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Tém tat: Dong hda s6 liéu mwa dau vao phuc vu muc dich dw bao thly van da va dang duoc cac nha
nghién ctru trong Inh vire khi trgng thiy van quan tam. Bac biét doi véi nhirng khu vire ¢é dia hinh phirc tap
vaso liéu phu thudc do onh chat lién qudc gia nhw khu vire thugng ngudn séng Hong va dia gi¢i Trung Qudc,
s0 liéu do dac thwong khong lién tuc va han ché & nhiéu khu vire, trong khi dé cac san pham muwa tir cac vé
enh quan sat trai dat du c6 do phi khong gian Ién nhwng kho cé thé xac dinh dwoc mua doi lwu, muwa cuc
bo v&i quy mo nhd. Nghién clru ting dung tht nghiém phwong phap déng héa 3DVar cho mua vé 6nh trén
lwu vire s6ng HONg vai viée str dung 2 ngudn sé liéu mua vé ©nh GSMaP (Global Satellite Mapping) va GPM
(Global Precipitadon Measurement) duoc thu thap va x Iy bang cong cu hd tro dw bao DelO-FEWS. S8 liéu
mua ddng hoa sau dé duoc kiém dinh bang s6 liéu thue do cho chubi thei gian trong thang 8/2018. K&t qua
sau khi ddong hda d trinh dién mot s6 diém muwa cuc bd khong phéat hién dwoc bdi 2 ngudn mua vé enh, dem

lai birc tranh hoan thién hon vé phan bé mwa theo khéng gian cho lwu vic séng Hong.
Tir khéa: 3DVar, mua vé 6nh, GPM, GSMaP, luu virc sng Hong.

1. Pat van deé

Trén quy mo lwu viee, mua la mot yéu té khi
twong quan trong anh hwéng tric ©€p t6i cac
quatrinh thy van nhu phat sinh dong chay, mua
I6n dan t6i It quét phia thugng ngudn va ngap
lut phia ha du. Hién nay, c6 nhiéu nguon so liéu
mua da dwoc sir dung va tham khao trong duw
bao thly van bao gom sé liéu thyc do tai tram,
sO liéu muwa vé 6nh va s6 liéu radar. Do onh bat
dinh cao clia yéu t6 muwa, cac nguén muwa vé enh
con bi han ché va khéng quan trac duoc cac hinh
thai mua tam thap nhu mua déi lvu hodc mua
mang onh cuc bd do &nh hwéng dia hinh. Do
do, hién tai cac dy bao vién chi str dung sd liéu
mura tai tram dé dy bao thiy véan va cac ngudn
s0 liéu khac chi mang onh tham khao. Tuy nhién,
sO liéu mua tram han ché vé mat khong gian,
dac biét nhirng khu virc khéng ¢é s6 liéu hoac s6
lieu khong lién tuc do yéu t6 lién qudc gia nhw
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tredng hop cda vung nghién ctu - lvu vire sdng
Hong moét phan lwu viee thude 1anh thd Trung
Qudc. Han ché nay can dwoc khac phuc, dac biét
trong nhirng diéu kién thoi 86t cuc doan nhuw
mura [&n hay khi c6 bdo do bo.

Mot sd nghién clru da duoc thuc hién dé
xay dwng va danh gia treong mua khéng gian
tir n6i suy mua tram nhw nghién ctru cla Tran

nh Blre, Ngb Blirc Thanh va cong sw (2007) da
xay dwng bd s6 liéu lwvgng mua ngay trén lwdi
1 x 1 d6 cho toan Viét Nam [2] hay nghién ctru
so sanh cac phwong phap ndi suy muwa khéng
gian cho sb liéu muwa vé &nh TRMM, MODO07,

STER DEM va muwa tram trong nghién ctru cta
Pd Khac Phong va cong su (2015). Tuy nhién, cac
nghién ctu nay m@i chi nghién ctru trén pham vi
rong vai buéce lwdi kha thd (1 x 1 do kinh vi) nén
khoéng c6 onh (rng dung cao trong m6 phong
thdy van. Nghién ctru nay s& mé ra hwdng
nghién ctru méi vé dong hoa s6 liéu mwa vé 6nh
v&i do phan giai vira (0,1 x 0,1 d6 kinh vi) cho
lu vire sdng Hong, dé tlr d6 danh gia kha nang
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cai thién doé chinh xac ctia so liéu mwa vé 6nh dé
dam bdo dau vao cho mé hinh thay van.

2. Bdi twong va phuong phap nghién ciru
2.1. Béi twg'ng nghién ciru

Khu vwc nghién ctru bao pha toan bd
lwu viec séng HONg v&i mién tinh nam trong
khodng 101,45-108,0 d6 kinh Béng va

19,05-25,5 do vi Béc, dac trung bdi hé théng
ndi cao hudng Tay Bac - Bong Nam anh hwéng
téi hinh thai mua tai khu vyc. Khu viee nay
c6 khoang hon 150 tram mua phan bo trén
toan mién nghién ctru va chi c6 30 tram thudc
lvu vuc séng Hong - s6ng Pa c6 day du so
lieu cho thang 8/2018 str dung dé kiém dinh
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Hinh 1 Phan b6 cac tram mua trén lwu vie song Hong

2.2. Phwrorng phdp tiép cén
2.2.1. Phuong phap dong hoa so liéu

DPong hoa s6 liéu la thuat nglr dwoc sir dung
cho muc dich tong hop cac ngudn thong en/
di¥ liéu khac nhau dé dua ra trang thai tét nhat
clia mot hé thdng hoac moét trwong gia tri nao
do6 [3]. Cho t&i nay, nhiéu phwong phap dong
hoa s6 liéu da duoc gidi thiéu va ting dung réng
rdi trong Iinh vuc khi tugng thiy van. Mot s6
phuong phap theo huéng phan och chuan doan
nhuw ndi suy tdi wu (Opemal Interpoladon - Ol),
loc Kalman, loc Kalman t6 hop; trong khi d6 mot
s6 phuwong phap theo huwéng phan och bién
phan nhuw 3DVar va 4DVar [3]. Muc dich cula cac
phuong phap nay la tao ra mot trwong ban dau
t6t cho md hinh onh toan.

Nghién clru quan tam dén viéc chuan bi
dau vao t6t nhat cho md hinh thdy van cho cac
nghién ctru 6€p theo, do dé khdng xét dén sai
s6 md hinh hodc cac budc thdi gian trong mé
hinh. V&i muc dich do, nghién ctru chon lva
phwong phap dong hoa bién phan 3DVar dé onh
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toan truong muwa phan och. Co sé ly thuyét ctia
phwong phap 3DVar la onh toan cuc 6€u cla
ham gia (J) bang cach st dung vong Iap sao cho
vi phan v J(x)=0 [8]. Cu thé:

Ham gia
J(x)=(x-x,)" B (x=x,)+(y=H[x]) B (y~H[x]) (1)

va vi phan ham gia

VJ(x)=2B"(x-x,)-2H'R" (y-H[x]) (2)

Trong do, x la gia tri cGia tredng phan och; x,
la gia tri trvdng nén; B la ma tran twong quan
sai s0 trwedng nén; H la ma tran twong quan gitra
treong quan tric va tredng nén; R 1a ma tran
tuong quan sai s8 truong quan trac; y 1a gia tri
clia trueong quan trac. Bong hoa 3DVar, so Vi
cac phuong phap dong héa bién phan khac nhw
4DVar, doi hoi thoi gian va nang lyc onh toan it
hon va khong xét dén sai s6 moé hinh va buwéc
thoi gian. Mot nhwge diém cla phwong phéap
3DVar do la viéc onh toan ma tran B doi hoi
ning lwc va thoi gian onh toan cao [5]. D khac
phuc nhuoc diém nay, nghién ctru thiét 1ap mot
sO gia thiét va gidi han mién onh toan dé dam
b&o kha nang onh toan cta 3DVar.




2.2.2. Thiét lap gia thi€t cho bai toan

Trong dong hoéa bién phan, twong quan sai
sO tredng nén la tham sd quan trong nhat quyét
dinh chét lwvgng cla két qua dong hda [9]. Gia
thiét twong quan vé khong gian gitra cac diém
gia tri mua trén khu vuc nghién ctru duwgc onh
toan dua trén phuong phap cltia Cressman vé
ndi suy khéng gian. Phuong phap nay dat van dé
rang cac diém trén 6 lwdi sé c6 twong quan lan
nhau v&i cac trong s6 khac nhau va phu thudc
vao khoang cach cla di€ém dé t&i cac diém con
lai trén lwdi [2]. Ma tran B dwgc onh toan dua
trén phurong phap nay. Cu thé:

Trong do, w, la hé s6 twong quan gitra nat
lwgi thir i va nat lwgi thr k; R 1a ban kinh anh
hwdng tam la diém nat lwdi; r, la khoang cach
onh tlr nat lwdi the i téi nat luéi thee k. St
dung onh toan twong quan trong bai toan dong
hoa bang phwong phap Cressman s& dam bao
dwoc onh phi tuyén va phan bd bat dong déu
theo phwong khong gian clia bd sé liéu so voi
phwong phap ndi suy tuyén onh do phuong
phap nay xac dinh ban kinh anh hwéng cla cac
diém trén lwdi d6i vai cac khu vue 1an can. Tuy
nhién, phwong phap nay cling cé nhirng han ché
nhat dinh vi can doi héi mot sé lwvong tram quan
tric nhét dinh nam trong céc 6 lwdi d€ dam bao
onh tuong quan cua cac gia tri [2]. Bén canh do,
viéc xac dinh ban kinh &nh huédng (R) cling rat
quan trong phai dwoc dwa vao bwdc hiéu chinh
cho qué trinh déng héa dé chon ra R phu hop.

Nghién ctru gia thi€t sai s6 trung binh cua
treong quan trac (0,) co gia tri la 0,2mm theo
quy dinh trong Thong tw s6 30/2018/TT-BTNMT
vé Quy dinh k¥ thuat vé quan trac va cung cap
thdng 6n, di liéu khi tuong thiy van déi véi
tram khi twgng thiy van chuyén dung [7]. Sai
sO trung binh cla tredng nén - trvdng mua
vé énh (o,) duoc woc lvgng duwa trén phrong
phap sai s6 binh phwong (Root-mean-square
error - RMSE). D& don gian hoa bai toan, o, dwoc
gia thiét khong d6i trén toan mién nghién ctru
va khéng phu thuéc vao dia hinh, khu vuc dia ly
va hinh thai thoi 6€t. o va o, la hai tham s6 dau

Vao quan trong dé onh toan ma tran B va R.
2.2.3. Nguon s6 liéu

S6 liéu muwa tai tram dwoc thu thap cho thang
8/2018 duwoc st dung dé onh toan dong héa va
kiém dinh. S6 liéu mwa vé 6nh GPM duworc trich
xudt tlr bo so liéu t0 hop san phadm thu hoi tir
da vé 6nh GPM IMERG/Early VO5B, la sb liéu
mua gan v@i thai gian thuc nhat so véi cac b s6
lieu khac cua IMERG (Final, Late, Early) [4]. Uu
diém cutia ngudn s6 liéu GPM IMERG/Early 1a o
tré twong ddi nho, ¢d thé ap dung cho khu vire
thwong lwu dé (ring dung cho thiy van, kha nang
cung cap s liéu do phan giai cao ca khong gian
va thoi gian (0,5 gi¢ - 11km) so v&i bo san pham
cli TRMM (3 gi® - 25km) [5] va dwoc hiéu chinh
b&i cac do dac tlr hé théng quan sat cot 16i GPM
(GPM Core Observatory) [10]. Tuy nhién, b0 s
liéu GPM nay van chuwa déap ¢ng duoc nhu cau
duv bao do6i v&i cac khu vuec can onh tc thoi.
Bén canh GPM, nghién ctru con sir dung bd sb
lifu GSMaP NOW ctia Co quan Hang khong Vi
tru Nhat Ban (J X ). B s liéu nay cling ¢ wu
diém vé do phan giai vai bwdc thoi gian 0,5 givy
va budc lwdi 0,1 dé (11km) nhwng vuot trdi hon
cac san pham muwa vé 6nh khac & kha nang cung
cdp sb lieu mua thoi gian thuc (d6 tré =0) [6].
Hai nguén mwa vé 6nh nay dugc thu thap twong
(ng v&i chudi thi gian ca s6 liéu tai tram quan
tric d€ onh toan dong hda va kiém dinh.
3. Két qua va ban luan

3.1. Tinh todn two'ng quan va sai sé trung binh
trwong nén

Sai s6 trung binh clia truong muwa vé 6nh
GPM va GSMaP duoc onh qua mdi bwéc thoi
gian dong h6éa. Mot s6 phan och théng ké clia cac
sai s60 onh toan duwoc cla trwdng mwa GPM va
GSMaP duoc thé hién trong Bang 1. Gid tri trung
binh sai s6 cla trwuong mua GPM la 7,10mm,
trong khi dé clia trwdng GSMaP 1a 6,22mm. Co
thé thay gia tri sai sO cwc dai clia ca hai ngudn
mua nay kha Ién (37,86mm). Cac gia tri sai sO
I6n nay thuong xuat hién & nhirng khu vuc cé
mua Ién do onh bat dinh clia so liéu mua cling
tang lén khi lwvgng mua tang. Mayor va cong sw
(2017) da chi ra rang, s8 liéu mua GPM thuong
thién thap khi cé cac tran mua Ién xuét hién [10].
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Bang 1. Cac dac trng thdng ké sai s binh phuong clia 2 tap gia tri mwa GPM va GSMaP

RMSE Cuctiéu | Phan vijth& nhat Trung vi Trung binh | Phan vi thr ba Cuc dai
GPM 0,00 1,09 6,50 7,10 10,27 37,86
GSMaP 0,00 0,28 4,93 6,22 9,29 37,86

3.2. Béng héa 3DVar cho GSMaP va GPM
3.2.1. Chon béan kinh anh huéng R

Céc biéu dd trong Hinh 2 cho thdy phan bo

mua thay d6i dang ké khi thay doi tham so R.
Vi du cho thay, voi ban kinh R=100km,
truong phan och déi voi cd GPM va GSMaP déu

6-hours GSMaP accumulative rainfall
2018-08-29 06:00 OMT

analysis 6-hours accumulative GSMaP rainfall
2018-08-20 06,00 GMT (Radaus=100km)

thu dwoc thé hién t6t hon s anh hwdng clia cac
tram mua trong cac 0 luGi so voi sir dung ban
kinh 200km, thé hién dwoc nhitng ving c6 mua
(hodc khéng c6 mua) theo quan tric tir thuc
do. Trwdng phan och véi ban kinh R=100km thé
hién rd rét khu vuc chiu anh hwéng cla s liéu
thuc do (gy ra hiéu (ng “mat trau”) (Hinh 2).
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H|nh 2. Trai qua phai: Hinh trén: Trudng nén GSMaP; Tru’cng phan och GSMaP (R= 100km)
Trwong phan och GSMaP (R=200km); Hinh du6i: Trudng nén GPM; Trudng phan och GPM
(R=100km); Trwong phan och GPM (R=200km)

3.2.2. Bong héa 3Dvar

Cac biéu do phan bo muwa khong gian trong
Hinh 3 da cho thay, trvong phan och cua c hai
b0 sO liéu déu thé hién dwoc sw cai thién ro rét
S0 V@i treong ban dau nho st dung mang luGi
tram thuc do vao déng héa. Mot s6 khu virc c6
xuat hién mwa cuc bd ma vé 6nh khéng phat
hién duoc cling da duoc biéu dién trén truong
phan och sau ddng hoéa.

Chudi s6 lieu 20 ngay thang 8 (tir ngay
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1-20/8/2018) duoc str dung dé kiém dinh chuong
trinh déng hda 3DVar. Cu thé, sO liéu trieong phén
och sau onh toan duwoc dwa vé toa do tram dé so
sanh v@i s liéu thurc do tai cac tram doc lap.

Phan och twong quan cho thdy, mwa phan
och cia GSMaP cho két qua kha tét véi hé so
twong quan R2=0,53, trong khi d6 GPM chi la
0,21 (Hinh 4).

4, Két luan
Nghién ctru sir dung phwong phap dong héa




6-hour GSMaP rainfall analysis 6-hour accumulative GSMaP rainfall 6-hours GPM accumulative rainfall analysis 6-hours GPM accumulative rainfall
2018-08-29 00:00:00 GMT 2018-08-29 00:00:00 GMT (Radius=200km) 2018-08-29 06:00 GMT 2018-08-29 00:00 GMT (Radius=200km)
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Hinh 3. Trai qua phai: Treong ban dau GSMaP, Trvdng phan och GSMaP, Truong ban dau GPM,
Trwdng phan och GPM vao liuc 00:00 GMT ngay 29/8/2018 (trén);
va ltc 06:00 GMT ngay 29/8/2018 (duéi)

Trude dong héa (GSMaP) Sau dong hoa (GSMaP) T dong hoa (GPM) Sau dong héa (GPM)
5 5 0 »
* Yo0T50 45043 .
. . . . ® R0 5
» 2
. 0 .
v' . . .
| » » o
50 15 I Z e
0 s . % H . e
. . - 15 . 5 Yo AESTT
w: "o . 1 ¢ il . - " . 5 #e08
B o " . o m . " ‘//
. e s o . . % i
se 4 — 5
i rmincad (| i - yosumLas || s s oee 5 n‘./ s
A . #0079 LK . P05y S v 0
e’ o we o e L S BL n{ .
6 5 B B » 3 N X B 0 s 1 1 » 0 s 0 15 » % 0 S W B N0 B N % @ &

Hinh 4. Twong quan gitta s6 liéu mwa GSMaP tru¢c va sau dong hoa so vai thie do

3DVar tao ra trweong mua phén och cho GSMaP cly va mat do tram quan tréc la yéu t6 quan trong
va GPM. Két qué cho théy treong mua ban dau dé tao ra mot san pham dong héa t6t. bay la mot
duwoc cai thién dang ké, biéu dién dwoc mot s6 hudng 6€p can mai sr dung mwa vé &nh do phan
diém gay muwa cuc bd khong quan séat dugc bai vé gidi khong gian va thoi gian cao két hgp dong héa
enh. Nghién ctru cling chi ra ban kinh anh huwéng sO liéu gidi quyét bai toan md phong dong chay &
R la mot tham s6 rat quan trong, cd thé quyét quy md lwu vire. Cu thé trong nghién ctru, cé thé
dinh chat lvgng clia san pham phéan och. D6 en ap dung t6t cho lwu vire séng HONg.

Loi cdm on: Nghién ctru la sdn pham thudc Dé tai TN.18.24 “Phat trién hé thong dw bao Il och hop
trén nén tang DelO-FEWS dé nang cao hiéu qua dw bao It cho Iwu vire séng HONg”, Tredng Dai hoc Khoa
hoc Ty nhién, Bai hoc Qudc gia Ha Noi, do Th.S Tran Thanh Huyén la chi nhiém dé tai va dong thai la
tac gia chinh. Tap thé tac gia xin cAm on su ho tro ctia Trung tam Bong Iuc hoc Thly khi Mai trudng va
Tiéu dw &n: “Hién dai hda hé théng quan trc va mé phong/du béo cac diéu kién khi twong hai van - moi
treong bién va déi ven b do phan giai cao phuc vu khai thac bén virng tai nguyén bién va giam thiéu
rdi ro thién tai”, trong khudén khd Dy an FIRST gop phan xay dwng nghién ctru dwoc hoan chinh hon.
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SATELLITE-BASED RAINFALL DATA ASSIMILATION USING 3DVAR
TECHNIQUE - CASE STUDY IN RED RIVER BASIN
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Abstract: Data assimilaBon of rainfall as input for hydrological forecas®ng has been intensively
researched by many scien6sts in hydro-meteorological Jelds. Especially, in areas that characterized by
complex terrains and rainfall that are highly data dependent due to transboundary issues. This is true
for the upstream area of Red River and Chinese territories. Of which rainfall data is not con®nuously
measured and is not highly avaialble in some remote areas. Meanwhile, in spite of the large
domain cover rainfall products from the Earth ObservaBon Satellites (EOS), there s6ll exist a challenge
in detecOng small scale convecOve rainfall and local rainfall. This study focuses on applying a 3DVar technique
for satellite-based rainfall data assimilaBon using two satellite rainfall sources: GSMaP (Global Satellite
Mapping) and GPM (Global PrecipitaBon Measurement) that are collected and preprocessed by DelO-FEWS.

nalyzed rainfall data was then validated using observed rainfall for ugust, 2018. The results showed that
the analysis data could detect some local rainfall points which were not detected by the two satellite rainfall
sources thus provides a more complete image of spa6al rainfall distribuon for the Red River Basin.

Keywords: 3DVar, Satellite rainfall, GPM, GSMaP, Red River Basin.
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