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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.
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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
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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.
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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.



