh ghél xb
w— Sing, i, kinh | |

TINH TRA VINH TINHTRA VINI

TINHSOC TRANG

Hinh 5. Chi s6 nhay cam véi XNM: (a) nam 2016, (b) nim 2030.



Tap chi Khi twong Thity van 2022, 743, 71-83; doi:10.36335/VNIJHM.2022(743).71-83 77
3.4. Danh gia nang lyc thich ung voi XNM

Chinh quyén dia phuong: chi sO AC.cq hién ¢ muc thip (31-34), dang quan tam tai
huyén Mang Thit. O quy mé cip xa, chi s6 AC.cq dao dong kha l6n, tir mire rat thap dén mirc
trung binh (16-56). KNTU cuia chinh quyén dia phwong giai doan 2020-2030 c¢6 xu hudng
gia ting, dao dong & murc trung binh do cac nhom ngudn luc chua chuyén bién dang ké.

Cong dong dan cu (CDDC): két qua diéu tra, khao sat tai 3 huyén Viing Liém, Mang
Thit va Tra On cho thay hiéu biét chung vé BDKH va XNM cta CDDC con han ché, nhiéu
16 héng thong tin va kién thirc ¢6 lién quan, chi khoang 38% dat muc t6t. Bén canh d6, nhan
thirc v€ hién trang va nguy co XNM tai dia phuong cting kha thip trong khi nhimg tac dong
dén doi séng va san xut ngay cang rd rang va nghlem trong. Chi s6 AC.cd hién ¢ muc trung
binh (36-42), thap nhét tai huyén Tra On. O pham vi cdp x4, chi sé AC.cd phan b khé rong,
tir thdp—cao (28-75). Bén nam 2030, véi nhitng dinh hudng phat trién KTXH néi chung ciing
nhu viéc ning cao nhén thire, cai thién KNTU véi XNM va BDKH, chi s6 AC.cd & hau hét
cac x4 tai khu vuc nghién ctru (32/47 x3) ki vong trén mirc cao (> 60 diém). Nhin chung, dé
tang cuong KNTU v6i XNM cia CDDC tai tinh Vinh Long, can wu tién cai thién trinh do
lao dong va kha ning tiép can thong tin, co cAu cdy trong vat nudi thich Gmg voi XNM.

KNTU téng hop véi XNM: chi s6 AC.xnm tai Tra On va Mang Thit & muc thdp (36—
37), tai Viing Liém & muc trung binh (42). Cac khu vuc ¢6 chi sé6 AC dang quan tim bao
gém Téan Long, Hoa Tinh, Chanh Hoi (huyén Mang Thit), Thuan Thei, Pha Thanh, TT Tra
On (huyén Tra On) (Hinh 6). Giai doan 2020-2030 ghi nhan sy gia tang KNTU nhung khong
dang ké. Cac ngudn luc con han ché tai dia phuong nhu co s¢ vt chat (kha ning tiép can
thong tin, cong trinh ngan man hd trg san xuat néng nghiép...), nhan lyc (trinh d¢ ciia can bo
quan 1y va CPDC), tai chinh (ngan sach khéc phuc thiét hai do thién tai, XNM).
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Hinh 6. Chi s6 KNTU véi XNM: (a) nim 2016; (b) nam 2030.
Bang 3. Chi s E, S, AC va V-XNM tai khu vuc nghién ctu.
(a) Chi tiét nam 2020
. Chi s6 phoi nhiém Chi s6 nhay cim Chi s6 KNTU
TT Xa/Thj trin Y
E.dm E.dd E.tg E Stn  Sxh Skt S ACcq ACcd AC
1 Luc SiThanh 52 49 45 35 50 44 44
2 Thién My 51 33 47 46 46
3 Tan My 50 36 50 44 44
4 Huyu Thanh 44 35 47 45 45
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] Chi s6 phoi nhiém Chi s6 nhay cim Chi s6 KNTU
TT Xa/Thi trin
E.dm Edd E.tg E Stn  Sxh Skt S ACcq ACcd AC

5 Thadi Hoa 43 15 44 47 50 46 46
6 Hoa Binh 41 16 51 53 46 46
7 Nhon Binh 48 20 46 47 47
8 Xuan Hiép 41 16 18 55 42 45 43 43
9 Tich Thién 48 [P 52 41 48 46 46
10 TT.Traln 50 46 46
11 Vinh Xuan 46 18 43 48 48
12 TraCon 48 42 44 44
13 Thuén Théi 45 45 45
14 Phia Thanh 50

TRA ON a7 O 30 3 39 33
15  TT.Cai Nhum 49 27 YN 3 23 30 |
16  Tan An Héi 43
17  Chanh Hoi 45
18  Tan Long Hoi 41
19  Chéanh An 52
20 Long My
21 Binh Phudc
22 An Phuéc
23 My Phuéc
24 Nhon Pha
25  Hoa Tinh
26 My An
27  Tén Long

MANG THIT |

o T B G
29  Thanh Binh
30  Trung Ngai
31  Hiéu Phung
32  Hiéu Thuén
33 Trung Thanh
34  Trung Hiép
35  Trung Chanh
36  Trung T. Bong
37  Tan An Lubng
38  TT. Ving Liém
39  Tan Quéi Trung
40  Trung An
41  Trung T. Tay
42  Trung Nghia
43 QuédiAn
44 Trung Hiéu
45  Hiéu Nhon
46  Hiéu Nghia
47 Hiéu Thanh

VUNG LIEM
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(b) Giai doan 2016-2030

T Xa/Thi trén 2016 2020 2030
E S AC \Y% E S AC \Y% E S AC
1 Luc Si Thanh
2 Thién My
3  TinMy
4 Hyu Thanh
5 Théi Hoa
6 Hoa Binh
7 Nhon Binh
8 Xuan Hiép
9 Tich Thién
10 TT.Traln
11 Vinh Xuan
12 TraCon
13 Thuén Théi
14  Phia Thanh
TRA ON

15  TT. Cai Nhum
16  Tan An Hoi

17 Chéanh Hoi
18  Tan Long Hoi
19  Chéanh An
20 Long My
21  Binh Phudc
22 An Phudc
23 My Phuéce
24 Nhon Phu
25  Hoa Tinh
26 My An
27  Tan Long
MANG THIT

28  Qudi Thién

29  Thanh Binh

30  Trung Ngéi

31  Hiéu Phung

32 Hiéu Thuan

33 Trung Thanh

34  Trung Hi¢p

35  Trung Chanh
36  Trung T. Bong
37  Tan An Lubng
38 TT. Viing Liém
39  Tan Quéi Trung
40  Trung An

41  Trung Thanh Tay
42  Trung Nghia

43 Qudi An

44 Trung Hiéu
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) 2016 2020
TT X4a/Thi tran
E S AC \Y; E S AC \Y;
45  Hiéu Nhon 55 41 46 44 43 42
46 Hiéu Nghia 46 41 45 42 43 43
47  Hiéu Thanh 52 44 45 50 47 44
VUNG LIEM 50 42 47 42 45 44

3.5. Banh gia DBTT do XNM

Chi s6 V.XNM hién & mirc trung binh (42—48), 1an lugt theo thtr tu giam dan 1a Tra On,
Viing Liém va Mang Thit. O pham vi cip xd/thi trdn, chi s6 V chu yéu & muc trung binh
(43/47 x4), ddng quan tdm 1a xa Trung Théi Pong va Thanh Binh (54-55 diém) tai huyén
Viing Liém. Giai doan 2020-2030, sy phoi nhiém gia ting khong dang ké, tinh nhay cam it
hon (do diéu chinh quy hoach phat trién KTXH, dic biét 1a dién tich va co ciu nganh nong
nghiép) ciing véi KNTU duoc ddu tu cai thién 14 tién d& va dong luc ciia xu hudng suy giam
chi s6 V—xnm (dat cn trén ctia mirc thip) (Hinh 7). Chi s nay 1a két qua cua su thay doi
tich cuc va ddng thoi cua cac khu vuce, linh vic va déi tuong lién quan trong hé thong, dit ra
yéu cau thuong xuyén giam sat, danh gla va diéu chinh ¢ cac quy md va muc do khéc nhau,
phi hop véi bbi canh cu thé cua timg giai doan.

Bén canh chi s6 V—xnm, céc khu vyc ddng quan tim (cip xd) con duogc xac dinh trong
mdi quan hé véi cac chi sé E, S, AC. Trong d6, t6 hop diéu kién chi s6 V, E, S cua x3 dang
xét trén muc trung binh, AC dudi mure trung binh, dong thoi 16n hon chi sb twong tmg tnlng
binh cip huyén. Bang 3 dong gop co s¢ dinh hudng vu tién cac giai phap (mg ph6 cho moi
xa cling nhu tong thé pham vi nghién ctru.
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Hinh 7. Chi s6 DBTT do XNM (chi tiét thang 35-60): (a) nim 2016, (b) ndm 2020, (c) nam 2030.

Bang 3. Cac khu vyuc va khia canh dang quan tdm trong mbi quan hé véi tinh DBTT do XNM.

Khu vuc Khia canh
Khu vuc Mo ta Khia canh Mo ta
Thanh Binh, T.T.Péng, Quéi Viing Liém,
Ving Liém Thién, T.T.Tdy, Quéi An, D6 man Tra On
Trung Nghia, Trung Ngai

— L.S.Thanh, Tich Thién _ Viing Liém

Céu phan

. Chanh An Thoigian  TraOn
Mang Thit man
Trung Thanh, Hiéu Nhon, Hiéu Tra On, - Str dung dat cho SXNN
Viing Liém Phung, Trung Hiép, Trung Kinh té Viing Liém - Sy phu thugc vao néng
Hiéu, T.Q.Trung. nghiép
L A Vinh Xuan, Hoa Binh, Thdi " Mang Thit, - Cao d6 dia hinh
Nhai'cﬁm TraOn  Hoa, Nhon Binh, Tich Thién Twnnien  \ong Ligm - Thuy he ,
Thanh Binh, Trung Thanh Tay, Tra On, - Dac diém dan so
Mang Thit ~ Qud&i An Viing Liém - Nguoi gia, tré¢ em, ho

nghéo.
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Chu phin Khu vuc Khia canh
Khu vuc M6 ta Khia canh M6 ta
- HGD khong st dung
ngudn nude tap trung
Tra6n Phu Tbanh, Thuan Thai, Chl’r]h Viing Liém, - Nhan luc: sb luong va
TT.TraOn quyeén Mang Thit  trinh d6 CBQL
Tan Long, Hoa Tinh, Chanh - Vit chit: cong trinh
Hoi ngan man, hd tro SXNN
3 Mang Thit - Tai chinh: ngan sach
P ho trg khac phuc thiét
Kl]a nfmg hai
el S TT.Viing Liém, Trung Chanh, Cong dong Ving Liém, - Nhan luc: s luong va
Trung Hiéu, Quéi  An, TraOn trinh do lao dong
Viing Liém ~ T.Q.Trung - Vit chat: kha nang tiép
can thong tin, co cau
CT-VN thich itng XNM
KNTU KNTU Viing Liém, Chinh quyén: ngudn
Ving Liém  Phoi nhidm Tra On nhan lyc, vat chit, tai
Nhay cam chinh
y A KNTU Tinh nhay Viing Liém, - Kinh té nong nghi¢p
Tinh dbtt TraOn Nhgy Ca.l’:n cam Tra On - bia hinh, thuy hé
Phoi nhiém
KNTU Su phoi Viing Liém, -D9J man
Mang Thit  Nhay cam nhiém Tra On - Dao dong man
Phoi nhiém

4. Két luén

Biang phuong phép chi s6, nghién ctru nham muc tiéu khoanh ving cac khu vuc DBTT
do XNM tai tinh Vinh Long dén nam 2030 trén co sé danh gia su phoi nhiém, tinh nhay cam
va KNTU véi XNM; chi ra cac khia canh, nguén luc, doi tuong, khu vyc dang quan tam, cac
nguyén nhén chi phdi (cac mat xich khiém khuyét) ciia hé théng dong gop co s& quan trong
dé xay dung cac giai phap ung pho phu hop.

Chi s6 E.xnm hién ¢ mic thap (22-34), tiép tuc gia tang dén nam 2030 (26-38). Chi s6
S.xnm hién dao dong & muc trung binh (41-50), cao nhét tai huyén Viing Liém, c6 xu huéng
giam trong giai doan 2020-2030 do nhiing diéu chinh vé quy hoach kinh té va phat trién nong
nghiép. Chi s6 AC.xnm tai Tra On va Mang Thit & mirc thip (36-37), tai Viing Liém & mirc
trung binh (42), du bao gia ting trong giai doan 2020-2030 nhung khong dang ké. Tinh
DBTT do XNM hién ¢ muc trung binh, chi phdi chii yéu béi chi sé AC, S trong mdi quan hé
v6i chi s6 E khac nhau giita cac khu vuc, dong thoi phan anh tinh wu tién trong hoach dinh
cac giai phap ung pho. Pén nam 2030, trong bdi canh gia ting chi sé6 E do NBD; viéc quy
hoach hop Iy KTXH, dic biét trong phat trién néng nghiép goép phan dang ké trong giam
thiéu chi s6 S; cung voi su ting cudng chi sé AC thong qua dau tu, cai thién cac ngudn lyuc
sinh ké, du kién déng gop tich cuc cho muyc tiéu giam thiéu chi so V—xmn ky vong dat muc
thap Két qua nghién ctru chi ra rang dé giam nhe tinh DBTT, cin wu tién ting cuong cac
ngudn lyc thich tmg hon 12 tap trung cac giai phap ddi pho voi XNM.

bong gop cua tac gia: Xay dung y tuong nghién ciru: LN.T., L.Q.T.; Xt ly s6 liéu: B.V.H.,
N.T.H.; Viét ban thao bai bao: L.N.T., L.Q.T.; Chinh stra bai bao: L.N.T.

Loi cam on: Bai bao hoan thanh nho vao két qua ctia nhiém vu: “Nghién ctru mé hinh da
dang hoa sinh ké thich ung voi xam nhdp mén trong bdi canh bién ddi khi hau tai tinh Vinh
Long”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong co sy tranh chap lgi ich trong nhom tac gia.
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Vulnerability due to saltwater intrusion in the context of sea level
rise - a case study in Vinh Long province
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Abstract: By index method, the study aimed to localize vulnerable areas due to saltwater
intrusion (SI) in Vinh Long province till 2030 on the basis of exposure (E), sensitivity (S)
and adaptive capacity (AC) assessment, pointing out the aspects, objects, sectors, and areas
of concern, the dominant causes (defective links) of the system - important fundamental
contributions to develop appropriate response solutions. The vulnerability (V) index due to
Sl was currently at an average level, mainly driven by the AC and S indices in relation to
the different E indices among investigated regions. The results also reflected the priority in
planning response solutions. By 2030, in the context of increasing the E index due to sea
level rise, rational socio-economic planning, especially in agricultural development, would
significantly contribute to reducing the S index. Besides, the enhancement of the AC index
via investing and improving human, financial, material and social resources at the
community level as well as the local government... would positively contribute to
mitigating V index to be low as expectation.

Keywords: Adaptive capacity; Saltwater intrusion; Sea level rise; Vulnerability.
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Tém tat:Tuong tac dai duong—khi quyen anh hudng rat 16n dén sy hinh thanh va phat
trién cua bao thong qua viéc cung cap nang luong cho bdo duoi dang thong luong hién
nhiét va 4n nhiét. Nham nghién ctru anh hudng twong tic dai duong—khi quyén dén mo
phong bio trén khu vuc Bién Pong, nghién ctru tién hanh mé phong con bio Conson
(2021) va siéu b&o Noru (2022) bang md hinh két hop WRF va 3DPWP. Két qua nghién
ctru cho théy tuong tac dai duong—khi quyén lam giam déng ké SST tai khu vuc tim béo,
dan dén giam cuong do bao khi so sanh véi truong hop khéng tinh dén tuong tac dai
duong—khi quyén. Két hop mé hinh WRF va mé hinh 3DPWP lam lam giam sai s6 mo
phong cudng d6 & con bio Conson tir 1-2,4 m/s nhung 1am ting sai s6 mo phong cuong
dd bdo & con bao Noru tir 14 m/s khi so sdnh véi truong hop st dung mé hinh WRF
riéng 1. Viéc dua hiéu tmg tuwong tac dai duong khi quyén vao mo hinh WRF cai thién sai
sO trung binh khoang cach khoang 42 km & han du bao dén 30 gid ddi véi con bao
Conson, tuy nhién gia ting sai sb trung binh khoang cach dén 50 km dbi vai con bdo Noru
do lam léch huéng cta quy dao hodc lam bdo di chuyén chdm hon so véi truong hop
khong tinh dén twong tac dai duong—khi quyén.

Tir khoa: B4o; Bién Pong; Tuong tac dai duong—khi quyén; WRF; 3DPWP.

1. Mé dau

Viét Nam 1a mot trong nhitng qudc gia chiu anh huong ning né cua thién tai va bién
d6i khi hau [1]. Trong do, bao la mot trong nhitng loai hinh thién tai thuong gay thiét hai
nghiém trong nhat vé kinh té, xa hoi, moi truong va de doa tinh mang con nguoi. Trong
nhimg nam gan day, hoat dong bao trén khu vurc Bién Pong c6 nhitng dién bién bat thudng,
6 xu huéng thay ddi vé tan suat, cuong dd, quy dao do anh huéng cua bién d6i khi hau. Do
d6, nghién ciru co ché va du bao bdo la van @@ can thiét nham nang cao kha ning phong,
chdng, tmg phé véi thién tai. Nhiéu nd lyc nghién ctru nham nang cao kha nang dy bao bao
dugc thuc hién thong qua nhing cai tién trong mo hinh s tri va tng dung cac khoa hoc ki
thuat tién tién. Trong vai thap ky gan déy, k¥ niang du bio quy dao bdo di dugc cai thién
dang ké [2-4], tuy nhién k¥ ning du bao cuong d6 bio chua duoc cai thién nhiéu [5-6],
mot phan nguyén nhan la do sy tuong tac phirc tap giita noi dong luc, cau trdc b&o va moi
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truong dai duong—khi quyén xung quanh [7-8]. Tuong tac dai dwong—khi quyén anh hudng
rat 1on dén sy hinh thanh va phat trlen cua bao thong qua viéc cung cap nang luong cho bao
dudi dang thong lugng hién nhiét va an nhiét. Sy hoi tiép am cua dai duong trong qua trinh
twong tac dai duwong-khi quyén trong bio 14 qua trinh giam SST ¢ khu vuc tam béo, thong
qua qué trinh x4o tron thang dung va qua trinh nudc trdi [9].

Qua trinh x40 trén thiang ding xay ra do gio. bé mat bién manh Ién lam tang ma sat bé
mit, tao nén dong chay trong 16p xao tron. Su bién d01 ctia van téc dong chay theo phuong
thang dung & phia trén cta dai duong tao nén xody rdi, gay nén xao tron va cudn hat phan
tir nude lanh tir 16p ném nhiét 1én 16p x4o tron. Qua trinh x40 tron thang dung xdy ra trong
vai gio' va thuong lam giam nhiét do mat nuée bién & khu vyc tam béo, lam giam qua trinh
bdc hoi va do do, giam nang lugng cung cip cho bdo ton tai va phat trién [10]. Déi véi qua
trinh nudc trdi, gio trong béo xoay nguoc chiéu kim dong hd ¢ Béc ban cau gy ra ing sut
bé mit c6 dang xody, dan dén dong chay bé mat lic dau cé dang X0dy nguoc chiéu kim
ddng hd. Mit khac, luc Coriolis 1am dong chay huéng sang phai, két qua cua hai qua trinh
nay lam dong chay bé mit dai duong hudng ra ngoai tim bdo. Khi nudc ¢ 16p bé mat dai
duong dugc déy ra xa tdm bao, nudc lanh ¢ 16p dudi dai duong chuyén dong 1én bé mit
bién thay the tao ra qua trinh nude troéi & khu vyce tam bao theo ly thuyét 16p bién Ekman.
Khong gidng nhu qua trinh x4o tron, qua trinh nudc trdi thuong xay ra trong khoang thoi
gian tr nira ngay tré 1én. Do d6, ddi v4i nhitng con bio di chuyén cham, hiéu Gng giam
SST ¢ khu vuc tim bdo thé hién rd ranghon so nhiing con b&o di chuyén nhanh [11-12].
Nghién ctru [7] cho thay SST giam 16n hon 2,5°C céan tr¢ sy ting cuong cuong do bao,
tham chi co thé lam suy yéu cuong do bao [11, 13]. Vung SST giam do bao co thé ton tai
khoang 1 dén 2 tun va co thé anh hudng dén quy dao, cudng dod cta con bio tiép theo [14—
15]. Do d6, cung cap uéc lugng mic do giam SST chinh xé4c s& gop phan cai thién k¥ ning
du bao cuong do6 bao [7, 16].

Nghién ctru mé hinh héaqua trinh twong tac dai duong—khi quyén di dugc cac nha
khoa hoc quan tAm tir nira cudi cua thé ky XX.Mot trong nhitng mé hinh don gian duoc st
dung dé nghién ciru twong tac dai dwong—khi quyén 1a mé hinh 16p xao tron dai dwong 1
chiéu (OML) [17]. Cac nghién ciru [18-19] cho thay két hgp md hinh nghién ciru va du bao
thoi tiét(WRF) va mé hinh OML da mé phong duoc qué trinh giam SST do bao, do do, cai
thién duoc sai sd dy bao cuong do bao. Mat ) nghién ctu khac stir dung két hop gilra mo
hinh khi quyén va mé hinh dai dwong 3 chiéu dé nghién ctru tuong tac dai duong khi quyén
trong b&o. Mo hinh dai duong 3 chiéu Price-Weller—Pinkel (3DPWP) dugc phat trién boi
[20-21] dua véo trong 161 dong lyc ciia md hinh WRF. Sir dung mé hinh WRF két hop véi
md hinh 3DPWP cho phép mé phong su thay dbi cac dac diém cta 16p xao tron dai duong
nhu nhiét d6, d6 mudi, o sau 16p x4o tron trong thoi gian bio di qua, din dén giam SST,
thong lugng nhiét, am va truong gié bé mat & khu vuc gan tim béo, tir d6 giam sai s6 du
béo cudng d6 bio khoang 29-47% & han du bao tir 24 dén 96 gio [22-23]. Nghién ciu
twong tac dai duong—khi quyén théng quaviéc sir dung két hop mé hinh dai duong day di
va mo hinh khi quyén bét thily tinh ciing da dugc thuc hién [11, 24-26]. Cac két qua nghién
ctru cho thdy kha ning du bao cuong do bio duogc cai thién dang ké khi dua vao tinh toan
qua trinh giam SST do bao.

O nudc ta, nghién ciru tuong tac dai duong—khi quyén trong béo bang mo hinh sd tri
chua duoc quan tm nhiéu. Nghién ctru [27] két ndi khong dong thdi cac mo hinh khi tuong
va dai dwong nhim dy bdo bio, séng va nudc dang trong bdo. Nghién ctru [28] két nbi mo
hinh khi quyén HWRF v6i mé hinh hai duong ROMS dé dy bao quy dao va cuong do bio.
Két qua nghién ctru cho thay két ndi md hinh hai duong vao mo hinh khi twong di biéu
dién dugc qua trinh SST giam do bao thé hién qua sy bién dbi nhiét d6 nude bién theo
phuong thang dimg. Qua trinh giam SST nay tac dong trd lai 1am anh hudng t6i cuong do
va quy dao bdo. Theo d6, cudng do con bio dugc md phong biang mo hinh két hop dai
dwong—khi quyén c6 xu hudng nhé hon vé cuong do khi so sanh con bio duoc méd phong
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bang mé hinh HWRF chay doc 1ap. Tuy nhién, anh hudng ctua SST giam do bdo dén quy
dao va cuong do thé hién rd rét khi bio manh, di chuyén cham va khong thé hién rd rét khi
bao yéu hodc di chuyén véi téc d6 twong d6i nhanh.

Nham nghién ciru anh huong tuong tac dai duong—khi quyén, cu thé 1a anh huéng cia
sw giam SST do béo gdy ra, dén mo phong cudng do va quy dao bdo trén khu vyc Bién
Pong, nghién ctu tién hanh mod phong hai con bido Conson (2021) va Noru (2022) bang
viéc két hop mé hinh WRF va md hinh 3DPWP.

2. Phuwong phap nghién ctru va sb liéu sir dung

2.1. Lua chon cdc tham sé cho mé hinh WRF

Mo hinh s6 tri dugc sir dung trong nghién ctic nay 1a hé thong moé hinh WRF nghién
clru nang cao (ARW) phién ban 4.1 dugc phat trién cha yéu boi Phong Khi tugng qui mo
nho va qui mé vua thude Trung tam qudc gia nghién ciru Khi quyen (NCAR), Trung tam
qudc gia dy bao moi truong (NCEP), My. Nghién ctru lya chon2 mién tinh ludi 16ng:mién
tinh 1 nam tir khoang 0-31°N va 92—130°E vdi kich thudc 135x158 ludi va do phan giai
ngang 27 km; mién tinh thi 2 dugc 16ng vao mién tinh trén v6i khoang 5-25°N va 100—
120°E véi kich thudce 259%250 ludi va d6 phan giai ngang 9 km (Hinh 1).

30°N
25°N
20°N
18°N
10°N

5°N

95°E 100°E 105°E TO%E N5°E 120°E 125°E 130°E

Hinh 1. Mién tinh cia md hinh WRF dugc lua chon.

Ké thira cac nghién ciru Iya chon tham sb héa cac qua trinh vat 1y cho mé hinh WRF
[28], nghién ctru Iya chon cac tham sb cho mé hinh WRF nhu sau: So dd New Thompson
[29] cho so d6 vi vat ly; Kain—Fritsch [30] cho so dd d6i lvu; RRTMG [31] cho so d6 buic
Xa song ngan va birc xa song dai; YSU [32] cho so @6 16p bién hanh tinh.

2.2. M6 hinh 3DPWP

M6 hinh 3DPWP 1a m6 hinh hoan luu dai duong 3 chidu day du vé mat vat 1y véi cac
qua trinh dai duong bao gdm qua trinh cudn hat/ xao tron, van chuyén thiang dung/ nudce
trdi, van chuyén ngang, tuy nhién, khong bao gdm dong chay nén va do sau day bién. Pay
la m6 hinh dai duong thuy tinh v61 cac phuong trinh dong luong, nhi¢t va mudi nhu duoi
day:

ov ov 1 0t 1

SRV VIV W= T yp )
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Trong d6 T va S Ia nhiét 6 va do mudi; P 12 &p suat thuy tinh; H, E va T 1a cac théng
lwong nhiét (An nhiét va hién nhiét), mudi va dong luong; V 1a dong chay ngang va W Ia
thanh phan thang dimg cia van toc; f1a tham s6 Coriolis.

Mb hinh 3DPWP dugc két néi trong 15i dong luc clia hé théng md hinh ARW véi thiét
lap cac diém ludi ngang nhu mé hinh WRF, 30 myc thang ding voi do phan giai 10 m ddi
v6i 16p tir 5 m dén 195 m va 20 m d6i v6i cac 16p tir 210 m dén 390 m. Trong nghién ctru
nay, diéu kién ban du ciia mé hinh 3DPWP bao gdm trudng SST duoc 1ay tir sb lidu GFS
nhu trong mo hinh WREF, cAu tric nhiét, mudi theo chiéu théng dung tai mdi nat ludi 1a cac
profile nhiét, mudbi tir s6 lidu trung binh nhiéu nam. Diéu kién bién xung quanh dugc coi la
bién kin, tit ca gid tri tai diém d4t 1ién va bén ngoai mién tinh duoc cho bing 0.

2.3. Thiét ké thir nghiém

Dé nghién ctru anh hudng twong tac dai dwong—khi quyén dén cuong d6 va quy dao
béo trén Bién Pong, nghién ctru thyc hién mé phong lai con bio Conson (2021) va con béo
Noru (2022) hoat dong trén khu vuc Bién Péng véi hai truong hop thir nghiém: (1) Mo
phong bio bang mo hinh WRF (CONTROL); (2) M6 phong béao bang md hinh WRF két
hop v61 mo hinh 3DPWP (OCEAN). Tat ca cac tham sd khi quyén, diéu kién ban dau va
diéu kién bién khac duoc thiét 1ap nhu nhau cho ca hai truong hop mo phong.

2.4. 86 liéu sir dung

Céc trudong ban dau va diéu kién bién cho moé hinh WRF 14 sb liéu phan tich cta mo
hinh Hé thdng Dy béo toan cau (GFS), d6 phan giai ngang 0,5°%0,5° kinh, vi, cac sb liéu
cach nhau 6 gid, dugc cung cip boi NOAA thong qua trang web: https://www.ncei.
noaa.gov/data/global—forecast-system/access/grid-004-0.5-degree/forecast.

Sé liéu vé bao bao gdm kinh, vi d9 tai tam bdo, toc do gié muc sat bé mat 16n nhat &
vung gan tam bdo (Vmax), ap sudt muc mét bién nho nhit tai tim bio (Pmin) dugc khai thac
tir nguon dit liéu quy dao bdo chuan (Best Track) cta Trung tim Canh bao Bio My (JTWC)
théng qua trang web: https://www.metoc.navy.mil/jtwc/.

3. Két qua va thao luin
3.1. So lwge vé con bao Conson (2021) va con bdo Noru (2022)

3.1.1. Con bao Conson (2021)

Con béo Conson (con bao s0 5 nam 2021) dugc hinh thanh tir ving ap thép trén khu
vuc ngoai khoti quan dao Lu—dong (Philippin), di chuyén theo huong Tay Bic va di vao
Bién Dong vao tdi ngay 08/9/2021 véi Vmax dat cap 9, giat cap 11. Sang 09/9, bio chuyén
hudéng di chuyen theo huong Tay voi toc do khoang 20 km/h. Pén dém 9/9, bao Conson
manh Ién cap 10, giat cap 12, toc do di chuyen giam xudng 15 km/h, sau dé giam dan
cuong do. T01 ngay 11/9, khi di chuyén dén khu vuc déo Ly Son, Vmax giam xudng cap 8,
sau d6 suy yéu thanh 4p thap nhiét d6i va tan trén ving bién Quang Nam—Quang Ngii vao
trura ngay 12/9 (Hinh 2a).

3.1.2. Con bao Noru (2022)

Con bio Noru (con bio sb 4 nim 2022) la mot siéu bao hinh thanh tir khu vye bién
phia dong Philippin. Sau khi d6 bo vao quan dao Lu—dong (Philippin), bdo Noru di vao
Bién Dong vao sang som ngay 26/9/2022 véi Vmax manh cap 12-13, giat cap 15 va di
chuyén nhanh theo huéng Ty trén khu vuc Bién Pong véi téc d6 25 km/h. Hoi 07 gio
ngay 27/9, vi tri tdm bdo ¢ khoang 15,5 do Vi Bic; 112,1 do Kinh DBong, trén vung bién
phia Nam quéan déao Hoang Sa, v6i Vmax dat cap 14—15, giat trén cap 17. Bao Noru tiép tuc
di chuyén theo hudng Tay voi b d6 20 km/h va giam dan cuong do. Hoi 04 gio ngay 28/9,
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vi tri tdm bdo & khoang 15,8 d6 Vi Béc; 108,1 do Kinh Déng, trén dat lién khu vyc Thua
Thién Hué—Quang Ngai, Vmax dat cap 10-11, giat cap 13. Bao tip tuc di sau vao dat lién,
suy yéu va tan dan trén khu vuc phia nam nudce Lao (Hinh 2b).
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Hinh 2. Buong di cta: (a) con bdo Conson (2021);(b) con bdo Noru (2022) [33].

3.2. M6 phong con bdo Conson (2021)

Déi voi mdi truong hop thtr nghiém, moé phong con bao Conson (2021) dugc thuc hién
v6i 4 phién mo phong lan lugt 1a: 2021090812, 2021090818, 2021090900 va 2021090906.
Thong thuong, cb thé st dung ca 2 chi s6 Vimax VA Pmin dé dénh gia cuong d6 bio, tuy nhién,
d6i v6i xap xi cho phép, Pmin c6 thé tinh duoc tir s6 liéu Vmax khi ding ham tuong quan
kinh nghiém ap suit—gi6. Do d6, nghién ciru ndy chi sir dung chi s6 Vmax dé danh gia cuong
do bao mo phong.

M6 phéng Vmax va quy dao bao theo 2 truong hop CONTROL va OCEAN véi phién
2021090818 (g véi thoi diém bat dau mé phong 18Z ngay 08/09/2021) duoc trinh bay tai
Hinh 3. Theo d6, ca hai trudng hop mé phong chua t6t dién bién ting giam cuong do bio
Conson. Tai han dy bao tir 12 dén 24 gid, Vmax trong c hai truong hop mo phong déu thap
hon so véi thuc té, nguoc lai tir han du bdo 30 gio dén 72 gi0, ca hai truong hgp cho Vimax
cao hon so véi thuc té. M6 phong Vmax theo truong hop OCEAN gan véi Best track hon khi
s0 sanh véi truong hgp CONTROL tai cac han du bao tir 30 dén 72 gid. Mot diéu dang luu
tam 1a cuong do bio mod phong boi OCEAN c¢6 xu thé nho hon so voi truong hop
CONTROL tai hau hét cac han du bao (Hinh 3a). Piéu nay s& duoc thao luan k§ hon &
phan sau. M6 phong quy dao bio trong hai trudng hop twong ddi bam sat so voi quy dao
bao thyuc té (Hinh 3b).

Best track
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Hinh 3. M6 phong: (a) Vmax; (b) quy dao bdo Conson (2021) theo 2 truong hop CONTROL va
OCEAN véi thoi diém ban dau md phong 18Z ngay 08/9/2021.
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Danh gia sai s trung binh Vmax ctia con b&o Conson theo hai truong hop voi 4 phién
mo phong cho thiy viéc két hop mé hinh WRF va mé hinh 3DPWP lam giam sai s mo
phéng Vmax so voi truong hop st dung mé hinh WRF riéng 1€, véi gia tri sai s0 Vmax giam
1-2,4 m/s (Hinh 4a). Sai s trung binh khoang cach trong trudng hop OCEAN dugc cai
thién v6i sai s6 khoang cach giam khoang 42 km khi so sanh véi truong hop CONTROL &
han du bao dén 30 gio. Tuy nhién, & cac han du béo tir 36 gid dén 72 gid, sai sb trung binh
khoang cach & truong hop OCEAN 16n hon déang ké khi so sanh véi truong hop
CONTROL (Hinh 4b).
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Hinh 4. (a) Sai s6 trung binh Vpmax; (b) Sai s6 trung binh khoang céch ctia md phong bdo Conson
(2021) theo 2 truong hgp CONTROL va OCEAN.

3.3. M6 phong con bdo Noru (2022)

Mo phong con bao Noru (2022) dugc thuc hiéntheo hai truong hop CONTROL va
OCEAN véi 4 phién mo phong lan luwot 1a: 2022092512, 2022092518, 2022092600,
2022092606. Két qua mo phong Vmax va quy dao bio Noru theo 2 trudng hop véi phién
2022092512 (g véi thoi diém bat dau moé phong 12Z ngay 25/09/2022) dugc trinh bay tai
Hinh 5.
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Hinh 5. M0 phong: (a) Vma; (b) quy dao bdo Noru (2022) theo 2 truong hgp CONTROL va
OCEANVi thoi diém ban dau m6 phong 127 ngay 25/9/2022.

Hinh 5a mo phong Vimax trong ca hai truong hop thap hon dang ké so voi cudong do bio
Noru thuc té dat duoc tai hau hét cac han du béo. Diéu nay co thé ly giai do Noru la mdt
siéu bao voi Vmax trén khu vuc Bién Dong c6 thé dat dén 46 m/s. Thong thudng, xoay bio
ban dau tir md hinh toan cau GFS yéu hon so véi thuc té, dic biét d6i v6i cac con bdo co
cuong do rat manh [34]. Twong tu nhu con bdo Conson (2021), mb phong cudng do bio
Noru trong trudng hop OCEAN yéu hon so véi truong hgp CONTROL. M6 phong quy dao
bao trong c hai truong hop c6 xu thé 1éch vé phia nam va di chuyén chdm hon so véi thuc
té. Quy dao bio duoc md phong & trudng hgp OCEAN c6 xu hudng 1éch nam hon so véi
truong hop CONTROL.
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Tir két qua danh gia sai s6 trung binh Vimax ctia con bao Noru dbi v6i 4 phién mé phong
cho thiy Vmax trong ca hai truong hop c6 xu thé nhé hon so véi thuc té & cac han du bao
trude 54 gio va cd xu thé 16n hon thyc té dbi véi cac han tir 60 dén 72 gid do trén thuc té, &
cac thoi diém nay bao da di vao dat lién khu vuc Trung Trung B9, suy yéu dang ké, trong
khi mé phong trong hai truong hop cho bdo dang hoat dong trén bién. Khac véi con bio
Conson, sai s6 trung binh Vmax ctia con bdo Noru ¢ truong hop OCEAN 16n hon & trudng
hop CONTROL, véi gia tri chénh 1éch 1-4 m/s (Hinh 6a). Sai s trung binh khoang cch
trong ca hai truong hop rat 16n, dic biét c6 thé 1én dén 200-400 km & cac han du bao tir 48
gio dén 72 gid do md phong bio Noru di chuyén cham va 1éch nam hon so véi thyc té. Sai
sd trung binh khoang cach & trudng hop OCEAN 16n hon dén 50 km so véi truong hop
CONTROL (Hinh 6b).
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Hinh 6. (a) Sai sb trung binh Vina; (b) Sai sé trung binh khoang cich cia md phong bdo Noru
(2022) theo 2 truong hgp CONTROL va OCEAN.

3.4. Mo phong SST, khi ap muc mat bién, vdn toc gio, thong luong an nhiét tai khu vuee tém
béo

Dé phan tich rd hon anh hudng cua tuong tic dai duong—khi quyen dén mo phong bao,
bai bao xem xét dén moé phong cac truong SST, khi 4p muc mit bién, van toc gid, thong
lwong 4n nhiét tai khu vyuc tdm bdo theo hai trudng hgp mé phong. Hinh 7 va hinh 8 cho
thdy tuong tac dai duong—khi quyén trong bio lam giam déng ké SST khu vuc tim béo
khoang 1 dén 1,5°C ddi véi ca 2 con bdo Conson va Noru sau 48h mo phong, tuy nhién,
vung ¢6 SST giam 1,5°C ¢ con bao Noru 16n hon so v&i con bao Conson. Theo d6, hiéu khi
ap muyc mat bién gitta OCEAN va CONTROL & con bdo Noru 16n hon so véi ¢ con bio
Conson, v6i gia tri 1an luot 14 -9mb va —2mb. Muc d6 giam van toc gié khu vyc gan tim
bdo & trudng hgp OCEAN so véi trudng hop CONTROL trong con bdo Noru thé hién rd
rét hon trong con bao Conson. Gia tri 16n nhit cia Vmax dat 60 m/s & truong hop
CONTROL giam xudng 50 m/s ¢ trudng hop OCEAN dbi v&i con bdo Noru va giam tir 40
m/s & trudng hop CONTROL xudng 30 m/s ¢ trudng hop OCEAN ddi vé6i con béo.
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Hinh 7. M6 phong 48h truong SST, khi 4p muc mit bién, gi6 trong bdo Conson (2021) vdi thoi
diém ban diu mo phong 187 ngdy 08/9/2021 theo hai truong hop: a) CONTROL va b) OCEAN.
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Hinh 8. M6 phong 48h truong SST, khi 4p muc mit bién, gi6 trong bdo Noru (2022) véi thoi diém
ban dau m6 phong 12Z ngdy 25/9/2022 theo hai trudng hop: a) CONTROL va b) OCEAN.

Tam néng cua bao duge duy tri do hoi tu 4m va van chuyén thong lwong an nhiét &
16p bién dudi khi quyen va giai phong a an nhiét trong khi quyén phia tren Do d6, phan
tich thong luwong hién nhiét va 4n nhiét cho thiy dén muc do manh yéu cua cuong do
bdo. Hinh 9 va hinh 10 biéu dién m6 phong 48h théng luong an nhiét tai khu vuc tam
bdo Conson va Noru. Theo d6, viéc két hop mo hinh WRF va mé hinh 3DPWP [am
giam dang ké thong lugng an nhiét va hién nhiét & khu vuc tdm bio so véi truong hop
st dung md hinh WREF riéng 1€ ¢ ca hai con bao Noru va Conson. Tur nhitng phan tich
trén cho thay twong tac dai dwong—khi quyén lam giam dang ké SST tai khu vyc tam va
su phan hoi cua dai duong 1én khi quyén lam giam théng lwong an nhiét, hién nhiét,
dan dén giam cudng d6 béo khi so sanh voi truong hop khong tinh dén hiéu tng tuong
tac dai duong—khi quyén. Mot diéu tha vi ¢6 thé nhan ra 1a mic du két qua moé phong
ca hai con bio déu chi rd cuong d6 bio theo truong hop OCEAN giam dang ké so voi
truong hop CONTROL, tuy nhién, két qua md phong con bdo Conson cho thdy sy cai
thién dang ké sai s6 mo phong cuong do bio, nguoc lai, két qua md phong con béo
Noru lam gia ting thém sai s6 mé phong cudng do bdo. Mot phan nguyén nhan c6 thé
nhan thy khi xem xét mo phong bo tir truong ban dau GFS. Tai thoi diém ban dau
md phong, dir liéu GFS md ta tuong dbi chinh xac cuong do bdo ddi véi con bio
Conson (Vmax tai han du béo 6 gid, Hinh 3a), tuy nhién, dit liéu GFS md ta béo thap rat
nhiéu so vé6i thyuc té (sau 6 gio du bao, Vmax 0 truong hop CONTROL va OCEAN chi
dat khoang 23 m/s, trong khi s6 liéu Best track tir JTWC 1a 36 m/s, xem Hinh 5a). Sy
khac biét gitra md phong va thuc té ¢ thoi diém ban dau 1a mdt trong nhimg nguyén
nhan dan dén moé phong cudng do bao thap hon so véi thuc té & con bio Noru. Hiéu
Umg tuong tac dai duong—khi quyén lam giam thém cuong do6 bio, dan dén gia ting sai
s6 mo phong vé cudng do bio Noru & truong hop OCEAN khi so sanh vé6i truong hop
CONTROL.
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(a) 110.4E 110.7E 111E 111.3E 111.6E 111.9E 110.1E 110.4E 110.7E 111E 111.3E 111.6E 111.9E (b)

Hinh 9. M6 phong 48h thong lugng an nhiét tai khu vye tdm bdo Conson (2021) v6i thoi diém ban
dau mo phong 18Z ngay 08/9/2021 theo hai trudng hop: (a) CONTROL;(b) OCEAN.
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Hinh 10. M6 phong 48h thong lwong 4n nhiét tai khu vuc tdm béo Noru (2022) véi thoi diém ban
dau md phong 12Z ngdy 25/9/2022 theo hai truong hop: a) CONTROL va b) OCEAN.

4. Két ludn

Bai bao nghién ctrudnh hudng twong tac dai dwong—khi quyén dén mo phong hai con
bdo Conson (2021) va Noru (2022) trén khu vuc Bién Dong thong qua viée két hop mé
hinh WRF va md hinh 3DPWP. Két qua nghién ctru cho thiy twong tic dai duwong—khi
quyén lam giam dang ké SST tai khu vyc tdm b0 va phan hoi ciia dai duong 1én khi quyén
lam giam thong luong an nhiét, hién nhiét, ddn dén giam cuong do bao khi so sanh véi
truong hop khong tinh dén twong tac dai duong—khi quyén. Két hgp mo hinh WRF va mo
hinh 3DPWP lam giam sai sé mo phong cudng d6 ¢ con bao Conson tir 1-2,4 m/s nhung
lam ting sai s6 mo phong cudng do bdo & con bio Noru tir 1-4 m/s khi so sanh véi truong
hop st dung mé hinh WREF riéng 1é. Mot trong nhitng nguyén nhan dan dén sy khac biét
nay 14 do xody bio ban dau tir GFS yéu hon nhiéu so véi thyc té ddi voi siéu bao Noru.
Diéu nay dua dén luu ¥ trong xem xét tinh hiéu qua cua két néi mé hinh dai dwong—khi
quyén dé dyu bao cuong do bio dbi v6i nhimg con bio co cudng do rat manh va siéu bio.
Viéc dua hiéu tng tuong tac dai duong khi quyén vao mo hinh WRF cai thién sai s6 trung
binh khoang cach khoang 42 km ¢ han dy bao dén 30 gio ddi v6i con bdo Conson, tuy
nhién gia tang sai s6 trung binh khoang cach dén 50 km d6i voi con bao Noru do lam léch
huong cua quy dao hodc lam bao di chuyén chdm hon so véi truong hop khong tinh dén
tuong tac dai duong—khi quyen Mic du cac két qua cua nghién ctru nay cho thdy viéc dua
hi¢u Gmg dai duong khi quyén vao mé6 hinh WRF cai thién sai s6 mo phong cuong dg va
quy dao bao ¢ con bdo c6 cuong do yéu nhu con bio Conson, tuy nhién, can c6 nhirng
nghién ctru sdu hon cho nhiéu con bio véi cac dic trung khac nhau dé co thé ing dung vao
thuc té du bao bdo. Mic khac, viée sir dung cAu tric nhiét, mudi theo chiéu thrflng ding
trung binh nhidu nam chua phan anh dugc diéu kién dai dwong trong thuc té, do d6, can
nghhién ctru sir dung s6 liéu truong nhiét, mudi phan tich/ tai phan tich lam dau vao cho mé
hinh 3DPWP.

Dong gop cua tac gia: Xay dung y tuong nghién ciru: N.T.T., V.H.D., N.B.T.; Lya chon
phuong phép nghién ctru: N.T.T., VH.D.; Xt 1y s6 li¢u: N.T.T., P.V.T., BP.N.T.; Viét ban
thao bai bao: N.T.T., V.H.D.; Chinh sura bai bao: N.T.T., V.H.b., P.V.T., N.B.T.

Loi cam on: Tap thé tic gia xin trin trong cam on Dé tai “Nghién ctru anh hudng bién
dong cua truong nhi¢t bé mit 1én qué trinh hoat dong ctia cac con bao trén Bién bong phuc
vu cong tic du bao bdo”, md s6VAST06.05/20-21, di hd trg vé s6 liéu va phuong phap
luan dé thyc hién bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chip loi ich trong nhom tac gia.
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Vu Hai Dang?!, Nguyen Thi Thanh?®, Pham Van Tien?, Nguyen Ba Thuy?, Do Ngoc
Thuc?

! Institute of Marine Geology and Geophysics — Vietnam Academy of Science and
Technology; vuhaidang@hotmail.com; dothuc.vn@gmail.com

2 VVietnam Institute of Meteorology Hydrology and Climate Change;
thanhnt.met@gmail.com; phamvantienbn@gmail.com

% The National Centre for Hydro—Meteorological Forecasting; thuybanguyen@gmail.com

Abstract:The atmosphere—ocean interaction strongly affects the formation and
development of tropical cyclones through providing energy for tropical cyclone in the
form latent heat and sensible heat fluxes. In order to study the effect of atmosphere—ocean
interaction on tropical cyclone simulations in the East Sea, the paper simulates tropical
cyclone Conson (2021) and super typhoon Noru (2022) using a coupling WRF and
3DPWP models. Results show that the atmosphere—ocean interaction significantly reduces
SST in the center of tropical cyclone, leading to a decrease in tropical cyclone intensity
when compared to the non ocean—atmosphere interaction case. Coupling WRF and
3DPWP models reduces the 1-2.4 m/s simulated maximum 10-m sustainable wind errors
of the tropical cyclone Conson, however, increases the 1-4 m/s simulated maximum 10-m
sustainable wind errors of the super typhoon Noru as compared with the WRF model case.
Considering the ocean—atmosphere interaction improves the 42 km mean distance errors at
the up to 30-hour forecast for the Conson, but increases the up to 50 km mean distance
errors for the Noru due to deflection the track or moving more slowly as compare with the
default case.

Keywords: Tropical cyclone; the East Sea; The atmosphere—oceaninteraction; WRF;
3DPWP.


mailto:thanhnt.met@gmail.com

10

23

36

52

61

71

84

Table of content

Ngoc, T.Q.; Hai, N.M.; Linh, V.N. Research and selection of monitoring technology
solutions to build flood warning systems for sub—basins in Vietnam. VN J. Hydrom-
eteorol. 2022, 743, 1-9.

Lam, H.P.; Huyen, L.K.; Chinh, T.H. A seasonal prediction method for the number of trop-
ical cyclones in East Sea and landfall in Vietnam. VN J. Hydrometeorol. 2022, 743, 10—
22.

Minh, N.H.; Dung, P.T.; Van, V.T.T.; Dai, H.V.; Khiem, M.V.; Nhung, N.T.P. Bias
correction of radar rainfall estimates for improving hydrological simulation. VN J.
Hydrometeorol. 2022, 743, 23-35.

Trinh, N.Q.; Cham, D.D.; Binh, H.T.; Thao, D.T.; Hanh, L.D.; Son, N.T.; Hung, L.T.;
Giang, H.H.; Vinh, N.Q. Application of 2D models for the problem of plastic waste trans-
mission to seasonal characteristics in the Danang—Quang Nam sea. VN J. Hydrometeo-
rol. 2022, 743, 36-51.

Ngoc, T.Q.; Hai, N.M.; Tuan, T.V.; Linh, V.N. Research, manufacture and test automatic
non—contact water level measuring device using radar technology. VN J. Hydrometeo-
rol. 2022, 743, 52—60.

Huong, C.T.T.; Linh, D.T.; Phong, N.B.; Huyen, D.T.T.T; Thao, T.D. Characteristics of
storm activities in the East Sea when the effect of the monsoons. VN J. Hydrometeorol.
2022, 743, 61-70.

Tuan, L.N.; Hung, D.V.; Hung, N.T.; Toai, L.Q. Vulnerability due to saltwater intrusion
in the context of sea level rise - a case study in Vinh Long Province. VN J. Hydrometeo-
rol. 2022, 743, 71-83.

Dang, V.H.; Thanh, N.T.; Tien, P.V.; Thuy, N.B.; Thuc, D.N. The effect of atmosphere—
ocean interaction on tropical cyclone simulations in the East Sea. VN J. Hydrometeorol.
2022, 743, 84-95.



