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Tém tit: Nghién ciru nay dugc thuc hién dé tich hop lugng mua dy bao dua trén radar voi
mo hinh sé tri (NWP) phuc vu nang cao chét luong du bao 1. Lugng mua tich hop cho 6
gior ké tiép duoc tao ra thong qua viée xac dinh trong sd ciia cac san pham mua dy bao dya
trén gia tri cua cac chi tiéu dy bao dung (CSI) va sai sé quan phuong (RMSE) & khung thoi
gian trude. D6i véi du bao sau 6 gid, do 1éch trung binh giita lwong mua tich hop voi NWP
¢ 6 gio dugc tinh toan va thém vao cho cac khoang thoi gian dy bao dai hon. Phuong phép
nay dugc ap dung cho 2 tran li xay ra vao nam 2020 va 2021 trén khu vyc thuong luu séng
Ma. Két qua cho thay lwong mua tich hop c6 d6 chinh xéac cao hon déng ké so voi NWP ¢
khoang thot gian du bao 6 gio nhung khong thay d6i nhiéu ¢ cac khoang thoi gian dai hon
trir sai s6 trung binh (ME). Tuong tmg voi sy cai thién cua luong mua, d6 chinh xac du bao
1 tdng 1én dang ké Vi gid tri cua chi s6 hiéu qua mo hinh (NSE) tang 1én va sai s6 dung
tich (REV) giam xudng. Nhiing két qua nay da chimng minh su can thiét cua tich hop lugng
mua du bao dua trén radar voi NWP.

Tir khoa: Du béo 1t; NWP; Du bado mua dya trén radar; Tich hop.

1. Pit van dé

Luong mua la yeu t6 ddu vao quan trong nhat trong mé hinh mua - dong chay. Déi voi
md hinh thuy van du t6t dé mé phong cac qua trinh xay ra trén luu vyc, cai thién d6 chinh
xac luong mua du bao dong vai tro quyet dinh gia tang d¢ chinh xac du bao dong chay. Hién
nay, c6 nhiéu phuong phap, mé hinh dé du bao mua, trong d6 hai phuong phap n6i bat va co
do tin cdy lon nhét 13 sir dung mo hinh sd tri va radar. Trong hai loai san phim mua du bao
nay, mdi san pham déu c6 nhimg uu diém va nhugc diém riéng. Trong khi lvgng mua dy bao
dua trén radar chi di tin cdy cho 2-3 gid ké tiép thi mé hinh s6 lai c6 kha ning du bao dai voi
d6 tin cdy cao hon [1—4]. Do d6, tich hop hai loai san pham dy bao nay c6 tiém ning 16n dé
nang cao dg chinh xac du bao mua va dong chay.

Nhing nghién ctru dau tién trén thé gidi vé tich hop luong mua dy béo tir mo hinh s tri
v6i radar bat dau tir cudi nhitng nam 90 cua thé ky 20. Vi du, tac gia [5] phat trién hé thong
Nimrod tu dong dy bao mua han cuc ngin (dén 6 gid) bang viéc tich hop luong mua dy bao
dwa trén radar v6i san pham du bao mua cia mé hinh UM (Unified Model) cho vuong qudc
Anh. Céc tac gia sir dung hé s6 twong quan ciia tirng loai hinh dy bio mua ¢ thoi gian trudc
dé xac dinh trong s tich hop cho radar (Wa) va mé hinh s6 (Ww). Téc gia trinh bay két qua
tich hop thir nghiém cho su kién mua 16n xay ra tir ngay 5 dén 13 thang 9 nam 1995. Két qua
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cho thay, sau khi tich hop, chi s6 ty 18 du bao dung (hit rate) va sai sé quan phuong (root
mean square factor) i dugc cai thién dang ké, tuy nhién chi tiéu ty 1 canh bao khong (false
alarm ratio) lai tang 1én. Téac gid [6] gioi thi¢u vé hé théng canh bdo sém va tu dong du bao
mua d6i luu han cyc ngin GANDOLF. Hé théng nay dugc phat trién dé duy bao mua han cuc
ngin cho luu vyc 'song Themes, vuong quoc Anh. Thay vi chi st dung dir liéu dy bao tich
hop tir mé hinh sé va radar trong hé thong Nimrod, tac gia dé tich hop thém dir liéu tr mo
hinh huéng dbi twong (object-oriented model) dé cb ging giai quyét nhiing han ché cua dy
bao mua dua trén radar (st dung phuong phap ngoai suy dé cho ra két qua du bio mua dan
dén k¥ nang du bao giam manh khi thoi gian du bao xa hon). Két qua 4p dung thir nghiém
cho hai trin mua 16n xay ra vao nim 1995 va 1996 di cho d6 chinh x4c ting 1én dang ké so
vo1 chi du bao bﬁng Nimrod véi su cai thién cta céc chi sb dy béo thanh cong (critical success
index) va sai sb trung binh binh phuong (mean square error), tuy nhién chi sé canh bao sai
lai tiép tuc ting 1én so voi Nimrod. Tac gia [7] dé xuat mot phuong phép tich hop lwong mua
du bao dua trén radar véi mo hinh sd, trong d6 dir 1iéu mua du bao tir radar dugc tinh toan
lai theo cac thong s6 dia hinh sau d6 tiép tuc duoc hi€u chinh trudce khi tich hop du bao mua
t6 hop tir mo hinh s (2 km, 30 gio). Trong nghién ciru nay, tac gia xac dinh trong sb tich
hop cho tung loai dy bao mua dya trén gia tri cia CSI va RMSE ¢ khung thoi gian truge.
Cac tac gia da ap dung phuong phap dé xuét dé cai thién nang lyc dy bao mua 1i cho sur kién
mua 6n xay ra vao dau thang 9 ndm 2011 ¢ luu vuc song Shingu, Nhat Ban. Ket qua ap dung
thir nghiém cho thdy rat kha quan khi d6 chinh xac ctia lwong mua tich hop tot hon han so
véi du bdo mua hodc chi tir radar hodc chi tir mé hinh s cho tit ca cac truong hop tinh todn
(cho cac ngudng mua khéac nhau). Ngoai ra, nhiéu nghién ctru khac cling da dugc thyc hién
dé tich hop luong mua du bao dua trén radar va mé hinh s tri nhu [8—18].

O Viét Nam, nghién ctru tich hgp lugng mua dy bao tir mo6 hinh s6 trj v6i radar van con
rat han ché. Gﬁn day, cung voi thanh cong cua Dai Khi tugng Cao khong trong du bado mua
han cuc ngan (nowcasting) dua trén radar, tac gia [19] da nghién ctru thir nghiém tich hop
lwong mua dyu bao dya trén radar voi san phdm mo hinh sb tri phan giai cao (NWP) dé co
duoc san pham du bao mua dinh luong - khach quan han cyc ngan tai Viét Nam. Nghién ctru
da ap dung hé théng canh bao mua han cuc ngin do Co quan khi tuong Hong Kong phat trién
cho trin mua xay ra vao ngay 4 thang 3 nam 2020. Két qua cho thdy du bao mua tich hop tir
hai san phdm c6 chat lugng tot hon so v6i du béo tir mo hinh sb tri hodc dy bao duya trén
radar. Tuy nhién, nghién ctru ndy mdi chi ap dung thur nghiém cho mét trén mua duy nht,
do d6 chua du dé khang dinh dugc lugng mua tich hop t6t hon so v6i mo hinh s tri va radar.

C6 thé thiy ring, cac nghién ctru tich hop lwong mua du bao dya trén radar va mé hinh
s6 tri d3 dat duoc nhiing thanh cong nhét dinh trong viéc nang cao do chinh xac du bao mua.
Tuy nhién, mot van dé quan trong ap dung lugng mua tich hop vao trong du bao 1ii van chua
duogc thyc hién. Vi vay, nghién ctru nay dugc thuc hién dé: 1) Tich hop lugng mua du bao
dua trén radar v6i mo hinh sb tri; 2) Panh gia kha nang sir dung ctia lugng mua tich hop
trong du béo Ia.

2. Phwong phap, khu vue nghién ciru va sb liéu sir dung

2.1. Khu vue nghién cuu va so lieu su dung

Khu vuc thuong luu séng Ma tinh dén tram Muong Lat dugc lya chon 4p dung thur
nghiém trong nghién ciru nay nhd dong chay khong bi anh hudng boi sy diéu tiét cta hd chira
va cac cong trinh nhan tao. Khu vuc niy ¢ dién tich khoang 12.951 km?, trong d6 phan dién
tich ndm trong lanh thd Viét Nam khoang 6.784 km?, ndm trong lanh thd Lao khoang 6.167
km?2. Ban dd khu vuc nghién ctru duogc thé hién trong Hinh 1.

S4 liéu mua thyce do 6 gid cia 7 tram do mua tir nam 2020 dén 2021 duoc thu thap tur
Téng cuc Khi trong Thay vin dé phuc vu cho thuc hién cac cong viée: 1) Tinh toan d6 chinh
xac cua luong mua dy bdo dya trén radar va mo hinh s6 tri phuc vu cho tinh trong s6 tich
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hop cia ting san phdm mua; 2) Két hop v6i lugng mua dy bao 1am dau vao cho mé hinh
thiy van. Bén canh do, s6 liéu luu luong thuc do cua tram Muong Lat cling dugc thu thap va
sir dung dé hiéu chinh va kiém dinh mé hinh mua - dong chay va danh gia két qua du bao Ii.

San phim mua dy bao dva trén radar cung cap boi Dai Khi twong Cao khéng (AMO),
Téng cuc Khi twong Thuy vin dugc st dung dé tich hop voi lwong mua dy bao tir mo hinh
WREF (thu thap tir Trung tdm Dy béo khi tugng thity van quéc gia (NCHMF), Tong cuc Khi
tugng Thuy van). DT liéu mua dy bdo dya trén radar c6 do phan giai khong gian 1a 1,5km,
cap nhat ting gid, du bdo cho 6 gio téi. Dit liéu mua dy bdo tr mo6 hinh WRF ¢6 do phan
giai theo khong gian 1a 3km, 6 gio cap nhat mot lan, du bao cho 72 gio toi. Pé tich hop duoc
luong mwa dy bao tir m6 hinh s tri va radar tai cac 6 ludi, luong mua dy bao dya trén radar
duogc chuyén vé do phan giai 3km (cung d6 phén giai v6i mo hinh 50 tri) bang phuong phép
nghich dao trong sb theo khoang cach (IDW). Ciu hinh ciia cac san pham duogc trinh bay
trong Bang 1.
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Hinh 1. Ban d6 khu vuc thuong luu song M3 tinh dén tram Muong Lat.

Bang 1. C4u hinh cta cac san pham du bao mua.

M hinh Do phingiai  DUoc ol Sogiodw o pae TNBuonso
gian bao li¢u
WRF 3.0km 6 gio 72 gio 6 gio NCHMF
Radar 1.5 km 1 gio 6 gio 1 gio AMO
Radar téi ciu hinh 3.0 km 6 gio 6 gio 6 gio IDW

2.2. Phuong phap nghién curu

Pau tién, lwong mua hdn hop cho khoang thoi gian du bao 6 gio duge tao ra bang viée
tich hop lugng mua dy bado tir mo hinh s6 tri voi luong mua du bao dya trén ra da (sau day
goi 12 giai doan tich hop). Sai sé trung binh cho timg lru vuc sau d6 dwoc tinh toan va cong
thém vao lugng mua dy bao tir mé hinh sb tri cho khoang thoi gian du bao sau 6 gid (sau day
goi la giai doan diéu chinh sai s6). So d6 cac budc tich hop luong mua dy béo dya trén radar
v6i mé hinh s6 tri duge thé hién trong Hinh 2.
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Hinh 2. So dd cac budc tich hop luong mua dy bao dua trén radar voi mo hinh $6 tri.

O giai doan tich hop, tim trong sb phti hop cho du bao mua ra da va mé hinh sb tri ¢6
vai trd quan trong nhat. Nghién ctru nay ap dung mot phuong phép dé tinh toan trong s cho
mdi hé théng theo céa chat luong va dinh lugng. Chi s6 du bao dang (Critical Success Index
- CSI) dugc str dung cho phan tich chat luong, trong khi d6 sai sé quan phuong (Root Mean
Square Error - RMSE) dugc st dung cho phan tich dinh lugng. CSI va RMSE dugc tinh toan
theo phuong trinh (1) va (2).

(1

CSl = —
M+H+F

Bang 2. Bang xac dinh cac thong sb (contingency table).

Thuc do
Du bao *
) Cé Khong
Co H F
Khong M C

Trong d6 H (hit) 1a s6 1an du bao dang, dugc xac dinh khi cd md hinh dy bdo va quan
trac déu c6 mua; M (miss) 1a s6 1an du bao thiéu, dugc xac dinh khi mé hinh du bao khong
mua trong khi thyc té quan tric dugc ¢6 mua; F (false) 1a s6 1an du bao sai, duge xac dinh
khi mé hinh dy bao c6 mua trong khi thuc té quan tric lai khong c6 mwa. Cac théng sé H, M
va F dugc xéc dinh theo Bang 2.

CSI dugc xem nhu thude do do chinh xac du bao khi khong xem xét nhitng truong hop
hién tuong khong xudt hién. CSI c6 gia tri trong khoang tir 0 dén 1. CSI bang khong nghia la
md hinh dy bao khong chinh xac, trong khi CSI bang mot cho thdy mé hinh du béo ding
hoan toan.

RMSE = )

Trong d6 F 14 lugng mua du bao, O 1a lwong mua thyc do, N 1 d6 dai chudi dir lidu. Gia
tri cia RMSE nim trong khoang (0, +0).

Trong sb ciia lwong mua dy béo bang ra da (WR1 va WR2) va mé hinh sb trj (WN1 va
WN2) & ting diém ludi duoc dinh nghia 1a mot ham binh phuong, dé thé hién d6 phan hoi
nhay ciia trong s tich hgp cho mé hinh s tri, nhu thé hién trong cic phuong trinh tir (3) dén
(6). Cudi cung, luong mua tich hgp (RB) & hién tai dugc tao ra bﬁng viéc su dung phuong
trinh (7).

CSIZ

radar

WR1
+ CSIZwp

~CsI2

radar

3)
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RMSE?2
WR2 = 1 — . radar . 4
RMSEZ ;.. + RMSEZyp 4)

CSIZwp

WN1 =

CSIZ, 4. + CSTEuwp (5)

RMSE?2
WN2=1- R LU 6
RMSEZ, ;.. + RMSEZp (6)

WR1 + WR2 WN1 + WN2
(WRLEWRDY o (SN2

Rugn hop = 2 2

(7)

O giai doan diéu chinh sai sd, sai s6 & mdi diém ludi (EF) duoc tinh todn ¢ giai doan tich
hop bang viéc trir hdn hop méi tao ra cho lwong mua du bao tir mod hinh s tri (phuong trinh
(8)), sau do liy trung binh cho toan bd luu vuc dé nhan duoc sai s6 trung binh. Cudi cing,
sai sO trung binh don gian dugc thém vao timg thanh vién t6 hop cho khoang thoi gian dy
bao trén 6 giod (phuong trinh (9)).

1 n

EF = HZ(RHSH hop,g — RNWP,g) (8)
g=1

Rupd = Rywp + EF 9)

2.3. M6 hinh mua - dong chay

Duya vao viéc xem xét cac qué trinh vat 1y trong mé hinh, cac mé hinh thiy van dugc
phan chia thanh 3 loai: m6 hinh hdp den, m6 hinh dya trén vat 1y, va mé hinh khai niém va
kinh nghiém. M6 hinh hop den chi lam viéc véi dit liéu dé tim ra mbi quan hé giira dir liéu
thuc do va du bao va khong phu hop voi muc tiéu cia nghién ctru nay. Loai m6 hinh thi hai
¢6 nhiéu uu diém vé mit 1y thuyét, nhung n6 yéu cau mdt luong 16m s6 lidu dau vao va dix
li¢u thong ) (parametric data), nhitng dit liéu ndy van con kha han ché & Viét Nam. Vi vay,
md hinh khai niém va kinh nghiém nhan dugc nhiéu sy quan tdm hon nho viéc don gian hoa
cac qua trinh vat 1y. Nhitng mo hinh thudc loai nay str dung dir liéu, thong s6 dang binh quéan
theo khong gian va c6 thé dugc sir dung nhu mo hinh ban phan b bang viée chia luu vic
thanh cac tiéu luu vuc. Vi nhting 1¢i ich nhu vay, nghién ctru ndy lya chon mot moé hinh khai
niém va kinh nghiém dé mé phong dong chay cho thuong lvu song Ma tinh dén tram Muong
Lat.

Mo hinh Mike NAM, dugc phat trién bai Vién Thuy lyc Pan Mach, 1a m6t mé hinh khai
niém va kinh nghiém sir dung lwong mua va bdc hoi binh quan luu vuc 1am déu vao dé mé
phong cac qua trinh tap trung dong chay cua nude trén luu vye va trong song. Mac du khong
¢6 nhiéu vu diém vé mat 1y thuyét nhung mo hinh Mike NAM lai cho thiy kha ning mo
phong dong chay dang kinh ngac khi dwoc ap dung thanh cong & nhiéu noi trén thé giéi va ¢
Viét Nam. Ly thuyét mé hinh Mike NAM c6 thé tim thdy trong [20]. Do d6, nghién ciru nay
da lya chon md hinh Mike NAM dé mé phong dong chay cho khu vuc thuong luu séng Ma
tinh dén tram Muong Lat. Két qua hiu chinh va kiém dinh mé hinh cho 2 tran i xay ra tu
01 gio ngay 01/8/2020 (sau day goi 1a tran 1) dén 19 gio ngay 31/8/2020 va tir 01 gid ngay
15/7/2021 dén 19 giod ngdy 23/8/2021 (sau day goi 1a trn 2) dugc trinh bay trong Bang 3 va
Hinh 3. Trong d6, chi s6 NSE (Nash Sutcliffe Efficency - chi s6 hiéu qua mé hinh) va REV
(Relative Error in Volumn - sai s0 dung tich) dugc xéac dinh theo céc cong thic (10) va (11).
Két qua cho thay gia tri ciia NSE ciia 2 tran lii déu trén 0,8 va gia tri cia REV kha nho. Do
d6, mo hinh Mike NAM c6 di kha ning dé mé phong dong chay cho thuong luu song Ma.

Yic1(Si — 0;)?

NSE=1-— — 10
?:1(Si - 0)2 ( )
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n 0. —S.)]
REV = Z“l(n—“) X 100 (11)
i=10i

Trong d6 S 1a luu lugng mé phong, O 1a luu lugng thuc do, n 13 tong d dai chudi.

mm” E T W”I I L

=
=

g mua (mm)

Lugng mura (mm}
s

— Thuc do — Thue da
—— M6 phdng

Luu luong (m3/s)

gz
=8

Tran 1 W Tran 2

Hinh 3. Két qua mo phong dong chay cho 2 tran lii bang m6 hinh Mike NAM.

Bing 3. Két qua hi¢u chinh va kiém dinh mé hinh cho tram Muong Lét.

Tran li Qua trinh NSE REV (%)
Tran 1 Hiéu chinh 0,81 0,14
Tran 2 Kiém dinh 0,80 -3,29

2.4. Chi tiéu danh gia do chinh xdc du bao mua

Dé danh gia k§ nang du bio mua cta hdn hop so v6i du bao mua tir md hinh WRF va
radar, ngoai viéc st dung chi s6 CSI va RMSE, nghién ctru nay st dung thém chi s6 POD
(Probability of Detection), FAR (False Alarm Ratio), sai sb trung binh (Mean Error - ME),
va hé sb tuong quan (Correlation Coefficient). Cac chi s POD, FAR va CSI duoc tinh toan
cho cac ngudng mua khac nhau va duge xac dinh bang cac cong thirc (12), (13), va (1), trong
khi cac chi tiéu ME va hé sb trong quan (CC) va RMSE duoc xac dinh bang cong thirc (14),
(15), va (2):

, PO = M , , _(12)

POD cho biét kha nang dy bao dung ctia mo hinh, bién thién tir 0 dén 1. POD bang 1

nghia 1a mé hinh dy bao ding hoan toan va nguoc lai khi POD tién dan dén 0. POD chi nhay

d6i voi nhitng truong hop khong du bao dugce ma khong nhay ddi véi nhimng trudng hop canh
bao khéng.

F
AR 13
¥ H+F (13)

FAR thé hién ty 18 m6 hinh cho két qua c6 nhung thyc té hién tuong khong xay ra. Gia
tri cia FAR nam trong khoang tir 0 dén 1. Gia tri cua FAR tién tdi O thi mo hinh cang canh

bao khéng it va nguoc lai.
=5 2, (=0 (14)
i=1

ME thé hién do l1éch trung binh cia du bdo so vdi quan trdc. M6 hinh du bao thién cao
néu ME duong, thién thap néu ME thap va hoan hdo néu bang 0.
i-1(Fi —F)(0; - 0)

VI =2 (50,0, - 02 (15)

Gi4 tri hé s6 twong quan (CC) bién dbi tir -1 dén 1, gia tri tot nhat 1 1.

CC=
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3. Két qua va thao luin

3.1. Két qud tich hop lwong muwa dw bdo dwa trén radar voi mé hinh SO tri

Két qua tinh todn céc chi s6 cho ting loai mua dy bao (WRF, radar, va hdn hop (blend))
cho cac dot mua xdy ra trong 2 tran 1 dugc thé hién trong Hinh 4. O giai doan tich hop, hon
hop du bao mua c6 dJ chinh xéc cao hon du bdo mua hodc tir mé hinh WRF hodc tir radar
v6i gia tri POD va CSI cia hdn hgp cao hon so véi mé hinh WRF va radar & cic ngudng
mua khac nhau. Gia tri POD va CSI giam xubng va FAR ting 1én khi ngudng mua ting 1én.
DPéi voi nguong 0,1mm (c6 mua hoac khong mua), gia tri POD cia mo6 hinh WRF, radar va
hdn hop tuwong ung 1a 0,65, 0,67, va 0,83; gia tri FAR tuong ung 1a 0,33, 0,36, va 0,40; gia
tri CSI tuong tmg 13 0,49, 0,48, va 0,53. Di voi chi tiéu dinh luong du bao, gia tri ME va
RMSE trung binh tit ca cac khu vire c¢6 xu hudng tién t6i 0 (gia tri “t6t nhat”). Gia tri ME
trung binh toan khu vyc ciia m6é hinh WRF, radar va hdn hop lan luot 1a -0,77 mm/6h, -0,31
mm/6h, va -0,52 mm/6h; d6i voi RMSE lan luot 14 8,70 mm/6h, 9,28 mm/6h, va 7,74 mm/6h.
Hé s twong quan cua hon hop ciing t6t hon so voi du bao mua tir mo hinh WRF va radar.
Gia tri trung binh ctia hé s6 twong quan ciia mo hinh WRF, radar va hén hop lan luot 13 0,25,
0,21 va 0,31. O giai doan diéu chinh sai sd, cac chi tiéu danh gia chat luong du bao (POD,
FAR, va CSI) khong c6 su thay d6i nhiéu & cac khu vuc. Diéu nay ciing 1a dé hiéu vi luong
mua tir md hinh s6 tri don thuan duoc cong thém vao. Déi véi cac tran mua 16n, viée cong
thém vao nay vé co ban khong lam thay doi chat lugng du bao pha. Pbi véi cac chi tiéu dinh
lwong, chi s6 ME ting 1én & tat ca cac khu vuc (tién gan vé 0), tuy nhién mirc ting khong qua
16n, trong khi chi s6 RMSE gan nhu khong ddi. Nhimg két qua nay cho thay, hon hop mua
du bao ¢ k¥ ning t6t hon so v6i md hinh WRF va radar ca vé mat chat luong, dinh luong
va tuong quan cho khoang thoi gian dy bao 6 gio. Diéu nay da ching minh sy can thiét phai
tich hop 2 ngudn mua tir md hinh s6 tri va radar dé gia ting d6 chinh xac ctia khong chi du
bao mua ma con cho ca du béao lii.
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Hinh 4. Két qua tinh toan cac chi tiéu danh gia do chinh xac clia cac san pham mua dy béo.
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3.2. Két qua dw bdo lii
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Hinh 5. Két qua tinh toan cac chi tiéu danh gia chit luong du béo 1 sir dung dau vao WRF va hdn hop.
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Hinh 6. Két qua du béo dong chay theo cac khoang thoi gian dy béo.
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Luu luong dong chdy 1i m6 phong sir dung lwong mua dy bao tir mo hinh WRF va tich
hop 1am dau vao duoc so sanh vé6i luu lugng dong chay sir dung lugng mua thue do dé bo
qua sai $6 gy ra béi mo6 hinh Mike NAM, tir d6 danh gid dugc do hi¢u qua cua lugng mua
tich hop so v4i tir mo hinh WRF. Két qua tinh toan chi s NSE va REV cho 2 loai dir liéu
mua dau vao cho 2 tran 1i dugc thé hién trong Hinh 5, trong khi duong qua trinh dy bao cho
ting khoang thoi gian du bao duoc trinh bay trong Hinh 6. Két qua cho thay du bao 10 str
dung luong mua tich hop cho két qua tt hon dang ké so voi sur dung san pham ctia md hinh
WREF véi gia tri ciia NSE ting manh va REV giam xubng ¢ tt ca cac budc thoi gian du bao
(trir 30 gid dau & tran 1 thir 2 ¢6 REV ting 1én). Néu xét gid tri cia NSE 16n hon 0,7 va REV
nhoé hon 20% 1a tiéu chuin danh gia do tin cay thi dy bao 1i str dung san phém mua cua mo
hinh WRF 6 tran 1 ¢6 d9 tin cay cao dén 18 gio ké tiép, trong khi str dung mura tich hop co
do tin cdy cao cho 24 gio ké tlep, d6 tin cdy dbi voi tran 2 tuong ung 1a 24 gid va 30 gio.
Nhimg két qua nay cho thiy su can thiét ciia viéc tich hop luong mua du bao dya trén radar
v6i mo hinh sd tri trong viéc nang cao chét lwong du bao lii cho khu vuc thuong luu song Ma
tinh dén tram Muong Lat.

4. Két luan

Nghién ctru ndy dugce thye hi¢n dé tich hop lugng mua dy bao tir mo hinh WRF va radar.
Luong mua du bdo dua trén radar dugc chuyén tr d6 phan giai 1,5 km vé 3 km dé khép voi
dd phéan giai cia m6 hinh WRF, phuc vu cho viée tich hop tai tung 6 luéi. Trong s6 tich hop
tir 2 san pham mua dugc xac dinh thong qua chi tiéu danh gia chat lugng dy bao CSI va dinh
luong du bao RMSE. B 1éch trung binh gilra hdn hop méi tao ra va md hinh $6 tri cho
khoang thoi gian 6 gid ¢ cac khu vuc tiép tuc dwoc tinh toan va cong thém vao luong mua
dy bdo tr m6 hinh WRF cho khoang thoi gian du bdo sau 6 gid voi muc dich phuc vu cho
nang cao chit lwong du bao lii. Két qua cho thay, dbi voi khoang thoi gian dy bao 6 gid, k§
nang dy bao mua tir m6 hinh WRF cho két qua khong t6t bang tir radar. Sau khi tich hop 2
ngudn, hdn hop mua du bao da thé hién k¥ nang t6t hon so v6i mo hinh WRF va radar ca vé
mit chat luong, dinh lugng va twong quan. Déi véi khoang thoi gian du bao sau 6 gio, cac
chi tiéu POD, FAR, CSI, RMSE va hé sb twong quan thay d6i khong dang ké, trong khi chi
s6 ME tién gﬁn vé 0. Tuong Gng véi su cai thién vé chét luong dy bao mua, do chinh xac du
bao dong chay ting 1én dang ké véi gia tri cua NSE ting 1én va REV giam xudng. So sanh
v6i st dung lugng mua du bao tir mo hinh WREF, d6 tin cdy cua khoang thoi gian dy béo
dong chay sir dung lwong mura tich hop tang tir 18 gid 1én 24 gid d6i véi tran 1 va tir 34 gid
1én 30 gio d6i vai tran 2. Didu nay cho thdy kha ning ting dwoc do chinh x4c du béo lii bang
viéc tich hop luong mua dyu bdo dua trén radar véi mo hinh $6 tri.

Két qua cua nghién ctru dd cho thdy su can thiét phai tich hop luong mua dy bao dua
trén radar voi mo hinh sb tri ¢é nang cao chit luong du bao i ¢ thuong luu luu vuc song
Ma. Tuy nhién, phuong phap ap dung méi chi duoc ap dung cho mét khu vuc cu thé, kha
nang ap dung cho cac luu vuc khac ¢ Viét Nam van con chua duoc xac dinh. Vi vay, trong
thoi gian t6i, nghién ciru s& tiép tuc mé rong ra cho cac luu vuc khéc trén toan Viét Nam.

DPong gop cia tac gia: Xay dung y tuong nghién ciru: N.H.M., M.V.K.; Lua chon phuong
phép nghién ctu: N.H.M., P.T.D.; Xu 1y s6 li¢u: B.V.H., V.T.T.V.; Tinh toan két qua:
N.HM., b.V.H., V.T.T.V; Viét ban thao bai bao: N.H.M.; Chinh stra bai bao: N.H.M.,
M.V.K.

Loi cam on: Nghién ciru ndy dugc thyc hién dudi sy hd trg vé mat dir liéu va phuong phap
ludn cua dé tai tai “Nghién ciru cong nghé du bdo dong chay lii han ngdn theo mé hinh diw
bdo muwa s6 tri va s6 lidu radar thoi tiét. A'p dung thir nghiém dy bdo li han ngcfn cho luu
vuc Song Ma”, ma s6 TNMT.2022.02.16, thudc chuong trinh TNMT.02/21-25 do B¢ Tai
nguyén va Mai truong tai trg.
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Loi cam doan: Tap thé tac gia cam doan bai bao nay 1 cong trinh nghién ctru cia tap thé
tac gia, chua dugc cong bo & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong co su tranh chap loi ich trong nhom tac gia.
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Accuracy improvement of flood forecast by blending radar-based
rainfall prediction with numerical weather prediction rainfall
product

Nguyen Hoang Minh'*, Phung Tien Dung', Vu Thi Thanh Van', Doan Van Hai!, Mai
Van Khiem!

"'National Centre for Hydro-Meteorological Forecasting, Viet Nam Meteorological and
Hydrological Administration; hoangminh281287@gmail.com; ptdung77@gmail.com;
vtvan7702@gmail.com; hail 10684@gmail.com; maikhiem77@gmail.com

Abstract: This study was conducted to blend radar-based rainfall prediction with numerical
model (NWP) outputs to improve the accuracy of flood forecasting. The hybrid rainfall for
the 6 hours ahead is generated by determining the weights of the products based on the
values of critical success index (CSI) and root mean square error (RMSE) in the previous
time step window. For the longer lead time, the mean error field between the hybrid with
NWP at 6 hours is calculated and added to longer forecast periods. This method is applied
to 2 flood events occurring in 2020 and 2021 in the upstream area of Ma River basin. The
results show that hybrid has a significantly higher accuracy than the NWP at the 6-hour
ahead but does not change much at longer lead time except the mean error (ME).
Corresponding to the improvement of precipitation forecast, the flood prediction accuracy
increased significantly with the value of Nash Sutcliffe efficiency (NSE) increased and
relative error in volumn (REV) decreased. These results demonstrated the necessity of
blending radar-based precipitation forecasting with NWP output.

Keywords: Flood forecasting; NWP; Radar-based rainfall prediction; Blending.
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