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TOM TAT

Nghién cliu nay danh gia thi nghiém kha nang dy bao mua I6n ctia mé hinh Weather Research
and Forecasting (WRF) tai khu vuc Déng Nam tinh Vinh Long (Tra Vinh c() thong qua 6 dgt mua
dién hinh trong giai doan 2021-2023. C4c dot mua duoc lua chon dai dién cho nhiing hinh thé
synop thudng gay mua Ién & Nam Bo, bao goém dai hdi tu nhiét ddi hodc xody thuan nhiét ddi trén
Bién Bang két hap gié mua Tay Nam tang cudng, ranh ap thap xich dao két hop nhiéu déng gié
Dong trén cao va cac dot khéng khi lanh tang cudng xuéng phia Nam. M6 hinh WRF dugc thiét
lap v&i 4 mién ludi léng, trong dé mién trong cling c6 d6 phan giadi 1 km nham mé phong chi tiét
mua déi luu. Biéu kién bién va diéu kién ban dau dugc lay ti mo hinh toan cau GFS va dugc chi
tiét hda xuéng dd phan gidi cao cho khu vuc nghién ciu. Két qua mé phéng duagc kiém dinh tai 8
tram do mua bang cac chi s sai s6 théng ké gdbm ME, MAE, RMSE va céc chi s6 du bao nhj phan
nhu POD, FAR va CSI cho céc nguéng mua 16-25 mm, 25-50 mm va trén 50 mm.

Két qua cho thdy mo hinh WRF c6 ky ndng du bdo tuong déi tét déi véi nguéng mua vira 16-25
mm, dac biét & han du bao 24 gic véi mot s6 tram dat gid trj POD va CSI kha cao. Tuy nhién, ky
nang du bao suy giam ré rét khi tdng han du bao va ngudng mua. & nguéng mua 25-50 mm va
trén 50 mm, cac chi s6 POD va CSI giam manh, dac biét & han du bao 72 gig, cho thdy mé hinh
con han ché trong du bdo mua I6n va mua cuc doan. Sai s6 du bdo cling cé su khac biét gilra cac
tram ven bién va néi dong. Két qua nghién clu cho thady mé hinh WRF ¢6 tiém nang trong du béo
mua lén & Nam B, dong thai cho thay can tiép tuc nghién cliu cac phuong phép hiéu chinh sau
md hinh, bao gébm hoc mdy va tri tué nhan tao, nham nang cao chét lugng du bdo mua cuc doan
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trong tuong lai.

Tu khoa: M6 hinh Nghién ciiu va Du bao Thai tiét (WRF), du bdo mua I6n, tinh Vinh Long

GIGI THIEU

Trong giai doan 2021-2023, khu vuyc Tra Vinh ghi
nhan nhiéu dgt mua dién réong do dnh hudng ctia cic
hinh thé quy mé trung va 16n, cht yéu 13 dai hoi tu
nhiét déi (ITCZ) va gié mua Tay Nam. Cu thé, ¢6 6
dot mua lén xdy ra, tap trung trong khoang tii thang 7
dén thang 11 hing nim, trung véi miia mua ctia Nam
B¢. Céc dot nay thuong dat cdp mua vita dén mua
to, mot sO trudng hop dat mua rét to, dién hinh nhu
dot 11-19/7/2022 va 7-11/11/2023 khi ¢6 su phéi hop
dong thoi ctia nhiéu hinh thé hoat dong. Nhiing tran
mua lén gay tac dong tiéu cuc dén doi song, kinh t&€ -
xa hoi va san xudt nong nghiép, do do6 dat ra yéu cau
cép thiét phai phat trién cong nghé du bdo sém véi
han du béo du dai nhdm cung cdp thong tin kip thoi,
giam thiéu thiét hai do thién tai.

Nhiing tién bo trong dy bao thoi tiét s6 (NWP) da
g6p phan nang cao dang k€ d6 chinh xdc du béo trong
nhiing ndm gan day, nho vao stic manh tinh todn ngay
cang cao va sy hiéu biét sau hon vé dong luc - vat ly
khi quyén. Kha nang ctia mo hinh s6 trong viéc tai

hién chinh xdc cac diéu kién khi quyén va mé phong
cac dgt mua cu thé phu thudc nhiéu vao so d6 tham
s6 hoéa ciing nhu diéu kién bién va ban dau'?. Trén
thé gi6i, nhiéu nghién ctu da stt dung moé hinh WRF
dé dy bdo mua & cic khu vyc khéc nhau, trong dé
két qua thuong dugc xdc thyc véi s6 liéu quan trac
tai tram®. Phuong phap nay dugc khuyén nghi rong
rii nhu 1a chufin myc trong xac thuc mé hinh >4, dic
biét & nhiing khu vuc c6 mang ludi tram day déc. Tuy
nhién, & cdc qudc gia dang phit trién, han ché vé di
liéu khién viéc nghién ctiu gip nhiéu khé khin*-°.

Trong khi do, tri tué nhan tao (AI) ngay nay da dugc
ung dung rong rai trong du bdo khi tugng, véi kha
nang hoc tit dit liéu quan tric ciing nhu du ra ctia
mo hinh s8. Tuy nhién, cic m6 hinh NWP van dong
vai trd khong thé thay thé trong du bdo thoi tiét. Viéc
sti dung NWP trong du bao mua, It da cho théy hiéu
qua rd rét, giup kéo dai han du bdo so véi cac phuong
phap truyén théng 7. Vi dy, Trung tim Dy bdo Mbi
truong Qudc gia Hoa Ky (NCEP) da phat trién mo
hinh toan cdu GFS v6i han dy bdo dén 16 ngay. Tuy
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nhién, do han ché vé d¢ phan giai, GFS va cic m6 hinh
toan cdu khac thuong gap khé khan trong moé phong
chinh xdc cic qua trinh vét Iy quy md nhé®. Dé khic
phuc, cac phuong phép chi tiét héa (downscaling) da
dugc ap dung nhim céi thién chit lugng du bao '°,
trong d6 mo6 hinh WRF dugc xem la cong cu hiéu qua
va phd bién nhit.

Tai Viét Nam, cdc nghién ctiu trudc day cing chi ra
thach thtic cia NWP trong du bdo dinh lugng mua
cyc doan. Vi duy, nghién ctu du bao cho khu vuc
Trung Bo cho thdy cdc moé hinh thudng that bai khi
du bio mua I6n hon 100 mm/ngay ''~!%. Trén pham
vi toan qudc, danh gia chat lugng du bdo mua dinh
lugng ctia md hinh WRF giai doan 2019-2020 cho
théy ty 1é du bao thanh cong dat khoang 30-40%
& ngudng c6 mua (>1 mm/ngay), giam xudng 20%
G ngudng mua viia (>16 mm/ngay), khoang 15% &
ngudng mua to (>50 mm/ngay), va suy giam ro rét &
han dy bao 72 gi¢ 14,

Tuy vay, WRF van dugc khing dinh 1a cong cu hitu
hiéu trong mo6 phong cac dgt mua 16n nho uu thé vé
chi tiét hoa khong gian va kha ning két néi t6t voi
dit liéu quan tric d€ hiéu chinh ddu ra. Quan trong
hon, WREF tao nén tang dé tich hgp véi cac phuong
phép hoc may/Al tli d6 mé ra huéng nghién ciu méi
nhdm nang cao chétlugng du bdo mua cyc doan trong
tuong lai.

Vi véy, nghién ctiu nay tép trung thiét 14p va danh gia
khé nang du bao mua l6n ctia mé hinh WREF tai khu
vic Bong Nam tinh Vinh Long (Tra Vinh ci) trong
giai doan 2021-2023. Day dugc xem la bude khoi dau
cho huéng nghién ctiu két hgp gitta moé hinh s6 truyén
thoéng va hoc mday/Al nham cai thién kj ning du béo
mua cuc doan & khu viic Nam Bo.

DOI TUGNG VA PHUONG PHAP
NGHIEN CUU

Pham vi nghién ciu

Pham vi nghién ctiu la ving phia Déng Nam tinh
Vinh Long (tinh Tra Vinh ca) v6i do phan giai 0,05
do tuong ting véi 76 pixcel (Hinh 1).

Dit liéu nghién ctiu

S6 liéu mua ngay tai tram khi tugng Cang Long va
7 tram do mua ty dong (Cang Long, Huyén Hoi,
Chéu Thanh, Ciu Ngang, Bén Gid, Tra Cu, Tiéu
Cén, Hoa Tan) trong sdu dgt mua ngay 3-9/10/2021,
ngay 11-18/11/2021, 11-19/07/2022, 18-23/10/2022,
18-28/09/2023 va 7-11/11/2023 dugc stt dung d€ danh
gia ky ning mo phong cia mo6 hinh. Céc dot mua
nay dugc lya chon theo tiéu chi 2/3 s6 tram (tli 5/8
tram) ghi nhén c6 lugng mua trén 16mm it nhét trong
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Tinh Vinh Long

Hinh 1: Pham vi nghién cttu (ving mau vang) va cac
tram do mua (hinh tron mau dé) [Nguén: Nhém tac
gial

2 ngay trong cung khodng thoi gian. Cac hinh thé
synop dién hinh gay mua trong cdc dgt mua nay lan
lugt bao gom: (i) Lién quan dén dai hoi tu nhiét déi
hoat dong manh trén Bién Dong, két hop véi gié mua
Tay Nam tang cudng nén gay mua dién rong cho khu
vuc; (ii) Cht yéu do ranh ap thép xich dao két hop
khong khi lanh ting cudng yéu va nhiéu dong gi6
DPong trén cao, lam duy tri mua dong dién rong ti
Trung B¢ xudng Tay Nguyén va Nam Bo; (iii) Gan
vGi mot ving ap thip trén Bién Dong két hgp gié mua
Tay Nam hoat ddng manh, gy mua viia dén mua rat
to kéo dai nhiéu ngay ¢ Nam Bd; (iv) Bao hoat dong
va suy yéu trén khu vuc Bic-Trung Bién Pong; hoan
luu xa ctia bao két hop véi gié Dong-Dong Bic va gi6
muia Tay Nam duy tri mua dong rai rac, cuc by mua to
tai Nam B¢; (v) Gén v6i sy hinh thanh va hoat dong
ctia mot ap thap nhiét d6i phia Pong Nam quan dao
Hoang Sa cting gi6 muia Ty Nam manh, gy mua viia
dén mua rét to cho Nam Bo va (vi) Cht yéu lién quan
dén mot dot khong khi lanh tang cudng manh lan sau
xudng phia Nam, két hgp véi déi gié Dong va nhiéu
dong trén cao, gdy mua rao va dong rai rac, cuc bd
mua vita dén mua to trén khu viic Nam B9.

S6 liéu ban ddu héa va diéu kién bién phu thudc thsi
gian dugc ldy tu san phdm dy bdo ctia m6 hinh toan
cau GFS do Trung tdm Qudc Gia Dy bdo Mdi trudng
(NCEP, Hoa Ki) cung cap, v6i do phan giai 0,5°%0,5°
kinh vi, tuong tng véi sdu dgt mua néu trén. Trudng
déura ctia GFS dugc sti dung lam di€u kién ban ddu va
diéu kién bién cho mo6 hinh WRE, tit d6 WREF chi tiét
héa trudng dong luc va nhiét ém tit d6 phan giai toan
cau tuong do6i thd xudng cidc mién ludi cé d6 phan giai
cao hon bao pht khu vuc nghién ctu.

Thiét ké thi nghiém

M6 hinh WRF dugc cdu hinh v6i 4 mién ludi 16ng
(Hinh 2): d01 (27 km, 100 x 102 diém lué6i) nhan truc
tiép diéu kién bién tit GFS; d02 (9 km, 151x139) va
do3 (3 km, 166x151) dong vai tro trung gian truyén
tai thong tin quy mo 16n; mién trong cung d04 (1 km,
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202x%181) nham moé phong chi tiét hon mua d6i luu
trong béi canh tuong phan ven bién - ngi dong. G do
phén gidi 1 km, trudng mua mo phong rit nhay véi sai
léch vi tri va thoi diém xuét hién mua cuc tri; vi véy,
khi kiém dinh bang cdc chi s6 nhi phan nhu CSI tai
tiing tram, nhiing sai léch nhé nay ciing ¢6 thélam céc
chi s6 ki ning & cdc nguéng mua 16n gidm manh '°.
Céc so d6 vat ly dugce stt dung bao gom RRTMG cho
biic xa; YSU cho 16p bién, New Thompson cho vi m6
may-mua, Noah cho bé mit dit va Kain-Fritsch cho
d6i luu. Trong cdu hinh nay, so d6 déi luu dugc tit
6 hai mién d03 va d04, cho phép mé phong truc tiép
d6i luu (convection-permitting) 6.

100°E 105°E 10°E 115°E 120°E

Hinh 2: Mién tinh cho mé hinh WRF [Nguén: Xuat
tUr phan mém WRF]

Phuong phap danh gia kha nang du bao
Trong nghién ctiu nay, viéc danh gia ky nang du bao
dya trén 8 diém tram, lugng mua mo hinh tai vi
tri tram dugc trich xudt theo phuong phdp ndi suy
diém gin nhét (the neareast point interpolation), theo
phuong phdp nay, ti vi tri ctia diém noi suy, thuét
todn sé tinh todn khoéng cach dén diém lu6i mo hinh
gan nhét va st dung gid tri tai diém ludi nay d€ gin
gid tri diém noi suy 710,

Céc chi s6 danh gid két qua du bdo va cdc dang d6 thi
phén tich dugc sti dung trong nghién ctu:

+ Sai 56 trung binh (Mean Error-ME):

1

ME = - L (F-0) (01)

+ Sai s0 tuyét doi trung binh (Mean Absolute Error -
MAE)

1
MAE = ;):;?:1 |F; — 04 (02)

+ Sai s6 trung binh toan phuong (Root Mean Square
Error -RMSE):
RMSE = % " (Fi—0;)? (03)
Trong d6: F; 1a gid tri du bdo tai thoi diém i
O; la gid tri quan tric tai thoi diém i
n 14 s6 lugng mau
Céc chi s6 nay dugc stt dung phd bién d€ dénh gia
chit lugng mé hinh khi tugng thiy van20-22, ME thé
hién mdc d¢ thién léch trung binh ctia du béo so véi
quan tric, MAE phan dnh d6 16n trung binh cta sai
s6 khong xét ddu, trong khi RMSE phan danh d¢ léch
tong thé ctia du bdo, bao gom ca thién léch va phuong
sai.
Phuong phap ddnh gid cho dy bdo dang nhi phin
(0/1) sé dugc ap dung trong nghién ctiu nay. Cu thé,
dé danh gid du bdo kha nang xay ra mua, viéc dau
tién 13 phai thiét 1ap dugc mot bang phan loai (Con-
tingency table) dé biét tin suét xay ra ctia hién tugng
dy bao?*?*, Trong bang nay, dai lugng A 13 tdng s6
lan dy béo thanh cong (du bao dung hién tugng c6
xdy ra), B 1a t6ng s6 14n du bdo sét (du bdo khong xay
rahién tugng c6 xay ra), Cla téng s6 14n du bdo khdng
(du bao xay ra hién tugng khong xay ra) va D 1a tdng
s614n dy bao dung ctia hién tugng khong xay ra?!.

Bang 1: Phan loai tan suat cho bién du bao dang nhi
phan?’

Quan tric
Co Khong Co
Dy bdo Co A A
Khong C D

Dua trén bang tin suit (Bang 1) va gia stt c6 N ban
ghi s6 liéu (A+B+C+D=N), mét s6 cdc chi s6 dinh
gia dugc thiét lap d€ ddnh gid kj ning du bdo cua cic
mo hinh dy bdo cho yéu t6 nhi phan. Céc chi s6 nay
da dugc st dung phé bién trong khi tugng thuy vin
va du béo cuc doan 224,

Chi s6 FC/PC (Fraction Correct/Percent Correct) 12
ty 1¢ du bdo ding cho ca hién tugng xay ra va khong
xdy ra, dugc tinh theo cong thic:

A+D
FC=———
N
Néu mo hinh dy bdo hoan hdo, thi tit ca cic du bao

déu chinh xdc va chi s6 FC bang 1; ngugc lai, FC sé
20,23

(04)

bang 0 néu tat ca cac du béo déu sai
Chi s6 POD (Probability of Detection) la xac suit
phét hién hién tugng, dugc tinh theo cong thic:

A

POD= ———.

A+C (05)
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POD c6 gia tri tit 0 dén 1. Néu POD=0 cho biét m6
hinh hoan toan khong du bdo dugc khi hién tugng
xdy ra; néu POD=1 nghia la m6 hinh du bdo hoan hao
trong viéc phat hién hién tugng xay ra 20,23,

Chi s6 FAR (False Alarm Ratio) 13 ty 1¢ du bdo khéng
ctiamo hinh (du bdo hién tugng xay ra trong khi quan
trac khong xdy ra), dugc tinh theo cong thuc:

B

FAR= ——

A+B (06)

Chi s6 FAR c6 gia tri trong khoang tii 0 dén 1. Néu
FAR = 0, nghia la C=0, tiic md hinh khong c6 du bao
khéng va do d6 c6 thé xem 1a rét tét. Ngugc lai, FAR
cang tién gin dén 1 thi mic d6 du bao khong cang
16020:23

Chi sé6 TS/CSI (Threat Score/Critical Success Index)
la chi s6 cho biét mtic d¢ chinh xdc trong viéc du bao
hién tugng c6 xdy ra, chi s nay dugc dinh nghia nhu
sau:

A

CSl = ——F—
A+B+C

(07)
Chi s6 CSI ¢6 gid tri tit 0 dén 1. CSI = 1 nghia 1a mo
hinh dy bdo hoan hao; CSI cang tién vé 0 cho thiy
chit lugng du bdo cang kém. Pay 1a mot trong nhiing
chi s6 ph6 bién d€ danh gid kj nang du bao mua l6n

va cac hién tugng cuc doan %23,

KET QUA VA THAO LUAN

Céc ngudng mua 16-50mm dugc goi 13 mua viia va
trén 50mm goi la mua to. Nghién ctiu nay sé danh
gid mua theo cac ngudng 16-25mm, 25-50mm va trén
50mm.Bang 2 cho thdy cdc tram Tiéu Can va Bén Gia
thé hién hiéu suit dy bdo rat tét, véi ME dao dong
quanh 0,5-1,2 mm/ngay, cho thdy moé hinh hau nhu
khong bi thién 1éch. Pong thai, gid tri MAE va RMSE
tai hai tram nay déu duy tri 6 muc thdp (duéi 10,3
mm/ngay), phan 4nh ky ning du bdo 6n dinh ctia mo
hinh. Céac tram nhu Chau Thanh, Huyén Hoéi va Tra
Cu cho thdy sai s6 cao hon, ME am ti -2,4 dén -3,4
mm/ngay, trong khi Huyén Hoi va Tra Cu lai thé hién
thién léch duong (ME tii 3,1 dén 4,5 mm/ngay), cho
thdy du bdo ctia m6 hinh cao hon quan tric. Mot s6
tram nhu Cdu Ngang, Cang Long va Hoa Tan co sai
s6 trung binh (ME tui -1,9 dén -3,4 mm/ngay), phan
anh mo hinh thién &m. MAE va RMSE tai cic tram
nay cling c6 xu hudng tang dan, cho thiy ky ning dy
bao ctia mo hinh c6 thé giam theo thoi gian.

Hinh 3 thé hién ky nang du bao mua véi ngudng 16n
hon 16mm-25mm cho ba han du bédo khac nhau cho
thdy & han du bdo 24 gig, cdc tram nhu Tiéu Cén va
Chau Thanh kha t6t, POD cao (trén 0,5). Mot s6 tram
nhu Bén Gid, Hoa Tan thé hién khé ning dy bdo thip
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hon. Han du bdo 48 gig, su suy gidam ky ndng du bao
tré nén r6 rang hon: phan16n cac diém di liéu tu lai &
vung dudi va trai biéu do, véi gid tri CSI chi con quanh
muc 0,2-0,4. Mot s6 tram nhu Chau Thanh va Tiéu
Cén, Tra Cu van duy tri dugc vi tri kha tét, cho thay
tinh 6n dinh tuong d6i ctia mo6 hinh tai nhiing khu
vuc ndy. Dén han 72 gid, tat ca cdc tram déu thé hién
su suy gidm ddng ké vé kj ning, véi da s6 cac diém
ndm thép trén biéu do.

Hinh 4 thé hién kj ning du bdo mua v6i ngudng tu
25mm-50mm, ting véi ba thoi han du bao 24 gig, 48
gid va 72 gid cho thdy & han dy bdo 24 gid, cac tram
nhu Tra Ct va Chau Thanh duy tri vi tri t6t nhat trén
biéu do, v6i POD va Success Ratio x4p xi 0,4 va CSI
tiém cén 0,3-0,4. Diéu nay cho thdy mo hinh c¢6 kha
nang phat hién tuong déi tot cic trin mua. Céc tram
nhu Tiéu Cén, Hoa Tan, va Cau Ngang c6 cic chi s6
thép hon, phan anh kj nang phat hién kém va ty 1é du
bdo sai cao hon. Tai han dy bdo 48 gid, cac diém di
liéu tiép tuc tu lai 6 viing thip va léch trai ctia biéu do.
Chau Thanh, Cau Ngang va Tra Cu c¢6 POD khoang
0,4, nhin chung chi s6 Success Ratio ¢é xu huéng giam
rd rét trén nhiéu tram. Dén han du bdo 72 gig, tdt ca
cdc tram déu thé hién kha ning dy bdo rit han ché.
Céc diém nam sat day biéu d6 v6i CSI chi con khoang
0,1-0,2. Mic du mot s6 tram nhu Chau Thanh va Tiéu
Can van nhinh hon tram con lai, nhung sy suy gidm
doéng loat cho thdy d¢ tin cdy cia mo hinh & ngudng
mua viia va han dai van con han ché.

Hinh 5 thé€ hién ky ning du bio mua l6n v6i ngudng
trén 50mm tai cac han 24 gio, 48 gio va 72 gio cho
théy han du bdo 24 gid, phan 16n cic tram déu cé chi
s6 POD va Success Ratio thdp, v6i CSI chi dao dong
quanh mitc 0,1-0,25. Mot s6 tram nhu Tiéu Can,
Chau Thanh, Huyén Hoéi va Tra Ca c¢6 cao hon hon
tram coOn lai. Khi han du bdo tang 1én 48 gig, tit ca
céc tram déu tu lai & vung dudi ctia biéu do, véi CSI
giam thém, cht yéu dudi miic 0,2. Mic du mot sé
tram nhu Tiéu Can va Chau Thanh van git vi tri t6t
hon tuong d6i. Pén han 72 gig, ky nang du bao tai tat
ca cac tram trd nén rat han ché, CSI cht yéu chi con
tit 0,1 dén 0,15.

Nhin chung, sai s6 cia WRF c6 thé nhén thédy: (i) Tai
cdc tram ven bién (Bén Gid, Cau Ngang, Tra Cu), ME
thuong thay d6i ddu gitia cdc han du bdo, dic biét
& Cau Ngang va Tra Cu, di kém véi gid tri MAE va
RMSE tuong d6i 16n, cho thdy sai s6 bién thién manh
theo thoi gian va gitia cac tran mua. Nguoc lai, tai cac
tram ndm sau trong dét lién (Cang Long, Hoa Tan,
Huyén Hoi, Tiéu Céan), ME giti cung d4u qua ca ba
han du bao (hai tram thién 4m, hai tram thién duong),
v6i bién d¢ thién léch tang dan theo han du béo, phan
anh sy ton tai cia mot thanh phan bias dn dinh hon
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Bang 2: Sai s6 du bao ctia md hinh WRF [Nguén: Nhém tac gial

Tram Han 24 gio Han 48 gio Han 72 gi&
ME MAE RMSE ME MAE RMSE ME MAE RMSE
Bén Gid -0,5 5,0 7,1 0,6 6,0 8,6 0,7 7,2 10,3
CangLong  -23 8,0 11,7 -2,8 9,6 14,1 3,4 11,5 16,9
Cau 1,9 10,1 14,5 -1,2 12,1 17,4 2,7 14,5 20,9
Ngang
Chau 2,4 10,4 14,3 2,9 12,7 14,2 3,4 14,7 20,0
Thanh
Hoa Tan 2,2 7,5 10,6 -2,6 9,0 12,7 3,2 10,8 15,2
Huyén 3,1 10,9 18,1 3,8 13,1 21,7 45 15,7 21,9
Hoi
Tiéu Can 0,8 53 6,8 1,0 6,4 8,2 1,2 7,6 9,8
Tra Ct -2,9 11,3 21,1 -3,4 12,9 22,4 4,1 15,5 21,9
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Hinh 3: Biéu d6 danh gia kj nang cho han du bao (a) 24 gig, (b) 48 gi¢ va (c) 72 git clia nguéng mua 16mm-25mm
[Nguén: Nhom tac gial

1141



VNUHCM Journal of Environment and Earth Sciences 2026, 10(1):1137-1146

Ngudng 25mm - Han du béo 24h

Probahility of Detection {POD)
£

1

[T
Success Ratio {1-FAR)

Hian B ChThanh
© Ngang ’ Tean

a)

Nguéng 25mm - Han du bds 72h
7

H.Hei
Tracu

5
Critical Su:cess Index [C51)

Probahility of Detection {POD)

as @ as o7 om Y 18
Luccess Ratio {1-FAR)

Hian B chThanh
ChHgang 4 Tcoan

c)

H.Hoi
Tracu

Critical Success Index [C51)

Mgudng 25mm - Han dy béo 48h

om0

i
Critical Success Index (CS1)

30

v v - - . . we
ud 03 oe oy oan 10
Success Ratio [1-FAR]

& Clong Htan ® chThenh HHoi
W EGia Chgarg 4 Tcon Wacu

Hinh 4: Biéu d6 danh gia ky nang cho han du béo (a) 24 gid, (b) 48 gid va (c) 72 gid ciia nguéng mua trén 25 mm

[Nguoén: Nhom téc gial

theo khong gian. Cac dac diém nay c6 thé lién quan
dén sy két hop gitia sai s6 v€ cuong do mua va sai s6 vé
cdu truc trudng mua, ma trong nghién ctiu nay chua
c6 diéu kién phén tach chi tiét do han ché vé s6 dot
mua va cach biéu dién khong gian ciu tric mua; (ii)
Ky ning dy bdo ctia mé hinh c¢6 xu huéng khé t6t &
ngudng mua viia, nhung suy gidm rd rét khi ting han
du béo. Hién tugng nay phan dnh qud trinh tich lay
sai s theo thoi han dy bdo cia mo6 hinh, nhat 1a d6i
vGi cac qua trinh d6i luu quy mo nho rit nhay cam
v6i diéu kién ban dau va di€u kién bién. K&t qua nay
pht hop véi nhan dinh chung vé€ han ché ctia cac mo
hinh s6 khi du bdo mua d6i luu cuc doan & khu vuc
nhiét d6i'>'°. Day 1 vin dé ky vong phuong phap
hoc médy (ML) ¢6 thé bg trg nhu: (i) nhin dang va
hiéu chinh sau mo hinh phén thién léch mang tinh hé
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thong (bias) theo ngudng mua va theo tram; va (ii)
khai thac thém thong tin khong gian (vi du khoang
cach tdi bién, vi tri tuong d6i so véi cic viing hoi tu
dm quy mo 16n...) két hgp véi cac trudng duy bdo tu
WREF d¢€ hiéu chinh cudng d¢ va phan b6 mua.

KET LUAN

Nghién ctiu da thiét 14p va danh gia kha ning du bao
mua 16n ctia mo6 hinh WREF tai khu viic P6ng Nam
tinh Vinh Long (Tra Vinh c@i) cho 6 dgt mua tiéu biéu
trong giai doan 2021-2023. Két qua cho thdy mé hinh
¢6 ky ndng mo phong lugng mua & ngudng mua viia
(16-25 mm), véi sai s6 trung binh nho va kha ning
du béo tuong d6i 6n dinh tai mot s6 tram. Tuy nhién,
ky nang dy bdo c6 xu hudng suy giam theo thoi han
du bao va theo muic d6 mua.
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[Nguén: Nhom tac gial

Cu thé, d6i v6i ngudng mua 25-50 mm, kha ning
phat hién hién tugng (POD) va chi s6 thanh cong
(CSI) bt dau gidm manh, dic biét ¢ han 72 gid, cho
thdy mo hinh gdp khoé khin trong viéc dinh lugng
mua 16n. Véi ngudng mua >50 mm, do tin cdy clia
md hinh gidm r6 rét 6 ca ba han du béo (24 gio, 48
gig, 72 gig), voi cac chi s6 POD va CSI rat thdp tai
phén 16n cac tram.

Nhiing két qua trén cin dugc nhin nhén trong boi
canh mot s6 han ché ctia nghién ctu: (i) Tap mau chi
gém 6 dgt mua 16n trong 3 ndm nén cht yéu phin
anh khé ning m6 phong mot s6 tinh huéng mua dién
hinh, d€ danh gia toan dién vé ning luc du bdo mua
ctia md hinh cdn mo6 phong va danh gid nhiéu dot
hon; (ii) Chua c6 diéu kién danh gia so sanh gitia cac
d6 phan giai (3 km va 1 km) va cac nguon diéu kién

bién khdc nhau; (iii) Viéc kiém dinh méi diing & cac
chi s6 nhi phin dang diém tai tram st dung gia tri ndi
suy 6 luéi gan nhit, chua c6 diéu kién thé hién kiém
dinh khong gian khdc nhu mua vé tinh hay radar dé
danh gid t6t hon sai léch vi tri va cdu truc mua cuc
doan trong khong gian.

Nhin chung, m6 hinh WRE, khi van hanh véi d§ phan
gidi cao, van chiing minh dugc gié tri thuc tién trong
dy bdo mua cuc bd va c6 tiém ning d€ mé6 phong mua
cuc doan. Tuy nhién, d¢ chinh xac cia m6 hinh con
phu thudc nhiéu vao tinh chét ctia tliing tran mua va
han dy bdo. Do d6, mét hudng nghién ciu déy trién
vong 1a tich hgp cac phuong phap hoc mdy va tri tué
nhan tao (AI) nhim hiéu chinh d4u ra cia WRE. Sy
két hgp nay khong chi gitp giam sai s dinh lugng
mua?’, dic biét & cic ngudng mua 16n va rit I6n, ma
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con mo ra kha nang phét trién hé thdng du bédo sém
tin cay hon 2%, phuc vu thiét thuc cho cong tac phong
chdng va gidm nhe thién tai tai khu vic Dong bing
song Cliu Long.

LOI CAM ON

Nghién ctiu nay dugc thuc hién trong khuon khé
nhiém vu “Nghién ctiu thiét lap hé théng canh bio
dong, mua l6n va mualén han cyc ngén trén nén tang
cong nghé s6 cho tinh Tra Vinh” Nhém tac gid xin
tran trong cam on don vi chu tri, cac cong tac vién
va cac t6 chiic lién quan da hé trg cung cdp s6 liéu,
dong gop y kién chuyén mon va tao diéu kién thuin
lgi trong sudt qud trinh thuc hién nghién ctu.

XUNG POT LOliCH

Tap thé tic gid cam doan bai bdo nay 1a cong trinh
nghién ctiu cta tap thé tac gia, chua dugc cong b &
dau, khong dugc sao chép tli nhiing nghién ctiu trude
day; khong c6 su tranh chép lgi ich trong nhém tac
gia.

DPONG GOP CUA CAC TACGIA

Xay dung y tudng nghién ctiu va lga chon phuong
phdp nghién ctiu: Pham Thanh Long; Xt ly va phan
tich di liéu, vé biéu d6 minh hoa: V6 Thi Nguyén,
Lé Xuén Hoa, Ng6 H6 Ha My; Viét ban thao bai bao:
Vo Thi Nguyén; T4t ca cac tac gid cing tham gia hoan
thién ban théo bai bo.

DANH MUC TU VIET TAT

AT (Artificial Intelligence): Tri tué nhan tao

CSI (Critical Success Index): Chi s thanh cong téi
han

FAR (False Alarm Ratio): Ty 1é du bao khdng

FC/PC (Fraction Correct / Percent Correct): Ty 1é du
béo ding

GFS (Global Forecast System): M6 hinh Du bao Toan
ciu

ITCZ (Intertropical Convergence Zone): Dai hoi tu
nhiét d6i

MAE (Mean Absolute Error): Sai s6 tuyét d6i trung
binh

ME (Mean Error): Sai s6 trung binh

ML (Machine Learning): Hoc may

NCEP (National Centers for Environmental Predic-
tion): Trung tdm Dy bdo Mdi truong Qudc gia Hoa
Ky

NWP (Numerical Weather Prediction): Du bédo thoi
tiét s6

POD (Probability of Detection): Xdc suét phat hién
hién tugng
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RMSE (Root Mean Square Error): Sai s6 trung binh
toan phuong

RRTMG (Rapid Radiative Transfer Model for GCMs):
S0 d6 truyén biic xa nhanh cho mé hinh hoan luu téng
quat

TS (Threat Score): Chi s de doa

WMO (World Meteorological Organization): T6 chiic
Khi tugng Thé gisi

WREF (Weather Research and Forecasting): M6 hinh
Nghién ctiu va Dy bao Thoi tiét

YSU (Yonsei University Scheme) : So d6 16p bién
hanh tinh Yonsei University

Noah (Noah Land Surface Model): M6 hinh bé mat
dé4t Noah

Kain-Fritsch (Kain-Fritsch Convective Scheme): So
d6 tham s6 héa d6i luu Kain-Fritsch

Thompson (Thompson Microphysics Scheme): So do

vi mé may-mua Thompson
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ABSTRACT

This study presents an experimental evaluation of heavy rainfall forecasting using the Weather Re-
search and Forecasting (WRF) model over the southeastern area of Vinh Long Province (formerly Tra
Vinh Province) through six representative rainfall events during the period 2021-2023. The selected
events represent typical synoptic patterns responsible for heavy rainfall in Southern Viet Nam, in-
cluding the Intertropical Convergence Zone or tropical cyclones over the East Sea associated with
enhanced southwest monsoon activity, the equatorial trough combined with upper-level easterly
disturbances, and strong southward cold-air intrusions. The WRF model was configured with four
nested domains, with the innermost domain having a horizontal resolution of 1 km to better sim-
ulate convective rainfall. Initial and boundary conditions were provided by the Global Forecast
System (GFS) and dynamically downscaled to high spatial resolution over the study area. Model
outputs were verified at eight rain-gauge stations using statistical error metrics, including Mean
Error (ME), Mean Absolute Error (MAE), and Root Mean Square Error (RMSE), together with binary
forecast skill indices such as Probability of Detection (POD), False Alarm Ratio (FAR), and Critical
Success Index (CSI) for rainfall thresholds of 16-25 mm, 25-50 mm, and greater than 50 mm.

The results indicate that the WRF model demonstrates relatively good forecast skill for moderate
rainfall thresholds of 16-25 mm, particularly at the 24-hour forecast lead time, with several stations
achieving relatively high POD and CSI values. However, forecast skill decreases significantly with
increasing forecast lead time and rainfall intensity thresholds. For rainfall thresholds of 25-50 mm
and above 50 mm, POD and CSl values decrease markedly, especially at the 72-hour forecast lead
time, indicating limitations of the model in forecasting heavy and extreme rainfall events. Forecast
errors also differ between coastal and inland stations. Overall, the study confirms the potential
of the WRF model for heavy rainfall forecasting in Southern Viet Nam and highlights the need for
further studies on post-processing correction approaches, including machine learning and artificial
intelligence techniques, to improve extreme rainfall forecasting performance in future applications.
Key words: Weather Research and Forecasting (WRF) model, heavy rainfall forecasting, Vinh Long
Province
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